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Abstract
Teprotumumab (TEPEZZA®), a monoclonal antibody that inhibits the insulin-like growth factor 1 receptor (IGF-1R), is 
the first disease-modifying therapy approved for the treatment of thyroid eye disease (TED) in the USA. In phase II and III 
clinical trials in adults with active, moderate-to-severe TED, intravenous teprotumumab significantly improved proptosis 
response rate and a range of other TED outcomes, including overall response rate, Clinical Activity Score, diplopia and 
disease-specific quality of life. The clinical benefit of teprotumumab was maintained for up to 51 weeks post-treatment in the 
majority of patients. Teprotumumab was generally well tolerated; adverse events with the greatest risk difference compared 
with placebo were muscle spasms, hearing loss and hyperglycaemia. Early real-world experience suggests teprotumumab 
may also be beneficial in a more diverse TED population. Teprotumumab is the first approved treatment for TED and is 
effective at reducing symptoms which are often unamenable to historical pharmacological interventions. While further data 
are required, current evidence suggests teprotumumab represents an important advance in the treatment of TED.

Plain Language Summary
Thyroid eye disease (TED) is an inflammatory disease that involves expansion of the soft tissue surrounding and behind 
the eye. It can lead to bulging of the eye(s), double vision, optic nerve compression and vision loss. Traditional treatments 
are often unsatisfactory. Insulin-like growth factor 1 receptor (IGF-1R) signalling is implicated in the progression of 
TED, leading to the development of teprotumumab (TEPEZZA®). Teprotumumab, administered intravenously, is a first-
in-class monoclonal antibody that inhibits IGF-1R. In clinical trials, teprotumumab was effective at improving bulging 
of the eye, inflammation, double vision and TED-related quality of life. Almost one year after the cessation of treatment, 
clinical benefits endured in most patients. Teprotumumab was generally well tolerated, with most adverse events being 
mild or moderate in severity. Adverse events included muscle spasms, hearing loss and hyperglycaemia. Teprotumumab 
is the first targeted therapy approved for TED and represents an important advance in the management of this condition.
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Teprotumumab: clinical considerations in thyroid 
eye disease 

First-in-class monoclonal antibody that inhibits IGF-1R; 
administered intravenously

Effectively reduces proptosis and other manifestations of 
TED, with long-term responses in most patients

Generally well tolerated; adverse events are generally 
mild or moderate in severity
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1  Introduction

Thyroid eye disease (TED), also known as Graves’ ophthal-
mopathy or Graves’ orbitopathy, is a rare but debilitating 
condition that involves inflammation and expansion of the 
orbital tissue during the active phase of the disease [1–3]. 
It is associated with Graves’ disease, an autoimmune disor-
der that results in hyperthyroidism, in ≈ 90% of cases [2] 
and can cause pain, proptosis (bulging of the eye), diplo-
pia (double vision), compression of the optic nerve and, in 
severe cases, loss of sight [1, 2]. TED is often associated 
with decreased quality of life, even in mild cases. The active 
phase of TED, which may last 1–3 years, is followed by 
a chronic, inactive phase where inflammation appears to 
resolve and the disease stabilizes [1, 3]. However, symp-
toms, including proptosis and diplopia, can persist and con-
tinue to affect quality of life [4, 5].

Preferred treatment options depend on the severity of 
the disease [1]. Mild TED can be managed with local treat-
ments, such as eye drops, with or without selenium supple-
mentation. For active moderate-to-severe TED, off-label 
treatments to suppress inflammation, such as glucocorti-
coids, have been used historically. Response to these treat-
ments is often unsatisfactory, particularly with respect to 
proptosis, requiring further pharmacological intervention 
or rehabilitative surgery [1–3]. Safety concerns with such 
treatments may also be an issue [1, 3].

Insulin-like growth factor 1 receptor (IGF-1R) is 
overexpressed on orbital fibroblasts and fibrocytes in 
both active and inactive TED [6]. IGF-1R forms physical 
and functional complexes with the thyroid-stimulating 
hormone receptor (TSHR, the receptor implicated in 
Graves’ disease), contributing to speculation that IGF-1R 
has a pathogenic role in TED [7].

Teprotumumab (TEPEZZA®), a fully human 
immunoglobulin (Ig) G1 monoclonal antibody that inhibits 
IGF-1R, is the first drug to be approved for the treatment 
of TED in the USA [8, 9]. This article summarises the 
pharmacological properties of teprotumumab and reviews 
its efficacy and tolerability in the treatment of this 
potentially disfiguring and sight-threatening disease.

2 � Pharmacological Properties

Teprotumumab is an IGF-1R antagonist that inhibits recep-
tor signalling [8]. It is presumed that by blocking IGF-1R 
activation, teprotumumab prevents signalling through IGF-
1R/TSHR complexes, thereby inhibiting autoimmune acti-
vation [7]. Cell-based studies indicate that teprotumumab 
inhibits IGF-1R/TSHR crosstalk in orbital fibroblasts [10], 
and attenuates pro-inflammatory protein expression on the 

surface of cultured circulating fibrocytes [11]. Circulating 
fibrocytes from patients with TED treated with teprotu-
mumab also showed reduced levels of these proteins, with 
these reductions being associated with decreased inflamma-
tory cytokine expression in circulating T cells [11].

The pharmacokinetics of intravenous (IV) teprotumumab 
are generally consistent with those of other IgG1 antibodies 
[12]. Population pharmacokinetic modelling in TED patients 
receiving the therapeutic dosage of teprotumumab (10 mg/
kg followed by 20 mg/kg every 3 weeks; Sect. 5) showed 
that the central volume of distribution was 3.26 L and the 
peripheral volume of distribution was 4.32 L [8]. Teprotu-
mumab followed a two-compartment model with a mean 
clearance of 0.27 L/day and mean elimination half-life of 20 
days. At the therapeutic dosage of teprotumumab, a trough 
concentration of > 20 mg/ml is achieved, which is predicted 
to maintain > 90% saturation of IGF-1R [12]. At this dos-
age, there was a significant correlation between steady-state 
trough concentration and proptosis response in two TED 
clinical trials (Sect. 3.1) [12].

Baseline characteristics, including sex, age, body 
weight, ethnicity, race, smoking status and hepatic and 
kidney function biomarker levels, did not have a clinically 
meaningful effect on teprotumumab pharmacokinetics [12]. 
Anti-drug antibodies were detected in four (2.3%) patients 
in the phase II and III TED clinical trials at low levels and 
did not alter the pharmacokinetics of teprotumumab [13]. 
Teprotumumab is expected to be degraded by proteolytic 
enzymes and no drug interactions are expected [12]; no 
formal drug interaction studies have been conducted with 
teprotumumab [8].

3 � Therapeutic Efficacy of Teprotumumab

The efficacy of teprotumumab was evaluated in two 
randomized, double-masked, placebo-controlled, 
multicentre trials in patients with active, moderate-to-severe 
TED: the phase III OPTIC trial [14] and an earlier phase II 
trial [15] (Sect. 3.1). Efficacy data are also available from 
the open-label extension of OPTIC (OPTIC-X; Sect. 3.1.1), 
which enrolled patients from OPTIC who did not achieve a 
proptosis response (or who experienced a flare during the 
post-treatment follow-up) [16]. Early real-world experience 
with teprotumumab in the treatment of TED has also been 
reported (Sect. 3.2).

3.1 � In Clinical Trials

The phase II and III clinical trials enrolled patients aged 
18–75 years [15] or 18–80 years [14] with diagnosed 
Graves’ disease and active, moderate-to-severe TED that had 
manifested in the 9 months prior to baseline assessment. 
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Participants were required to be euthyroid and have a 
Clinical Activity Score (CAS) of ≥ 4 in the more proptotic 
eye. CAS is a measure of inflammation (range 0–7), with 
a score of 0 or 1 considered inactive TED and a score of 
≥ 3 considered active TED [1]. Patients who had received 
previous treatment for TED (except limited glucocorticoids) 
or who had decreased best corrected visual acuity due to 
optic neuropathy were excluded [14, 15].

Patients in both trials were randomized to receive a total 
of eight IV infusions of teprotumumab (10 mg/kg of body 
weight for the first dose followed by 20 mg/kg thereafter) or 
placebo, administered at 3-week intervals over a period of 
21 weeks [14, 15]. Baseline characteristics were generally 
similar across the teprotumumab and placebo groups in 
both studies, including sex (73% female in the pooled trial 
populations), age (mean ≈ 51 years), tobacco use (27% 
current tobacco users), duration of TED (median 5.7–6.8 
months since diagnosis), degree of proptosis (mean 23 mm), 
CAS (mean 5) and thyroid hormone levels [13]. Although 
patients were stratified by tobacco use, an imbalance 
occurred in the phase II trial (26% of teprotumumab 
recipients vs 41% placebo recipients were smokers) [15]. 
Also in the phase II trial, a greater number of patients treated 
with teprotumumab had diplopia at baseline (90% vs 69%).

In both trials, outcomes were measured in the intention-
to-treat (ITT) population at week 24 (3 weeks after the final 
infusion) and were reported for the more proptotic eye at 
baseline (the study eye) [14, 15]. The primary outcome in 
OPTIC was the proportion of patients who had a proptosis 
response [14], while the primary outcome in the phase 
II trial was the proportion of patients who had an overall 
response i.e. both a proptosis response and a CAS response 
(responses are defined in Table 1) [15]. Patients in the 
phase II study and in OPTIC who were not included in the 
OPTIC-X extension study (Sect. 3.1.1) entered a 48-week 
off-treatment follow-up period to assess the durability of 
teprotumumab efficacy [14, 15].

In OPTIC, significantly more patients receiving tepro-
tumumab than placebo experienced a proptosis response 
at week 24 (primary endpoint; Table 1) [14]. Sensitivity 
analyses in the per-protocol population were consistent 
with this result. In the ITT population, 56% of teprotu-
mumab recipients experienced a proptosis response by 
week 6 (median time to response was 6.4 weeks) com-
pared with 7% of placebo recipients [14]. While proptosis 
response was not a primary endpoint in the phase II trial 
[15], the US Food & Drug Administration considered it 
to be the preferred efficacy endpoint [17] and a compara-
ble response rate to that in OPTIC was reported (Table 1) 
[8]. A pooled data analysis revealed that the proportion of 
patients who experienced a proptosis response across both 
studies was 77% with teprotumumab versus 15% with pla-
cebo (p < 0.0001) and the number-needed-to-treat (NNT) 

for a proptosis response was 1.6 [13]. Proptosis response 
results were supported by the mean changes in proptosis 
(mm), which indicated significant reductions with tepro-
tumumab versus placebo (secondary endpoint; Table 1) 
[14, 15].

Similarly, teprotumumab was effective in producing 
overall responses in patients with TED. The proportion of 
patients who achieved an overall response at week 24 was 
significantly greater with teprotumumab than with placebo 
in both OPTIC (secondary endpoint) and the phase II trial 
(primary endpoint; Table 1). This treatment difference was 
apparent from week 6 in the phase II study (p < 0.001) [15]. 
The NNT for an overall response across both trials was 1.7 
[13].

Additional secondary outcomes were significantly 
improved with teprotumumab versus placebo in each study 
(Table 1). These included the proportion of patients with 
a CAS of 0 or 1 [14] or the mean change in CAS [15], the 
proportion of patients who achieved a diplopia response 
[14], and the mean change in overall score on the Graves’ 
ophthalmopathy-specific quality-of-life questionnaire (GO-
QOL) [14, 15]. Diplopia response was measured in the phase 
II study as a prespecified exploratory endpoint, with results 
suggesting that teprotumumab improved diplopia (Table 1) 
[15]. Across the two trials, the NNT for CAS of 0 or 1 and 
diplopia response were both 2.5 [13]. Secondary outcomes 
in the phase II trial also included the least-squares mean 
change from baseline in the GO-QOL visual-functioning 
subscale (21.7 with teprotumumab vs 7.5 with placebo; 
p < 0.001) and GO-QOL appearance subscale (12.9 vs 6.6; 
p = 0.10) [higher scores indicate improved quality of life] 
[15]. Across both trials, the least-squares mean improve-
ments in overall GO-QOL score, the visual-functioning 
subscale and the appearance subscale were 19.0, 19.7 and 
17.7 with teprotumumab (vs 6.3, 7.0 and 5.6 with placebo; 
all p ≤ 0.0003) [13].

Subgroup analyses using data pooled from the two 
trials showed that the rate of proptosis response with 
teprotumumab was greater than that with placebo across 
all subgroups analysed, including those based on current 
tobacco use, sex, age < 65 years or older, time to diagnosis 
of TED or Graves’ disease, baseline CAS and baseline 
serum thyrotropin binding inhibiting immunoglobulin 
(TBII) levels (p ≤ 0.0015 for all) [13]. Diplopia response 
was also consistent across almost all subgroups (p < 0.05 
with teprotumumab vs placebo for all except current tobacco 
users and patients with baseline TBII levels < 10 IU/L) [13].

Post hoc analyses of ophthalmic composite outcome 
response (improvements from baseline of at least two of the 
following: resolution of eyelid swelling, CAS ≥ 2, proptosis 
≥ 2 mm, lid aperture ≥ 2 mm, diplopia resolution or grade 
change, or globe motility ≥ 8 degrees, in at least one eye with-
out deterioration in either eye) demonstrated that 68 (81%) 
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teprotumumab recipients in both studies achieved a composite 
response [vs 38 (44%) placebo recipients; p < 0.0001], with 
an NNT of 2.5 [13]. A post hoc analysis in a subset of phase 
II and III patients with asymmetric TED (difference in exoph-
thalmometry of ≥ 3 mm; n = 10 and 12 teprotumumab and 
placebo recipients) showed that teprotumumab also improved 
proptosis, diplopia and CAS in the non-study eye (p < 0.05 
vs baseline) [18]. As the improvements in proptosis and 
CAS were smaller than those in the more proptotic study eye 
(p < 0.05), symmetry was improved [18].

Six patients in OPTIC underwent orbital imaging before 
and after teprotumumab treatment [19]. At week 24, these 
teprotumumab recipients had significantly decreased 
extraocular muscle (EOM) volume (p < 0.01 vs baseline) 
and orbital fat volume (p < 0.05). Post-treatment EOM vol-
ume did not significantly differ from a comparative control 
group of 12 patients without TED, although post-treatment 

orbital fat volume did significantly differ between teprotu-
mumab recipients and the control group (p < 0.05). In tepro-
tumumab recipients, overall EOM inflammation was also 
reduced from baseline in all evaluated orbits (eight orbits in 
four patients; p < 0.01) [19].

The benefits of teprotumumab for patients with TED appear 
to be long lasting. Follow-up data from both trials indicated 
there was no evidence of disease rebound 7 weeks after the last 
dose of teprotumumab, and the majority of responders main-
tained proptosis (67%; 38/57), diplopia (69% of those with 
baseline diplopia; 33/48) and ophthalmic composite outcome 
(83%; 48/58) responses 51 weeks after the last dose [13].

3.1.1 � OPTIC‑X Open‑Label Extension

Patients enrolled in OPTIC-X following lack of proptosis 
response in OPTIC received a first course of teprotumumab 

Table 1   Efficacy of intravenous teprotumumab in the treatment of thyroid eye disease: ITT results at week 24 of clinical trials

Overall response, CAS, proptosis change, diplopia response and GO-QOL score change were the key secondary endpoints in OPTIC and were 
hierarchically assessed in that order. GO-QOL score change, proptosis change and CAS (but not proptosis response or diplopia response) were 
among the secondary endpoints in the phase II study and were hierarchically assessed in that order
BL baseline, CAS Clinical Activity Score, GO-QOL Graves’ ophthalmopathy-specific quality-of-life questionnaire, ITT intention-to-treat, LSM 
least-squares mean, NR not reported, OR odds ratio, pt(s) patient(s)
*p < 0.01, **p ≤ 0.001, *** p < 0.0001 vs placebo
a Primary endpoint in OPTIC. Defined as a ≥ 2 mm reduction in proptosis in study eye without a ≥ 2 mm worsening in other eye
b Primary endpoint in phase II study. Defined as a ≥  2 mm reduction in proptosis and a ≥  2-point reduction in CAS in study eye without 
corresponding worsening in other eye
c LSM change in proptosis from BL
d Out of total pts with diplopia at BL (OPTIC and pooled analysis) or total pts with week 24 data (phase II study; prespecified exploratory 
analysis). Diplopia was subjectively assessed against four grades, with response defined as a ≥ 1 grade reduction (considered clinically relevant)
e LSM change in GO-QOL overall score (i.e. combined score for GO-QOL visual-functioning and appearance subscales) from BL (scores range 
from 0 to 100; change of ≥ 8 points considered clinically relevant)
f Number of pts with a CAS of 0 or 1 (indicating no or minimal inflammation)
g Mean change in CAS from BL (scores range from 0 to 7; change of 2 points considered clinically relevant)
h Pooled data from OPTIC and phase II study (n  =  84 teprotumumab, including one pt randomized to teprotumumab who did not receive 
treatment and was not included in the ITT population of the phase II study; n = 87 placebo)

Treatment (no. of pts) Proptosis 
responsea [no.] 
(% pts)

Overall responseb 
[no.] (% pts)

CAS Proptosis changec 
[mm]

Diplopia responsed 
[no./total] (% pts)

GO-QOL score 
changee

OPTIC study (Phase III) [14]
 Teprotumumab (41) 34 (83%)** 32 (78%)** 24 (59%)f** −2.82** 19/28 (68%)** 13.79**
 Placebo (42) 4 (10%) 3 (7%) 9 (21%)f −0.54 8/28 (29%) 4.43
 Difference (95% CI) 73% (59–88) 71% (56–86) 36% (17–55) −2.28 (−2.77 to 

−1.80)
39% (16–63) 9.36 (4.08–14.64)

Phase II study [8, 15]
 Teprotumumab (42) 30 (71%) 29 (69%)** −3.43g** −2.46** 26/38 (68%)** 17.7*
 Placebo (45) 9 (20%) 9 (20%) −1.85g −0.15 10/39 (26%) 6.8
 Difference/OR (95% CI) 51% (33–69) OR 8.86 

(3.29–23.8)
NR −2.3 (−2.8 to −1.8) NR NR

Stratified treatment  
differenceh  
(95% CI) [13]

63% (51–75)*** 60% (48–72)*** 40% (27–53)f*** – 39% (23–55)*** –
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(if they had previously received placebo) or a second 
course (if they had received teprotumumab), with a course 
consisting of eight infusions [16]. Ten of 34 patients (29%) 
who had a proptosis response in OPTIC experienced a 
relapse (a proptosis increase of ≥ 2 mm and/or CAS increase 
of ≥ 2 points) during the 48-week follow-up period and 
were also eligible to receive a course of teprotumumab in 
OPTIC-X [16].

Amongst 37 patients who had initially received placebo, 
33 (89%) had a proptosis response after teprotumumab 
treatment [16]. This response rate was similar to that of 
the initial OPTIC trial even though patients had a longer 
duration of TED (median 12.9 months in OPTIC-X vs 6.3 
months in OPTIC). Secondary outcomes were also similar 
to results in the OPTIC study. Clinical benefits appeared 
to be durable, with >  85% of responders maintaining 
proptosis (29/32 patients), overall (22/24), diplopia (12/14) 
and CAS 0 or 1 (20/21) responses 27 weeks after the last 
infusion. In patients who did not respond to a first course of 
teprotumumab, two of five patients had a proptosis response 
after retreatment. Of patients who initially responded 
to teprotumumab and entered the extension study after a 
relapse, five of eight patients achieved a proptosis response. 
These results indicate that retreatment with a second course 
of teprotumumab may be effective in TED [16].

3.2 � In Real‑World Studies

Currently available real-world data on the use of teprotu-
mumab in the treatment of TED are limited, but several 
studies including ≥ 10 patients [20–29] suggest that tepro-
tumumab may be effective in a more diverse disease pop-
ulation than that included in clinical trials. For example, 
in observational cohort studies of patients with heteroge-
neous TED (n = 74 [20] and 21 [21]), teprotumumab was 
associated with proptosis response rates of 71–73%, sig-
nificantly improving outcomes such as proptosis (change in 
mm; p < 0.01 vs baseline) regardless of TED activity [20, 
21] or severity [21]. A retrospective study specifically in 
chronic (> 2 years), stable TED showed that teprotumumab 
was associated with a 90% proptosis response rate, as well 
as significant improvements in proptosis (mm), CAS and 
diplopia (all p < 0.05 vs baseline; n = 31), and EOM vol-
ume and orbital fat volume (both p < 0.01; n = 15) [22]. In 
a case series of ten patients with TED and dysthyroid optic 
neuropathy, teprotumumab was associated with a significant 
improvement in visual function (p = 0.02 for best corrected 
visual acuity in affected eyes); however, improvement was 
limited in three patients who had severe vision loss due to 
long-standing optic nerve compression [23]. The patients 
also had a significant improvement in proptosis and CAS 
(both p < 0.00001 vs baseline), but not diplopia [23]. In 
prospective studies in patients with TED, teprotumumab 

reduced proptosis, CAS, orbital fat volume and EOM vol-
ume (all p < 0.01 vs baseline, n = 21) [24], and was associ-
ated with reductions in measures of facial soft tissue volume 
(n = 43) [25] and markers of eyelid position (n = 23) [26].

4 � Tolerability of Teprotumumab

Teprotumumab was generally well tolerated in patients with 
TED participating in clinical trials [14, 15]. In the phase 
II [15] and phase III OPTIC [14] trials, 88% and 95% of 
teprotumumab recipients completed the treatment course, 
respectively. In both trials (pooled safety data), adverse 
events (AEs) occurred in 67 (80%) teprotumumab recipients 
compared with 60 (70%) placebo recipients during the ran-
domized controlled periods [13]. Most AEs were of grade 1 
or 2 severity (94% and 98% of AEs with teprotumumab and 
placebo, respectively), limited in duration and manageable 
without interrupting therapy. The incidences of the most 
common AEs are shown in Fig. 1. Risk difference analyses 
indicated that teprotumumab increased the risk of muscle 
spasm (by 18%; 95% CI 7.3–28.7), hearing loss (by 10%) 
and hyperglycaemia (by 8%; 95% CI 1.7–15.0) relative to 
placebo [13].

During the randomized controlled periods of the two 
trials, seven (8%) teprotumumab recipients experienced 
a serious AE, compared with one (1%) placebo recipient 
[13]. Three (4%) teprotumumab recipients experienced 
a serious AE that was deemed to be treatment-related or 
possibly treatment-related and led to discontinuation of 
teprotumumab. These were diarrhoea, an infusion-related 

Φ 

Φ 

0 5 10 15 20 25 30

Dry skin

Dysgeusia

Headache

Hearing impairment

Hyperglycaemia

Fatigue

Diarrhoea

Alopecia

Nausea

Muscle spasms

Incidence (% of patients)

Teprotumumab (n = 84)

Placebo (n = 86)

Φ 

Fig. 1   Adverse events occurring at ≥ 5% incidence in the tepro-
tumumab group and at greater frequency than in the placebo group 
during the phase III OPTIC trial [14] and phase II trial [15] (pooled 
data). Φ indicates an incidence of 0%
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reaction and Hashimoto’s encephalopathy (characterized 
by transient confusion). The case of diarrhoea occurred in 
a patient with pre-existing ulcerative colitis in the phase II 
trial [15]. Also in this trial, one patient with pre-existing 
ileitis and colitis developed inflammatory bowel disease 
(IBD), which was considered serious and led to treatment 
discontinuation. IBD was included in the exclusion criteria 
of OPTIC [14].

In the 48-week off-treatment follow-up periods of both tri-
als (pooled data), 29 (39%) teprotumumab recipients had an 
AE compared with nine (20%) placebo recipients [13]. The 
only AE to occur at a ≥ 5% incidence in the teprotumumab 
group during follow-up was onychoclasis (nail breaking), 
occurring in seven (9%) patients compared with none in the 
placebo group. Treatment-related or possibly treatment-
related AEs in teprotumumab recipients included skin and 
subcutaneous tissue disorders (five patients; most commonly 
onychoclasis), diabetes, worsening of hyperglycaemia, mus-
cle spasms, and abnormal levels of lactate dehydrogenase 
and alkaline phosphatase (one patient each). No serious AEs 
related to teprotumumab occurred during this time. No deaths 
occurred during either the study or follow-up periods [13].

Hyperglycaemia and hearing impairment AEs may be 
related to teprotumumab’s mechanism of action (Sect. 2) 
[15, 30]. During randomized treatment with teprotumumab, 
hyperglycaemia was generally mild and the majority of 
patients with AEs of hyperglycaemia had pre-existing diabe-
tes [13, 31]. While patients with pre-existing diabetes were 
more likely to have hyperglycaemia that was moderate in 
severity, no AEs of hyperglycaemia were serious or led to 
discontinuation [13, 15]. Most hearing impairment during 
clinical trials was transient and resolved without treatment 
[14, 15], but there have been case reports of long-term and 
potentially irreversible hearing loss [30, 32, 33].

The safety profile of teprotumumab during the OPTIC-X 
extension study was similar to that described above and no 
additional safety concerns were apparent following a sec-
ond course of treatment [16]. However, one recipient of a 
second teprotumumab course experienced a life-threatening 
cerebral haemorrhage. Although this event may have been 
related to underlying medical conditions rather than teprotu-
mumab, pharmacovigilance is required [16]. Since approval 
of teprotumumab for the treatment of TED, new AEs have 
been reported, including two cases of new-onset ulcerative 
colitis [34, 35] and one case of hyperosmolar hyperglycae-
mia requiring hospitalisation [36].

5 � Dosage and Administration

Teprotumumab is approved in the USA for the treatment of 
TED and is administered as an IV infusion every 3 weeks for 
a total of eight infusions [8]. The first dose is administered 

at 10 mg/kg body weight with the following seven infusions 
administered at 20 mg/kg. The infusion time is initially 
90 min, which can be reduced to 60 min after the first two 
infusions if teprotumumab is well tolerated [8].

Patients should be monitored for infusion-related 
reactions, which can occur during and up to 1.5 h after 
infusion, and hyperglycaemia during treatment with 
teprotumumab (Sect.  4) [8]. Patients with IBD should 
be monitored for exacerbation and discontinuation of 
teprotumumab treatment should be considered if a flare 
occurs. As teprotumumab may have harmful effects on 
foetuses, females of reproductive potential should be advised 
to use effective contraception. Local prescribing information 
should be referred to for further details on dosage and 
administration, warnings and precautions, and use in special 
population groups [8].

6 � Current Status of Teprotumumab 
in the Management of Thyroid Eye Disease

Teprotumumab is the first approved agent in the USA 
specifically indicated for the treatment of TED, targeting 
IGF-1R, which is pathogenic in this disease [8]. 
Teprotumumab is not currently approved in the EU [1].

The efficacy of teprotumumab in adults with active, 
moderate-to-severe TED was demonstrated in two 
randomized, placebo-controlled trials that together 
included 171 patients (Sect.  3.1), one of the largest 
controlled trial populations of patients with TED thus far 
[13]. Teprotumumab treatment led to clinically meaningful 
improvements across a range of TED manifestations, 
including proptosis, inflammation (based on CAS) and 
diplopia, as well as in disease-specific quality of life 
(based on GO-QOL score) [Sect. 3.1]. Limited data from 
the OPTIC-X open-label extension indicate that a second 
course of teprotumumab may be effective in non-responders 
or those who experience a relapse after successful 
teprotumumab treatment (Sect. 3.1.1) [16]. Although clinical 
trial data show that most patients have an enduring response 
to teprotumumab ≈  1 year after cessation of treatment 
(Sect. 3.1), longer-term data on the durability of clinical 
benefit and the need for rehabilitative surgery would be 
useful [1]. In a study of claims data over 2 years, a low 
(4.9%; 286/5,845) proportion of patients who completed a 
full, uninterrupted course of teprotumumab were prescribed 
an additional course of teprotumumab [37].

Teprotumumab is generally well tolerated, with the 
vast majority of patients in clinical trials completing 
the treatment course (Sect.  4). AEs with the greatest 
risk difference versus placebo were muscle spasms, 
hearing loss and hyperglycaemia. Patients receiving 
teprotumumab should be observed in case of infusion 
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reactions, monitored for hyperglycaemia and, where 
indicated, worsening of IBD (Sect. 5). Pharmacovigilance 
monitoring around the potential for serious AEs such 
as cerebral haemorrhage is ongoing and further safety 
data, particularly around the potential for hearing loss, 
are needed (Sect. 4). Audiological monitoring has been 
recommended by some authors [30, 32].

Current, but limited, real-world data suggest that 
teprotumumab has potential in the treatment of chronic 
TED (TED traditionally considered to be inactive but 
still overexpressing IGF-1R [6]) and dysthyroid optic 
neuropathy (a serious complication of TED that can 
result in permanent loss of vision [23]) [Sect. 3.2]; 
however, data from clinical trials are lacking. Fur-
ther data on the use of teprotumumab in these patient 
groups are awaited with interest, including the results 
of an ongoing phase IV study in chronic, inactive TED 
[38].

While no randomized trials have directly compared 
teprotumumab and IV glucocorticoids, a meta-analysis 
and matching-adjusted indirect comparison favoured 
teprotumumab over a glucocor ticoid regime for 
proptosis change and diplopia response [39]. A recent 
consensus paper from 15 TED experts based in the 
USA recommended that teprotumumab be considered 
as the first-line treatment in adults with significant 
TED (i.e. CAS ≥ 4, proptosis ≥ 3 mm above normal, 
intermittent or constant diplopia, moderate or severe 
soft tissue involvement, or orbital pain and/or pressure) 
[40]. Recommendations also included the consideration 
of teprotumumab in the treatment of patients with 
CAS  <  3, lid retraction ≥  2 and mild compressive 
optic neuropathy (CON) with close monitor ing. 
Teprotumumab was considered suitable for patients with 
TED for longer than 16 months and may be appropriate 
as a single therapy for the primary treatment of mild 
CON with timely initiation and close monitoring, but 
not for the primary treatment of severe CON [40]. As 
the cost of teprotumumab is manyfold greater than 
historical treatments for TED and may be a limiting 
factor in its use, cost analyses may be of benefit [41].

In conclusion, teprotumumab is the first approved 
therapy that targets the pathogenic mechanism underly-
ing TED. It is an effective and generally well-tolerated 
treatment that reduces symptoms of TED that are often 
unamenable to traditional pharmacological intervention. 
While further data on long-term durability of benefits, 
safety and use in disease subpopulations outside of 
those included so far in clinical trials are needed, cur-
rent evidence suggests that teprotumumab represents an 
important advance in the treatment of this debilitating, 
vision-threatening condition.

Data Selection Teprotumumab: 193 records 
identified 

Duplicates removed 8

Excluded during initial screening (e.g. press releases; 
news reports; not relevant drug/indication; preclinical 

study; reviews; case reports; not randomized trial)

101

Excluded during writing (e.g. reviews; duplicate data; 
small patient number; nonrandomized/phase I/II trials)

43

Cited efficacy/tolerability articles 24

Cited articles not efficacy/tolerability 17

Search Strategy: EMBASE, MEDLINE and PubMed from 1946 
to present. Clinical trial registries/databases and websites were 
also searched for relevant data. Key words were teprotumumab, 
Graves’ ophthalmopathy, thyroid eye disease. Records were 
limited to those in English language. Searches last updated 28 Oct 
2022
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