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Barbora Bulanová Pekova,4 Philippe Caron,5 Cosimo Durante,6 Martin Fassnacht,7,8

Ulla Feldt-Rasmussen,9,10 Helena Filipsson Nyström,11,12,13 Heleen Jansen,14 Josef Köhrle,15
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Abstract
Background: Endocrine science remains underrepresented in European Union research programs despite the fundamental role of hormone health in 
human well-being. Analysis of the CORDIS database reveals a persistent gap between the societal impact of endocrine disorders and their research 
prioritization. At national funding level, endocrine societies report limited or little attention of national research funding toward endocrinology. The 
EndoCompass project—a joint initiative between the European Society of Endocrinology and the European Society of Paediatric Endocrinology, 
aimed to identify and promote strategic research priorities in endocrine science to address critical hormone-related health challenges.
Methods: Research priorities were established through comprehensive analysis of the EU CORDIS database covering the Horizon 2020 framework 
period (2014-2020). Expert consultation in thyroid endocrinology was conducted to identify key research priorities, followed by broader stakeholder 
engagement including society members and patient advocacy groups.
Results: For thyroid disorders, research priorities encompass neoplastic and nonneoplastic conditions, focusing on disease mechanisms, improved 
diagnostics and treatments, and the impact of environmental and metabolic factors. Key areas include personalized medicine approaches, artificial 
intelligence applications, and the establishment of pan-European registries to advance understanding of rare thyroid conditions.
Conclusions: The thyroid component of the EndoCompass project provides an evidence-based roadmap for strategic research investment. This 
framework identifies crucial investigation areas into thyroid disease pathophysiology, prevention, and treatment strategies, ultimately aimed at 
reducing the burden of thyroid disorders on individuals and society. The findings support the broader EndoCompass objective of aligning research 
funding with areas of highest potential impact in endocrine health.
Keywords: thyroid, thyroid cancer, medullary thyroid cancer, autoimmune thyroid disease, Hashimoto’s thyroiditis, Graves’ disease, subclinical thyroid disease, 
congenital hypothyroidism, microbiome, endocrine-disrupting chemicals

Introduction
The thyroid is a bilobed gland located in close proximity to the 
trachea. The endocrine function of the thyroid depends on the fol
licular cells (the thyrocytes) and the parafollicular cells (C cells).

The thyrocytes are polarized cells that form follicles sur
rounding a colloid niche. These highly specialized follicular 
units enable biosynthesis and monocarboxylate transporter 8 
(MCT8)–mediated export of thyroid hormones (THs): 3,5,3′ 
5′-tetraiodothyronine (thyroxine, T4) and 3,5,3′-tri-iodothyro
nine (T3).1 In the circulation, THs are rapidly bound by plasma 
proteins, so <0.5% of THs circulate in a free form (FT4, FT3). 
While 100% of T4 is synthesized in the thyroid, most T3 (80%) 
is generated in extrathyroidal tissues, due to the activity of 
iodothyronine deiodinases that catalyze T4 deiodination. 
Thyroid hormones enter and leave target cells through plasma 
membrane transporters (eg, MCT8). Due to deiodinases and 
plasma membrane transporters, intracellular TH concentra
tions can be independent of their serum/plasma levels.2

Parafollicular C cells are distributed throughout the thy
roid. They synthesize and secrete calcitonin, thereby regulat
ing calcium homeostasis.

Thyroid hormones affect all human tissues, regulating key 
developmental and metabolic processes. Both TH excess 
(hyperthyroidism) and deficiency (hypothyroidism) may ad
versely affect quality of life (QoL), as well as causing signifi
cant pediatric and adult morbidities, including marked fetal 
and childhood developmental impairment (predominantly 
hypothyroidism), and severe adult and childhood cardiovas
cular, ophthalmological, and metabolic dysfunction. A suc
cessful pan-European implementation of neonatal screening 
for congenital hypothyroidism has prevented severe motor 
and intellectual disabilities in many children in recent decades.

Thyroid diseases affect 200 million patients worldwide.3

They pose a heavy burden on patients, their families, societies, 
health systems, and EU economies. Hence, development of ef
ficient diagnostic and therapeutic strategies for thyroid dys
function is crucial for European public health.

Thyroid neoplastic disorders
Epidemiology, societal impact, and research state of 
the art
Palpable nodules affect ∼5% of the population, while up to 
68% of patients have nodules detectable by ultrasound 

techniques. The Thyroid Imaging Reporting and Data 
System™ based on ultrasound imaging and Bethesda cyto
logical microscopy examination scores support therapeutic 
decisions.4 Although most nodules are benign and have a fa
vorable prognosis, both approaches are insufficient to identify 
aggressive tumors leading to clinically persistent/metastatic 
disease. In this regard, the use of molecular markers is coming 
to the fore in preoperative diagnosis.

Thyroid cancer (TC) affects both sexes. It is the fifth most 
commonly diagnosed cancer in women worldwide and the se
cond most common in women older than 50 years. The inci
dence of TC, including early onset TC, is rising. Although 
this may be due to increased use of better imaging techni
ques5,6 (eg, ultrasound), other factors may be involved, includ
ing obesity or microbiota changes.7,8 Furthermore, the 
growing environmental burden and polluting factors (EDC, 
nitrate, fine particulate matter [PM], and other toxicants) 
may also contribute to increased TC incidence.9–11 Finally, 
studies suggest that frequent dental X-ray examinations may 
possibly increase the risk of TC.12–15 The exact impact of all 
these factors to the increasing TC incidence requires careful 
clinical and experimental evaluation. In 2020, TC incidence 
rates were 10.1/100 000 women and 3.1/100 000 men, with 
mortality at 0.5/100 000 women and 0.3/100 000 men, reach
ing >87 000 diagnoses in Europe.5

Differentiated thyroid carcinoma (DTC), the most common 
type of TC, includes papillary thyroid carcinoma, follicular 
thyroid carcinoma, and rare oncocytic carcinoma of the thy
roid (OCA). The other, rare types of TC include anaplastic 
thyroid carcinoma (ATC) and medullary thyroid carcinoma 
(MTC), the last representing a biologically distinct TC type 
originating from the C cells, with features closer to neuroendo
crine tumors16 and with hereditary inheritance in about 25% 
of cases. At the time of diagnosis, 10%-20% of patients with 
MTC and >40% of patients with ATC have distant metastatic 
disease. In almost 40% of these patients, metastases emerge 
during follow-up.17,18

In children, TC is a rare disease. However, the incidence of, 
mainly papillary, pediatric TC is rising.19 There are some ma
jor differences between adult and pediatric differentiated TC 
regarding clinical, molecular, and pathological characteristics. 
Compared with adults, pediatric patients present more often 
with advanced disease at diagnosis, with more frequent lymph 
node involvement, distant metastasis, and multifocal disease.20
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Interestingly, despite presentation at a more advanced stage, 
pediatric DTC has an excellent prognosis.

Thyroid carcinomas are driven by various genetic changes, 
knowledge of which benefits the preoperative and post
operative diagnosis and prognosis of the disease. In adults, 
the most common pathogenic gene variants in TC are BRAF, 
RAS, and RET mutations that affect MAPK and PI3K/ 
mTOR/Akt signaling pathways. The rare (∼10%) coexistence 
of BRAF V600E mutation and TERT promoter variants defines 
a very small, high-risk patient group.21

The knowledge of the molecular background of TC facilitated 
introduction of tyrosine kinase inhibitors. Although great pro
gress has been made recently in the development of targeted tyro
sine kinase inhibitors, new therapies for specific genetic changes 
still need to be introduced. In pediatric DTC, the most common 
genetic alterations are RET/PTC and NTRK fusions.22,23

Alterations of epigenetic modifications, including DNA hyper
methylation, microRNAs, and long noncoding RNAs, play cru
cial roles in malignant transformation and have already provided 
therapeutic and diagnostic opportunities in other cancers.24–26

However, their role in TC is largely underexplored.
The apparent and widespread overdiagnosis of TC places a 

heavy burden on patients’ QoL by exposing them to unneces
sary diagnostics and/or treatments. It also increases the finan
cial costs of healthcare systems, thereby limiting the resources 
that are necessary for patients who indeed are affected by ma
lignant disease.

Future research priorities
The key future research areas in thyroid neoplasms include the 
following (Figure 1): 

• Identification of the causes of TC, in particular the causes 
of the increasing incidence of TC.

• Development of personalized medicine–oriented strat
egies regarding (1) malignant nodules, (2) aggressive tu
mors or metastatic disease, and (3) novel treatment 
options and combatting drug resistance.

• In patients with chronic forms of TC (eg, metastatic 
MTC), development of web-based patient decision aids, 
providing tailored support over time and addressing spe
cific needs, QoL, realistic expectations, and impact on pa
tient’s partner and family.

• Developing multidisciplinary expert programs for transi
tion of care from childhood to adulthood in patients with 
hereditary forms of TC.

Specific aims, to achieve these goals, include the following.

Building the base for research

1. Establishing biobanking procedures for TC and normal 
thyroid tissues (including liquid biopsies): it is important 

Figure 1. Unmeet needs in thyroid cancer research: suggestions for possible future research that should lead to clinical application (please see text for 
details).
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to focus strongly on rare types of TC and metastatic nodes 
and tumors.

2. Creation of a pan-European database (involving adult 
and pediatric cohorts) comprehensively describing 
individual TC tissue phenotypes, including clinical 
data and detailed molecular characterization using 
omics methods. 

Identifying causes of increased TC incidence
Knowledge of the key gene mutations that drive carcinogenic 
processes in the thyroid does not give information about 
the ultimate causes of these molecular alterations (apart 
from the small subgroup of TCs directly caused by radiation 
exposure or genetic predisposition to hereditary TC). The in
cidence of TC is growing, while the reasons for this increase 
are unknown. Some debatable causes include obesity, micro
biota changes, lifestyle, environmental factors, endocrine- 
disrupting chemicals (EDCs), or chemicals with mechanisms 
of action different from EDCs. However, detailed studies are 
needed to identify the exact triggers of carcinogenic processes 
in the thyroid. Functional studies involving in vitro/ex vivo/in 
vivo models and large-scale omics technologies are needed to 
verify the following.

Autoimmunity. The previously suggested causative associ
ations between autoimmune thyroid disease (AITD) and in
creased risk of TC and other cancers28–30 should be 

evaluated by large-scale clinical trials combined with mo
lecular analyses.

Obesity. The role of obesity/fat tissue in TC development and 
progression should be examined, including the role of immu
nomodulatory and proinflammatory functions of fat tissue.

Environmental pollution. The role of environmental pollut
ing factors should be also explored, including dose-dependent 
studies using TC models of in vitro, ex vivo, in utero, and in 
vivo exposures, with special focus on epigenetic modifications 
as mediators of environmental pollution effects.

Applying cutting-edge methods to understand TC biology
Single-cell/spatial omics, long-read Seq, and large-scale epi
genetics methods should be involved to analyze TC, particu
larly in aggressive and rare types of TC (ATC, MTC, OCA). 
This requires establishment of a pan-European multicenter ex
pert group for molecular characterization of rare TC using 
multiomics methods. The project should combine biobanking, 
wet lab, and bioinformatic analysis including artificial intelli
gence (AI), which should be validated in various European 
centers. The studies should be aimed at delineation of the im
pact of molecular TC alterations on cellular processes. In par
ticular, the research should be targeted toward signaling 
pathways, metabolic alterations, noncoding RNAs (including 

Figure 2. Unmeet needs in thyroid benign disease research: suggestions for possible future research that should lead to clinical application (see text for 
details). Part of the figure was adapted from Jansen et al.27
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small and long noncoding RNAs), cancer immunology, and 
microenvironment, using experimental in vitro/ex vivo/in 
vivo models to define novel drug targets and combat drug 
resistance.

Applying AI

1. Use of AI in nodule classification/diagnosis should reduce 
unnecessary fine-needle aspiration biopsy and facilitate 
TC diagnosis.

2. “Reverse AI”-based analysis of the imaging data to pre
dict tumor molecular background based on image fea
tures should facilitate cost-effective decisions about the 
appropriate treatment.

Identifying new prognostic biomarkers
Biomarker identification and translation into clinics by the 
introduction of routine preoperative/postoperative testing 
across the Europe are required, based on uniform optimal 
diagnostic and therapeutic strategies specified for children, 
adults, and the elderly.

Thoroughly evaluating the issue of possible overdiagnosis
The impact on mental health and QoL of patients with thyroid 
nodules requires evaluation, due to their high rate and chal
lenges in determining tumor aggressiveness.

Examining the use of thermal ablation
Introduction and validation of randomized, multicenter studies 
on the use of thermal ablation in the treatment of autonomously 
functioning thyroid nodules and TC should be undertaken.

Studying radioactive iodine after thyroidectomy in pediatric 
DTC
Collaborative prospective studies should be introduced on the 
role of radioactive iodine following thyroidectomy in children 
with DTC.

Anticipated impact of future research
Despite multiple studies on the molecular background of TC, 
the ultimate causes of the increasing incidence of TC are still 
unknown. Discovery of the exact stimuli that trigger molecu
lar alterations in TC will help to establish procedures and 
guidelines that assist in avoiding cancerogenic exposures 
across the Europe. This will also help to introduce closer mon
itoring of individuals at risk of TC development.

Establishing biobanking procedures and a pan-European 
database for TC (in particular for rare TC subtypes), as well 
as application of cutting-edge methods (omics, AI) and de
tailed modeling of TC cellular processes, will facilitate re
search to increase knowledge about the pathogenesis of TC. 
This will lead to the identification of diagnostic, prognostic, 
and predictive biomarkers, development of efficient novel 
drugs, and increased effectiveness of the existing therapies.

Introduction of routine preoperative/postoperative testing 
across the Europe, inclusion of AI-based predictive methods, 
and establishing the utility of thermal ablation in the treatment 
of autonomously functioning thyroid nodules and TC will facili
tate cost-effective decisions on the appropriate treatment. 
Elucidation of the impact on the QoL of patients with thyroid 

nodules will help to introduce proper procedures, preventing de
terioration of mental health and high societal and public costs.

Because pediatric DTC has such an excellent survival rate, re
search must mainly be aimed at decreasing the adverse effects of 
treatment while maintaining the numbers cured. For this rea
son, studies should focus on determining which children need 
higher-intensity treatment and those in whom lower-intensity 
treatment will suffice. Comparable to the current “trend” in 
adult TC, children may currently be overtreated, and low-risk 
patients may not need adjuvant radioactive iodine for survival.

Consequently, future studies must aim to develop a dynamic 
prediction model for tumor behavior based on genetic, patho
logical, and imaging findings. To develop such a model, we 
need a large prospective multicenter study, randomized and 
correcting for other determinants, such as thyroidectomy and 
prophylactic central lymph node dissection. It may be very chal
lenging to conduct a prospective collaborative study within 
Europe, with a long enough follow-up time. Combining current 
European and American cohorts to create a large cohort of 
patients may provide an alternative way of gathering more evi
dence on outcomes, in relation to a given treatment in pediatric 
DTC, with sufficient patient numbers. With such a dynamic 
prediction model, children would have the same survival rates 
but with improved outcomes and reduced adverse effects of 
(over)treatment.

Thyroid nonneoplastic disorders
Epidemiology, societal impact, and research state of 
the art
Nonneoplastic thyroid disorders are defined by improper TH 
actions (due either to impaired extrathyroidal activation and 
intracellular availability of TH or impaired TH receptor acti
vation) and/or abnormal TH concentrations in serum/plasma 
or tissues (eg, due to excess or deficient TH synthesis). Their 
causes include genetic, autoimmune, and environmental fac
tors (eg, micronutrient deficiency, EDCs).

Nonneoplastic thyroid disorders arise from dysfunctions of 
the thyroid gland (DTGs) and disorders of TH signaling 
(DTHSs) and can be manifested as hypothyroidism or thyro
toxicosis, with important developmental or metabolic 
consequences.

Micronutrients (eg, iodine, selenium, iron) are essential for 
TH biosynthesis and metabolism. Their proper supply is cru
cial for adequate thyroid function and TH homeostasis. 
Moderate to severe iodine deficiency in pregnant women re
sults in goiter and mild to severe fetal brain impairment (cret
inism). In many countries, iodine fortification helps prevent 
moderate to severe iodine deficiency. Mild iodine deficiency 
still remains worldwide during pregnancy, with >70% of 
European countries having insufficient iodine intake during 
pregnancy.31

Dysfunctions of the thyroid gland
The DTGs include (but are not limited to) congenital hypothy
roidism and AITDs, comprising Graves’ disease (GD) and 
Hashimoto’s thyroiditis. Acquired DTGs are common, related 
to the country’s iodine status and the patients’ age and sex, 
with an estimated prevalence of 3.8% in Europe.32 Graves’ dis
ease prevails in iodine sufficiency (incidence of 21/100 000 indi
viduals/year), while autonomous thyroid hyperfunction is more 
common in iodine deficiency.33,34 Hyperthyroidism has a 
prevalence of 0.2-1.3/100, and hypothyroidism has a 
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prevalence of 1-2/100, which increases with age and is 8-10 
times more prevalent in women.34 Primary congenital hypothy
roidism detected by newborn screening (NBS) has an prevalence 
of between 1/2000 and 1/3000.35,36 Diagnosis of DTGs is based 
on thyrotrophin (TSH) and FT4 testing, sometimes combined 
with FT3 evaluation. Newborn screening for congenital hypo
thyroidism facilitates early treatment, preventing neurocogni
tive defects.

Levothyroxine (LT4) monotherapy is a standard treatment 
for primary hypothyroidism, but about 15%-20% of biochem
ically euthyroid patients on standard therapy with LT4 report 
impaired QoL (fatigue, depressed mood)37 and are offered dif
ferent treatments (eg, increased LT4 dosage, liothyronine alone 
or associated with LT4, desiccated thyroid extracts).38–40

Treatments for GD include antithyroid drugs (carbimazole, me
thimazole, propylthiouracil), total thyroidectomy, radio
active iodine, and new immune-modulating treatments. 
Approximately 40% of patients with GD develop Graves’ or
bitopathy/thyroid eye disease (TED) that affects QoL and re
quires specific therapy.41,42 Active, moderate to severe TED 
is usually treated with glucocorticoids. Alternative TED ther
apies (ie, teprotumumab, tocilizumab, rituximab) were re
cently proposed.43 In moderate severe cases of TED, 
surgery has a central role. In the active state, orbital decom
pression may be necessary to preserve visual acuity, and in 
the chronic noninflammatory state, correction of proptosis, 
double vision, and eye lids may be necessary.

Autoimmune thyroid disease is associated with changes in 
microbiome. Animal studies indicated that the gut micro
biome is altered in GD/TED; antibiotics ameliorated but hu
man GD/TED fecal transplantation exacerbated induced 
disease.44,45 In human patients with GD, microbiota may af
fect the functioning of the immune system46 while particular 
species of bacteria correlate with the presence of thyroid auto
antibodies.47 It is currently unclear whether modulating the 
microbiota is useful in the treatment of human AITD.

Disorders of TH signaling
The DTHSs include defects in TH transport (eg, mutations 
in MCT8 causing Allan–Herndon–Dudley syndrome), RTH 
alpha/beta resistance due to mutations in the respective TH re
ceptors (THRA/THRB), and deiodination defects (eg, seleno
protein deficiencies due to SBP2 and tRNA[Ser]Sec mutations). 
The DTHSs are rare (1/10 000 individuals), but the associated 
multisystem manifestations may be devastating, posing a heavy 
burden on patients and society.48 Understanding the mecha
nisms of DTHSs and the therapeutic and diagnostic options 
are limited due to the lack of systematic collection of clinical 
and functional data.

Interconnections between DTGs and noncommunicable 
diseases
Thyroid hormone status affects fertility and the functioning of 
the reproductive hormone system (in both females and males). 
There is a global decrease in fertility (at least in countries of 
higher socioeconomic status/“global north”); the causes of 
which are largely unclear. European countries display among 
the highest global prevalence of lifetime infertility.49 Studies 
suggest that AITD may adversely affect birth outcomes.50,51

However, it is unclear to what extent the high prevalence of 
DTGs is responsible for the increasing problem of infertility 
in the European Union.

Obesity affects DTGs in children and adults52–54 while 
DTGs impair the functioning of adipose tissue55–57 increas
ing the risk of dyslipidemia and obesity comorbidities. The 
European population is heavily affected by obesity epidem
ics58 which may have a large impact on the functioning of 
the thyroid gland. Studies in pediatric cohorts suggest that 
obesity may lead to misdiagnosis of thyroid disease.52

Thus, neglecting the role of fat tissue in DTG management 
may lead to misdiagnosis and inadequate treatment. 
Furthermore, THs affect the functioning of cancer cells and 
TH receptors have been shown to act as tumor suppressors.59

However, studies on associations between DTGs and cancer 
provided conflicting results59 and whether DTGs affect can
cer risk and should be used as a prognostic factor in cancer 
monitoring needs to be clarified.

Future research priorities

Research priorities in DTGs (Figure 2)

Iodine deficiency. Observations suggest that mild iodine defi
ciency during pregnancy is associated with lower offspring 
IQ60,61 or attention deficit hyperactivity disorder.62

However, adequate randomized controlled trials during preg
nancy with follow-up of children’s cognition are lacking. The 
link between iodine deficiency and the risk of developing 
neuropsychiatric disorders is also unclear.63 Human trials 
should be accompanied by studies using human models based 
on induced pluripotent stem cells and animal models to ex
plore in utero effects of mild iodine deficiency on brain struc
ture, neuronal signaling, and neuron–glia interactions. Spatial 
omics studies should be involved to analyze 3D molecular 
changes. Special focus should be placed on the role of epigen
etics and noncoding RNAs as mediators of the effects of mild 
iodine deficiency.

DTG diagnostics.

• High interindividual, but limited intraindividual, 
variation in TSH/TH concentrations leads to wide popu
lation-based reference intervals (RIs).64 Optimal individ
ual RIs might be much narrower and genetically 
determined64–66 and may also vary depending on assay, 
age, pregnancy, or LT4 treatment.67–69 Future studies 
should define optimal RIs for thyroid function tests in 
specific populations/individuals (pregnancy, elderly, 
LT4-treated patients), based on clinical/genetic profiles. 
Reference intervals for newly identified TH biomarkers 
are also required. Personalized treatment dosing by devel
opment of algorithms and use of AI is a future area of re
search avoiding overdosing or underdosing despite 
guidelines especially in young children.70

• Serum TSH/FT4 concentrations do not always reflect TH 
function in peripheral tissues.71 Tissue-specific bio
markers/omics profiles and their clinical application 
may support personalized nonneoplastic thyroid disorder 
treatment.

Congenital hypothyroidism.

• Thyrotrophin-only screening detects primary, but misses 
central, congenital hypothyroidism and some DTHSs 
(MCT8 deficiency, THRA/THRB mutations). Early 
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central congenital hypothyroidism detection by NBS may 
be associated with better neurocognitive outcomes. The in
cidence of central congenital hypothyroidism and the ben
efits of its early detection by NBS need to be clarified in 
pan-European, multicenter studies on childhood cognition 
and QoL, along with analyses of the cost-effectiveness of 
NBS-based testing.

• Genetic NBS was suggested as an alternative to metabolite-/ 
hormone-based NBS.36 However, only ∼20% of cases of 
congenital hypothyroidism have genetic explanations. The 
causes of congenital hypothyroidism, especially thyroid/pi
tuitary maldevelopment, require clarification.

• Detailed human, animal, and in vitro studies are needed to 
improve understanding of the developmental biology and 
physiology of the human thyroid (including at the single- 
cell level), its perturbations, and the determinants of 
goitrogenesis.

• Compared with mild disease, severe primary congeni
tal hypothyroidism requires considerably higher se
rum FT4 for TSH normalization. Questions remain 
around the cause(s) of this phenomenon, and whether 
the serum TSH or the FT4 concentration needs to be 
normalized.

• Lowering of NBS TSH thresholds increased the number of 
newborns with mild/subclinical congenital hypothyroid
ism and even transient congenital hypothyroidism. 
Questions concern the etiology and benefits of treatment 
of this group of children with respect to growth and long- 
term neurocognitive outcomes and metabolic effects (eg, 
cardiovascular disease).

Autoimmune thyroid disease.

• The mechanisms underlying AITD should be explored, in
cluding interactions between the immune system and thy
rocytes/thyroidal microenvironment in AITD, and 
mechanisms underlying primary and secondary immune 
dysfunction implicated in AITD. Such studies should in
clude evaluation of germline and somatic genomics using 
cutting-edge technologies, spatial and single-cell transcrip
tomics, proteomics, and metabolomics in addition to func
tional studies

• The mechanisms behind the increasing incidence of AITD 
should be explored, including the micronutrient supply 
and the role of environmental polluting factors. The re
search should involve dose-dependence studies performed 
in vitro/ex vivo/in utero/in vivo models, with a special focus 
on large-scale epigenetic studies to verify the role of epigen
etic modifications as mediators of the impact of environ
mental pollution. The impact of the analyzed compounds 
on thyroid cells, thyroid gland microenvironment, and 
immune system should be analyzed by cutting-edge tech
nologies, such as spatial and single-cell transcriptomics, 
proteomics, and metabolomics.

• The causal associations between the microbiome and 
AITD (including pediatric GD) require elucidation. 
Future human microbiome studies should apply standar
dized protocols72 preferably using shotgun sequencing 
and include reference reagents73 to enable comparison 
of data from disease cohorts in different countries and 
to facilitate meaningful meta-analyses. With regard to 
the QoL of patients with AITD, the impact of the 

microbiome–brain axis should be also explored, by means 
of in vitro and in vivo models of AITD. The potential anti
inflammatory and microbiome-modifying effects of spe
cific diets (eg, gluten-free, vegan) on thyroid disease 
occurrence and outcomes are not clear and require de
tailed, large cohort well-controlled studies. These studies 
should also focus on identification of pre- and probiotic 
supplements that may help to alleviate persisting symp
toms of AITD despite normal TH concentrations.

• There is a need for independent investigator studies in 
GD and TED, comparing new immunomodulatory and 
disease-modifying drugs in TED with the cheaper current
ly available treatments such as intravenous glucocorti
coids and immunosuppressants.

• International/pan-European registries of GD/TED pa
tients treated with biologics agents are needed to facilitate 
studies on treatment efficacy and long-term patients’ 
outcomes.

• New therapies, including studies of LT4/liothyronine 
combinations and regenerative approaches, are needed 
to restore euthyroidism in target tissues and prevent 
harmful cardiovascular and bone effects. Furthermore, 
the QoL of treated patients with GD requires evaluation, 
along with studies aimed at identifying the means to pre
vent excess weight gain following restoration of euthyr
oidism. This should involve a pan-European study 
research on GD to understand long-term outcome data in
cluding treatment complications and QoL that will pro
vide patients with sufficient data for the informed 
choice of therapy.

• Immunological remission in pediatric GD may be im
proved by prolonged antithyroid drug treatment and 
immune-modulating therapy (rituximab, Ki70 monoclo
nal antibody, other immune-modulating drugs).74,75

The QoL of patients after such treatments, when com
pared with thyroidectomy/radioactive iodine (that need 
lifelong LT4 supplementation), requires evaluation.

• Future GD/TED research should reveal the etiopathology, 
diagnostic/prognostic/treatment response biomarkers, 
and novel drugs targeting immune dysregulation and per
sistent mental syndromes, along with randomized con
trolled trials for optimal therapies.

Research priorities in DTHSs (Figure 2)

• Improving understanding of the genetic and acquired eti
ologies of DTHS pathologies by evaluating and phenotyp
ing affected humans with appropriate parallel ex vivo/in 
vitro experiments.

• Elucidating the cellular, molecular, and physiological role 
of TH metabolism, in particular to verify biological/thy
romimetic activity of T4 and TH metabolites other than 
T3. The studies should involve careful analysis of the 
physiological effects at the level of cells, tissues, and the 
organism as a whole, with detailed analysis of the possible 
molecular effects on cellular signaling pathways. This 
should be done using careful evaluation of ex vivo/in vitro 
and in vivo models with cutting-edge, large-scale, 
multi-omics methodology, as well as validation with the 
help of the traditional methods of molecular biology.

• Cell- and tissue-specific consequences of DTHSs and their 
mechanisms require analysis using human-relevant 
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models (eg, patient-derived cells, setting up in vitro cocul
tures or organoid models, and using induced pluripotent 
stem cells) to develop diagnostic and therapeutic strategies. 
This includes identification of biomarkers of cell-/ 
tissue-specific TH signaling alterations in the context of 
DTHS genetic variants. The ultimate goal should be iden
tification of the mechanisms by which THs contribute to 
the intercellular/intertissue interaction and communica
tion to maintain organism homeostasis.

• Pan-European projects systemically collecting real-world, 
standardized data (including genetics, diagnosis, and clin
ical outcomes) are needed to fully characterize the short- 
and long-term health consequences of DTHSs.

• There is need to develop tools for early DTHS diagnosis 
(including prenatal and neonatal test based on genetic 
and/or biochemical screening) and adequate treatment 
programs (including in utero treatments) of DTHS (such 
as RTHalpha/beta resistance as well as TH transport 
and deiodination defects).

• Therapeutic options should be investigated using multi
center trials supported by ex vivo/in vitro cellular studies 
designed appropriately for rare disorders.

Research priorities in interconnections between DTGs and 
noncommunicable diseases (Figure 2)
Interdisciplinary clinical and basic/molecular studies are 
needed to reveal the associations between DTGs and (1) obes
ity, (2) cancer, and (3) fertility disorders, and to translate them 
into clinical practice.

Subclinical hypothyroidism and subclinical hyperthyroid
ism affect >5% of the population.76–78 Despite associated ad
verse outcomes (eg, increased incidence of cardiovascular 
conditions), no clear evidence currently supports treatment. 
Multicenter, international therapeutic trials are recommended 
as future research, with a focus on ameliorating CVD.

Recent studies provided hints for the causative associations 
between AITD and cancer, including TC.28–30 However, the 
results of these studies provide conflicting data on the impact 
of AITD having cancer promoting/attenuating effects or no in
fluence on cancer development. Detailed studies on well- 
defined patient cohorts supported with careful basic in vitro, 
ex vivo, and in vivo studies are needed to clarify this issue.

Specific questions related to DTG-associated fertility disor
ders include the following: 

1. Studies to investigate the mechanisms underpinning asso
ciations of thyroid autoimmunity with adverse pregnancy 
outcomes and whether autoimmunity can be modulated 
to improve outcomes.

2. Management of pregnancy in patients with rare thyroid 
diseases or conditions (eg, central hypothyroidism) in 
which TSH is not an appropriate biomarker of TH 
status.

3. Relative roles of maternal T4 and T3 in fetal physiology 
and placental TH transport.

4. Long-term outcome data of babies born to mothers with 
GD or thyrotoxicosis.

5. Large-scale prospective studies on causal links between 
subclinical hypothyroidism and infertility, as well as the 
efficacy of assisted reproductive techniques (ARTs).

6. Clarification of the influence of hypothyroidism and 
AITD on male fertility and ARTs.

Regarding the role of AITD in infertility treatments, the sig
nificance of thyroglobulin antibodies requires evaluation.51

The research should include in vitro/ex vivo/in vivo 
DTG models, involving both sexes (DTG phenotypes are sex 
specific)59 and omics technologies (eg, single-cell RNA-seq, 
spatial omics, multicolor flow cytometry, multicolor immuno
fluorescence analysis). Subcellular effects of TH alterations 
need to be explored using cutting-edge methods such as super
resolution confocal microscopy to complement the molecular 
data. Paracrine and endocrine interactions between fat tissue 
and the thyroid, as well as the immune system, should be ex
plored to find how the secretory functions of the adipocytes af
fect the signaling pathways and the functioning of thyrocytes, 
the thyroid gland microenvironment, and the immune cells. 
Conversely, the role of hypo- and hyperthyroidism in cancer 
development should be mechanistically explored to reveal 
the impact of changes in TH/TSH on signaling pathways 
and the functioning of target tissues such as breast glands.

Anticipated impact of future research
Due to their prevalence, DTGs considerably influence public 
health. The proposed research directions will significantly im
prove health of European populations: 

1. Defining the effects of mild iodine deficiency/selenium de
ficiency and etiopathology of primary and central con
genital hypothyroidism, as well as central congenital 
hypothyroidism screening, will help to better understand 
these disorders and avoid their consequences for neuro
cognitive and metabolic outcomes. Intelligence/IQ largely 
influences educational success, occupational status, the 
use of health services, lifestyle and recreational choices, 
or crime. A lower average IQ increases the percentage 
of intellectually disabled children, limiting their potential 
and increasing healthcare and societal costs. To introduce 
nutrient supplementation at the population level, treat
ment studies are essential due to iodine’s narrow thera
peutic window. This research will help to harmonize 
international practice during pregnancy. Another gap of 
knowledge is to decide when supplementation with LT4 
is needed during pregnancy. Is LT4 therapy necessary in 
women with TSH >2.5, >4 mU/L, or 10 mU/L in order 
to reduce the consequences of primary hypothyroidism 
during gestation on intelligence and IQ of the neonates 
and infants?

2. Defining reliable TSH/TH RIs and tissue-specific bio
markers of TH action will support personalized treat
ments for DTGs, preventing application of inefficient/ 
nonoptimal therapies. This will result in high cost- 
effectiveness, since LT4 is one of the most commonly pre
scribed drugs worldwide.79

3. Alternative treatment regimens for hypothyroidism will 
improve patients’ QoL while remaining euthyroid. New 
LT4 formulations are needed in order to treat patients 
with abnormal absorption of present TH formulations.

4. Novel diagnostic/treatment options for GD/TED will im
prove patients’ QoL and provide cost-effectiveness by 
avoiding cardiovascular and bone-affecting comorbidities.

5. Robust AITD-linked microbiome data will define lifestyle 
changes to reduce disease risk.8

6. New data regarding DTHSs will (1) improve disease 
awareness, permitting timely diagnosis and limiting 

ii124                                                                                                                    European Journal of Endocrinology, 2025, Vol. 193, Suppl. 2



devastating outcomes, (2) yield appropriate diagnostic 
tools, (3) generate new therapies which may significantly 
alleviate the negative outcomes of DTHS and have the po
tential for use across other DTGs, and (4) inform guide
lines. Disorders of TH signaling are rare, but gene 
variants in similar pathways with a milder impact may 
be more frequent in the general population and modulate 
the outcomes of common nonneoplastic thyroid disorders.

7. Delineation of associations between DTGs and noncom
municable diseases will (1) help to discover efficient and 
cost-effective obesity treatments and (2) clarify whether 
patients with DTGs should be monitored for cancer risks.
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