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Thyroid eye disease (TED) is a rare disease that can lead to decreased quality of life, permanent disfigurement, 
and vision loss. Clinically, TED presents with exophthalmos, periorbital edema, extraocular muscle 
dysfunction, and eyelid retraction, and can lead to vision‑threatening complications such as exposure to 
keratopathy and dysthyroid optic neuropathy (DON). Over the last several years, significant advancements 
have been made in the understanding of its pathophysiology as well as optimal management. Ethnic variations 
in the prevalence, clinical presentation, and risk of vision‑threatening complications of TED are summarized, 
and risk factors associated with TED are discussed. Additionally, significant advances have been made in the 
management of TED. The management of TED traditionally included anti‑inflammatory medications, orbital 
radiation therapy, orbital surgical decompression, and biologic therapies. Most recently, targeted therapies 
such as teprotumumab, an insulin‑like growth factor‑1 receptor antagonist, have been studied in the context 
of TED, with promising initial data. In this review, updates in the understanding and management of TED are 
presented with a focus on the international variations in presentation and management.
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Thyroid eye disease (TED), also known as Graves’ 
ophthalmopathy, is a rare orbital inflammatory disease that 
can lead to visual disability, disfigurement, and in some cases 
permanent visual loss and can thus dramatically impact the 
quality of life. First described in the early 1800s,[1] TED is 
estimated to affect between 155 and 250 people per 100,000 of 
the overall population.[2,3] TED is more common among patients 
with Graves’ disease (GD), which affects about 3% of women 
and 0.5% of men with a peak in incidence between 30 and 
50 years of age.[4] The prevalence of TED in GD is estimated to 
be as high as 25 to 58%.[2‑6] Less commonly, TED can also present 
in the setting of a euthyroid or hypothyroid status.[3,4,6] Clinical 
manifestations of TED include exophthalmos, periorbital edema, 
extraocular muscle dysfunction, and eyelid retraction, and can 
lead to vision‑threatening complications such as exposure to 
keratopathy and dysthyroid optic neuropathy  (DON).[3,4,6] It 
is well documented that TED can have a dramatic effect on a 
patient’s quality of life due to a combination of impairment of 
visual function, emotional distress from perceived disfigurement, 
and pain.[7,8] In fact, Ferlov‒Schwensen et  al.[9] reported that 
adults with TED had a nearly threefold risk of death from 
suicide compared to the average Danish population even after 
adjusting for pre‑existing somatic and psychiatric co‑morbidities. 
Treatment options for TED traditionally included corticosteroids, 
orbital radiation, and surgical approaches, with a more recent 

investigation of second‑line immunosuppressive agents and 
emphasis on more targeted therapies such as rituximab, 
tocilizumab, and teprotumumab. The aim of this review is to 
discuss updates in the understanding of the pathophysiology 
and management of TED from an international perspective.

Methods
A comprehensive literature search was performed in 
preparation for this manuscript using PubMed, Google 
Scholars, and Web of Science. The literature search was 
performed using keywords including Thyroid Eye Disease, 
Graves’ ophthalmopathy, Thyroid Eye Disease AND (global 
prevalence), Thyroid Eye Disease AND  (risk factors), and 
Thyroid Eye Disease AND  (treatment or management). All 
relevant original articles, review articles, case series, and case 
reports were reviewed. This search was not limited by year of 
publication; however, emphasis was given to articles published 
after January 1, 2000.

Prevalence of TED among different regional 
groups
Ethnicity likely plays an important role in TED; however, 
there are limited data comparing the prevalence of TED 
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among different ethnic groups. A meta‑analysis by Chin et al.[5] 
showed that there was no significant difference in the reported 
prevalence rate of TED among patients with GD of different 
ethnic groups within the United States; however, those rates 
varied as much as 21% between continents (Europe: 38%, Asia: 
44%, North America: 27%, and Oceania: 58%). Within the Asian 
population, Lim et al.[10] found no significant difference in the 
prevalence of TED in patients with GD between ethnically 
Indian, Malay, and Chinese patients in Malaysia  (Indians: 
40%, Malays: 35.1%; Chinese: 34%, P = 0.928). In contrast, in the 
United Kingdom, Tellez et al.[11] found that patients of European 
descent with GD had a 42% prevalence rate of TED compared 
to a 7.7% prevalence rate in patients of Asian descent. Reddy 
et al.[12] reported a TED prevalence of 28% among GD patients 
referred to one subspecialty clinic in northern India. There are 
limited data from Africa, with a few publications reporting 
an increasing rate of hyperthyroidism but a low incidence of 
sight‑threatening complications.[13‑15]

Interestingly, although other studies have reported a female 
to male predominance with a ratio ranging from 3:1 to 14:1,[2,3,5] 
this gender imbalance seems to be less pronounced in the 
Asian population. Three reports from the Indian subcontinent 
found approximately a 1:1,[12] 1.12:1,[16] and 1.5:1[17] ratio 
between females and males, respectively, whereas a Malaysian 
study reported a female to male ratio of 1.5:1 in a subset of 
ethnically Indian patients.[10] Cultural factors such as a lower 
rate of healthcare utilization among women in some regions 
may drive part of this reported difference in gender‑based 
prevalence rates.[18]

Pathophysiology of TED
Over the past decade, there has been significant progress in 
elucidating the pathophysiology of TED, in particular the 
interplay between the Thyroid stimulating hormone receptor 
(TSHR) and the insulin‑like growth factor‑1 receptor (IGF‑1R).
[19‑21] Initial research was focused principally on the role of 
the TSHR in TED.[22] Although increased expression of the 
TSHR has been found on orbital fibroblasts of patients with 
active TED,[23] a direct causal relationship between the TSHR 
increase and the pathophysiology was not clear. Further 
research disclosed that the IGF‑1R colocalizes with TSHR in 
human orbital fibroblasts, forming a physical and functional 
signaling complex, and leads to the up‑regulation of genes 
in the IGF/IGF‑1R signaling pathway.[20,21] IGF‑1R expression 
is also increased on T‑cells and B‑cells in TED and involved 
in increased production of cytokines such as interleukin 
16 (IL‑16) and regulated on activation, normal T cell expressed 
and presumably secreted (RANTES), which are potent T‑cell 
chemoattractants that are elevated in TED and involved 
in the inflammatory process that occurs in the orbit.[20,24‑27] 
This autoimmune cascade leads to the activation of orbital 
fibroblasts, which proliferate and differentiate into adipocytes 
and myocytes, as well as infiltration of the orbital tissue by T 
lymphocytes, mast cells, and B‑cells [see Fig. 1].[26] T cells have 
been shown to play an important role in both acute and chronic 
TED.[28‑31] In the early stage of disease, Th1‑type cytokine 
secretion predominates, leading to a pro‑inflammatory 
response with the secretion of glycosaminoglycans.[28,29] Later 
in the disease, there is a predominance of Th2‑type cytokines, 
which promote B‑cell proliferation and maturation into plasma 
cells as well as fibrotic changes in the orbit.[30,31] Ultimately, 

these inflammatory cascades lead to soft tissue expansion 
and fibrosis of orbital soft tissue within the confined bony 
orbital cavity, leading to the classic clinical changes seen in 
TED.[32] IGF‑1R may also play an important role in chronic, 
non‑inflammatory TED as well.[33] Ugradar et al.[33] found that 
patients with chronic TED and Clinical Activity Scores (CAS) 
of 1 or less had increased expression of both IGF‑1R α and 
β in their orbital tissues compared with controls. Promising 
initial data from patients treated with teprotumumab (Horizon 
Therapeutics, Dublin, IRL), a human monoclonal antibody that 
binds to IGF‑1R with high affinity and specificity, supports 
the idea that IGF‑1R plays a central role in the pathogenesis 
of TED.[22,34,35]

Natural history of TED
Early studies on the natural history of TED suggest that 
it follows a biphasic pattern, classically titled “Rundle’s 
Curve.”[36] In Rundle’s landmark 1945 paper, he plotted 
ophthalmometry readings of 18 TED patients from Australia 
over time, showing an initial active state of 18 months on 
average before transitioning to a more static, fibrotic state.[37] 
Subsequent literature has suggested that the time range may 
vary as much as between 6 and 36 months but has supported 
the notion of an early inflammatory phase followed by a fibrotic 
phase.[3,4,6,38] Treatment of TED is guided by the severity and 
activity of the disease, which can be assessed by rubrics such 
as the VISA[39] and CAS,[40] respectively. The 2021 European 
Group of Graves’ Orbitopathy (EUGOGO) consensus statement 
defines moderate‑to‑severe TED as ≥ 2 mm of lid retraction, 
≥ 3 mm of proptosis, and inconstant or constant diplopia.[41]

It is important to recognize the sight‑threatening disease, 
which is defined by the 2021 EUGOGO consensus statement 
as DON and severe corneal exposure; however, it also more 
rarely can include globe subluxation, choroidal folds, and 
postural visual obscuration.[41,42] The 2021 EUGOGO guidelines 
cite a 3–5% rate of sight‑threatening disease;[41] however, the 
incidence of the sight‑threatening disease has been reported to 
be as high as 19% in one South Indian cohort,[43] highlighting 
the regional and ethnic variation in disease characteristics. 
Therefore, patients should be followed closely and counseled 
on measures to monitor signs and symptoms of DON and other 
causes of vision loss.

Diagnosis of TED: One size does not fit all
The diagnosis of TED can be somewhat subjective in nature as 
it is primarily based on clinical features, including proptosis, 
lid retraction, diplopia, and ocular surface health.[39‑41,44,45] 
Several rubrics have been devised for grading the degree of 
symptoms, inflammation, and severity of TED, including the 
CAS,[40] NOSPECS (N‑No signs or symptoms; O‑only signs, no 
symptoms; S‑soft tissue involvement; P‑proptosis; E‑extraocular 
muscle involvement; C‑corneal involvement; S‑sight loss),[45] 
the VISA (vision, inflammation, strabismus, and appearance) 
system,[39] and the EUGOGO classification.[41] Interestingly, 
multiple publications have reported differences in the clinical 
signs and symptoms of TED based on ethnicity.[10‑17,46‑48] For 
example, Asian patients tend to present with less‑pronounced 
proptosis and diffuse extraocular muscle involvement,[46‑48] as 
well as a tendency to exhibit lower lid retraction rather than 
upper lid retraction.[10] Asian patients may have an increased risk 
of DON compared to Caucasians due to anatomical differences 
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such as a shallower orbital depth and a more compact orbital 
apex.[46] Although there are limited data on the prevalence 
of DON in the South Asian cohort, one South Indian study 
reported a 14.3% rate of DON in their retrospective chart 
review,[43] which is significantly elevated compared to the 
frequently quoted prevalence of 3–5% as noted in the EUGOGO 
guidelines.[41] Furthermore, a significantly higher proportion of 
Indian TED patients were hypothyroid or euthyroid (33.96% 
and 19.81%, respectively) compared to European and North 
American studies, which have been reported to represent 5% 
and 1%, respectively, of TED patients.[3,17,49]

The varying clinical presentations of TED based on patient 
ethnicity or geographical location may affect clinicians’ ability 
to diagnose TED, especially as commonly used TED diagnostic 
criteria and grading rubrics were devised based on Caucasian 
populations from North America[39,44,45] and Europe.[40,41] 
Although multiple rubrics exist, one survey‑based study of 
oculoplastic surgeons in India showed that the VISA (45%) and 
EUGOGO (27%) severity scales were the most commonly used 
rubrics for grading disease severity in TED, whereas CAS (60%) 
and VISA (11%) were the most commonly used for grading 
disease activity.[19] Lim et al.[10] found that including lower lid 
retraction in the diagnostic criteria for TED, which included 
upper eyelid retraction, thyroid dysfunction, exophthalmos, 
optic nerve dysfunction, and extraocular muscle involvement, 
increased the prevalence rate of TED from 34.7% to 46.7% 
in their cohort of Malaysian, Chinese, and Indian patients, 
suggesting that there may be a need for diversifying the clinical 
diagnostic criteria for TED.

Risk factors for TED
Several risk factors have been found to be associated 
with a greater likelihood of developing severe disease, 
and it is important to identify modifiable risk factors for 
patients at risk of or diagnosed with TED. For all stages 
of TED, patients should be recommended to refrain from 
smoking. The association between smoking and TED 
is well documented, with multiple studies from North 
America, Europe, and Asia showing approximately 3.9 to 
9.8 increased odds of developing TED in smokers as well 
as an increased rate of disease relapse after treatment with 
corticosteroids and radiotherapy.[50‑52] The mechanism by 
which smoking potentiates TED is unclear; however, multiple 
proposed mechanisms include hypoxia‑induced adipogenesis, 
cytokine production, cyanide toxicity, and orbital venous 
congestion.[53‑55] Fortunately, smoking cessation has been 
shown to be effective at reversing these changes as ex‑smokers 
displayed no increased risk of developing orbitopathy, 
diplopia, or proptosis compared to never smokers in one cohort 
study.[56] Smoking prevalence has been shown to vary based 
on geographic region, with the highest prevalence at around 
62% in East Asia and the Pacific and the lowest prevalence in 
sub‑Saharan Africa at 28%, as well as based on gender, with 
males comprising more than 80% of all smokers worldwide.[48,57] 
This may impact patterns of TED presentations. For example, 
in New Zealand, Angelo et al.[58] observed an increased relative 
risk of TED in indigenous Maori people compared with other 
races but hypothesized that this could be explained by the 
much higher rate of smoking in this population group rather 

Figure 1: Simplified pathophysiology of thyroid eye disease (TED). Following an unknown trigger, there is a production of thyroid‑stimulating 
antibodies and insulin‑like growth factor‑1 receptor (IGF‑1R) antibodies. The downstream inflammatory cascade leads to the activation of orbital 
fibroblasts and stimulation of the production of inflammatory mediators, ultimately leading to soft tissue expansion of the orbit. Biologics including 
rituximab and teprotumumab are depicted at their hypothesized site of action. Figure created with BioRender.com
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than genetic factors and calculated that eliminating smoking 
could reduce the national incidence of TED by 28%. However, 
smoking is unlikely to be the only source of observed racial 
differences.[48]

Another important modifiable risk factor is thyroid 
function. In addition to producing systemic symptoms such 
as tachycardia or fatigue, dysthyroidism has been reported 
to be associated with more severe TED.[59,60] In one United 
States cohort, euthyroid patients had a significantly lower 
rate of orbital decompression  (7% vs. 24%) and strabismus 
surgery (26% vs. 50%).[59] Thyroid status is best managed in 
conjunction with endocrinologists and primary care physicians 
with anti‑thyroid drugs such as methimazole  (MMI) and 
propylthiouracil  (PTU), radioactive iodine  (RAI) treatment, 
and thyroidectomy. Although a discussion of the approach 
to managing systemic thyroid dysfunction is beyond the 
scope of this review, it is important that any ophthalmologist 
managing TED be well‑versed on the risks/benefits of each 
treatment option. RAI has been shown to be an independent 
risk factor for the development of TED. Oral steroids at the 
time of RAI therapy are generally recommended in those with 
ophthalmopathy as they can mitigate the risk of exacerbating 
TED and a more individualized approach can be taken in those 
without pre‑existing ophthalmopathy.[61,62]

Dietary supplementation with selenium has been 
recommended by some experts; however, it remains 
controversial due to mixed results in the literature.[41,63‑66] A 
case–control study from Australia found that lower serum 
selenium concentrations were correlated with disease severity[64] 
and an Italian study found that selenium supplementation in 
euthyroid patients with mild disease and disease duration of 
less than 18 months decreased eyelid retraction and improved 
CAS by 1.9 points at 6 months and 2.2 points at 12 months.[63] 
However, positive results from selenium supplementation have 
not been reported in other populations. One possible reason 
for this is that selenium soil concentration varies significantly 
by region, with relatively high concentrations in parts of the 
United States,[65] India,[66] Ireland, Colombia, and Venezuela.[67] 
Nevertheless, oral selenium supplementation in TED patients 
is recommended by most clinicians in Europe.[41,68]

Similarly, vitamin D deficiency has been associated 
with an increased risk of a diagnosis of TED,[65,69,70] as 
well as a number of other autoimmune diseases such as 
multiple sclerosis, rheumatoid arthritis, and systemic lupus 
erythematosus.[71] Vitamin D has been shown to play an 
important role in immune modulation, including inhibiting 
B cell differentiation and suppressing T cell differentiation.[71] 
Community and hospital‑based studies set in India have both 
found a high prevalence of vitamin D deficiency in the general 
population;[72] however, these values vary from 40 to 99% 
as there is no universal guideline to define cutoff values for 
vitamin D deficiency. In terms of vitamin D supplementation 
in TED, studies at this point remain observational[65,69,70] and 
prospective clinical trials are needed to determine if vitamin 
D supplementation can improve global outcomes.

Diabetes is another important risk factor that has 
been shown to correlate with an increased risk of optic 
neuropathy.[73‑76] Multiple studies from across the globe, 
including India,[73,74] the Netherlands,[75] and the United 
States,[76] have found that the prevalence of diabetes is higher 

in patients with TED compared to the general population. 
Furthermore, patients with diabetes have a higher risk of 
developing DON and corneal decompensation, which may be 
exacerbated by underlying diabetes‑related vasculopathy.[73‑76] 
Importantly, one study found that 6.67% of their cohort with 
TED were diagnosed with diabetes shortly after the ophthalmic 
presentation.[73] Given the rising prevalence of diabetes globally, 
providers should consider screening patients with newly 
diagnosed TED for diabetes.[73,76] More research is needed to 
understand if there is a correlation between glucose levels and 
TED severity as well as if diabetes affects the efficacy of various 
TED management strategies.

Obstructive sleep apnea  (OSA) is another possible 
modifiable risk factor that has been identified. Several 
observational studies have reported a correlation between OSA 
and the severity of TED presentations, including DON.[77,78] 
No studies to date have examined the effect of sleep apnea 
treatment on TED outcomes.

Finally, research is ongoing in elucidating other risk 
factors that may contribute to TED and the broader 
context of autoimmune disease. TED has been reported 
to develop as an immune reconstitution inflammatory 
syndrome (IRIS) in rare cases, including following highly active 
antiretroviral therapy (HAART) for human immunodeficiency 
virus  (HIV)[79] and alemtuzumab therapy.[80] Other ongoing 
work suggests a possible connection between the gut 
microbiome and autoimmune conditions including Graves’ and 
TED,[81] opening potential new treatment avenues including 
antibiotic or probiotic modulation of gut flora, fecal transplants, 
and dietary modifications.

Treatment of active TED
Glucocorticoids
For patients with moderate‑to‑severe active TED, glucocorticoids 
have been the first‑line option and can be administered orally, 
intravenously, or locally.[41,82‑87] Currently, the 2021 EUGOGO 
guidelines recommend a cumulative dose of up to 4.5  g 
of intravenous methylprednisolone weekly infusions  [see 
Fig.  2].[41] Although randomized clinical trials comparing 
glucocorticoids to placebo are lacking, glucocorticoids have 
been shown to be effective at treating DON,[82] decreasing 
the risk of TED exacerbation following RAI therapy,[61,62] and 
improving soft tissue changes such as eyelid retraction[85] 
and subjective diplopia.[83,84] The optimal route for delivery 
has been debated, and a survey of Indian oculoplastic 
physicians showed that 54% prefer giving a combination of 
intravenous and oral corticosteroids.[19] Studies have shown a 
better response rate with intravenous vs. oral glucocorticoid 
administration  (77% vs. 51%, respectively).[86] Furthermore, 
intravenous glucocorticoids have been reported to have a 
lower rate of side effects compared to oral glucocorticoids;[83,86] 
however, they are still associated with serious complications 
such as hyperglycemia and fatal liver failure.[87,88] To minimize 
the risk of liver failure, it is recommended that the total 
cumulative dose of methylprednisolone not exceed 8 g.[41] The 
2021 EUGOGO guidelines have also recommended the use of 
mycophenolate in conjunction with glucocorticoids.[41,89] The 
efficacy of glucocorticoids is limited by a high recurrence rate 
after treatment cessation[89,90] as well as minimal effect on final 
proptosis measurements.[83,86,87]
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Orbital radiation therapy
Orbital radiation therapy  (ORT) is another therapeutic 
option for active TED, most often used in patients who 
have a clinical response to oral steroids.[91,92] ORT has been 
studied as both a monotherapy[93‑95] as well as in conjunction 
with corticosteroids,[96‑100] with mixed findings on its 
efficacy. Some reports showed that ORT is effective both at 
improving extraocular motility as well as at reducing the 
need for surgical intervention and the cumulative amount 
of steroids needed.[98‑100] Furthermore, ORT may be effective 
at preventing the recurrence of DON after glucocorticoid 
cessation with a lower risk of requiring orbital decompression, 
strabismus repair, or eyelid surgery.[96] However, other studies 
suggested that ORT has no significant effect on proptosis, 
rectus muscle size, and eyelid retraction.[92,94,97] It is possible that 
further study may elucidate whether ORT is more efficacious in 
certain subgroups of patients, such as those with early ocular 
dysmotility. Furthermore, ORT can be cost‑prohibitive, is 
associated with accelerated cataract formation and radiation 
retinopathy, and requires access to radiation delivery tools such 
as linear accelerator‑derived external beams.[100] Interestingly, 
74% of Indian oculoplastic physicians reported not utilizing 
ORT, with primary reasons cited being concern about lack of 
efficacy and/or safety as well as the prohibitive cost.[19]

Biologics
Recently, there has been an effort to study the use of biological 
therapies in TED. Published data for the efficacy of several 
of these treatments is limited to case series at this time. 
Tocilizumab, an anti‑interleukin‑6 (IL‑6) receptor monoclonal 
antibody, was shown in several publications to be effective in 
TED[101‑103] [see Fig. 3]. Perez–Moreiras et al.[103] found that 93.3% 
of their Spanish patients had at least a 2‑point improvement 

in CAS score and 1.5 mm improvement in proptosis by week 
16 of tocilizumab treatment; however, no randomized clinical 
trial data has been published on the efficacy of tocilizumab. 
Rituximab, an anti‑CD20 agent that causes depletion of 
B lymphocytes, has been studied in TED with conflicting 
results in the two randomized studies published.[104‑106] TNF‑ α 
inhibitors, such as etanercept, adalimumab, and infliximab, 
have been studied in small cohort studies and found to have 
varying response rates, and better outcomes when used in 
patients with significant inflammation.[107‑111] Etanercept was 
shown to reduce CAS and lead to subjective improvement after 
12 weeks of biweekly treatment but did not affect proptosis.[107] 
Infliximab has been reported to be effective in several cases 
of severe sight‑threatening TED[109,111] as well as three cases of 
severe steroid and surgical resistant TED.[110]Adalimumab was 
shown to have a greater effect on patients with higher baseline 
inflammation, suggesting that it may be more effective in 
patients with severe inflammation.[108]

Targeted therapy
Teprotumumab, a monoclonal antibody antagonist to 
IGF‑1R, was approved by the United States Food and Drug 
Administration (FDA) in January 2020 for TED. Recent phase 
2 and phase 3 randomized, double‑blind, placebo‑controlled 
clinical trials in mostly Caucasian patients from the 
United States and Europe showed a significant reduction 
in proptosis, CAS, and diplopia, and an improvement in 
quality of life.[34,35] In the pooled data from the 2 trials, 77% 
of teprotumumab‑treated patients achieved a clinically 
significant proptosis response (defined as ≥ 2 mm), which was 
apparent as early as week 6 after teprotumumab initiation 
and was maintained up to 28 weeks.[34,35,112] Furthermore, 70% 
of patients had improvement in diplopia (≥1 Bahn–Gorman 

Figure 2: Adaptation of 2021 European Group on Graves’ orbitopathy (EUGOGO) recommendations for the management of thyroid eye disease
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grade) and 53% of patients experienced diplopia resolution 
by week 24. Seventy‑four percent of study patients treated 
with teprotumumab were clinical responders, defined 
as  ≥2 mm and  ≥2‑point CAS reduction, compared to 14% 
of controls. A meta‑analysis comparing glucocorticoids 
and teprotumumab efficacy found that teprotumumab was 
associated with greater proptosis and diplopia response.[113] 
In addition to acute, active TED, multiple publications have 
demonstrated its efficacy in chronic TED[114‑117] as well as in 
DON.[118‑123]

At this time, teprotumumab is primarily used in North 
America due to lack of approval in other countries and cost.[124] It 
is administered via an intravenous route and is contraindicated 
in patients with inflammatory bowel disease or poorly controlled 
diabetes, pregnant or nursing patients, prepubertal children, and 
those on concomitant biologics.[125] In addition, recent data have 
highlighted the potential risk of other adverse events, including 
hearing loss[126‑129] and cognitive decline[130] as well as recurrence 
of TED symptoms in a subset of teprotumumab‑responsive 
patients[124] [see Fig. 4]. Further studies are needed to establish 
optimal dosing (ClinicalTrials.gov Identifier: NCT05002998), the 
durability of treatment effect (OPTIC‑X), and efficacy in patients 
with chronic inactive disease  (ClinicalTrials.gov Identifier: 
NCT05002998), as well as to gather more data from patients from 
different ethnic groups and geographic regions.

Surgery
Surgical treatments such as orbital decompression, strabismus 
surgery, and eyelid procedures are typically reserved for 
rehabilitation of the stable, inactive disease; however, urgent 
orbital decompression is often offered to active patients with 

severe sight‑threatening DON. There are many different 
approaches to orbital decompression, including external 
bony decompression of the medial wall, lateral wall, and/or 
orbital floor; endoscopic medial orbital wall decompression; 
and fat removal decompression.[131‑135] Traditionally, surgical 
rehabilitation is approached in a staged manner, typically with 
orbital decompression first, followed by strabismus repair, 
eyelid procedures in that order’[132] however, some authors 
have suggested that a one‑stage repair can produce good 
patient outcomes with only 17% of patients requiring further 
surgery.[136]

Education and support for TED patients
Early diagnosis of TED is critical to minimizing patient 
morbidity. Education on the modifiable risk factors and 
signs of TED is important for both patients and healthcare 
specialists.[137‑139] One model that has proven useful in aiding 
endocrinologists in the early diagnosis of TED is the Thyroid 
Eye Disease Amsterdam Declaration Implementation 
Group UK (TEAMeD) campaign in the UK.[137] Furthermore, 
organizing healthcare teams into multi‑disciplinary clinics 
is beneficial for both TED patients and physicians and has 
recently been recommended by the British Oculoplastics 
Surgery Society.[138]

It is also critical that physicians provide psychosocial 
support for TED patients, such as TED, GD, and their 
treatments can have a massive impact on the quality of 
life of many patients.[7‑9]A number of validated tools, for 
example, GO‑QOL and TED‑QOL are available to monitor 
the quality of life in TED patients and identify those who are 

Figure 3: A 43‑year‑old Caucasian male patient with a 14‑month history of thyroid eye disease treated with teprotumumab. (a, b) Primary and 
upgaze photographs after intravenous steroids and thyroidectomy showed eyelid retraction, upgaze restriction, and Clinical Activity Score (CAS) 
of 6. (c, d) After four infusions, he had improved eyelid retraction, motility, decrease in CAS to 3, and proptosis reduction of 3.5 and 2 mm. (e, f) 
10 months after completion of eight infusions, there was a recurrence of eyelid retraction, decrease in motility, increase in CAS to 6, and overall 
proptosis reduction decreased to 2.5 and 0 mm
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struggling most.[7,139,140] Healthcare professionals can support 
patients by helping them understand their condition[137] and 
identifying those who may need professional psychological 
support or treatment. The internet has allowed patients 
with rare diseases to form peer support networks more 
readily, and people with TED may also benefit from 
patient‑centered charities such as the Thyroid Eye Disease 
Charitable Trust.[141]

Future directions and conclusions
In summary, TED is a rare and potentially sight‑threatening 
disease. Management paradigms are primarily based on 
data from North American and European populations;[41] 
however, it is important to recognize that TED may present 
differently in different ethnic populations,[10‑17,43,47‑49] such as a 
potentially increased rate of sight‑threatening complications 
in Southeastern Asian populations.[43,46] Treatment for TED 
continues to evolve and major advances in the understanding 
of its pathophysiology have allowed for the development of 
targeted therapies such as teprotumumab.[34,35,124] There are 
several ongoing trials for other targeted medications for the 
treatment of TED. These include Secukinumab, a human 
monoclonal anti‑interleukin‑17‑A antibody  (ClinicalTrials.
gov Identifier: NCT04737330). Other preclinical studies 
are examining the possibility of small molecular TSHR 
antagonists for the treatment of TED as these may have the 
additional benefit of targeting IGF‑1R‑independent signaling 
pathways in TED as well as treating underlying GD.[142,143] 
As our understanding of the underlying pathophysiology 
of TED is better elucidated, our treatment options have 
improved significantly, providing patients with the potential 
for less morbidity from this life‑altering disease. More work is 
needed in more diverse populations to better understand the 
heterogeneity of this disease.
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