
Romanian Journal of Ophthalmology, Volume 70, Issue 3, July-September 2026. pp:369-380 
 

REVIEW 
 

 
369 

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits  
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 
 © 2026 The Authors.  

Romanian Journal of Ophthalmology published by Romanian Society of Ophthalmology 
 
 

 
 
 

A comprehensive review of Biomarkers associated  
with thyroid eye diseases 

 
Divanshi Shrivastava*, Ankita Aishwarya**, Rachna Agarwal* 
*Department of Ophthalmology, Sanjay Gandhi PostGraduate Institute of Medical Sciences,  
Lucknow, Uttar Pradesh, India 
**Department of Ophthalmology, PGICH, Noida, Uttar Pradesh, India 

 
 
Accepted: March 7th, 2026 
 
 

Abstract 
Objective: Thyroid eye disease (TED), also known as Graves’ 
ophthalmopathy, is an autoimmune orbital disorder associated with Graves’ 
disease. Reliable biomarkers for early diagnosis, prognosis, and treatment 
monitoring remain limited. This review summarizes current evidence on 
biomarkers relevant to TED pathogenesis, progression, and clinical 
assessment. 
Methods: A comprehensive literature synthesis was conducted to evaluate 
reported serological, molecular, immunological, and genetic biomarkers 
implicated in TED, including autoantibodies, inflammatory cytokines, T-cell 
subsets, and microRNAs (miRNAs). Emerging omics-based and imaging-
integrated biomarker discovery approaches were also examined. 
Results: Multiple biomarker classes show potential clinical utility for 
detecting disease activity, predicting progression, and assessing therapeutic 
response. Immunologic markers and circulating miRNAs demonstrate 
promise for early detection and risk stratification. Advances in high-
throughput omics technologies and multimodal imaging are expanding the 
identification of candidate biomarkers. However, translation into clinical 
practice remains constrained by a lack of assay standardization, inconsistent 
cut-off values, heterogeneous study designs, and limited large longitudinal 
cohorts. 
Discussion: While current Thyroid Eye Disease (TED) assessments rely on 
subjective clinical scores, recent advances highlight the emerging utility of 
tear fluid cytokines (such as IL-6 and TNF-α) and molecular imaging 
markers to track active orbital inflammation and predict treatment 
outcomes. Integrating distinct serological, biochemical, and imaging 
biomarkers enables clinicians to transition to highly personalized, targeted 
therapeutic strategies. 
Conclusions: Biomarkers hold substantial potential to improve early 
diagnosis, prognostication, and personalized management of TED. 
Standardized validation studies and biomarker-stratified clinical trials 
integrated with omics and imaging platforms are essential to establish 
clinically reliable markers and enable precision-based care. 
Keywords: thyroid eye disease, biomarkers, autoantibodies, microRNAs, 
precision medicine 
Abbreviations: TED = Thyroid Eye Disease, CAS = Clinical Activity Score, 
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Introduction 

Thyroid eye disease (TED) is a complicated 
inflammatory condition that affects the orbit. It 
encompasses not only the orbital fibroblasts, 
adipocytes, and extraocular muscles but also the optic 
nerve and the orbital vasculature [1]. It is one of the 
most common causes of unilateral and bilateral 
proptosis in adults. About 25 to 40% of cases of 
Graves’ disease (GD) present with TED [2]. Systemic 
thyroid status can influence the progression of TED in 
an unpredictable manner [3].  

TED is an autoimmune disorder characterized by 
inflammation and swelling of the orbital fat and 
extraocular muscles, occurring in a subset of 
individuals with Graves’ disease [4]. 

This disease affects orbital fibroblasts, with 
symptoms such as pain, diplopia, eyelid retraction, 
and exophthalmos. Under severe conditions, it can 
cause diminished vision, leading to functional and 

psychological challenges [5]. Women are often 
reported to be affected disproportionately, with an 
observed female-to-male ratio of 4.2:1, reflecting that 
there is a higher incidence of Graves’ disease in 
females [6]. Typically, TED develops closely in time 
with GD, and as many as 85% of patients experience 
eye symptoms within 18 months before or after the 
onset of thyroid dysfunction. It is also noteworthy 
that in up to 30% of cases, TED can precede the onset 
of hyperthyroidism [7]. 

While Thyroid Eye Disease clinically manifests in 
up to 40% of individuals with Graves’ disease, severe, 
sight-threatening manifestations impact only about 
3%–5% of patients. There are two distinct age peaks 
at the outset, occurring in the fifth and seventh 
decades of life. Although the condition is more 
prevalent among women, the male-to-female ratio 
typically hovers around 1:1 up to 1:1.5, with severe 
forms of TED (Fig. 1). 

 

 
 
 
 
 
 
 

 

Fig. 1 Pathogenic mechanisms driving Thyroid Eye Disease (TED). Schematic representation of the immunological and 
cellular interactions in TED, highlighting the role of TSHR, IGF-1R, orbital fibroblasts, and inflammatory mediators 
leading to tissue remodeling and clinical features such as proptosis, diplopia, and edema 
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Currently, Thyroid Eye Disease (TED) is not 
curable, and the therapeutic strategy primarily 
focuses on reducing inflammation and managing 
symptoms. According to the guidelines of the 
European Group of Graves’ Orbitopathy (EUGOGO), 
the initial treatment involves administering 
glucocorticosteroids [8]. However, 
glucocorticosteroid therapy is associated with a broad 
spectrum of adverse effects, and approximately 20% 
to 25% of patients do not respond to this treatment 
[9]. 

The identification of biomarkers sensitive and 
specific for Thyroid Eye Disease (TED) would be 
highly valuable, particularly in subclinical cases, 
where orbital manifestations precede thyroid 
dysfunction, and for monitoring treatment 
effectiveness. A biomarker is also essential because it 
can assist in assessing patients with Graves’ disease 
(GD) selected for radioiodine treatment, as predicting 
the development or worsening of TED in these 
patients is currently unreliable. For individuals 
deemed at risk of TED progression or development 
during radioiodine treatment, the European Group of 
Graves’ Orbitopathy (EUGOGO) guidelines 
recommend the initiation of oral prednisolone 
therapy, with a gradual reduction in the dosage over 3 
months [2]. Furthermore, the discovery of novel 
biomarkers is likely to enhance our understanding of 
pathogenesis, opening new avenues for treatment [3]. 

Molecular biomarkers are biochemical molecules 
found in blood or other biological fluids, such as tears 
and urine, and in tissues that indicate the presence of 
an abnormal condition or disease [10,11]. In 1998, 
the National Institutes of Health Biomarkers 
Definitions Working Group defined a biomarker as “a 
characteristic that is objectively measured and 
assessed, as an indicator of normal biological and 
pathogenic processes, or pharmacological response to 
therapeutic interventions” [12]. 

Biomarkers span a wide range, from fundamental 
indicators like pulse and blood pressure to more 
complex laboratory tests involving blood and other 
tissues and biological fluids, such as tears. Medical 
signs, integral to clinical practice since the beginning 
of medicine, form the historical basis, while 
biomarkers represent the most objective and 
quantifiable evidence obtainable through modern 
laboratory science. The application of biomarkers is a 
relatively recent addition in clinical research, and 
optimal practices are still evolving in this domain 
[13]. Establishing the correlation between a 
measurable biomarker and pertinent clinical 
endpoints is a major challenge. 

In medicine, biomarkers are organized by their 
clinical applications. These biomarkers can be 
primarily categorized as molecular, physiological, 
histological, and radiographic biomarkers [14]. 

Molecular biomarkers are detectable in body 
fluids or tissues, such as blood, urine, tears, or fat. 
These include genetic biomarkers such as DNA 
mutations, protein biomarkers such as antibodies, 
enzymes, and hormones, and metabolic biomarkers 
such as metabolites produced during metabolic 
processes [15]. 

A crucial preliminary step before developing a 
routine test is identifying the specific characteristics 
of the candidate molecular biomarker [16]. Various 
parameters are considered during this process, 
including the biomarker’s sensitivity and specificity 
for the disease, ease of access, accuracy, 
reproducibility, practicality, and ethical 
considerations. 

In Thyroid Eye Disease, specific and sensitive 
biomarkers appropriately reflect the underlying 
immune-mediated responses, inflammation, 
adipogenesis, and tissue remodeling [7,8]. 
Biomarkers have emerged as essential tools not only 
for early detection and monitoring of the disease but 
also for personalized treatment. TED biomarkers can 
be classified into several categories based on their 
biological source and relevance [3,9]. In recent years, 
significant advances have been made in elucidating 
the molecular pathways underlying TED 
pathogenesis. This research has offered valuable 
insights into novel biomarker candidates.  

For widespread clinical applicability and impact, 
biomarkers need to be readily obtainable without 
invasive procedures such as biopsy. Various 
molecules in blood, tears, and urine have been 
evaluated and suggested as potential biomarkers for 
Thyroid Eye Disease (TED) [3]. Most of the studies 
discussed in this article have employed conventional 
techniques such as ELISA, PCR, NTA, Western Blot, 
and cell-based assays to detect molecular biomarkers. 

The focus of this review is to present an overview 
of the biomarkers discussed in the context of TED. 
This review highlights the significance of various 
biomarkers, including serological, cellular, 
metabolomic, epigenetic, and genetic biomarkers, in 
Thyroid Eye Disease.  

Materials and methods 

We performed an intensive literature search and 
retrieved articles from PubMed, Embase, Scopus, and 
Web of Science up to July 2025 using keywords: 
“Thyroid Eye Disease”, “Graves’ orbitopathy”, 
“biomarkers”, “autoantibodies”, “cytokines”, 
“microRNA”, and “imaging”. In this review, we 
primarily included peer-reviewed original studies, 
RCTs, and translational research that report the 
diagnostic, prognostic, or therapeutic relevance of 
biomarkers in TED. We excluded case reports, 
editorials, conference abstracts, and studies that did 
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not report a clear correlation between biomarkers 
and TED. Articles not published in English were also 
excluded. We included relevant clinical and translated 
studies in English.  

We extracted data from the included articles 
based on study design, patient population, biomarker 
type, detection method, and biomarker clinical 
relevance. We narratively synthesized the findings 
and organized the review into a structured 
framework that classifies biomarkers as established, 
emerging, theranostic, or imaging (Fig. 2).  

 

 
 
 
 
 

This article broadly categorizes thyroid eye 
disease biomarkers into four types: emerging, 
established, theranostic, and imaging. 

Results 

Established Biomarkers  

A wide range of biomarkers has been investigated 
in thyroid eye disease; some have been consistently 
validated and proven reliable and are already being 
utilized in clinical practice. These established 
biomarkers include TSHR antibodies (mainly TRAb 
and TSI), IGF-1R, TBII, and TPO-Ab.  

Elevated TSI levels are the most common 
serological TED biomarkers [8]. These autoantibodies 
target the TSHR (thyroid-stimulating hormone 
receptor), leading to overproduction of thyroid 
hormone and stimulation of orbital fibroblasts [9].  

Bartlena et al. reported that in Graves’ disease 
patients, high TSI levels might be a strong predictive 
factor of TED development, especially in smokers 
[10]. 

TRAb, which includes both stimulating and 
blocking antibodies directed against TSHR [7], is 
another established group of biomarkers that has 
been studied. Its persistent elevation after antithyroid 
treatment indicates ongoing autoimmune activity and 
has been correlated clinically with the CAS (clinical 
activity score) and a higher risk of Thyroid eye 
disease progression [16-18]. 

Autoantibodies directed against Insulin-like 
growth factor 1, which synergize with the TRAbs to 
stimulate cytokine production, adipogenesis, and 
fibroblast proliferation, are upregulated in TED [19].  

Other serologically established TED biomarkers 
being used in clinical settings include TBII and TPO-
Ab.  

Proinflammatory cytokines and chemokines have 
also been important in the characterization of active 
TED, and some have been established as key players 
in the disease progression of Thyroid Eye Disease. 
The IL-6/IL-6R axis, known to suppress Treg 
differentiation and promote Th17 responses [20], is 
suggested to be elevated in orbital tissues and serum 
of TED patients and to correlate with disease activity. 

The following table (Table 1) lists the key 
established biomarkers of TED and their roles in 
disease progression.  

 
Table 1. List of Established Biomarkers of Thyroid Eye Disease and Their Clinical Relevance 

Biomarker Function/Role Clinical Relevance in TAO 

TRAb 
[1,2] 

TSH receptor antibody 
Elevated in TED; correlates with disease severity and CAS; 
predictive of GC response 

TSI 
[3] 

Thyroid-stimulating antibody 
(subset of TRAb) 

Stimulates orbital fibroblasts and adipogenesis; associated with 
active TED 

TBII 
[4] 

TSH-binding inhibitory 
immunoglobulins 

Detected in TED patients; higher levels in active disease 

TPO-Ab 
[5,6] 

Anti-thyroid peroxidase 
antibody 

Elevated in autoimmune thyroid disease; weak association with 
TED severity 

Fig. 2 Types of biomarkers discussed in the article 
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IL-6/IL-6R 
[21,22]  

IL-6, IL-6Rα, gp130 Promotes Th17 differentiation, inflammation 

IGF-I/IGF-IR 
[21-26] 

IGF-I, IGF-IR, RANTES, IL-16 Fibroblast activation, cytokine secretion, hyaluronan synthesis 

CD40/CD154 
[20] 

CD40, CD154 (CD40L), ICAM-1, 
IL-6, PGE2 

B cell activation, fibroblast proliferation, cytokine secretion 

 
Emerging Biomarkers 
A growing number of studies have identified 

novel molecules involved in Thyroid Eye Disease that 
show strong potential as biomarkers beyond the 
established ones. The candidates include 
inflammatory cytokines, chemokines, microRNAs, and 
some other epigenetic regulators involved in tissue 
remodeling and underlying immune dysregulation in 
TED.  

The most researched and top-signature emerging 
markers are cytokines, closely followed by 
chemokines. Several cytokines are directly involved in 
the pathogenesis of TED and thus can serve as valid 
biomarkers [16]. Elevations in serum levels of IL-1β, 
TNF-α, IFN-γ, and chemokines such as CXCL10 have 
been associated with active TED. These molecules are 
involved in the activation of orbital fibroblasts and 
leukocyte recruitment [17]. 

Studies have shown that CD40/CD154 
costimulatory signaling is upregulated in orbital 
fibroblasts and T cells of patients with TED. This 
signaling drives the transcription of various 
inflammatory mediators, including ICAM-1 and 
prostaglandin E2, which are systemically elevated in 
patients with TED and may serve as biomarkers [18-
20].  

Another cytokine, TNF-α, which is central to the 
regulation of inflammation, is overexpressed in 
orbital fibroblasts from patients with TED. TNF-α 
polymorphisms are associated with disease severity 
and susceptibility [27]. 

Lower IL-1R levels have been observed in 
patients with TED. Members of the IL-1 superfamily, 
including IL-1α, IL-1β, IL-1Ra, IL-18, and IL-38 [28], 
have been shown to exhibit dysregulated expression 
in orbital fibroblast tissues from patients with TED 
[29].  

Elevations in chemokines such as CXCL10, 
CXCL13, and RANTES in orbital fibroblasts and serum 
have been strongly associated with Th1-driven 
clinical activity and inflammation in TED [30]. 

Studies have reported decreased levels of 
cytokines and chemokines after corticosteroid and 
immunosuppressive therapy, supporting their 
significance as biomarkers of TED disease activity.  

Recently, circulating microRNAs have emerged as 
promising, minimally invasive biomarkers for various 
autoimmune disorders, including TED, and have been 
reported to significantly influence gene expression, 
inflammation, fibrosis, and therapeutic response [31]. 
Distinct signature miRNAs, such as miR-146a, miR-
155, miR-21, and miR-96, are dysregulated in orbital 
fibroblast tissues and PBMCs (peripheral blood 
mononuclear cells) of TED patients [32]. For instance, 
miR-146a normally suppresses NF-κB signaling, and 
its downregulation may exacerbate the inflammatory 
response [33]. miR-21 promotes fibrotic responses, 
while miR-155 enhances cell activation. miRNAs are 
biomarkers that effectively distinguish between the 
active and inactive phases of the disease [34]. 

Table 2 presents key cytokine and chemokine 
biomarkers and their significance in the pathogenesis 
of TED.  

 
Table 2. Key Emerging Biomarkers Implicated in TED Pathogenesis 

Biomarker/Pathway Sample/Sources Expression in TAO  Functions in TAO 

CXCL10 (IP-10) 
[11,12] 

Chemokine induced by 
IFN-γ 

Increased An increase in TAO serum and 
tears correlates with disease 
activity IL-1 Superfamily 

[16-18] 
IL-1α, IL-1β, IL-1Ra, 
IL-18, IL-38 

Increased  Pro- and anti-inflammatory 
regulation 

Chemokines 
[29] 

CXCL9/10/11, CXCL8, 
CXCL13, 
RANTES/CCL5 

Increased  
 

Immune cell trafficking, Th1 
response 

miR-146a 
[24,25] 

Orbital tissue Increased Inhibits fibrosis via TGF-β 
signaling suppression 

TNF-α 
[35] 

TNF-α Increased  Inflammation, ICAM-1 expression, 
GAG modulation, Elevated in 
active disease; promotes cytokine 
release and orbital edema 

miR-146a 
[35-37] 

Peripheral 
blood/CD4+ T cells 

Decreased Regulates immune response; 
inhibits Th1 differentiation 

miR-155 
[37] 

Peripheral blood Increased Promotes inflammation via 
TLR4/NF-κB; regulates CD4+ 
cytokines 
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miR-21 
[38,39] 

Orbital fibroblasts Increased Promotes fibrosis and fibroblast 
proliferation 

miR-29 family (a/b/c) 
[40] 

Orbital fibroblasts Decreased Inhibits fibrosis via the Wnt/β-
catenin pathway and collagen 
regulation miR-142-3p 

[40] 
Tregs (GPA) Increased Suppresses Treg function via the 

cAMP pathway 
miR-27a/b 
[41] 

Orbital fat tissue Decreased Inhibits adipogenesis via PPARγ 
and C/EBP suppression 

miR-224-5p [42] Serum Lower in GC-
insensitive cases 

Predictive of glucocorticoid 
therapy response 

miR-96,  
miR-183 
[43] 

CD4+/CD8+ T cells Increased after 
stimulation 

Enhance T cell activation via Akt 
phosphorylation, suppress PTEN, 
and EGR-1 miR-365, miR-148a 

[43] 
Orbital tissue (IOI) Slightly increased Linked to B-cell activity and IL-6 

signaling in idiopathic orbital 
inflammation 

 
Along with cytokines, chemokines, and 

microRNAs, some cellular markers have emerged as 
promising biosignatures of TED, with T-cell subsets 
being predominant amongst them. Previously, it has 
been hypothesized that T-cell-mediated immunity 
contributes to the development of thyroid eye 
disease. A thorough analysis of T cells, immune cell 
subsets, and their cytokine profiles can present 
crucial insights into the immunopathophysiology of 
TED [44]. 

T-cell subsets are central to TED pathogenesis. 
Previous studies have noted that T cells are 
responsible for B cell activation and autoantibody 
production. They produce cytokines and promote the 
expression of adhesion molecules [45]. Activated T 
cells, primarily CD4+ T cells, produce various 
adhesion molecules. Cytokines produced by the CD4+ 
T cells maintain and amplify orbital inflammation and 
aggravate the immune response in Thyroid Eye 
Disease [46]. CD4+ T helper cells play a leading role 
in cellular immunity and contribute to humoral 
immunity. They differentiate into functionally distinct 
subsets, such as Th1, Th2, Th17, and Treg cells, which 
play significant roles in immunity and autoimmunity 
[47]. 

Th1 cells mediate cellular immunity and produce 
inflammatory cytokines. They are elevated in TED, 
and their cytokines correlate with disease activity and 
tissue inflammation [48]. 

Th2 cells support humoral immunity by 
stimulating B cells. During the later stages of TED, 
Th2 cells predominantly infiltrate orbital fibroblasts, 
suggesting a shift from a cell-mediated immune 
response to a humoral response [49,50].  

Another class of T helper cells, the Th17 cells, is 
defined by the secretion of IL-17A. Studies have 
shown that Th17 cells are involved in many 
autoimmune diseases. Expression of Th17 cells and 
IL-17A is elevated in peripheral blood and tears, 
promoting inflammation and fibrosis in orbital 
fibroblasts (OFs) in TED [51]. The interaction 
between Th17 cells and CD34+ fibrocytes amplifies 
local inflammation [52]. 

Regulatory T (Treg) cells, such as CD4+, CD25+, 
and FOXP3+, are involved in regulating immune 
responses. Dysfunction or altered levels of Treg cells 
have been linked to TED severity. Studies show that 
decreased CTLA-4 mRNA and increased FOXP3 mRNA 
levels suggest disrupted Treg function in severe cases 
of TED [53,54]. 

Although emerging evidence suggests a role for 
Th22 cells in active TED, the pathogenic significance 
of Th9 cells and the contributions of both Th9 and Tfh 
subsets to disease progression remain insufficiently 
characterized [55]. 

An overview of the T cell subsets and their 
relevance as emerging biomarkers of TED is provided 
in Table 3. 

 
Table 3. T Cell Subset Alterations and Their Potential Role as Biomarkers in TED 

T Cell Subset Key Markers Functions Findings in TED 

Th2 (CD4⁺) 
[48] 

IL-4, IL-5, IL-13 Drives humoral immunity, 
B-cell activation 

↑ In late/chronic TED, dominant 
in long-duration disease 

Th17 (CD4⁺) 
[19,51,52] 

IL-17A, IL-17F, IL-22 Promotes inflammation, 
autoimmunity 

↑ IL-17A in blood, tears, and 
orbital tissues promotes fibrosis 
and inflammation of OFs Tfh (CD4⁺) 

[55] 
IL-21, Bcl6 Supports B-cell 

differentiation in follicles 
Not well studied in TED 

Th9 (CD4⁺) 
[51] 

IL-9 Involved in 
hypersensitivity, skin 
disorders 

Limited evidence in TED, located 
in peripheral blood and skin 

Th1 (CD4⁺) 
[48,50] 

IFN-γ, IL-2, TNF-α Mediates cellular 
immunity, delayed 
hypersensitivity 

↑ in early TED; correlates with 
inflammatory activity; 
dominates in muscle tissue Th22 (CD4⁺) 

[51] 
IL-22 Infiltrates the inflamed 

dermis 
IL-22 ↑ in other dermatoses; role 
in TED unclear 

Treg (CD4⁺CD25⁺FOXP3⁺) 
[53,54] 
 

TGF-β, IL-10, CTLA-4 Suppresses immune 
responses; maintains 
tolerance 

↓/dysfunction associated with 
TED severity; ↑ post-treatment; 
CTLA-4 ↓ in severe TED 
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CD8⁺ T Cells (Tc1, Tc2, Tc17, 
CD8⁺ Tregs) 
[6,16,55] 

IFN-γ, IL-5, IL-9, IL-17, 
TGF-β 

Cytotoxicity, immune 
regulation 

↑ CD4/CD8 ratio in TED; ↓ CD8⁺ 
in early TED/GD; CD8⁺ T cells 
produce Th1/Th2 cytokines in 
situ 

γδ T Cells 
[40] 

IL-17A Innate-like T cells with 
regulatory and 
proinflammatory roles 

Predominant in orbital tissues; 
source of IL-17A 

 
Theranostic Biomarkers  
Another exciting subset of TED biomarkers 

comprises molecules that not only reflect disease 
pathophysiology but also serve as excellent 
therapeutic targets. These types of biomarkers are 
pivotal bridges between diagnosis and treatment. 
Keystone theranostic biomarkers identified so far 
include IGF-1R, IL-6/IL-10R, and TNF-alpha.  

IGF-1R, the Insulin-like growth factor 1 receptor, 
displays a close partnership with TSHR, the thyroid-
stimulating hormone receptor, and the two receptors 
together form a functional alliance that is responsible 
for amplifying the immune response, leading to 
proliferation of fibroblasts, fat accumulation, 
hyaluronan production, and swelling, ultimately 
resulting in tissue expansion in the orbit [56].  

Teprotumumab, a blocking monoclonal antibody 
against IGF1-R, is being used as a therapeutic agent in 
TED, underscoring the dual relevance of IGF-1R 
antibodies as both an established biomarker and a 
therapeutic target [57]. 

Similarly, Tocilizumab (TCZ), an IL-6R 
monoclonal antibody, has shown efficacy in patients 
with steroid-resistant TED [58,59]. By interrupting 
the IL6/IL6-R signaling, this weakens Th17 signals 
and responses, restoring a degree of balance and 
relieving inflammation.  

Anti-TNF-α agents, being widely used in other 
autoimmune disorders, have also produced promising 
results in TED so far. Higher concentrations of TNF-α 
in orbital tissues and serum have been correlated 
with disease activity and severity [35]. 

While it is not yet part of mainstream therapy, 
targeting TNF-α could provide a way to monitor and 
treat the disease. TNF-α seems promising as an 
emerging therapeutic biomarker. 

In TED, increased IL6 levels have been associated 
with worsening tissue damage and increased orbital 
swelling, which is why the IL6/IL6-R axis emerges as 
a key stone involved in the suppression of Treg 
differentiation and the promotion of the Th17 
response. Research shows that IL6 and its receptors 
are elevated in both serum and orbital tissue of TED 
patients and are closely associated with disease 
activity and severity [60]. 

 

Imagining Biomarkers  
In addition to the various established and 

emerging serological, cellular, epigenetic, and 
molecular biomarkers and therapeutic targets 
discussed in this review so far, imaging technologies 
have gained attention for their ability to provide 
reproducible, objective TED biomarkers. Quantitative 
parameters derived from imaging technologies such 
as CT, MRI, and OCT have provided meaningful 
insights into the disease activity and severity of TED 
and have also supported molecular approaches. 
Recent studies have regarded quantitative imaging as 
a valuable approach to identifying structural 
biomarkers in thyroid eye disease [61,62]. 

A study by Chaganti et al. in 2022 employed 
multi-atlas automated segmentation of orbital CT 
scans and identified two major imaging phenotypes: a 
stretched optic nerve phenotype with a longer optic 
nerve and increased orbital fat, and a large-volume 
phenotype with enlarged extraocular muscles. Both 
phenotypes correlate clinically with distinct features 
of thyroid eye disease, such as restricted motility, 
vision loss, and proptosis [63].  

Other studies have also complemented this 
approach by using CT-based measurements of 
Thyroid Eye Disease. An increase in volumes of the 
individual rectus muscles significantly predicted the 
risk of dysthyroid optic neuropathy [64,65]. Apex 
crowding indices on CT imaging have high specificity 
and sensitivity for DON identification [66]. In addition 
to CT, radiomics from OCT (optical coherence 
tomography) has been used to distinguish active from 
inactive TED using machine-learning classifiers. 
Studies have explored diffusion-weighted MRI to 
assess posterior orbital involvement in TED [67,68]. 

These studies demonstrate that the role of 
imaging biomarkers, especially CT-based quantitative 
metrics, has been evolving for TED. These biomarkers 
can be valuable in enhancing phenotyping, precise 
diagnosis, risk assessment, and stratification in TED. 
The findings have been summarized in Table 4.  

Flowchart demonstrating the role of various 
biomarkers in thyroid eye disease across diagnosis, 
risk stratification, disease activity assessment, 
therapeutic decision-making, and post-treatment 
monitoring (Fig. 3).  
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Table 4. Summary of Studies Investigating Imaging Biomarkers in Thyroid Eye Disease (TED) 

Study Imaging Modality & Method Key Findings 

Chaganti et al. (2022) 
[63] 

CT with automated multiatlas 
segmentation and PCA 

Identified two phenotypes: big muscle volume 
(associated with motility loss) and stretched optic 
nerve (associated with proptosis and smoking) Gonçalves et al. (2012) 

[64] 
CT-based apex crowding index High sensitivity and specificity of the apex crowding 

index for DON diagnosis 
Ma et al. (2024) [65] OCT radiomics with machine 

learning 
Differentiated active vs. inactive TED with AUC ~0.84 

Alkhadrawi et al. (2024) 
[67] 

CT with deep learning CNN Automatic detection of extraocular muscle 
enlargement in TED 

Potvin et al. (2025) [68] Diffusion-weighted MRI Quantified posterior orbital involvement 

 

 
 
 
 
 
Discussion 
Our review highlights the importance of 

biomarkers as a diagnostic, monitoring, and even 
therapeutic tool for TED. Through this comprehensive 
literature search, we found that biomarkers offer a 
valuable opportunity to refine clinical practice by 
improving diagnosis and monitoring, enabling risk 
stratification, and guiding treatment. Currently, for 
TED assessment, disease activity and severity are 
primarily analyzed using clinical activity scores such 

as CAS and VISA, which are valuable but limited by 
subjectivity and interrater variability. Biomarkers 
have significant potential to improve current clinical 
approaches to TED assessment and management.  

At the diagnostic stage, various serological, 
protein, and cellular biomarkers, such as IL-6, TNF-α, 
TRAb, TSI, and specific microRNAs, can be 
appropriately used to provide more objective and 
quantifiable measures of disease activity and severity. 
For instance, elevated IL6/IL6-R levels have been 

Fig. 3 Role of biomarkers in thyroid eye disease 
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correlated with disease activity in studies and can 
help identify patients most likely to respond to 
Tocilizumab, which blocks IL6. Similarly, anti-TNF 
therapy could be beneficial for patients with elevated 
TNF-α and Th1 chemokine levels. Biomarkers 
involved in the IGF1-R/TSHR pathway activation have 
been linked with adipogenesis and remodeling of 
orbital tissues, making them relevant for selecting 
patients who can benefit from Teprotumumab 
therapy.  

Evaluating biomarker levels over time can also 
enable early relapse detection, treatment response 
monitoring, and even the identification of the safest 
window for surgical interventions in severe-to-life-
threatening cases.  

Thus, our review emphasizes that biomarkers can 
be systematically incorporated into clinical practice, 
enabling classification of patients into inflammation-
dominant or remodeling-dominant phenotypes using 
an organized diagnostic panel, with baseline 
biomarker levels guiding initial therapy selection. 
Over-time measurements can support monitoring of 
disease progression, the effects of therapy and 
medications, and the risk of relapse.  

However, to translate this promise into practice, 
there is an urgent need for well-designed, high-
quality prospective studies. Longitudinal cohort 
studies can establish standardized assays, cut-off 
values, and correlations between biomarker levels 
and CAS, imaging, and patient outcomes. Large 
longitudinal cohort studies would help validate 
reproducibility across serum, plasma, and tear 
samples; define clinically relevant threshold values 
that can be correlated with disease stages, activity, 
and severity, as well as treatment responses; and 
provide long-term outcomes.  

Biomarker-stratified randomized trials are 
required to provide high-level evidence on whether 
selecting therapies based on cytokine profiling yields 
higher efficacy than conventional approaches.  

Moreover, composite indices that integrate 
cytokines, chemokines, autoantibodies, and miRNAs 
with CAS and orbital imaging would greatly help 
enhance precision, as they encompass both 
inflammatory and remodeling pathways.  

Pragmatic implementation studies and health 
economic evaluation can be conducted in parallel, as 
they are critical for establishing feasibility, validating 
cost-effectiveness, and assessing scalability across 
different clinical settings.  

Conclusion 

Ultimately, our search has led us to believe that 
with intensive research and proper validation, 
biomarker-guided algorithms can enable an earlier, 
more accurate prognosis and diagnosis of high-risk 

patients, help in tailoring therapy according to the 
underlying disease pathophysiology, avoid 
unnecessary toxicity, reduce long-term morbidity, 
and transform Thyroid Eye Disease management 
significantly.  

 
Conflict of Interest Statement 

The authors state no conflict of interest. 
  

Acknowledgments 
The authors would like to thank UPCST - The 

Council of Science & Technology, Uttar Pradesh, 
Lucknow, for their support. 

 
Sources of Funding 

None. 
 

Disclosures 
None. 

References 

1. Bahn RS. Graves' ophthalmopathy. New England Journal of 
Medicine. 2010 Feb 25;362(8):726-38. doi: 
10.1056/NEJMra0905750. PMID: 20181974.  

2. Shah SS, Stokkermans TJ, Patel BC. Thyroid Eye Disease. 2025 
Nov 8, 2026 Jan-. In: StatPearls [Internet]. Treasure Island 
(FL), StatPearls Publishing. PMID: 35881739. 

3. Ueland HO, Neset MT, Methlie P, Ueland GÅ, Pakdel F, Rødahl 
E. Molecular Biomarkers in Thyroid Eye Disease: A Literature 
Review. Ophthalmic Plast Reconstr Surg. 2023 Dec 
1;39(6S):S19-S28. doi: 10.1097/IOP.0000000000002466. 
Epub 2023 Dec 4. PMID: 38054982; PMCID: PMC10697285. 

4. Smith TJ. TSH-receptor-expressing fibrocytes and thyroid-
associated ophthalmopathy. Nat Rev Endocrinol. 2015 
Mar;11(3):171-81. doi: 10.1038/nrendo.2014.226. Epub 2015 
Jan 6. PMID: 25560705; PMCID: PMC4687015. 

5. Lazarus JH. Epidemiology of Graves' orbitopathy (GO) and 
relationship with thyroid disease. Best Pract Res Clin 
Endocrinol Metab. 2012 Jun;26(3):273-9. doi: 
10.1016/j.beem.2011.10.005. PMID: 22632364. 

6. Xia N, Zhou S, Liang Y, Xiao C, Shen H, Pan H, Deng H, Wang N, 
Li QQ. CD4+ T cells and the Th1/Th2 imbalance are implicated 
in the pathogenesis of Graves' ophthalmopathy. Int J Mol Med. 
2006 May;17(5):911-6. PMID: 16596280. 

7. Cao J, Su Y, Chen Z, Ma C, Xiong W. The risk factors for Graves' 
ophthalmopathy. Graefes Arch Clin Exp Ophthalmol. 2022 
Apr;260(4):1043-1054. doi: 10.1007/s00417-021-05456-x. 
Epub 2021 Nov 17. PMID: 34787691. 

8. Bartalena L, Kahaly GJ, Baldeschi L, Dayan CM, Eckstein A, 
Marcocci C, Marinò M, Vaidya B, Wiersinga WM; EUGOGO †. 
The 2021 European Group on Graves' orbitopathy (EUGOGO) 
clinical practice guidelines for the medical management of 
Graves' orbitopathy. Eur J Endocrinol. 2021 Aug 
27;185(4):G43-G67. doi: 10.1530/EJE-21-0479. PMID: 
34297684. 

9. Place RF, Krieger CC, Neumann S, Gershengorn MC. Inhibiting 
thyrotropin/insulin-like growth factor 1 receptor crosstalk to 
treat Graves' ophthalmopathy: studies in orbital fibroblasts in 
vitro. Br J Pharmacol. 2017 Feb;174(4):328-340. doi: 
10.1111/bph.13693. Epub 2017 Jan 27. PMID: 27987211; 
PMCID: PMC5289943. 

10. Bartalena L, Veronesi G, Krassas GE, Wiersinga WM, Marcocci 
C, Marinò M, Salvi M, Daumerie C, Bournaud C, Stahl M, Sassi L, 
Azzolini C, Boboridis KG, Mourits MP, Soeters MR, Baldeschi L, 



Romanian Journal of Ophthalmology 2026; 70(3): 369-380 

 

 
378 © 2026 The Authors.  

Romanian Journal of Ophthalmology 

 

Nardi M, Currò N, Boschi A, Bernard M, von Arx G, Perros P, 
Kahaly GJ; European Group on Graves’ Orbitopathy 
(EUGOGO). Does early response to intravenous 
glucocorticoids predict the final outcome in patients with 
moderate-to-severe and active Graves' orbitopathy? J 
Endocrinol Invest. 2017 May;40(5):547-553. doi: 
10.1007/s40618-017-0608-z. Epub 2017 Feb 7. PMID: 
28176220. 

11. Antonelli A, Rotondi M, Ferrari SM, Fallahi P, Romagnani P, 
Franceschini SS, Serio M, Ferrannini E. Interferon-gamma-
inducible alpha-chemokine CXCL10 involvement in Graves' 
ophthalmopathy: modulation by peroxisome proliferator-
activated receptor-gamma agonists. J Clin Endocrinol Metab. 
2006 Feb;91(2):614-20. doi: 10.1210/jc.2005-1689. Epub 
2005 Nov 22. PMID: 16303841.  

12. Kaštelan S, Orešković I, Bišćan F, Kaštelan H, Gverović 
Antunica A. Inflammatory and angiogenic biomarkers in 
diabetic retinopathy. Biochem Med (Zagreb). 2020 Oct 
15;30(3):030502. doi: 10.11613/BM.2020.030502. Epub 
2020 Aug 5. PMID: 32774120; PMCID: PMC7394255. 

13. Lehmann GM, Feldon SE, Smith TJ, Phipps RP. Immune 
mechanisms in thyroid eye disease. Thyroid. 2008 
Sep;18(9):959-65. doi: 10.1089/thy.2007.0407. PMID: 
18752427; PMCID: PMC2795569.  

14. Strimbu K, Tavel JA. What are biomarkers? Curr Opin HIV 
AIDS. 2010 Nov;5(6):463-6. doi: 
10.1097/COH.0b013e32833ed177. PMID: 20978388; PMCID: 
PMC3078627. 

15. Mayeux R. Biomarkers: potential uses and limitations. 
NeuroRx. 2004 Apr;1(2):182-8. doi: 10.1602/neurorx.1.2.182. 
PMID: 15717018; PMCID: PMC534923. 

16. Germain RN. T-cell development and the CD4-CD8 lineage 
decision. Nat Rev Immunol. 2002 May;2(5):309-22. doi: 
10.1038/nri798. PMID: 12033737. 

17. Abbas AK, Murphy KM, Sher A. Functional diversity of helper 
T lymphocytes. Nature. 1996 Oct 31;383(6603):787-93. doi: 
10.1038/383787a0. PMID: 8893001. 

18. Hwang CJ, Afifiyan N, Sand D, Naik V, Said J, Pollock SJ, Chen B, 
Phipps RP, Goldberg RA, Smith TJ, Douglas RS. Orbital 
fibroblasts from patients with thyroid-associated 
ophthalmopathy overexpress CD40: CD154 hyperinduces IL-
6, IL-8, and MCP-1. Invest Ophthalmol Vis Sci. 2009 
May;50(5):2262-8. doi: 10.1167/iovs.08-2328. Epub 2008 
Dec 30. PMID: 19117935; PMCID: PMC2752347.  

19. Fang S, Huang Y, Zhong S, Li Y, Zhang Y, Li Y, Sun J, Liu X, Wang 
Y, Zhang S, Xu T, Sun X, Gu P, Li D, Zhou H, Li B, Fan X. 
Regulation of Orbital Fibrosis and Adipogenesis by Pathogenic 
Th17 Cells in Graves Orbitopathy. J Clin Endocrinol Metab. 
2017 Nov 1;102(11):4273-4283. doi: 10.1210/jc.2017-01349. 
PMID: 28938397.  

20. Zhang L, Bowen T, Grennan-Jones F, Paddon C, Giles P, 
Webber J, Steadman R, Ludgate M. Thyrotropin receptor 
activation increases hyaluronan production in preadipocyte 
fibroblasts: contributory role in hyaluronan accumulation in 
thyroid dysfunction. J Biol Chem. 2009 Sep 25;284(39):26447-
55. doi: 10.1074/jbc.M109.003616. Epub 2009 Jul 24. PMID: 
19633293; PMCID: PMC2785333.  

21. Smith TJ. Is IGF-I receptor a target for autoantibody 
generation in Graves' disease? J Clin Endocrinol Metab. 2013 
Feb;98(2):515-8. doi: 10.1210/jc.2013-1004. PMID: 
23390263; PMCID: PMC3565121. 

22. Harbour SN, DiToro DF, Witte SJ, Zindl CL, Gao M, Schoeb TR, 
Jones GW, Jones SA, Hatton RD, Weaver CT. TH17 cells require 
ongoing classic IL-6 receptor signaling to retain 
transcriptional and functional identity. Sci Immunol. 2020 Jul 
17;5(49):eaaw2262. doi: 10.1126/sciimmunol.aaw2262. 
PMID: 32680955; PMCID: PMC7843024. 

23. Smith TJ, Janssen JAMJL. Insulin-like Growth Factor-I Receptor 
and Thyroid-Associated Ophthalmopathy. Endocr Rev. 2019 
Feb 1;40(1):236-267. doi: 10.1210/er.2018-00066. PMID: 
30215690; PMCID: PMC6338478.  

24. Winn BJ, Kersten RC. Teprotumumab: Interpreting the Clinical 
Trials in the Context of Thyroid Eye Disease Pathogenesis and 
Current Therapies. Ophthalmology. 2021 Nov;128(11):1627-
1651. doi: 10.1016/j.ophtha.2021.04.024. Epub 2021 Apr 28. 
PMID: 33930408. 

25. Wang R, Song D, Zhong Y, Li H. Potential role of IGF-1R in the 
interaction between orbital fibroblasts and B lymphocytes: an 
implication for B lymphocyte depletion in the active 
inflammatory phase of thyroid-associated ophthalmopathy. 
BMC Immunol. 2024 May 11;25(1):31. doi: 10.1186/s12865-
024-00613-3. PMID: 38734625; PMCID: PMC11088061. 

26. Smith TJ. Insulin-like growth factor-I regulation of immune 
function: a potential therapeutic target in autoimmune 
diseases? Pharmacol Rev. 2010 Jun;62(2):199-236. doi: 
10.1124/pr.109.002469. Epub 2010 Apr 14. PMID: 20392809; 
PMCID: PMC2879913. 

27. Prabhakar BS, Bahn RS, Smith TJ. Current perspective on the 
pathogenesis of Graves' disease and ophthalmopathy. Endocr 
Rev. 2003 Dec;24(6):802-35. doi: 10.1210/er.2002-0020. 
PMID: 14671007. 

28. Otto E, Förster G, Kuhlemann K, Hansen C, Kahaly GJ. TSH 
receptor in endocrine autoimmunity. Clin Exp Rheumatol. 
1996 May-Jun;14 Suppl 15:S77-84. PMID: 8828952. 

29. Myśliwiec J, Kretowski A, Stepień A, Kinalska I. Serum levels of 
soluble TNFalpha receptors (sTNFR1 and sTNFR2) during 
corticosteroid treatment in patients with Graves' 
ophthalmopathy. Immunol Invest. 2004 Feb;33(1):61-8. doi: 
10.1081/imm-120027685. PMID: 15015833.  

30. Marcocci C, Bartalena L, Tanda ML, Manetti L, Dell'Unto E, 
Rocchi R, Barbesino G, Mazzi B, Bartolomei MP, Lepri P, Cartei 
F, Nardi M, Pinchera A. Comparison of the effectiveness and 
tolerability of intravenous or oral glucocorticoids associated 
with orbital radiotherapy in the management of severe 
Graves' ophthalmopathy: results of a prospective, single-blind, 
randomized study. J Clin Endocrinol Metab. 2001 
Aug;86(8):3562-7. doi: 10.1210/jcem.86.8.7737. PMID: 
11502779. 

31. Douglas RS, Mester T, Ginter A, Kim DS. Thyrotropin receptor 
and CD40 mediate interleukin-8 expression in fibrocytes: 
implications for thyroid-associated ophthalmopathy (an 
American Ophthalmological Society thesis). Trans Am 
Ophthalmol Soc. 2014;112:26-37. PMID: 25411513; PMCID: 
PMC4234450. 

32. Schall TJ, Jongstra J, Dyer BJ, Jorgensen J, Clayberger C, Davis 
MM, Krensky AM. A human T cell-specific molecule is a 
member of a new gene family. J Immunol. 1988 Aug 
1;141(3):1018-25. PMID: 2456327. 

33. Cao HJ, Wang HS, Zhang Y, Lin HY, Phipps RP, Smith TJ. 
Activation of human orbital fibroblasts through CD40 
engagement results in a dramatic induction of hyaluronan 
synthesis and prostaglandin endoperoxide H synthase-2 
expression. Insights into potential pathogenic mechanisms of 
thyroid-associated ophthalmopathy. J Biol Chem. 1998 Nov 
6;273(45):29615-25. doi: 10.1074/jbc.273.45.29615. PMID: 
9792671. 

34. Sempowski GD, Rozenblit J, Smith TJ, Phipps RP. Human 
orbital fibroblasts are activated through CD40 to induce 
proinflammatory cytokine production. Am J Physiol. 1998 
Mar;274(3):C707-14. doi: 10.1152/ajpcell.1998.274.3.C707. 
PMID: 9530102. 

35. Croft M, Benedict CA, Ware CF. Clinical targeting of the TNF 
and TNFR superfamilies. Nat Rev Drug Discov. 2013 
Feb;12(2):147-68. doi: 10.1038/nrd3930. Epub 2013 Jan 21. 
PMID: 23334208; PMCID: PMC362540. 

36. Zhang P, Zhu H. Cytokines in Thyroid-Associated 
Ophthalmopathy. J Immunol Res. 2022 Nov 14;2022:2528046. 
doi: 10.1155/2022/2528046. PMID: 36419958; PMCID: 
PMC9678454. 

37. Smith TJ, Janssen JA. Building the Case for Insulin-Like Growth 
Factor Receptor-I Involvement in Thyroid-Associated 
Ophthalmopathy. Front Endocrinol (Lausanne). 2017 Jan 



Romanian Journal of Ophthalmology 2026; 70(3): 369-380 

 

 
379 

© 2026 The Authors.  
Romanian Journal of Ophthalmology 
 

3;7:167. doi: 10.3389/fendo.2016.00167. PMID: 28096798; 
PMCID: PMC5206614. 

38. Myśliwiec J, Waligórski D, Nikołajuk A, Górska M. Soluble 
CD40 and its ligand CD154 in patients with Graves' 
ophthalmopathy during combined therapy with 
corticosteroids and teleradiotherapy. Adv Med Sci. 
2007;52:104-8. PMID: 18217399. 

39. Pietravalle F, Lecoanet-Henchoz S, Blasey H, Aubry JP, Elson G, 
Edgerton MD, Bonnefoy JY, Gauchat JF. Human native soluble 
CD40L is a biologically active trimer, processed inside 
microsomes. J Biol Chem. 1996 Mar 15;271(11):5965-7. doi: 
10.1074/jbc.271.11.5965. PMID: 8626375. 

40. Mester T, Raychaudhuri N, Gillespie EF, Chen H, Smith TJ, 
Douglas RS. CD40 Expression in Fibrocytes Is Induced by TSH: 
Potential Synergistic Immune Activation. PLoS One. 2016 Sep 
15;11(9):e0162994. doi: 10.1371/journal.pone.0162994. 
PMID: 27631497; PMCID: PMC5025085. 

41. Zhao LQ, Wei RL, Cheng JW, Cai JP, Li Y. The expression of 
intercellular adhesion molecule-1 induced by CD40-CD40L 
ligand signaling in orbital fibroblasts in patients with Graves' 
ophthalmopathy. Invest Ophthalmol Vis Sci. 2010 
Sep;51(9):4652-60. doi: 10.1167/iovs.09-3789. Epub 2010 
Jan 27. PMID: 20107176. 

42. Smith TJ, Hoa N. Immunoglobulins from patients with Graves' 
disease induce hyaluronan synthesis in their orbital 
fibroblasts through the self-antigen, insulin-like growth 
factor-I receptor. J Clin Endocrinol Metab. 2004 
Oct;89(10):5076-80. doi: 10.1210/jc.2004-0716. PMID: 
15472208. 

43. Laban KG, Kalmann R, Bekker CPJ, Hiddingh S, van der Veen 
RLP, Eenhorst CAE, Genders SW, Mourits MP, Verhagen FH, 
Leijten EFA, Haitjema S, de Groot MCH, Radstake TRDJ, de 
Boer JH, Kuiper JJW. A pan-inflammatory microRNA-cluster is 
associated with orbital non-Hodgkin lymphoma and 
idiopathic orbital inflammation. European Journal of 
Immunology. 2020;50(1):86-96. doi: 10.1002/eji.201948343. 
PMID: 31713839; PMCID: PMC6973116. 

44. Tramontano D, Cushing GW, Moses AC, Ingbar SH. Insulin-like 
growth factor-I stimulates the growth of rat thyroid cells in 
culture and synergizes the stimulation of DNA synthesis 
induced by TSH and Graves'-IgG. Endocrinology. 1986 
Aug;119(2):940-2. doi: 10.1210/endo-119-2-940. PMID: 
2874015. 

45. Liu W, Ma C, Li HY, Chen L, Yuan SS, Li KJ. MicroRNA-146a 
downregulates the production of hyaluronic acid and collagen 
I in Graves' ophthalmopathy orbital fibroblasts. Exp Ther Med. 
2020 Nov;20(5):38. doi: 10.3892/etm.2020.9165. Epub 2020 
Sep 1. PMID: 32952629; PMCID: PMC7480141. 

46. Jang SY, Park SJ, Chae MK, Lee JH, Lee EJ, Yoon JS. Role of 
microRNA-146a in regulation of fibrosis in orbital fibroblasts 
from patients with Graves' orbitopathy. Br J Ophthalmol. 2018 
Mar;102(3):407-414. doi: 10.1136/bjophthalmol-2017-
310723. Epub 2017 Nov 3. PMID: 29101123. 

47. Minakaran N, Ezra DG. Rituximab for thyroid-associated 
ophthalmopathy. Cochrane Database Syst Rev. 2013 May 
31;(5):CD009226. doi: 10.1002/14651858.CD009226.pub2. 
Update in: Cochrane Database Syst Rev. 2022 Jun 
16;6:CD009226. doi: 10.1002/14651858.CD009226.pub3. 
PMID: 23728689. 

48. Wakelkamp IM, Gerding MN, Van Der Meer JW, Prummel MF, 
Wiersinga WM. Both Th1- and Th2-derived cytokines in 
serum are elevated in Graves' ophthalmopathy. Clin Exp 
Immunol. 2000 Sep;121(3):453-7. doi: 10.1046/j.1365-
2249.2000.01335.x. PMID: 10971510; PMCID: PMC1905733.  

49. Kocjan T, Wraber B, Repnik U, Hojker S. Changes in Th1/Th2 
cytokine balance in Graves' disease. Pflugers Arch. 
2000;440(5 Suppl):R94-5. PMID: 11005626.  

50. Inukai Y, Momobayashi A, Sugawara N, Aso Y. Changes in 
expression of T-helper (Th) 1- and Th2-associated chemokine 
receptors on peripheral blood lymphocytes and plasma 
concentrations of their ligands, interferon-inducible protein-

10 and thymus and activation-regulated chemokine, after 
antithyroid drug administration in hyperthyroid patients with 
Graves' disease. Eur J Endocrinol. 2007 Jun;156(6):623-30. 
doi: 10.1530/EJE-07-0019. PMID: 17535861.  

51. Peng D, Xu B, Wang Y, Guo H, Jiang Y. A high frequency of 
circulating th22 and th17 cells in patients with new onset 
graves' disease. PLoS One. 2013 Jul 11;8(7):e68446. doi: 
10.1371/journal.pone.0068446. PMID: 23874630; PMCID: 
PMC3708941.  

52. Fang S, Huang Y, Liu X, Zhong S, Wang N, Zhao B, Li Y, Sun J, 
Wang Y, Zhang S, Gu P, Zhou H, Li B, Fan X. Interaction 
Between CCR6+ Th17 Cells and CD34+ Fibrocytes Promotes 
Inflammation: Implications in Graves' Orbitopathy in Chinese 
Population. Invest Ophthalmol Vis Sci. 2018 May 
1;59(6):2604-2614. doi: 10.1167/iovs.18-24008. PMID: 
29847667.  

53. Kahaly GJ, Shimony O, Gellman YN, Lytton SD, Eshkar-Sebban 
L, Rosenblum N, Refaeli E, Kassem S, Ilany J, Naor D. 
Regulatory T-cells in Graves' orbitopathy: baseline findings 
and immunomodulation by anti-T lymphocyte globulin. J Clin 
Endocrinol Metab. 2011 Feb;96(2):422-9. doi: 
10.1210/jc.2010-1424. Epub 2010 Dec 8. PMID: 21147887.  

54. Pawlowski P, Wawrusiewicz-Kurylonek N, Eckstein A, Reszec 
J, Luczynski W, Johnson K, Kretowski A, Bakunowicz-
Lazarczyk A, Gorska M, Szamatowicz J, Chyczewski L, 
Mysliwiec J. Disturbances of modulating molecules (FOXP3, 
CTLA-4/CD28/B7, and CD40/CD40L) mRNA expressions in 
the orbital tissue from patients with severe graves' 
ophthalmopathy. Mediators Inflamm. 2015;2015:340934. doi: 
10.1155/2015/340934. Epub 2015 Jan 12. PMID: 25653477; 
PMCID: PMC4306377.  

55. Fang S, Lu Y, Huang Y, Zhou H, Fan X. Mechanisms That 
Underly T Cell Immunity in Graves' Orbitopathy. Front 
Endocrinol (Lausanne). 2021 Apr 1;12:648732. doi: 
10.3389/fendo.2021.648732. PMID: 33868176; PMCID: 
PMC8049604.  

56. Yang WJ, Ma PF, Li SP, Su H, Liu YJ. MicroRNA-146a 
contributes to CD4+ T lymphocyte differentiation in patients 
with thyroid ophthalmopathy. Am J Transl Res. 2017 Apr 
15;9(4):1801-1809. PMID: 28469785; PMCID: PMC5411928. 

57. Hu ZJ, He JF, Li KJ, Chen J, Xie XR. Decreased microRNA-146a 
in CD4+T cells promote ocular inflammation in thyroid-
associated ophthalmopathy by targeting NUMB. Eur Rev Med 
Pharmacol Sci. 2017 Apr;21(8):1803-1809. PMID: 28485799. 

58. Wei H, Guan M, Qin Y, Xie C, Fu X, Gao F, Xue Y. Circulating 
levels of miR-146a and IL-17 are significantly correlated with 
the clinical activity of Graves' ophthalmopathy. Endocr J. 
2014;61(11):1087-92. doi: 10.1507/endocrj.ej14-0246. Epub 
2014 Aug 7. PMID: 25100151. 

59. Li K, Du Y, Jiang BL, He JF. Increased microRNA-155 and 
decreased microRNA-146a may promote ocular inflammation 
and proliferation in Graves' ophthalmopathy. Med Sci Monit. 
2014 Apr 18;20:639-43. doi: 10.12659/MSM.890686. PMID: 
24743332; PMCID: PMC3999163. 

60. Murdock J, Nguyen J, Hurtgen BJ, Andorfer C, Walsh J, Lin A, 
Tubbs C, Erickson K, Cockerham K. The role of IL-6 in thyroid 
eye disease: an update on emerging treatments. Front 
Ophthalmol (Lausanne). 2025 Apr 14;5:1544436. doi: 
10.3389/fopht.2025.1544436. Erratum in: Front Ophthalmol 
(Lausanne). 2025 Jul 16;5:1641164. doi: 
10.3389/fopht.2025.1641164. PMID: 40297767; PMCID: 
PMC12034681.  

61. Zhou Y, Jia F, Zhao X, Ma X, Chang T, Yao S, Che K, Zhang J. 
Multimodal MRI radiomics-clinical fusion model predicts 
intravenous glucocorticoid response in thyroid eye disease. 
Front Endocrinol (Lausanne). 2026 Jan 20;16:1726947. doi: 
10.3389/fendo.2025.1726947. PMID: 41641033; PMCID: 
PMC12864110.  

62. Cai M, Yang J, Li X, Hu Y, Liao H, Xiong C. MRI-based SIR 
quantitative biomarkers: a novel imaging diagnostic strategy 
for thyroid eye disease activity staging. Front Endocrinol 



Romanian Journal of Ophthalmology 2026; 70(3): 369-380 

 

 
380 © 2026 The Authors.  

Romanian Journal of Ophthalmology 

 

(Lausanne). 2025 Sep 12;16:1650116. doi: 
10.3389/fendo.2025.1650116. PMID: 41019325; PMCID: 
PMC12463646. 

63. Chaganti S, Nelson K, Mundy K, Harrigan R, Galloway R, Mawn 
LA, Landman B. Imaging biomarkers in thyroid eye disease 
and their clinical associations. J Med Imaging (Bellingham). 
2018 Oct;5(4):044001. doi: 10.1117/1.JMI.5.4.044001. Epub 
2018 Oct 16. PMID: 30345325; PMCID: PMC6191037.  

64. Gonçalves AC, Silva LN, Gebrim EM, Monteiro ML. 
Quantification of orbital apex crowding for screening of 
dysthyroid optic neuropathy using multidetector CT. AJNR Am 
J Neuroradiol. 2012 Sep;33(8):1602-7. doi: 
10.3174/ajnr.A3029. Epub 2012 Mar 22. PMID: 22442048; 
PMCID: PMC7966547. 

65. Ma L, Zhang H, Jiang X, Hou Z, Li D. OCT Radiomic Features 
Used for the Assessment of Activity of Thyroid Eye Disease. J 
Craniofac Surg. 2024 Sep 9. doi: 
10.1097/SCS.0000000000010503. Epub ahead of print. PMID: 
39361327.  

66. Cheng S, Ming Y, Hu M, Zhang Y, Jiang F, Wang X, Xiao Z. Risk 
prediction of dysthyroid optic neuropathy based on CT 
imaging features combined the bony orbit with the soft tissue 
structures. Front Med (Lausanne). 2022 Aug 24;9:936819. 
doi: 10.3389/fmed.2022.936819. PMID: 36091692; PMCID: 
PMC9448950. 

67. Alkhadrawi AM, Lin LY, Langarica SA, Kim K, Ha SK, Lee NG, 
Do S. Deep-Learning Based Automated Segmentation and 
Quantitative Volumetric Analysis of Orbital Muscle and Fat for 
Diagnosis of Thyroid Eye Disease. Invest Ophthalmol Vis Sci. 
2024 May 1;65(5):6. doi: 10.1167/iovs.65.5.6. PMID: 
38696188; PMCID: PMC11077914.  

68. Potvin ARGG, de Win MML, Bisschop PH, Tanck MWT, 
Loontjens R, de Graaf P, Lacraru IC, Jellema HM, Saeed P. 
Diagnostic value of MRI and diffusion-weighted imaging in 
dysthyroid optic neuropathy: a cross-sectional study 
providing insights into predictive parameters and 
pathogenesis. Neuroradiology. 2025 Sep;67(9):2563-2572. 
doi: 10.1007/s00234-025-03695-x. Epub 2025 Sep 17. PMID: 
40960511; PMCID: PMC12546493.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 


