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Thyroid eye disease (TED) is a complex inflammatory disease that can have a long clin-
ical course with sight-threatening and debilitating ocular sequelae. Until recently, there 
were limited therapeutic options available. In the last decade we have gained a deeper 
understanding of the underlying pathophysiology, which has led to the development of 
novel effective targeted therapies. This article discusses the challenges encountered in 
the clinical evaluation and treatment of TED patients, with the goal to empower endo-
crinologists and ophthalmologists to work together to provide effective multidisciplinary 
care. We will review recommendations of past clinical guidelines around evaluation and 
management of TED patients, discuss the randomized controlled trials of new biologic 
therapies, and explore how to navigate the emerging therapeutic landscape.

Key Words: thyroid eye disease, Graves ophthalmopathy, thyroid orbitopathy, pathophysiology, treatment, 
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Case Presentations

Case 1

A 67-year-old woman, a nonsmoker, presented with con-
junctival injection, lid swelling, and proptosis for 8 weeks 
(Fig. 1A). She was treated initially for allergic conjunctiv-
itis and then bacterial conjunctivitis with no improvement. 
Two months later she was diagnosed with thyroid eye dis-
ease (TED) and mild asymptomatic hyperthyroidism, with 
a high thyroid-stimulating immunoglobulin (TSI) level of 
419% (normal < 130%). She was treated with oral and 

then intravenous (IV) steroids (methylprednisolone 500 mg 
IV weekly × 6 weeks followed by 250 mg IV weekly × 6 
weeks). She received methimazole with restoration of 
euthyroidism. She was counseled to avoid tobacco exposure 
and to take selenium 100 mcg twice a day. On week 4 of 
IV steroids she presented with worsening vision and color 
vision and diplopia (Fig. 1B). Her visual acuity was 20/80 
OD and 20/60 OS, she had a right relative afferent pupil-
lary defect (APD), and on Ishihara plate assessment scored 
1 out of 14 in the right eye and 14 out of 14 in the left. She 
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was diagnosed with compressive optic neuropathy (CON) 
and underwent urgent evaluation by ophthalmology.

Case 2

A 55-year-old woman with no prior medical care presented 
to the emergency room with 3 days of right eye blurry vision, 
pain, and eyelid swelling. Her vision was 20/200 OD and 
20/20 OS with loss of color vision (0/13 OD, 5/13 OS), a right 
relative APD, and significant bilateral restriction of eye move-
ment. She had proptosis, eyelid retraction, lagophthalmos, 
periorbital edema and erythema, conjunctival injection, and 
chemosis (Fig. 2A). Laboratory data revealed mild hyperthy-
roidism and an elevated TSI of 277% (normal < 140%). She 
was diagnosed with active sight-threatening TED and treated 
for right CON with high-dose IV steroids (1 gm solumedrol 
daily × 3) with little response. She underwent emergent right 
orbital decompression, with improvement in visual acuity to 
20/25 OD, followed by IV solumedrol 500 mg weekly. After 
the fifth week, she developed progressive diplopia, left eye 
pain, redness, and proptosis (Fig. 2B). Her vision worsened to 
20/100 OS with reduced color vision of the left eye. She had 
steroid-resistant TED and developed significant confusion, 
tremors, and insomnia; therefore, steroids were discontinued.

Background

TED is an unpredictable autoimmune inflammatory disease 
that can be sight-threatening, debilitating, and disfiguring. 
Although most TED patients are hyperthyroid, in at least 
10% of cases TED occurs in the setting of euthyroidism or 
hypothyroidism [1]. While the overall TED prevalence is 
about 40% in Graves patients [2], subclinical extraocular 
muscle enlargement can occur in nearly 70% of adult pa-
tients with Graves hyperthyroidism [3]. The majority of pa-
tients have mild, self-limited TED, 20% to 30% of patients 
experience moderate/severe disease, and 3% to 5% may de-
velop sight-threatening disease, such as CON or exposure 
keratopathy [4]. In a recent study of newly diagnosed Graves 

patients, the prevalence of concurrent mild, moderate-
severe, and sight-threatening disease was 20%, 5.8%, and 
0.3%, respectively [5]. Leading risk factors for TED include 
cigarette smoking, thyroid dysfunction, radioactive iodine 
treatment, female sex, and increasing age [6, 7].

The heterogeneous presentation of TED, including the 
timing of onset, activity, and severity, can lead to delays 
in accurate diagnosis, with the average time to diagnosis 
from symptom onset being 9  months [8]. The disease is 
commonly initially misdiagnosed, up to 58% of the time 
in a recent UK survey [9]. Finally, the varied temporal re-
lationship between onset of TED and Graves disease (GD) 
can add to the challenge in diagnosis because in 23% of 
patients, GD develops after the diagnosis of TED [10].

TED begins with an acute inflammatory/active phase 
that can last from 6 to 36  months [11], with symp-
toms including dry eyes, orbital or ocular surface pain, 
periorbital swelling, and eyelid retraction. Some patients 
develop disfiguring proptosis, diplopia, and vision loss. 
Over time, the inflammation subsides and the patient enters 
a chronic phase characterized by fibrosis, which can be ac-
companied by permanent disfigurement and functional vi-
sion loss. Theoretically, the optimal time to initiate therapy 
is during the active phase [12], as intervention then limits 
disease progression and visual morbidity and may decrease 
the need for reconstructive surgery.

Treatment of TED lends itself to a multidisciplinary 
approach, since it involves significant input of both endo-
crinology and oculoplastic orbital surgeons. Significant 
advances in treatment have occurred in recent years. 
Discussion of the various therapeutic considerations is the 
focus of this manuscript. We will first review the patho-
physiology of TED and its clinical assessment, then we will 
discuss therapeutic options for TED.

Pathophysiology

Active TED is characterized by inflammation and infiltration 
of the thyroid and orbital tissues by immune cells. The loss 

Figure 1. Case 1. A, Initial presentation of active moderate to severe thyroid eye disease with conjunctival injection, lid swelling and erythema, and 
proptosis. B, After high-dose oral steroids and 4 weeks of weekly intravenous (IV) 500-mg solumedrol, the patient presented with right compressive 
optic neuropathy and restrictive strabismus. Note the asymmetric pupil reflex with right hypotropia (inferior displacement of right eye), right upper 
lid retraction, worsening conjunctival injection, chemosis, eyelid erythema, and edema. C, Status post high-dose oral and IV steroids, orbital radi-
ation, bilateral orbital decompression, strabismus surgery, and retraction repair.
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of tolerance by T cells to the thyrotropin receptor (TSHR) 
allows for the development of autoimmunity directed against 
it. Subsequent activation and differentiation of B cells into 
plasma cells leads to the production of anti-TSHR antibodies 
[13]. Another crucial autoantigen involved in TED patho-
genesis is the insulin-like growth factor 1 receptor (IGF-1R). 
This is overexpressed in thyrocytes and fibroblasts in patients 
with GD and TED [14, 15]. IGF-1R and TSHR colocalize to 
the perinuclear and cytoplasmic compartments in fibroblasts 
and thyrocytes [16]. Cross-reactivity against this complex is 
thought to underlie the autoimmune ophthalmic response 
[17], leading to the TED cycle.

Immune recognition of the TSHR and IGF-1R complex 
on orbital fibroblasts leads to orbital tissue reactivity and 
remodeling via induction of cytokines and hyaluronan syn-
thesis [18]. Cytokines stimulate secretion of glycosamino-
glycans, including hyaluronan, which increases intraorbital 
tissue volume via adipose and muscle expansion and tissue 
inflammation [12]. Activated orbital fibroblasts proliferate 
and differentiate into adipocytes and myofibroblasts, also 
increasing orbital tissue volume. Consequently, the eye-
ball may protrude beyond the bony orbit, the extraocular 
muscles may enlarge restricting eye movement, the optic 
nerve can be compressed or stretched affecting vision, and 
the inflammatory cascade can result in eye pain, redness, 
and swelling.

Clinical Assessment

Clinical assessment of TED is aimed to answer 2 questions: 
1)  Is the disease active or inactive? and 2)  Is the disease 
mild, moderate/severe, or sight-threatening?

Activity of the Disease

To assess activity, the most commonly used system is the 
Clinical Activity Score (CAS) [19]. At the initial visit CAS 
is reported on a scale of 1 to 7 and assigns points for the 
following: spontaneous orbital pain, gaze-evoked orbital 
pain, eyelid swelling due to active TED, eyelid erythema, 

conjunctival redness due to active TED, chemosis, or car-
uncle/plica inflammation. An initial score of 3 or greater is 
considered active disease. On follow-up visit, CAS is scored 
out of 10 to include increase of more than 2 mm in prop-
tosis, decrease in ocular excursion in any one direction of 
more than 8°, and decrease of acuity equivalent to 1 Snellen 
line. A follow-up score of 4 or greater is considered active 
disease [19].

Severity of the Disease

Severity is a function of the degree of diplopia, prop-
tosis, and soft-tissue changes, as well as the impact on 
quality of life (QoL). It is categorized by the European 
Group on Graves’ Orbitopathy (EUGOGO) guidelines 
[20]. Diplopia is classified as absent or transient, incon-
stant (at the extremes of gaze), or constant. Proptosis is 
measured through a Hertel exophthalmometer, which can 
be obtained and used by endocrinologists. QoL can be 
assessed via a validated EUGOGO questionnaire (https://
www.eugogo.eu/eugogo-service/downloads/quality-of-
life-questionnaire). Mild TED is TED that has a minor 
impact on QoL with one or more of the following: lid 
retraction less than 2 mm, mild soft-tissue involvement, 
proptosis less than 3  mm, and transient or absent dip-
lopia. Moderate to severe TED is disease that is not sight-
threatening but has a sufficient impact on the QoL to 
justify the risks of immunosuppressive or other systemic 
therapy (if active) or rehabilitative surgery (if inactive). 
This involves one or more of the following: moderate 
or severe soft-tissue involvement, proptosis greater than 
3 mm, and inconstant or constant diplopia [20]. Finally, 
sight-threatening disease has either CON or corneal 
breakdown limiting vision [21].

Role of the Endocrinologist

Endocrinologists play an important role in the prompt diag-
nosis of TED because they see patients with dysthyroidism 
regularly. In addition to modifying risk factors for TED by 

Figure 2. Case 2. A, Initial presentation to the emergency room with loss of vision and bilateral eyelid swelling, chemosis, injection, proptosis, and 
restrictive strabismus. B, After high-dose intravenous (IV) steroids and right orbital decompression for compressive optic neuropathy (CON) and 5 
weeks of weekly IV 500-mg solumedrol, the patient’s photo shows persistent left proptosis, eyelid swelling, and injection, while her disease has pro-
gressed to left CON. C, After 8 infusions of IV teprotumumab, her active inflammatory signs have resolved, though she still has left relative proptosis 
compared to the right decompressed eye.

https://www.eugogo.eu/eugogo-service/downloads/quality-of-life-questionnaire
https://www.eugogo.eu/eugogo-service/downloads/quality-of-life-questionnaire
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maintaining euthyroidism, counseling about strict tobacco 
avoidance, and using radioactive iodine judiciously, endo-
crinologists need to determine who needs ophthalmologic 
evaluation and how urgently. All GD patients should be 
evaluated for the presence of ocular symptoms. If symptoms 
are present, one should obtain a CAS and assess the degree 
of diplopia, proptosis, soft-tissue changes, and QoL [19, 
20]. If the patient has TED findings, a nonurgent evaluation 
by ophthalmology for a baseline comprehensive eye assess-
ment is indicated. A screening protocol and recommenda-
tions for referral are also outlined in the 2008 EUGOGO 
consensus statement [21]. Sight-threatening disease can 
also be evaluated by the endocrinologist (Fig. 3). The risk 
of corneal compromise can be assessed by evaluating for 
lagophthalmos (failure to fully close the lids when asking 
the patient to gently close the eyes). Optic nerve health can 
be assessed by evaluation for a relative APD using a pen-
light, assessment of visual acuity using a Snellen chart, and 
assessment of color perception using Ishihara plates (avail-
able for free online). Orbital imaging can be obtained to 
assess for optic nerve compression if the clinical exam sug-
gests optic nerve compromise. Should there be any concern 
for sight-threatening disease, urgent evaluation by ophthal-
mology is indicated.

Role of the Ophthalmologist

Ophthalmologists specializing in TED, typically 
oculoplastic orbital surgeons, should be involved in TED 
diagnosis and management. A  collaborative relationship 

between the endocrinologist and ophthalmologist is ideal 
to provide the most comprehensive care. Patients with TED 
should be referred for ophthalmic evaluation. A complete 
eye exam can differentiate common ocular conditions such 
as dry eye or allergies from TED. Additionally, a baseline 
eye exam is helpful to compare progressive symptoms of 
TED against. Finally, CON can occur silently and requires 
optic nerve evaluation and visual field testing. The ophthal-
mologist will help determine whether the disease is active, 
manage ocular symptoms and coexisting ocular condi-
tions, and work with the endocrinologist to manage TED.

Therapeutic Approach

Treatment of TED has evolved over the years, from 
nonspecific immunosuppression to targeted biologic ther-
apies. EUGOGO has published clinical guidelines for the 
evaluation and management of TED [20]. The 2016 guide-
lines were published prior to the release of teprotumumab 
and the use of other biologic agents. Recent randomized 
controlled trials (RCTs) offer alternatives to traditional 
treatment. We will review treatment options for the 
various categories of activity and severity, with a focus on 
therapies that have shown benefit in RCTs.

Mild Active Thyroid Eye Disease

Supportive treatment is the mainstay in mild disease. This 
involves the maintenance of euthyroidism, strict tobacco 
avoidance, eye lubrication with drops or ointments, and 

Figure 3. Endocrinologist’s assessment for sight-threatening disease. The optic nerve and cornea can be evaluated for evidence of sight-threatening 
disease. Items in red can be assessed by the endocrinologist in the clinic. Any suspicion for sight-threatening disease should prompt urgent referral 
to the ophthalmologist for urgent intervention.



Journal of the Endocrine Society, 2021, Vol. 5, No. 5 5

selenium. Selenium, an antioxidant, when given as 100 mcg 
twice a day for 6 months, significantly decreased inflamma-
tion and improved QoL in patients with mild active TED 
[22]. Patients with signs of mild TED, per the EUGOGO 
guidelines, should be referred to centers with both endo-
crinological and ophthalmological expertise, except for the 
mildest cases that improve with restoring euthyroidism and 
topical lubricants [20].

Moderate-Severe Active Thyroid Eye Disease

Current medical therapies target this active stage in efforts 
to decrease inflammation, minimize worsening of func-
tional ocular sequelae, and in some cases improve ocular 
signs, including proptosis and double vision. The mainstay 
of treatment for years has been steroids and orbital radi-
ation (ORT) [20]. In recent years, a number of biologics 
have been assessed in RCTs: rituximab, tocilizumab, and 
teprotumumab (Table 1).

Steroids
Corticosteroids have been used to treat TED since the 
1950s. In 2001 and 2005, RCTs showed the superiority of 
IV over oral steroids [23, 24]. Kahaly et al randomly as-
signed patients to oral vs IV steroids (methylprednisolone 
500 mg IV weekly × 6 doses followed by 250 mg IV × 6 
doses) and showed a response rate of 51% vs 77% at 12 
weeks’ follow-up, defined by improvement in 3 parameters 
of a composite ophthalmic end point [24]. There was sig-
nificant improvement in disease severity, activity, and QoL, 
minimal improvement in proptosis (median decrease of 2 
vs 1 mm), and no significant improvement in diplopia with 
IV compared with oral steroids [21]. Bartalena et al tried 
3 different doses of IV steroids and showed that the 4.5-g 
dose was associated with the least toxicity, but the 7.47-g 
dose resulted in greater improvement in a composite oph-
thalmic outcome, CAS, and diplopia in 12 weeks, but not 
proptosis or QoL [25]. Proptosis improved by only 2 mm 
or more in 20% to 32% of patients and diplopia improved 
in 21% to 46%, with the 3 different doses at 12 weeks [25]. 
A  recent meta-analysis confirmed the efficacy of IV ster-
oids over oral steroids (risk ratio 1.51; 95% CI, 1.25-1.83 
[26]) and a significantly better side effect profile [26], with 
findings confirmed in a second meta-analysis [27]. Meta-
analysis of the RCT subset showed that IV steroids resulted 
in an average decrease of CAS of 2.5, inactivation of TED 
in 59%, and improvement of diplopia in about a third of 
patients [28]. Notably, steroids were shown to have either 
no effect [27] or a minor effect on proptosis (1.14 mm in 
RCTs) [28].

There are limited data regarding the long-term efficacy 
of IV steroids. In the Kahaly study, no relapse rates are 

given, though at the 6-month follow-up there were fewer 
patients who had undergone orbital decompression (14% 
vs 32%) and strabismus surgery (20% vs 35%) in the IV 
steroid group compared with the oral steroid group [24]. 
In a post hoc analysis of the Bartalena study [25], it was 
found that, among patients with improvement in the com-
posite index at 6 weeks, 65% remained improved com-
pared to baseline at 12 weeks (at the end of the steroid 
course) and 53% at 24 weeks [29]. About one-third of 
patients were classified as unchanged and 12% were in 
the “deteriorated” category, compared to baseline, at 24 
weeks [29]. Of the patients who showed no change at 6 
weeks, 35% had improvement whereas 13% deteriorated 
at 24 weeks [29].

Side effects of IV steroids [25, 27, 28, 30] can include 
liver failure and death, especially if cumulative doses exceed 
6 to 8 g, with a mortality rate of 0.6% [28]. However, ser-
ious adverse events have typically occurred in studies using 
daily and/or alternate single doses of more than 500 mg 
IV methylprednisolone [28], such as those used for treat-
ment of CON. Liver enzyme elevation is dose-dependent, 
with little risk of hepatotoxicity with current TED dosing 
regimens and liver enzyme monitoring [31]. A recent study 
showed that with the most commonly used IV steroid 
regimen (cumulative dose of 4.5 g), almost 39% of patients 
experienced at least one adverse event, with 91% of ad-
verse events graded as mild [32]. Contraindications to IV 
steroids include recent hepatitis, liver dysfunction (5× ele-
vation of liver enzymes), cardiovascular morbidity, severe 
hypertension, inadequately managed diabetes, and severe 
steroid-responsive glaucoma [28].

Orbital radiation
ORT was described as treatment for TED in the 1970s, 
given as 20 Gy per orbit over 10 days [33]. ORT may in-
duce lymphocyte apoptosis and the terminal differentiation 
of orbital fibroblasts, which work together to break the in-
flammatory cycle [34]. Correct patient selection is critical. 
Patients with early, active, progressing, moderate-severe 
disease have the highest response rates [35]. Overall, effi-
cacy data are mixed and long-term RCT data are lacking. 
Initial RCTs in the 2000s established the benefit of ORT 
with a response rate of 50% to 60% [36, 37], as defined 
by improvement in a composite ophthalmic outcome at 24 
weeks and 12 months, respectively, while one RCT showed 
no effect [38]. The main outcome improved was eye mo-
tility (odds ratio [OR] 4.88 in a recent meta-analysis [39]), 
with no significant effect on proptosis, CAS, or lid aperture 
[36, 37]. A review of 5 observational studies and 9 RCTs 
concluded with level 1 evidence that proptosis, eyelid re-
traction, and soft-tissue changes do not improve with ORT 
[40]. Despite improving extraocular motility, ORT did not 
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affect the need for additional treatment or rehabilitative 
surgery in the next 1.5 years in an RCT of patients with 
moderate/severe TED [36], whereas it decreased the need 
for further surgery in an RCT of patients with mild TED 
(from 84% to 66%) [37].

Three RCTs have studied the combination of ORT 
with steroids. High-dose oral steroids for 5 to 6 months 
plus ORT were more effective than either therapy alone, 
as assessed by a drop in the ophthalmopathy index in 2 
small RCTs (N = 24, 26)  [35, 41]. Intravenous steroids 
plus ORT improved more frequently a composite oph-
thalmic endpoint at 1 year compared with oral steroids 
plus ORT (87.8 vs 63.4%) [23], resulted in a greater de-
crease in CAS (2.8 vs 2)  and fewer surgical procedures 
in follow-up (7% vs 22%), and had fewer side effects 
than the oral steroid/ORT group (56.1% vs 85.4%) [23]. 
Both treatments had similar effects on proptosis (mean 
decrease of 1.3-1.6  mm) and diplopia (improvement in 
about 50%).

ORT’s risks include retinopathy [42] and transient 
exacerbation of inflammatory symptoms. There is no in-
creased risk of cataracts when using a high-voltage linear 
accelerator in fractionated doses [43], while the risk of 
retinopathy is none [44] or very low (1%) [43] with ap-
propriate irradiation techniques and doses. Even though 
there is a theoretical concern for malignancy, no radiation-
induced malignancy was seen in the 2 largest long-term 
follow-up studies, with up to 29 and 36 years of follow-up 
[44, 45]. Absolute contraindications are severe hyperten-
sion and diabetic retinopathy, and ORT should be avoided 
in patients younger than 35 [21, 46].

Intravenous steroids plus mycophenolate
Mycophenolate (MMF), a prodrug of mycophenolic 
acid, inhibits proliferation of T and B lymphocytes, sup-
presses antibody production, and modulates chemotaxis 
of activated lymphocytes [47]. A  recent RCT (N = 164) 
showed that the combination of IV steroids for 12 weeks 
with MMF 360 mg orally twice a day for 24 weeks had 
an equivalent outcome to IV steroid monotherapy at 12 
weeks but superior outcomes (defined as improvement in 
composite ophthalmic index in the most affected eye) by 
24 weeks, increasing to 71% from 53% [47], with a sus-
tained response at 36 weeks. Notably, neither group had 
a significant benefit in proptosis, both groups had similar 
improvement in QoL and similar effects on diplopia score, 
while addition of MMF did not change the rates of relapse 
nor did it affect development of CON [47]. Side effects oc-
curred in similar percentages of patients in the 2 groups 
(20% vs 25%), with gastrointestinal (GI) disorders seen 
more commonly in the combination group, with no patient 
discontinuing because of toxicity [47].

Rituximab
Rituximab is a monoclonal antibody against CD20 used 
in 2 RCTs in 2015 with conflicting results [48, 49]. An 
Italian RCT showed superiority of rituximab (1000 mg 
IV weekly × 2) vs IV methylprednisolone in improving 
CAS at 24 weeks in 32 patients with active moderate/se-
vere TED [48]. A US RCT showed no difference between 
rituximab vs placebo, in 25 patients with active moderate/
severe TED, in CAS at 24 or 52 weeks [49]. Neither study 
showed a significant effect on diplopia, proptosis, or QoL 
[48, 49]. The Italian study involved younger patients, more 
smokers, and a much smaller percentage of recipients of 
prior radioiodine therapy compared with the US study. 
Importantly, in the Italian study the average duration of 
TED was 4 to 5  months, vs 10 to 12  months in the US 
study, suggesting that early intervention with rituximab 
may be needed to halt the inflammatory response.

Long-term effects of rituximab in the 2 RCTs were as-
sessed at a year. In the Italian study, 31.2% of patients re-
ceiving IV steroids had reactivation of TED compared to 
none in the rituximab group, and fewer surgical procedures 
were carried out after rituximab vs after IV steroids (5/15 vs 
12/16) [48]. In the US study, treatment failure, defined as a 
CAS decrease of fewer than 2 points or need for additional 
therapy, occurred in 50% of rituximab-treated patients, 
similar to placebo [49]. Side effects with rituximab affected 
21 of 28 total patients, with infusion reaction occurring in 
13 of 28 and less common reactions being myalgias, skin 
reactions, optic neuropathy, GI side effects, and transient 
loss of vision [48, 49].

Tocilizumab
Tocilizumab is a monoclonal antibody against the inter-
leukin 6 receptor. Its effect was investigated in active, 
steroid-resistant, moderate/severe TED in a single small 
RCT from Spain that randomly assigned 32 patients to 
4 monthly cycles of IV tocilizumab at a dose of 8 mg/kg vs 
placebo [50]. Tocilizumab resulted in an improvement in 
CAS by at least 2 points in 93% of treated patients at week 
16 vs 59% in the placebo group. The effect on proptosis 
was minimal (1.5 mm). Importantly, these effects were not 
significant at the 40-week follow-up. There was no sig-
nificant effect on diplopia or QoL. Longer-term follow-up 
has not been published. Side effects were common, with 
more than one adverse event occurring in 60% of treated 
patients vs 24% of placebo, with the most common ones 
being infections, headache, cytopenias, and cholesterol ab-
normalities [50]. Important limitations of the study include 
its small size, short duration of treatment, and long recruit-
ment period, with very variable disease duration among 
participants and the question of whether some patients had 
already entered the stable phase by the time of treatment. 
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The results need to be confirmed in a larger RCT, of longer 
duration, ideally comparing tocilizumab against IV ster-
oids or teprotumumab.

Teprotumumab
Teprotumumab is a monoclonal antibody against the 
IGF-1R. It blocks autoantibodies from attacking orbital 
fibroblasts, inhibits the cytokine cascade, prevents muscle 
and fat tissue remodeling, and stops hyaluronan buildup in 
the orbit. After phase 2 and phase 3 studies [51, 52] dem-
onstrated its efficacy, it became the first and only US Food 
and Drug Administration (FDA)-approved drug for TED 
in 2020. In the phase 3 RCT of 83 treatment-naive pa-
tients with active moderate/severe TED, IV teprotumumab 
(10 mg/kg followed by 20 mg/kg) every 3 weeks × 8 doses 
resulted in an improvement in proptosis of 2 mm or more 
in 83% of patients compared with 10% in the placebo 
group [52]. The mean change in proptosis from baseline 
was 3.32 mm, similar to that achieved via a single-wall or-
bital decompression. Overall response (a reduction of ≥ 2 
in CAS plus a reduction in proptosis of ≥ 2 mm) occurred 
in 78% of patients vs 7% with placebo. Diplopia improved 
by 1 or more grades in 68% vs in 29% with placebo. There 
was significant improvement in Graves ophthalmopathy-
specific QoL at 24 weeks [52]. Preliminary long-term 
data from the phase 2 and 3 clinical trials, 72 weeks after 
starting treatment, demonstrated maintenance of proptosis 
response in 53% and 56% of proptosis responders and 
maintenance of 1 or more grades of improvement in dip-
lopia in 69% and 58% of diplopia responders, respectively 
[53, 54].

Side effects were experienced by 85% of patients on 
teprotumumab vs 69% on placebo, mostly grade 1 or 2. The 
most common were muscle spasms (30%), alopecia (20%,) 
hyperglycemia (10%), diarrhea (10%), and hearing impair-
ment (10%). Teprotumumab is strictly contraindicated around 
pregnancy because of inhibition of IGF-1 signaling. Given its 
long half-life (20 days), a 6-month waiting period after com-
pletion of therapy is recommended before conception. Safety 
and effectiveness have not been established in pediatric pa-
tients; however, owing to growth hormone pathway inhib-
ition, it should be avoided in this patient population. Finally, 
teprotumumab should be used with caution in patients with 
inflammatory bowel disease or uncontrolled diabetes.

Limitations of the previously listed RCTs include the 
fact that teprotumumab was assessed only in the treat-
ment of naive TED patients and was not compared to IV 
steroids, the prior standard of care. More information 
regarding the long-term outcomes and predictors of re-
sponse is needed. Finally, whether teprotumumab results 
in meaningful reduction in rates of rehabilitative surgery 
is still unknown.

Considerations around choice of therapy
The 2016 EUGOGO guidelines recommended that IV ster-
oids be considered as first-line therapy for active moderate 
to severe TED. Since then, phase 2 and 3 clinical trials led 
to FDA approval of teprotumumab for TED and additional 
biologic agents have been assessed in RCTs. Comparisons 
of therapies are limited by study heterogeneity of inclu-
sion criteria, outcome measures, and follow-up data. New 
guidelines are needed to establish a new treatment algo-
rithm for active moderate to severe TED.

Until then, a number of factors should be considered. 
First, the main manifestations of TED in any given patient 
may guide therapeutic choice, as the various therapies have 
differential effects on disease parameters. Teprotumumab 
significantly improves proptosis, double vision, CAS, and 
QoL at 24 weeks’ follow-up with 72-week data reporting 
durability in the majority of proptosis and diplopia re-
sponders. Steroids and tocilizumab are mainly effective 
in reducing soft-tissue inflammation and CAS score, with 
little effect on diplopia or proptosis, at 12- and 16-week 
follow-up, respectively. However, the anti-inflamma-
tory effect of tocilizumab was not durable at 40 weeks 
and long-term durability of CAS improvement in RCTs 
is lacking for steroids. Rituximab may also decrease in-
flammation when used early in active disease, but has no 
meaningful impact on diplopia and proptosis. ORT pri-
marily ameliorates diplopia at the 24-week follow-up, and 
is most effective when used early in active progressive dis-
ease. Therefore, while it is reasonable to consider all of the 
listed options for active TED, teprotumumab is reported to 
be the most effective for patients with significant proptosis 
and/or diplopia. When diplopia is the main manifestation, 
ORT may also be considered in patients with early progres-
sive disease, with the recognition that the majority of pa-
tients will still need rehabilitative surgery. When soft-tissue 
inflammation is the main manifestation, teprotumumab or 
steroids should be considered, with ORT, tocilizumab, and 
rituximab also showing some efficacy in RCTs.

Second, comorbidities may affect the choice of therapy. 
The potential for cardiovascular disease or hepatotoxicity 
may limit steroid use. Susceptibility to infection would 
make steroids, tocilizumab, and rituximab less desirable. 
Preexisting uncontrolled diabetes would limit the use of ster-
oids, teprotumumab, and ORT. A history of inflammatory 
bowel disease and diabetes would require close monitoring 
with teprotumumab. The timing of future pregnancy would 
be a factor to consider when prescribing teprotumumab. 
The timing from the onset of TED may affect the efficacy 
of treatment, such as with rituximab and ORT, showing 
improved efficacy when used early in the disease. The pres-
ence of hypertension or preexisting retinopathy would make 
ORT less attractive. Patient age would preclude the use of 



Journal of the Endocrine Society, 2021, Vol. 5, No. 5 9

teprotumumab in those younger than 18 and ORT in those 
younger than 35.

Finally, cost and availability influence the choice of 
therapy. Cost-benefit analyses of targeted therapies are 
lacking; however, the high cost of biologics is an important 
consideration and limits access to patients without insur-
ance. Furthermore, variability and restrictions to insur-
ance coverage can influence their use. Additionally, access 
to biologic medications such as teprotumumab may be 
limited because of drug availability or provider expertise. 
Moreover, teprotumumab is currently available only in the 
United States; therefore, the future international role of 
teprotumumab remains to be seen. Taking this into context, 
IV steroids are the more cost-effective option for patients 
presenting primarily with soft-tissue inflammatory signs, 
without significant proptosis or diplopia, particularly for 
patients without insurance coverage or those living outside 
the United States.

In summary, treatment options continue to evolve. Of all 
the RCTs reviewed, teprotumumab is the first drug to dem-
onstrate a significant improvement in all clinical param-
eters: proptosis, diplopia, CAS, and QoL. However, there 
are many considerations when selecting therapy, including 
the main manifestations of TED, patient comorbidities, 
and the cost and availability of therapies. RCTs com-
paring IV steroids to teprotumumab are warranted and 
several questions regarding teprotumumab’s efficacy and 
duration in certain populations need answers. Until then, 
teprotumumab should be considered, along with IV ster-
oids, as a first-line therapy for active moderate to severe 
TED in the United States. New guidelines are needed to 
determine a new TED treatment algorithm, incorporating 
targeted therapies.

Moderate-Severe Inactive Thyroid Eye Disease

Surgical rehabilitation is carried out in the “inactive” phase 
of TED because fibrotic disease is thought to be resistant to 
medical therapy. There is also a risk of worsening orbital 
inflammation if surgery is performed in the active phase. 
Therefore, it is common practice to ensure stable disease 
is present for at least 6 months. Exceptions to this delay 
include surgical interventions for sight-threatening disease.

Surgical management of stable TED is customized to 
individual patient needs and their unique presentation. 
The sequence of surgery considers 4 components of TED: 
1)  proptosis, 2)  restrictive strabismus, 3)  eyelid abnor-
mality (retraction), and 4)  cosmetic concerns (fat bags, 
rhytids, etc). Therefore, rehabilitative surgery is staged 
in the following order, though not all patients require all 
stages.

Orbital Decompression

The principle of orbital decompression is to expand the or-
bital space by widening the bony orbit and/or removing 
excessive orbital fat to address proptosis. This also relieves 
symptoms of orbital congestion and mechanical pressure 
on the optic nerve. The medial, lateral, and inferior orbital 
walls as well as orbital fat are amenable to decompression. 
Decompression of the orbital roof is fraught with serious 
potential complications and is typically avoided. Surgical 
complications include diplopia (5%-25%, depending on 
the technique) and vision loss (< 0.5%) [55, 56], though 
these risks have been minimized with advances in surgical 
techniques.

Strabismus Surgery

Strabismus surgery adjusts the extraocular muscles and 
maximizes the area of single binocular vision. Strabismus 
surgery is performed following orbital decompression, if 
needed, because decompression carries a risk of inducing 
diplopia. Surgical success is inversely related to the degree 
of fibrosis and scarring in the extraocular muscles.

Eyelid Surgery

Eyelid retraction, the most common TED manifestation, 
is corrected with eyelid retraction repair, with the exact 
approach varying depending on the severity. Nonsurgical 
treatment with botulinum toxin (i.e., Botox) to the levator 
muscle or hyaluronic acid gel filler can be effective as a tem-
porizing measure. Aesthetic concerns can be addressed with 
a combination of lasers, fillers, botulinum toxin, and eyelid 
surgery, as the last step of surgical rehabilitation.

Sight-Threatening Thyroid Eye Disease

Sight-threatening orbitopathy, though present only in 3% 
to 5% of patients, is the most devastating complication of 
TED [30].

Exposure keratopathy
During active disease, corneal protection can be achieved 
with frequent topical lubrication. A  moisture chamber 
or goggles can be used at night-time for nocturnal 
lagophthalmos. In nonresponsive cases, a tarsorraphy may 
be necessary.

Compressive optic neuropathy
CON is a medical emergency. Management options for 
CON include corticosteroids, external beam radiation, 
and surgical decompression, or a combination of these 
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interventions. The 2016 EUGOGO guidelines recom-
mend IV steroids (500-1000 mg of methylprednisolone for 
3 consecutive days) as first-line therapy [20]. This course 
can be repeated after a week and is effective in approxi-
mately 40% of patients [57, 58]. If CON is refractory to 
high-dose IV glucocorticoids, or there is rapid deterior-
ation in visual function, surgical decompression is typic-
ally recommended to mechanically relieve the optic nerve 
compression [20, 58]. Recently, case reports demonstrated 
that tocilizumab [59] and teprotumumab [60, 61] were 
effective in treating CON. Sears et al. measured objective 
improvements in visual acuity, relative APD, color vision, 
proptosis, and visual field testing as early as 4 weeks after 
initiating teprotumumab for steroid-resistant CON, with 
orbital magnetic resonance imaging showing improvement 
in extraocular muscle size and optic nerve compression 
at 8 weeks [60]. Slentz and colleagues measured an ob-
jective improvement in visual acuity, proptosis, optic nerve 
edema, and optical coherence tomography retinal nerve 
fiber thickening 2 weeks after initiating teprotumumab for 
steroid-naive CON [61]. While these reports suggest bio-
logic therapies may be considered as treatment options for 
CON, additional studies and long-term data are needed to 
validate these findings.

An Eye to the Future: Upcoming Therapies

Emerging biologic targeted therapies are promising but will 
need to prove substantial benefit, a low side effect profile, 
or a more cost-effective alternative to enter the TED thera-
peutic landscape.

Thyrotropin Receptor Antagonists

Small-molecule TSHR antagonists have been tested in pre-
clinical models. These could attenuate orbital fibroblast 
activation by TSI, as allosteric inhibition of the TSHR 
G protein signaling has been shown to silence the TSHR 
[62]. A  small-molecule TSHR antagonist (ANTAG3) has 
been shown to inhibit TSI-induced signaling and TSHR 
activation in the thyroid gland of mice and could thus 
potentially inhibit TSHR signaling in orbital fibroblasts 
[63]. Additional animal studies have reported new small-
molecule TSHR antagonists that are highly selective TSHR 
inhibitors [64]. While these studies are still in preclinical 
development, their potential as targeted therapeutic op-
tions for TED is exciting.

Enhancement of Immunoglobulin G Catabolism

IMVT-1401 is a fully human monoclonal antibody 
inhibiting FcRn-mediated recycling of immunoglobulin G 

(IgG). FcRn is the primary protein preventing the degrad-
ation of IgG antibodies, thereby prolonging their half-life. 
IMVT-1401 disrupts the IgG-FcRn interaction to increase 
catabolism of IgG and is thought to remove pathogenetic 
autoantibodies against the TSHR and IGF-1R. In an open-
label, single-arm phase 2a clinical trial (NCT03922321), 
7 patients with moderate/severe active TED were treated 
weekly for 6 weeks. Initial results demonstrated a 65% re-
duction in total IgG, 57% of patients had ≥ 2 point im-
provement in CAS, and 67% of patients with baseline 
diplopia improved, with no serious adverse events [65]. 
A larger phase 2b double-blind study is under way with a 
plan to enroll 77 patients with moderate/severe active TED. 
IMVT-1401 is being developed as a subcutaneous injection 
for the treatment of TED and other autoimmune disorders.

Other Therapies

Belimumab (monoclonal antibody against B-cell 
activating factor) is under investigation in a European 
RCT in patients with TED (EudraCT 2015-002127-26). 
Immunomodulators such as fingolimod (a sphingosine-
1-phosphate receptor antagonist) [66] and iscalimab (an 
anti-CD40 antibody) [67], antibodies that block the TSHR, 
as well as microbiome manipulation are other novel ther-
apies under investigation.

Clinical Case Discussion

Case 1

On diagnosis of CON, the patient underwent emergent right 
orbital decompression with high-dose IV steroids followed 
by a standard 12-week course of IV steroids combined 
with ORT for her active TED. Despite these interventions, 
she developed CON in her left eye requiring left orbital 
decompression. After 9 months of stable inactive disease, 
she underwent additional rehabilitative surgery for double 
vision and eyelid retraction.

This case illustrates a number of points. First, the pa-
tient was initially misdiagnosed with allergic conjunctivitis 
and bacterial conjunctivitis, the most common incorrect 
diagnoses for mild active TED. Second, the delay in diag-
nosis could have contributed to her developing more se-
vere TED, with pain, disfigurement, restrictive strabismus, 
and decreased QoL. Third, her left eye progressed to 
sight-threatening disease despite IV steroids and ORT, 
demonstrating that sometimes these treatments cannot pre-
vent vision loss or halt disease progression. Selenium was 
added as adjuvant therapy, given its relatively benign safety 
profile in short-term use, even though its efficacy has been 
proven only in mild active TED, and it has not been studied 
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in moderate/severe active disease. Although the patient re-
covered well after several rehabilitative surgeries (Fig. 1C), 
her treatment course lasted more than 2 years. This case is 
an example of the typical delay in diagnosis, sometimes in-
complete response to nonspecific medical therapies, and the 
serious ocular sequelae that can result.

Case 2

Surgical decompression and biologic therapies were 
discussed as treatment options for CON of the left eye 
and steroid-resistant active TED. The patient received 
teprotumumab, 10 mg/kg followed by 20 mg/kg every 3 
weeks × 8 doses. Her extraocular movement improved, 
proptosis decreased by 3.5 mm, and inflammatory symp-
toms decreased (Fig. 2C). Her vision improved quickly 
to 20/25 OU and color vision normalized. Side effects 
included hives and rashes after infusions responsive to 
diphenhydramine hydrochloride, muscle cramps, diar-
rhea, autophony, and hyperglycemia responsive to med-
ical therapy.

This case was a therapeutic challenge because of ac-
tive sight-threatening disease recalcitrant to IV steroids. 
Teprotumumab was given in the hopes of halting active 
progressive disease and delaying orbital decompression 
during the peak of coronavirus disease 2019 quarantine 
and hospital restrictions in April 2020. The patient had 
a significant improvement both in CON and active TED 
symptoms. Following treatment, her rashes, GI symptoms, 
and muscle cramps resolved. Her ear symptoms, which de-
veloped after the sixth infusion and persisted after the final 
infusion visit, are being monitored and are expected to re-
solve, as per the data in the clinical trials. She will be moni-
tored for 6 months to ensure durable resolution of active 
TED prior to undergoing further rehabilitative surgery in 
the stable phase, if needed.

Conclusion

TED is a complex autoimmune disease that can result in vi-
sion loss, disfigurement, and decreased QoL. Developments 
in our understanding of the pathophysiology of TED have 
led to a paradigm shift in TED management. Traditionally, 
corticosteroids, radiation therapy, and surgical correction 
were the mainstays of treatment. In 2020, the FDA ap-
proved teprotumumab for the treatment of TED after piv-
otal phase 2 and 3 RCTs showed significant improvement 
in proptosis, diplopia, QoL, and CAS. Teprotumumab is 
a promising therapy for patients with active moderate to 
severe TED, particularly for patients with proptosis and/
or diplopia. Long-term efficacy studies are still needed 
to better assess the durability of all treatment options 

available. Several emerging treatments are in the pipeline, 
as research has shifted to the development of additional 
targeted molecular therapies. It remains to be determined 
how new therapeutic options will continue to change the 
treatment paradigm of TED.
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