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ABSTRACT

Introduction and aim. Thyroid-associated ophthalmopathy (TAO), often referred to as thyroid eye disease
or Graves' ophthalmopathy, is a syndrome characterized by autoimmune inflammation affecting the eye
muscles, connective tissue, and orbital fat. The aim of this literature review is to present TAO and integrate
the available data in the literature regarding the pathogenesis and treatment methods. Based on these, the
authors aim to examine whether, despite the extensive knowledge already available on TAO, there are still
issues to be investigated.

Material and methods. In this literature review, books and scientific publications in both Polish and
English languages have been assessed. The search criteria included keywords such as TAO, Graves' disease,
thyroid-associated ophthalmopathy. The evaluation covered the following databases: PubMed, Scopus,
Google Scholar.

Analysis of the literature. Typically, the eyeball is not involved, but in exceptional cases, corneal
ulceration may occur, or inflammation of the optic nerve may ensue. TAO most commonly occurs in the
course of hyperthyroidism in Graves' disease, involving up to 25-50% of cases. The coexistence of
autoantigens shared between the thyroid and orbital tissues is considered the primary cause of TAO when
it occurs concurrently with hyperthyroidism, later in its course, or even preceding the manifestation of
hyperthyroidism, with or without concurrent thyroid dysfunction. TAO is generally bilateral, although
dominance on one side is often observed. Common symptoms include eye pain, photophobia, diplopia,
varying degrees of proptosis, and impaired vision. The cornerstone of treatment lies in managing

hyperthyroidism, as TAO cannot be cured without it.



Conclusion. First-line treatment involves glucocorticoids, with radiation therapy as a supplementary
option, and in cases unresponsive to pharmacological treatment, surgical intervention may be necessary.

Keywords. Graves’ disease, TAO, thyroid-associated ophthalmopathy, thyroid eye disease

Introduction

Thyroid-associated ophthalmopathy (TAO) constitutes a clinical syndrome associated with
hyperthyroidism in Graves' disease and represents its most common extrathyroidal manifestation.:® It
involves autoimmune inflammation of the soft tissues within the orbit, including the extraocular muscles,
connective tissue, and orbital fat.>81%12 The estimated prevalence of this condition is 16/100,000 in women
and 2.9/100,000 in men, with an overall occurrence of at least around 10/10,000.33-16 Inflammation of
these structures leads to their swelling, ultimately resulting in the protrusion of the eyeball from the orbital
cavity. TAO occurs in 30% of individuals with Graves' and Basedow's diseases, but only 10% of them
experience a severe course necessitating immunosuppressive treatment.®!”° The exact cause of TAO
remains not fully understood; however, it predominantly occurs in patients with hyperthyroidism or a
history of it. Nevertheless, 5-8% of TAO cases are associated with thyroid inflammation in euthyroidism
or hypothyroidism.>*2° The hyperthyroidism in Graves' and Basedow's diseases is induced by
autoantibodies that bind to the thyroid follicular cell's thyrotropin receptor, stimulating excessive thyroid
hormone production. The presence of these antibodies in almost all TAO patients suggests that immune
reactivity against the thyrotropin receptor underlies both hyperthyroidism and TAO.?° Autoimmune
processes leading to fibroblast proliferation, increased adipogenesis, and extracellular matrix expansion are
involved in the pathophysiology of TAO.® Risk factors for TAO include stressful life events, genetics,
gender, age, ethnic origin, smoking, thyroid dysfunction, and antibodies against thyrotropin. Smoking is
identified as the most potent modifiable risk factor for the disease.> Common TAO symptoms include
bilateral and symmetric retraction of the eyelids, proptosis, and double vision. Additionally, the disease
manifests with tearing, redness, photophobia, and eye pain, significantly impacting patients' daily activities
such as driving and interpersonal interactions. Ophthalmopathy typically occurs bilaterally, but unilateral
cases may arise, often associated with the dominant side of the disease process. However, in 5% of cases,

true unilateral occurrence occurs, posing diagnostic challenges due to its atypical presentation.’®

Aim
The aim of the article is to review the available literature on thyroid-associated ophthalmopathy and to
closely examine its pathogenesis, clinical presentation, and treatment methods in order to better understand

this complex disease process and develop more effective treatment approaches.



Material and methods

In this literature review, books and scientific publications in both Polish and English languages have been
assessed. The search criteria included keywords such as TAO, Graves' disease, thyroid-associated
ophthalmopathy. The evaluation covered the following databases: PubMed, Scopus, Google Scholar.

Analysis of the literature

Pathogenesis

Thyroid-associated ophthalmopathy (TAQ) is most commonly associated with hyperthyroidism in Graves'
disease, although in 5-8% of cases, it can coexist with autoimmune thyroid inflammation in euthyroidism
or hypothyroidism.%% The occurrence of TAO is linked to an autoimmune process. The enlargement of
extraocular muscles, connective tissue, and orbital fat results from interactions among orbital fibroblasts,
cytokines, autoantibodies, immune cells, environmental factors, and genetic factors.’

Due to the frequent coexistence of ophthalmopathy in Graves' disease, there is a presence of similar antigens
in both conditions. In Graves' disease, the loss of tolerance to the thyrotropin receptor (TSHR) occurs,
making TAO inducible by autoimmune reactions against TSHR.%*22L Clinical and experimental evidence
supports this, with immunohistochemical studies showing TSHR overexpression in orbital tissues of TAO
patients, with the highest receptor expression in individuals with clinically active disease. The expansion
of orbital fat tissue results from early TSHR activation, enhancing the differentiation of orbital
preadipocytes into adipocytes. Therefore, a strong association exists between circulating TSHR antibodies
and TAO occurrence.®2-2 Moreover, tests have demonstrated that TSHR levels are correlated with the
activity and severity of ophthalmopathy.'? Recent studies have indicated significantly elevated expression
levels of insulin-like growth factor-1 (IGF-1) and the insulin-like growth factor-1 Receptor (IGF-1R),
suggesting their potential involvement in TAO pathogenesis. It has also been shown that IGF-1R and TSHR
can form functional complexes, synergistically promoting the accumulation of hyaluronic acid with
cytokines, thus inducing inflammation and the expansion of orbital muscle and fat tissue.3%26%7

Another component of the etiopathogenesis of TAO is considered to be orbital fibroblasts. As a result of
autoimmune reactions, these fibroblasts produce glycosaminoglycans, mainly hyaluronic acid. These
hydrophilic molecules attract water, causing swelling of the orbital tissue and extraocular muscles. The
increase in the volume of soft tissues within the orbit explains the accompanying symptoms of TAO,
including proptosis, dysfunction of extraocular muscles, and compression of the optic nerve.®

The initial triggering factor for the immunologic reaction in TAO is the activation of auto-reactive T
lymphocytes by the thyroid-stimulating hormone receptor (TSHR) on the surface of orbital fibroblasts. This
process leads to the release of pro-inflammatory cytokines, including interleukins (IL). Interleukins are

proteins that regulate the immune response in the body. In the pathogenesis of TAO, IL-1, IL-6, IL-10, IL-



17, and IL-18 play a significant role in the inflammatory cascade.®+6101217.22 || -1 promotes the
inflammatory process and cell adhesion, while IL-6 is involved in immune responses. It promotes the
development of TH17 in naive T lymphocytes under the influence of IL-23 and TGF-p. IL-17 is responsible
for the recruitment of immune cells and contributes to tissue inflammation.®® IL-18 is a pro-inflammatory
cytokine that modulates the innate and adaptive immune systems, stimulates the production of cytokines
and chemokines. It activates the chemotaxis of neutrophils and lymphocytes and the production of
interferon-y (IFN-y) by natural killer (NK) cells. Studies conducted by Mysliwiec et al. have shown that the
levels of IL-18 in the serum of TAO patients were significantly higher than in control groups, and after
glucocorticoid treatment, their levels decreased. There is limited research on the role of IL-18 in TAO, so
further studies are needed to better understand its role.

IL-6 is identified as a critical mediator in the etiopathogenesis of TAO. It activates fibroblasts to produce
hyaluronan, leading to increased inflammation and tissue growth. The activation of fibroblasts
simultaneously results in the overexpression of TSHR, thereby perpetuating the autoimmune response.*?
Studies have shown that serum IL-6 levels are elevated in patients with Graves' disease, particularly in those
with TAO, and its levels correlate with disease activity.?

IL-17 recruits neutrophils to the orbital tissues, releasing reactive oxygen species and other inflammatory
mediators. This exacerbates tissue damage and contributes to the clinical symptoms of TAO.*2! [L-10 is an
anti-inflammatory cytokine and also plays a role in regulating the immune response.®

Initially, IL-38 was thought to have anti-inflammatory effects, but it seems to have such a role only at high
concentrations. Therefore, the function of IL-38 is controversial. It is believed to limit inflammation in
orbital fibroblasts in TAO patients.® IL-38 may have potential significance in the therapeutic process, but
further research is needed to conclusively determine its action.

In TAO, the balance between pro-inflammatory and anti-inflammatory cytokines is disrupted, significantly
contributing to increased and chronic inflammation and tissue remodeling in the orbital region. The precise
identification of interleukins and understanding their roles in the inflammatory process in TAO could
significantly contribute to the development of diagnostics and treatment for this complex disease.

In the pathogenesis of Graves' disease, 20-60% of patients have a positive family history of thyroid
diseases. Patients with this disease also show an increased expression of certain human leukocyte antigen
(HLA) genes more frequently than healthy individuals. The HLA-B8, DR3, DQA10501 haplotype may
increase susceptibility to the disease. On the other hand, in patients with TAO, researchers have examined
the frequency of major histocompatibility complex class 1l (MHC 1) alleles in 81 Brazilian TAO patients
and 161 healthy individuals in the control group. It was found that in TAO patients with greater involvement
of extraocular muscles, the HLA-DRB116 allele is more common, while in patients with minimal
involvement of extraocular muscles, the HLA-DRB1*03 allele is more frequent.”?® The role of genetic

factors has also been demonstrated in studies conducted on twins and families.® In Danish population studies



of monozygotic twins, the concordance coefficient was 35%, suggesting low penetrance of the implicated
genes.” Several genes have been identified that predispose patients with Graves' disease to the development
of TAO, but the diversity of the genetic profile of patients remains uncertain.® Conducted studies suggest
an association between genetic predisposition and the manifestation of TAO. This provides further scope
for development and the conduct of additional research to more precisely determine the genes involved in
the disease process.

Additional interesting studies have been initiated on differences in the composition of gut microbiota in
patients with Graves' disease, with and without TAO, as well as research on animals suggesting a crucial
role of gut microbiota in TSHR-induced disease.® This opens up another field of research and may

contribute to a better understanding and identification of factors involved in the occurrence of TAO.

Clinical presentation

The clinical picture of thyroid-associated ophthalmopathy (TAO) is typically characteristic in the majority
of cases. Symptoms are mostly bilateral, with the disease process dominating on one side in 9-34% of
patients; however, it remains bilateral in those cases [8]. Truly unilateral TAO occurs in only about 5% of
cases.® The most common symptom of TAO is eyelid retraction, present in 90-98% of patients, often
changing with gaze—a phenomenon known as Kocher's sign, where the upper border of the sclera is
exposed when looking upward. Another nearly pathognomonic sign for TAO is lateral widening of the
retracted eyelid contour. Several factors contribute to eyelid retraction, including increased sympathetic
stimulation of the Miiller muscle, contraction of the levator muscle, and scarring between the fascia of the
lacrimal gland and the levator. Another frequent symptom in TAO patients is incomplete eyelid closure,
leading to dryness, foreign body sensation, roughness, tearing, photophobia, and, consequently, corneal
ulceration. Soft tissue swelling in the orbit causes visible proptosis and redness. This results in a disturbance
in the relaxation of the extraocular muscles, leading to double vision. In severe cases with pronounced
edema, compression of the optic nerve may occur, causing visual impairment up to blindness, observed in

only 5% of patients.}?72°32 TAQ is the most common cause of adult-onset strabismus.*

Treatment

Given its strong association with Graves' disease, TAO treatment should begin with managing
hyperthyroidism. Effective TAO treatment is not possible without controlling hyperthyroidism. In the
treatment process, the priority is visual disturbances, which, depending on the presence of inflammation,
can be treated with corticosteroids, radiotherapy, or orbital decompression surgery. Another priority is
controlling inflammation, which can be treated with corticosteroids, steroid-sparing immunosuppressive

drugs, or radiotherapy. Strabismus and changes in appearance are often treated conservatively, waiting for



inflammation to resolve before considering surgical intervention.27.910.1425 |t js crucial for patients to quit
smoking as there is a strong association between TAO and cigarette smoking.83334

Systemic treatment relies significantly on glucocorticoids (GCS), with an estimated effectiveness of 40-
60%. However, relapses at the end of therapy or during treatment are common. The use of pulsatile GCS
administration has been developed to harness the immunosuppressive effects of GCS while simultaneously
reducing side effects. Methylprednisolone, given in pulses over 12 weeks at a cumulative dose of 4.5 to
7.5¢, has proven effective, with a higher dose effectively reducing the owverall severity of the
disease.131119253537 protocols utilizing cumulative methylprednisolone doses exceeding 8g have been
associated with severe, even fatal, liver toxicity and should not be routinely applied.!1°2%% Studies have
shown a significant advantage of intravenous methylprednisolone over orally administered prednisone, with
the former demonstrating better clinical response and fewer adverse effects. 111253

Immunosuppressive treatment options include mycophenolate mofetil, cyclosporine A, and azathioprine,
usually employed as adjunctive therapy for inadequate response to GCS.”**! A randomized study
compared the effectiveness of monotherapy with GCS (methylprednisolone) to combined treatment with
GCS and mycophenolate sodium for 24 weeks, followed by a 12-week observation. While patients
receiving both drugs showed greater improvement, the benefits of combining GCS with mycophenolate
were not significantly higher. Monotherapy with azathioprine did not significantly alter the course of the
disease in moderate and severe TAO over a 2-year period, though later studies lacked sufficient statistical
power for clear conclusions.'*#243 Studies involving cyclosporine A demonstrated that its use as
monotherapy was less effective than oral prednisone. However, when used in combination, both drugs
proved more effective than prednisone alone, potentially useful for patients unresponsive to GCS therapy.?®
The pathogenesis of TAO is likely attributed to immune cells and cytokines; hence, monoclonal antibodies
disrupting cytokine signaling may have therapeutic applications. Although only a few drugs have been
tested in randomized studies, the results are promising. In one study, 152 TAO patients treated with
rituximab (RTX) showed a significant reduction in symptoms and recurrence frequency, although
resolution of proptosis or improvement in double vision was not described compared to baseline values.
RTX effectively inactivates TAO and limits disease recurrence, proving effective even in patients resistant
to GCS therapy.111%3844-46 The yse of Tocilizumab (TCZ) in a randomized clinical trial resulted in disease
inactivation in 93% of TAO patients compared to 59% receiving a placebo after 16 weeks. While TCZ
reduced proptosis, improvement in double vision was observed in only 5-6% of patients. TCZ appears
effective in patients resistant to conventional GCS therapy.'*#47 The further development of therapy using
monoclonal antibodies appears to be crucial in refining conservative treatment methods, given the strong
association between autoimmune processes and the occurrence of TAO.

Radiation therapy is another method of treating TAQO. Assessing its effectiveness is challenging due to the

lack of controlled studies and frequent concomitant use of GCS, significantly complicating retrospective



data analysis. Orbital radiotherapy is effective only in patients with active disease and recent progression.
Patients with inactive TAO do not respond to radiotherapy. Typically, a dose of 20 Gy per side is
administered in 10 fractions over 2 weeks. During orbital radiotherapy, there may be a transient worsening
of inflammation, which can be easily prevented by simultaneously using GCS. This method is often used
as a supplementary treatment in systemic therapy. Although the effectiveness of radiotherapy in TAO has
been questioned, it remains in constant use. It is a relatively safe method, with a low risk of optic neuropathy
or retinopathy.”19:2548:49

Indications for surgical treatment in TAO include optic neuropathy, double vision, and corneal exposure.
The goal of surgical intervention is orbital decompression, strabismus correction, and correction of eyelid
abnormalities. The most appropriate sequence in surgical treatment is typically decompression of the orbit
first, followed by strabismus surgery, and finally, eyelid procedures. The majority of surgeries are
performed in a state of inactive TAO when the condition has been stable for at least 6-8 months. However,
decompression may be necessary urgently in cases of compressive optic neuropathy or severe proptosis
with corneal ulceration.”?5%° Orbital decompression involves removing parts of the bone building the orbit
and removing fat from the orbit. Currently, the most common surgical approach includes medial wall,
orbital floor, and/or lateral wall decompression. Simultaneous decompression of bones combined with fat
removal is gaining importance due to its good clinical outcomes. Surgery on the extraocular muscles aims
to alleviate double vision in the primary position and downward gaze. Eyelid surgery involves gradually
weakening the Miiller and levator palpebrae superioris muscles to better cover the cornea with the upper
eyelid. In cases of significant retraction of the lower eyelid, a spacer graft may be necessary.”*!

Effective treatment of TAO is possible with various therapeutic methods. The choice of treatment depends
on the severity of the disease, its activity, and the individual needs and preferences of the patient. Treating
TAO poses a therapeutic challenge, but continuously improving methods help achieve successful treatment

and limit the lasting consequences of the disease.

Quiality of life of patients

TAO exerts a significant impact on the quality of life of patients. Visual disturbances such as double or
blurred vision affect their daily functioning, greatly limiting both physical and professional activities.
Patients report difficulties in driving and challenges in computer work. In a descriptive study conducted on
patients with varying degrees of TAO, the quality of life was assessed using the short-form standardized
guestionnaire, the medical outcomes study (MOS-36). In the examined group of German TAO patients,
low scores were observed on the MOS-36 scale, with clear differences compared to the control group noted
in the areas of social functioning, mental health, health perception, and bodily pain. These results highlight
the impact of common visual symptoms on health and well-being measured using the MOS-36 scale.>*? In

other studies, it has been shown that in patients with Graves' disease who developed TAO, the quality of



life decreased regardless of the treatment applied. It is also significant that patients with TAO returned to
physical health within a year, but the recovery of mental health took twice as long.*® In the course of TAO,
exophthalmos often occurs, leading to a decrease in self-acceptance among patients and a deterioration in
interpersonal relationships.! Considering the above, paying attention to the psychological aspects of TAO
patients appears to be crucial.

Conclusion

Despite significant progress in understanding TAO, certain elements are still lacking. It is essential to
emphasize the need for further development in clinical research to discover new biomarkers involved in the
onset of TAO. This will be crucial for a better understanding of the disease's pathogenesis and,
consequently, for the development and more precise selection of treatment, particularly using monoclonal
antibodies. Such an approach should help limit the occurrence of irreversible consequences of TAO and, in
turn, enhance the effectiveness of the conducted therapy. Both review literature and works based on clinical

research were utilized to provide a broader perspective on the presented topic.
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