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Abstract: Thyroid Eye Disease (TED) is a debilitating autoimmune condition often associated with
thyroid dysfunction, leading to significant ocular and orbital morbidity. This review explores recent
advancements in the management of TED, focusing on both medical and surgical innovations. The
introduction of Teprotumumab, the first FDA-approved drug specifically for TED, marks a pivotal devel-
opment in medical therapy. Teprotumumab targets the insulin-like growth factor-1 receptor (IGF-1R),
effectively reducing inflammation and tissue remodeling. Clinical trials demonstrate its efficacy in
reducing proptosis and improving quality of life, making it a cornerstone in the treatment of active,
moderate-to-severe TED. Surgical management remains critical for patients with chronic TED or those un-
responsive to medical therapy. Advancements in orbital decompression surgery, including image-guided
and minimally invasive techniques, offer improved outcomes and reduced complications. Innovations
in eyelid and strabismus surgery enhance functional and cosmetic results, further improving patient
satisfaction. The management of TED necessitates a multidisciplinary approach involving endocrinol-
ogists, ophthalmologists, oculoplastic surgeons, radiologists, and other specialists. This collaborative
strategy ensures comprehensive care, addressing the diverse aspects of TED from thyroid dysfunction
to ocular health and psychological well-being. Future directions in TED treatment include emerging
pharmacological therapies targeting different aspects of the disease’s pathophysiology and advanced
surgical techniques aimed at enhancing precision and safety. This review underscores the importance of a
personalized, multidisciplinary approach in managing TED, highlighting current advancements, and
exploring potential future innovations to improve patient outcomes and quality of life.

Keywords: thyroid eye disease; orbital pathologies; proptosis; dry eye; autoimmune; teprotumumab;
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1. Introduction

Thyroid Eye Disease (TED), also known as Graves’ orbitopathy, is a complex autoim-
mune condition associated with thyroid dysfunction, primarily hyperthyroidism [1,2].
TED affects the orbital and periorbital tissues, leading to a range of symptoms including
proptosis (bulging eyes), eyelid retraction, diplopia (double vision), and, in severe cases,
optic neuropathy, which can threaten vision [3,4]. The condition not only poses significant
functional impairments but also leads to substantial cosmetic concerns, impacting patients’
quality of life and psychological well-being [2].

The management of TED is multifaceted, requiring both medical and surgical interven-
tions tailored to the disease’s activity and severity. Recent advancements in both fields have
significantly enhanced the therapeutic landscape [5-10]. This review aims to explore these
advancements, providing a comprehensive overview of current and emerging treatment
modalities for TED.

A key focus of this review is the innovative medical therapy Teprotumumab. As the
first FDA-approved drug specifically for TED, Teprotumumab represents a groundbreaking
advancement. We will delve into its mechanism of action, which involves the inhibition
of the insulin-like growth factor-1 receptor (IGF-1R), reducing inflammation and tissue
remodeling. The clinical trial evidence supporting Teprotumumab’s efficacy and safety
will be summarized, along with guidelines for its use and management of potential side
effects [6,7,11]

In addition to medical management, surgical interventions play a crucial role, espe-
cially for patients with chronic, stable TED or those who do not respond adequately to
medical therapy. We will discuss the latest advancements in surgical techniques, including
orbital decompression surgery, eyelid surgery, and strabismus surgery. Innovations such
as image-guided surgery and minimally invasive approaches are highlighted for their
potential to improve outcomes and reduce complications [5,12-14].

A multidisciplinary approach is essential in the management of TED, involving en-
docrinologists, ophthalmologists, oculoplastic surgeons, radiologists, and other specialists.
This collaborative strategy ensures comprehensive care addressing all aspects of the disease.

Lastly, we will look to the future, exploring potential advancements in both sur-
gical techniques and pharmacological treatments. Emerging therapies and innovative
approaches hold promise for further improving the management of TED, offering hope for
better control of this challenging condition [10,15-17].

The main aim of this review is to provide an in-depth understanding of the current
state-of-the-art in TED management, emphasizing the importance of a multidisciplinary
approach and highlighting recent and potential future advancements. By doing so, we
hope to contribute to improved patient care and outcomes for those suffering from this
debilitating disease.

2. Materials and Methods

The review utilized PubMed and Reference Citation Analysis (RCA) to gather in-
formation. PubMed, managed by the National Library of Medicine, was chosen for its
extensive coverage of peer-reviewed biomedical literature. The research employed search
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terms related to “Thyroid Eye Disease” combined with “diagnosis”, “treatment”, “manage-
ment”, “pathogenesis”, “immunity”, “antibody”, “clinical manifestations”, “autoimmune”,
“therapy”, and other relevant keywords. Boolean operators (AND, OR, NOT) ensured
comprehensive and relevant results. Only English articles were considered for accessibility.
Titles and abstracts were manually screened, and relevant full texts were reviewed to
extract data on clinical features, treatment modalities, outcomes, and associated challenges.
Manual reference list searches and citation tracking supplemented the electronic search.
This strategy aimed to comprehensively cover all aspects of Thyroid Eye Disease to provide

a thorough understanding of current knowledge and advancements.
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3. Thyroid Eye Disease
3.1. Pathophysiology

TED is an autoimmune condition often associated with Graves’ disease [18,19]. How-
ever, it can also occur in patients who are euthyroid or hypothyroid. The pathophysiology
of TED involves a complex interplay of genetic, environmental, and immunological factors.
Central to its development is the activation of auto-reactive T lymphocytes, which target
antigens shared by the thyroid gland and orbital tissues. Key antigens implicated in TED
include the thyroid-stimulating hormone receptor (TSHR) and the insulin-like growth
factor-1 receptor (IGF-1R). When autoantibodies bind to these receptors, they initiate an
inflammatory cascade [20,21].

In the early stages of TED, there is significant inflammation and infiltration of the
orbital tissues by immune cells, particularly T cells and B cells. These cells release cytokines,
leading to the activation of orbital fibroblasts [18,19]. Activated fibroblasts proliferate
and differentiate into myofibroblasts and adipocytes, contributing to tissue remodeling.
Glycosaminoglycans, particularly hyaluronan, are produced in excess, causing edema and
increasing orbital volume. This process results in the characteristic swelling and fibrosis
seen in the orbital tissues [18,20,22]. Molecular mechanisms are summarized in Figure 1.
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Figure 1. Pathogenesis of Thyroid Eye Disease (TED). 1 (increased secretion); APC (Antigen
Presenting Cell); IFN-y (Interferon gamma); IGF-1 (Insulin-like Growth Factor 1); IL- (Interleukin);
MHC-II (Major Histocompatibility Complex class II); RANTES (Regulated on Activation, Normal T
Cell Expressed and Secreted); TGF-f (Transforming Growth Factor beta); TNF-o (Tumor Necrosis
Factor alpha).

3.2. Clinical Manifestations

TED presents a range of clinical manifestations that vary in severity and can sig-
nificantly impact the quality of life. These manifestations are generally categorized into
two phases: the active (inflammatory) phase and the chronic (fibrotic) phase.

In the active phase, patients often experience symptoms such as orbital pain, redness,
and swelling. This phase is marked by inflammation and the acute onset of symptoms.
Common clinical features include proptosis, periorbital edema, and conjunctival redness.
Patients may also report a sensation of grittiness or discomfort in the eyes, increased
tearing, and photophobia [23]. In fact, dry eye disease (DED) is one of the most common
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features of TED, characterized by distinct and complex etiologies [24]. In TED patients,
incomplete blinking and significant loss of Meibomian gland structure in the eyelids are
more prominent than in typical DED cases [25]. Initially, DED in TED arises from orbital
inflammation, while exposure-related issues contribute to its persistence later [26].

Occult TED should be considered in the differential diagnosis of dry eye, present-
ing with increased corneal fluorescein staining, rapid tear break-up time, and abnormal
Schirmer test results, as it can cause inflammatory ocular surface disease with dry eye
symptoms [27-29]. The exact mechanisms linking TED to DED remain unclear, but it is
believed that multiple factors interact synergistically. These include tear film dysfunction
due to increased evaporation and /or ocular inflammation, abnormal stimulation of lacrimal
glands leading to hyposecretion, and other yet unidentified mechanisms [30]. Effective
treatment for DED in TED patients should address both symptom relief and underlying
inflammation, utilizing lubricants to alleviate dryness and anti-inflammatory therapies to
tackle the root causes [31].

Among with DED, Superior limbal keratitis (SLK) is another typical ocular surface
manifestation of TED, contributing significantly to moderate to severe ocular discomfort.
SLK is characterized by inflammation of the superior corneal and conjunctival regions, often
resulting in redness, pain, photophobia, and a foreign body sensation [32,33]. This condition
exacerbates the ocular surface disease commonly seen in TED patients, adding to the overall
burden of dry eye symptoms and discomfort. Proper diagnosis and management of SLK
are crucial in TED patients to alleviate symptoms and improve quality of life. Treatment
often involves a combination of anti-inflammatory therapies and lubricants to address
inflammation and surface irregularities. In severe cases, surgical intervention such as
conjunctival resection or orbital decompression may be necessary to provide lasting relief
and improve ocular surface health [34-37].

In the TED spectrum, diplopia (double vision) can occur due to inflammation and
subsequent fibrosis of the extraocular muscles, leading to restricted eye movements. As
the disease progresses to the chronic phase, inflammation subsides, but fibrosis and tissue
remodeling predominate [38]. Proptosis may persist, and lid retraction becomes more
apparent. This phase is characterized by less pain but more pronounced mechanical issues,
such as exposure keratopathy due to incomplete eyelid closure, and continued diplopia.
Severe cases of TED can lead to compressive optic neuropathy, where the optic nerve is
compressed by swollen and fibrotic tissues, potentially resulting in vision loss [39-42].
Clinical manifestations are summarized in Figure 2.

Overall, TED’s clinical course varies widely among patients. Some experience mild
symptoms that resolve spontaneously, while others suffer from severe, debilitating mani-
festations requiring intensive treatment.

The differential diagnosis of TED is critical and involves distinguishing it from other
conditions that can present with similar ocular symptoms. Conditions such as dry eye syn-
drome, conjunctivitis, and orbital cellulitis can mimic TED due to overlapping features like
redness, swelling, and irritation of the eyes. Additionally, idiopathic orbital inflammation,
myasthenia gravis, and tumors of the orbit can present with proptosis and diplopia, similar
to TED.

A comprehensive clinical evaluation is crucial for assessing the severity and activity
of TED. This typically includes a detailed history, a thorough ophthalmic examination, and
imaging studies such as orbital CT or MRI to evaluate the extent of tissue involvement. The
Clinical Activity Score (CAS) is often used to quantify disease activity, guiding therapeutic
decisions [8,38].

In summary, TED is a complex, multifaceted disease with significant variability in
clinical presentation and progression. Understanding its pathophysiology and clinical
manifestations is essential for developing effective management strategies tailored to the
individual patient’s needs.



J. Pers. Med. 2024, 14, 776

50f 16

Eyelid retraction _’ y 9:5?—

Dry eye disease/exposure - 7
; keratopathy x

h Proptosis ﬂ

Expansion of the fat tissue

Compression of optic nerve

Swelling of extraocular muscles

Figure 2. Thyroid Eye Disease clinical manifestations.

3.3. Management

Advancing treatment options for Thyroid Eye Disease (TED) is of paramount im-
portance due to the profound impact this condition has on patients” quality of life. TED
can cause significant functional impairments, including vision loss and severe ocular dis-
comfort, as well as aesthetic disfigurement due to proptosis and lid retraction [4,43,44].
These symptoms can lead to psychological distress and social isolation. Current treat-
ments, while effective for some, often have limitations and may not address all aspects of
the disease. Surgical interventions can be invasive with substantial recovery times, and
traditional medical therapies may not always provide adequate symptom control [10,45].
According to the 2021 European group guidelines [8], for moderate-to-severe and active
TED, intravenous (i.v.) glucocorticoids are more effective and better tolerated than oral
glucocorticoids. Current evidence recommends a combination of i.v. methylprednisolone
and mycophenolate sodium as first-line treatment. Second-line treatments include a second
course of i.v. methylprednisolone, oral prednisone/prednisolone with cyclosporine or
azathioprine, orbital radiotherapy with glucocorticoids, teprotumumab, rituximab, and
tocilizumab. Sight-threatening TED is treated with high doses of i.v. methylprednisolone
and, if necessary, urgent orbital decompression. Rehabilitative surgery is reserved for inac-
tive residual manifestations [8]. Therefore, there is a critical need for innovative treatment
approaches that offer improved efficacy, safety, and patient outcomes. Advancements
in both surgical techniques and novel pharmacological therapies have the potential to
transform the management of TED, providing patients with more comprehensive and less
invasive treatment options.

3.3.1. Orbital Decompression Surgery

Orbital decompression surgery is a cornerstone in the surgical management of TED.
The goal of this procedure is to create additional space within the orbit to alleviate proptosis
and optic neuropathy by removing bone and/or fat. Several techniques have been described
in the last 20 years.

Historically, orbital decompression involved the removal of the orbital walls—primarily
the medial and lateral walls. The extent of decompression varied, but these early techniques
often led to complications such as new-onset strabismus, sinusitis, and facial asymmetry [46,47].
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Contemporary orbital decompression techniques have evolved to minimize complica-
tions and improve outcomes. These include lateral wall decompression, which involves
removing bone from the lateral wall of the orbit. This provides significant space for orbital
contents to expand and is often preferred for its lower risk of inducing strabismus com-
pared to medial wall decompression. This approach can be performed through an external
incision or endoscopically through the conjunctiva [47,48].

Medial wall decompression involves removing part of the ethmoid bone, which forms
the medial wall of the orbit. While effective for reducing severe proptosis, it carries a higher
risk of postoperative diplopia due to the proximity of the medial rectus muscle. A more
balanced approach, combining lateral and medial wall decompression, allows for more
extensive reduction of proptosis while potentially mitigating the risk of inducing strabismus.
The orbital floor can also be decompressed in cases of severe proptosis or optic neuropathy.
This involves removing bone from the orbital floor to allow downward displacement of the
globe. Modern techniques often use endoscopic approaches to access the orbital floor and
medial wall, reducing external scarring and improving precision [47,48].

A recent study investigates the management of dysthyroid optic neuropathy (DON), a
severe complication of TED, through three different surgical protocols: modified extended
orbital apex decompression, two-wall decompression (inferior and lateral), and three-wall
decompression (inferior, lateral, and medial) [49]. The findings indicate that both the
extended endonasal approach and three-wall decompression are effective for managing
DON. The choice between these methods depends on the degree of proptosis, the patient’s
general condition, and the extent of eye surface damage.

Clinical outcomes of orbital decompression surgery have significantly improved with
these advanced techniques. Reduction in proptosis is typically substantial, with studies
reporting an average reduction of 3-6 mm. Optic neuropathy, if present, is often resolved
or significantly improved, reducing the risk of permanent vision loss. Patient satisfaction is
generally high, particularly when a multidisciplinary approach is used to customize the
surgical plan to the patient’s specific anatomy and disease severity.

Complications, while less common with modern techniques, can still occur. These in-
clude new-onset strabismus, sinusitis, and infraorbital nerve hypoesthesia. Careful patient
selection and meticulous surgical technique are essential to minimize these risks. Long-term
follow-up studies indicate that most patients experience sustained improvements in both
function and appearance, contributing to better overall quality of life [46-48,50].

3.3.2. Eyelid Surgery

Eyelid abnormalities, including retraction and lagophthalmos, are common in TED
and can cause significant discomfort and exposure keratopathy. Surgical correction of these
issues is often necessary to restore function and appearance [3,5].

Upper lid retraction repair traditionally involves recession of the levator palpebrae
superioris muscle or Mueller’s muscle. Techniques have evolved to include the use of
autologous or alloplastic spacers, such as hard palate grafts or acellular dermal matrix, to
provide more predictable and lasting results. Minimally invasive approaches, including the
transconjunctival Miiller’s muscle recession, offer the advantage of reduced scarring and
quicker recovery times. Lower lid retraction repair commonly involves the release of the
lower lid retractors and the placement of spacers to support the lid in a more anatomically
correct position. Innovations in this area include the use of endoscopic approaches and the
introduction of new spacer materials that provide better integration and support [4,43,51].

Blepharoplasty in TED patients is often performed to address the aesthetic and func-
tional issues caused by the disease. Indications include excessive eyelid skin, fat prolapse,
and eyelid asymmetry. The techniques used are similar to those in cosmetic blepharoplasty
but are tailored to account for the unique challenges posed by TED, such as increased tissue
fragility and altered anatomy due to previous inflammation [3,5,8,52].

Outcomes of blepharoplasty in TED patients are generally positive, with high rates of
patient satisfaction. Functional improvements, such as better eyelid closure and reduced
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corneal exposure, are commonly reported. However, careful preoperative planning and
patient counseling are essential to manage expectations and ensure that patients understand
the potential risks and benefits.

3.3.3. Strabismus Surgery

Strabismus, or misalignment of the eyes, is a common complication of TED, result-
ing from fibrosis and restriction of the extraocular muscles. Surgical correction is often
necessary to restore binocular vision and relieve diplopia [53].

Strabismus surgery in TED typically involves recessing the affected muscles to reduce
the restrictive forces and realign the eyes. The inferior and medial rectus muscles are most
affected and are often the targets of surgical intervention. Adjustable suture techniques are
frequently used, allowing for postoperative adjustments to fine-tune eye alignment. This
approach has been shown to improve outcomes by reducing the risk of overcorrection or
undercorrection [54,55].

Recent advances include the use of intraoperative imaging and navigation systems to
enhance the precision of muscle placement and the development of less invasive surgical
techniques that reduce recovery times and postoperative discomfort.

The success rates of strabismus surgery in TED patients are generally high, with many
patients achieving significant improvements in ocular alignment and reduction in diplopia.
However, outcomes can be variable, and some patients may require multiple procedures to
achieve optimal results. Long-term follow-up studies indicate that most patients maintain
good alignment and improved binocular function over time. The impact on ocular motility
is also positive, with many patients experiencing increased range of motion and improved
control over eye movements [53-56].

3.3.4. Adjunctive Procedures: Periorbital Fat Management

In addition to primary surgical interventions, several adjunctive procedures can
enhance the overall outcomes of TED management.

Orbital fat removal and redistribution are techniques used to address residual prop-
tosis and improve the aesthetic outcomes of TED surgery. Fat removal can be performed
through transconjunctival or transcutaneous approaches, depending on the extent of fat
prolapse and the surgeon’s preference.

Fat redistribution involves repositioning orbital fat to fill in areas of volume loss or to
achieve a more balanced and symmetrical appearance. This technique is particularly useful
in patients with significant asymmetry or those who have undergone previous decom-
pression surgery. Advances in this area include the use of microfat grafting and nanofat
techniques, which allow for more precise and less invasive fat manipulation [57-59].

Overall, these adjunctive procedures can significantly enhance the cosmetic and func-
tional outcomes of TED surgery, providing patients with a more natural and harmonious
appearance. The combination of advanced decompression techniques, meticulous eyelid
surgery, precise strabismus correction, and thoughtful use of adjunctive procedures rep-
resents the current state-of-the-art in surgical management of TED. These advances have
collectively improved patient outcomes, reduced complication rates, and increased overall
patient satisfaction, contributing to a better quality of life for individuals affected by this
challenging condition [59-61].

4. Teprotumumab in Thyroid Eye Disease
4.1. Mechanism of Action and Efficacy: How Does It Work?

Teprotumumab is a fully human monoclonal antibody that targets the insulin-like
growth factor-1 receptor (IGF-1R) (Figure 3). IGF-1R is a critical player in the pathogenesis
of TED. In patients with TED, the autoimmune response leads to the activation of IGF-1R,
which is overexpressed on the surface of orbital fibroblasts and other cells within the
eye orbit. This activation contributes to the inflammatory process and tissue remodeling
characteristic of TED [62-65].
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Figure 3. Teprotumumab mechanism of action. CD40 (Cluster of Differentiation 40); IGF-1 (Insulin-
like Growth Factor 1); IGF-1R (Insulin-like Growth Factor 1 Receptor); MHC-II (Major Histocompati-
bility Complex class II).

Teprotumumab binds to IGF-1R, inhibiting its activation and downstream signaling
pathways. This inhibition reduces the production of pro-inflammatory cytokines and
prevents the differentiation of orbital fibroblasts into adipocytes and myofibroblasts. As a
result, Teprotumumab diminishes the inflammatory response, reduces tissue expansion
and fibrosis, and ultimately alleviates the symptoms of TED, including proptosis and
diplopia [7].

The efficacy and safety of Teprotumumab were established through two pivotal phase
3 clinical trials: the OPTIC trial and the OPTIC-X extension trial [11,66,67]. These trials
provided robust evidence supporting the use of Teprotumumab in the treatment of TED.
The OPTIC trial was a randomized, double-blind, placebo-controlled study involving
86 patients with active TED. Participants were randomly assigned to receive either Teprotu-
mumab or a placebo, administered as an intravenous infusion every three weeks for a total
of eight infusions. The primary endpoint was a reduction in proptosis of >2 mm at week 24.
The results of the OPTIC trial were remarkable. Approximately 83% of patients treated with
Teprotumumab achieved the primary endpoint, compared to only 10% of those receiving
placebo. Additionally, significant improvements were observed in secondary endpoints,
including overall response rate, reduction in Clinical Activity Score (CAS), and quality of
life measures. The majority of patients experienced substantial reductions in proptosis and
improvements in diplopia and functional and emotional well-being [11,62,63,66,67].

The OPTIC-X extension trial provided further evidence of Teprotumumab’s long-term
efficacy and safety. This trial enrolled patients who had completed the OPTIC trial and
either had a partial response or experienced a recurrence of symptoms. Participants received
additional Teprotumumab infusions, resulting in sustained and further improvements in
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proptosis, CAS, and overall quality of life. The combined data from these trials underscore
Teprotumumab’s role as a transformative therapy for TED [67].

4.2. Indications and Guidelines for Teprotumumab Use

Teprotumumab is indicated for the treatment of Thyroid Eye Disease in adult patients.
It is particularly beneficial for those with active, moderate-to-severe TED. The recom-
mended dosing regimen involves an initial infusion of 10 mg/kg, followed by subsequent
infusions of 20 mg/kg every three weeks for a total of eight infusions [63-65].

Before initiating treatment with Teprotumumab, a thorough evaluation of the patient’s
disease activity and severity is necessary. Teprotumumab is most effective during the active
phase of TED, characterized by ongoing inflammation and rapid progression of symptoms.
It is less effective in the chronic, fibrotic stage of the disease when the inflammatory
component has subsided [7,11,62,64—66].

Patients undergoing treatment with Teprotumumab should be monitored regularly
to assess their response to therapy and to manage any potential adverse effects. Baseline
assessments should include a detailed ophthalmic examination, including measurements
of proptosis, diplopia, and CAS. Subsequent evaluations should occur at each infusion visit
to track progress and adjust treatment as necessary.

4.3. Potential Adverse Effects and Their Management

Like all medications, Teprotumumab can cause side effects, although many patients
tolerate the drug well. The most common adverse effects reported in clinical trials include
muscle spasm, nausea, alopecia, diarrhea, fatigue, hyperglycemia, and hearing impairment.

Muscle spasms and cramps are among the most frequently reported side effects.
These symptoms are generally mild to moderate in severity and can often be managed
with over-the-counter analgesics and muscle relaxants. Ensuring adequate hydration and
electrolyte balance may also help alleviate these symptoms. Nausea and diarrhea were
also relatively common but typically mild. Patients experiencing these symptoms should
be advised to maintain hydration and may use antiemetic or antidiarrheal medications if
necessary. Alopecia, or hair thinning, was reported by some patients but was generally
mild and reversible upon completion of therapy [68-70]. Patients should be reassured
that this side effect is typically temporary. Fatigue was another common side effect, often
mild to moderate. Encouraging patients to balance activity with rest and to maintain a
healthy diet can help manage fatigue. Hyperglycemia, or elevated blood sugar levels,
was observed in some patients, particularly those with pre-existing diabetes or other risk
factors for glucose intolerance. Blood glucose levels should be monitored regularly in these
patients, and adjustments to diabetes medications may be necessary to maintain glycemic
control [66,70,71].

Hearing impairment, including symptoms such as tinnitus and hypoacusis, was
reported in some patients [72]. These symptoms were generally mild to moderate but
warrant careful monitoring [73]. Patients should be advised to report any changes in
hearing immediately, and audiometric testing may be necessary for those with significant
symptoms. In rare cases, patients may experience more severe adverse effects, including
infusion reactions and hypersensitivity [74]. Infusion reactions, such as flushing, headache,
and shortness of breath, can occur during or shortly after the infusion [11]. Pre-medication
with antihistamines and corticosteroids may reduce the risk of these reactions. If a severe
hypersensitivity reaction occurs, Teprotumumab should be discontinued immediately, and
appropriate medical treatment should be initiated [11,62,68,69,75].

Opverall, the management of side effects involves regular monitoring, patient education,
and supportive care. Most adverse effects are mild to moderate and manageable with
appropriate interventions. The benefits of Teprotumumab in reducing the symptoms and
progression of TED generally outweigh the risks, particularly for patients with significant
disease activity [68,69,75].
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In conclusion, Teprotumumab represents a significant advancement in the medical
management of TED. Its targeted mechanism of action, robust clinical trial data, and
well-defined safety profile make it a valuable treatment option for patients with active,
moderate-to-severe TED. As with any therapy, careful patient selection, regular monitoring,
and proactive management of side effects are essential to maximize the therapeutic benefits
and ensure patient safety. Teprotumumab offers new hope to patients suffering from TED,
providing a much-needed option to improve their vision, appearance, and overall quality
of life [9,10].

4.4. A Huge Limit: The Cost

The cost of Teprotumumab (teprotumumab) is a significant consideration for patients
and healthcare providers. As of 2024, the list price for a single infusion of Teprotumumab
is approximately $15,500. Given that the recommended treatment regimen involves an
initial infusion followed by seven additional infusions over a 24-week period, the total cost
of the complete treatment course can exceed $120,000 [17,76]. These costs do not include
additional expenses such as administration fees or the costs associated with managing
potential side effects. While the high cost reflects the complexity and novelty of this biologic
therapy;, it poses a substantial financial burden for many patients. Insurance coverage
can vary, and patients may require assistance programs or support from pharmaceutical
companies to help mitigate these expenses. Consequently, the cost of Teprotumumab is a
critical factor in the broader discussion about access to innovative therapies for Thyroid
Eye Disease [17,77-79].

5. Other Drugs

In addition to teprotumumab, recent studies have proposed several new pharmacolog-
ical options for the management of TED. Tocilizumab, a monoclonal antibody targeting the
interleukin-6 receptor, has shown promising results in reducing inflammation and improv-
ing clinical outcomes in TED. Studies have demonstrated its efficacy in reducing proptosis
and improving diplopia and quality of life measures [80,81]. Rituximab, a monoclonal
antibody targeting CD20-positive B cells, has been investigated for its immunomodulatory
effects in TED, showing potential benefits in reducing disease activity and severity [82,83].
Sirolimus, an mTOR inhibitor, has also been explored for its ability to inhibit T-cell pro-
liferation and reduce inflammation in TED [84]. Mycophenolate sodium, known for its
immunosuppressive properties, has been recommended in combination with glucocor-
ticoids as first-line therapy, contributing to the management of active TED [85].Statins,
traditionally used for lipid-lowering, have shown anti-inflammatory properties that may
benefit patients with TED by modulating immune responses [86]. These treatments of-
fer diverse mechanisms of action and represent evolving options in the pharmacological
management of TED, supported by studies highlighting their efficacy and safety profiles.

6. Multidisciplinary Approach

Managing Thyroid Eye Disease (TED) effectively requires a multidisciplinary approach
due to the complexity and variability of the disease. This approach ensures that patients
receive comprehensive care tailored to their individual needs, which can significantly
improve outcomes and quality of life [45].

A multidisciplinary team for TED typically includes endocrinologists, ophthalmolo-
gists, oculoplastic surgeons, radiologists, and sometimes rheumatologists and psychologists.
Each specialist brings unique expertise that is crucial for addressing the various aspects
of TED. Endocrinologists play a key role in managing the underlying thyroid dysfunction
that is often associated with TED. Their expertise is crucial for stabilizing thyroid hormone
levels, which can help mitigate some of the inflammatory aspects of TED [10,31]. Oph-
thalmologists, particularly those specializing in orbital diseases, are central to diagnosing
and monitoring TED. They conduct detailed eye examinations, assess disease severity,
and track progression over time. Oculoplastic surgeons are essential for managing the
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structural and cosmetic complications of TED. They perform orbital decompression, eyelid
surgeries, and strabismus surgeries, which are critical for restoring function and appear-
ance. Radiologists contribute by providing imaging studies such as CT and MRI scans,
which help in accurately assessing the extent of orbital involvement and planning surgical
interventions [87-89]. Rheumatologists may be involved in cases where systemic immuno-
suppressive therapy is needed, particularly for patients with severe inflammation that does
not respond to standard treatments. Psychologists or psychiatrists can provide support for
the psychological impact of TED, including body image issues and depression, which are
common due to the visible nature of the disease.

This collaborative approach ensures that all aspects of TED are addressed, from thyroid
dysfunction and eye health to psychological well-being, providing a holistic treatment plan
that optimizes patient outcomes.

7. Patient Selection and Customized Plans: When to Perform Surgery

Selecting the appropriate treatment for TED requires careful consideration of several
factors, including disease severity, phase (active vs. chronic), patient symptoms, and overall
health. For patients with active, moderate-to-severe TED, medical management with Tepro-
tumumab (teprotumumab) is often the first-line treatment [11,70,71,78]. Teprotumumab
has been shown to reduce inflammation, decrease proptosis, and improve quality of life in
these patients. Candidates for Teprotumumab typically exhibit significant inflammation
and rapidly progressing symptoms. Patients should be in the active phase of TED, where
the disease is characterized by active inflammation and swelling. Surgical management is
considered for patients who have stable disease or are in the chronic phase, where fibrosis
and tissue remodeling predominate. Surgery may also be indicated for those who do
not respond to medical therapy or have severe complications such as compressive optic
neuropathy [5,14,63-65].

Orbital decompression surgery is often performed to alleviate severe proptosis and
optic neuropathy. Candidates for this surgery usually have significant proptosis caus-
ing functional or cosmetic concerns, or evidence of optic nerve compression threaten-
ing vision [46,47]. Eyelid surgery is indicated for patients with significant eyelid retrac-
tion or lagophthalmos causing exposure keratopathy [35]. Patients with chronic, sta-
ble disease who have persistent eyelid abnormalities despite medical management are
typical candidates.

Strabismus surgery is considered for patients with restrictive strabismus and diplopia
that interfere with daily activities. This surgery is generally performed after the inflam-
matory phase has subsided and the disease is stable. Customized treatment plans are
developed based on a comprehensive assessment of each patient’s specific needs. This
approach ensures that the chosen interventions provide the maximum benefit with the
least risk.

8. Future Directions and Emerging Therapeutic Strategies

Advances in both surgical and medical management are continuously evolving, offer-
ing new hope for TED patients. The future of surgical management for TED includes several
promising innovations aimed at improving outcomes and reducing complications [15].

One area of advancement is the use of image-guided surgery, which employs advanced
imaging technologies such as intraoperative CT and MRI to provide real-time visualization
of the surgical field. This allows for more precise and safer removal of bone and orbital fat,
minimizing the risk of complications such as new-onset strabismus or injury to the optic
nerve [54,55]. Minimally invasive surgical techniques are also gaining traction. Endoscopic
approaches for orbital decompression and eyelid surgery reduce the need for large inci-
sions, leading to quicker recovery times and less postoperative discomfort [90,91]. These
techniques also offer improved cosmetic outcomes by minimizing visible scars. Another
promising development is the use of customized implants and spacers tailored to the
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patient’s anatomy [52,92-95]. These implants can be used in eyelid surgery to provide more
predictable and lasting results, reducing the need for revision surgeries [10,45,48,78].

In addition to Teprotumumab, several new pharmacological treatments are under
investigation for TED, focusing on targeting different aspects of the disease’s pathophysi-
ology (ongoing clinical trials NCT05015127, NCT05683496, NCT06126783, NCT05987423,
NCT06384547, NCT06112340, NCT06088979). IGF-1R antagonists, similar to Teprotu-
mumab, are being explored for their potential to further inhibit the pathways involved in
TED. These agents could offer alternative or complementary options for patients who do
not respond adequately to Teprotumumab.

Biologic agents targeting other components of the immune system, such as TNF-alpha
inhibitors and IL-6 inhibitors, are also being studied. These drugs aim to reduce inflamma-
tion more broadly, potentially benefiting patients with severe, refractory TED [10,15,80,96].

Small molecule inhibitors targeting specific intracellular signaling pathways involved
in fibroblast activation and tissue remodeling are another area of active research. These
drugs could help prevent the progression of fibrosis in chronic TED, improving long-term
outcomes [9,75,78].

Gene therapy is an emerging field with potential applications in TED. By targeting
the underlying genetic and molecular mechanisms of the disease, gene therapy could
offer a more definitive and long-lasting treatment, particularly for patients with severe or
recurrent TED.

9. Limitations of the Study

This narrative review has several limitations. Firstly, as a narrative review, it lacks
the systematic methodology of a PRISMA-guided review, which may introduce selection
bias and limit the reproducibility of the findings. While we have focused particularly on
new treatments, such as teprotumumab, we have also covered other aspects of therapy,
diagnostics, and clinical manifestations. However, the emphasis on newer treatments might
have resulted in less comprehensive coverage of traditional therapies. Additionally, the
broad scope of discussing both diagnostics and clinical manifestations, while providing a
holistic overview, may not delve deeply into each specific area. These factors should be
considered when interpreting the conclusions drawn from this review.

10. Conclusions

Overall, the future of TED management looks promising, with ongoing research and
development likely to yield new treatments that are more effective, safer, and tailored to the
individual needs of patients. This multidisciplinary and innovative approach will continue
to improve the quality of life for those affected by this challenging disease.
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