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ABSTRACT

BACKGROUND

Thyroid eye disease is a debilitating, disfiguring, and potentially blinding periocular
condition for which no Food and Drug Administration—approved medical therapy is avail-
able. Strong evidence has implicated the insulin-like growth factor I receptor (IGF-IR) in
the pathogenesis of this disease.

METHODS
In a randomized, double-masked, placebo-controlled, phase 3 multicenter trial, we as-
signed patients with active thyroid eye disease in a 1:1 ratio to receive intravenous infu-
sions of the IGF-IR inhibitor teprotumumab (10 mg per kilogram of body weight for the
first infusion and 20 mg per kilogram for subsequent infusions) or placebo once every
3 weeks for 21 weeks; the last trial visit for this analysis was at week 24. The primary
outcome was a proptosis response (a reduction in proptosis of >2 mm) at week 24. Pre-
specified secondary outcomes at week 24 were an overall response (a reduction of >2
points in the Clinical Activity Score plus a reduction in proptosis of >2 mm), a Clinical
Activity Score of 0 or 1 (indicating no or minimal inflammation), the mean change in
proptosis across trial visits (from baseline through week 24), a diplopia response (a reduction
in diplopia of >1 grade), and the mean change in overall score on the Graves’ ophthal-
mopathy-specific quality-of-life (GO-QOL) questionnaire across trial visits (from baseline
through week 24; a mean change of 6 points is considered clinically meaningful).

RESULTS
A total of 41 patients were assigned to the teprotumumab group and 42 to the placebo
group. At week 24, the percentage of patients with a proptosis response was higher with
teprotumumab than with placebo (83% [34 patients] vs. 10% [4 patients], P<0.001), with a
number needed to treat of 1.36. All secondary outcomes were significantly better
with teprotumumab than with placebo, including overall response (78% of patients [32]
vs. 7% [3]), Clinical Activity Score of 0 or 1 (59% [24] vs. 21% [9]), the mean change in
proptosis (—2.82 mm vs. —0.54 mm), diplopia response (68% [19 of 28] vs. 29% [8 of 28]),
and the mean change in GO-QOL overall score (13.79 points vs. 4.43 points) (P<0.001 for
all). Reductions in extraocular muscle, orbital fat volume, or both were observed in
6 patients in the teprotumumab group who underwent orbital imaging. Most adverse
events were mild or moderate in severity; two serious events occurred in the teprotumu-
mab group, of which one (an infusion reaction) led to treatment discontinuation.
CONCLUSIONS

Among patients with active thyroid eye disease, teprotumumab resulted in better out-
comes with respect to proptosis, Clinical Activity Score, diplopia, and quality of life than
placebo; serious adverse events were uncommon. (Funded by Horizon Therapeutics;
OPTIC ClinicalTrials.gov number, NCT03298867, and EudraCT number, 2017-002763-18.)
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HYROID EYE DISEASE, ALSO KNOWN AS

Graves’ orbitopathy or thyroid-associated

ophthalmopathy, is a rare, debilitating auto-
immune disease with an incidence of 1.9 cases
per 10,000 population per year.! The disease
course transitions from an active progressive
period characterized by inflammation to a stable
and fibrotic (inactive) period after 1 to 3 years.>
Remodeling of the orbit and upper face results
in diverse presentations, including dry eyes, in-
creased lacrimation, local irritation, and eyelid
retraction in mild cases, but it can also manifest
as pronounced proptosis, diplopia (due to uneven
motility restriction), and optic nerve compres-
sion, with potential vision loss in more severe
disease. Immunomodulatory agents may reduce
inflammation in active disease but have limited
effects on the long-term sequelae of thyroid eye
disease, such as disfigurement and disability
from proptosis and diplopia, which impair qual-
ity of life.*® Patients with severe disease often
require multiple remedial surgical procedures
(e.g., orbital decompression, strabismus correc-
tion, and eyelid repair) as well as cosmetic pro-
cedures.

The causes of thyroid eye disease, a condition
historically linked to Graves’ disease, are incom-
pletely understood.! Thyroid eye disease develops
in approximately 40% of patients with Graves’
disease."® Autoantibodies (thyroid-stimulating
immunoglobulins) targeting the thyrotropin re-
ceptor drive hyperthyroidism in Graves’ disease,
but data indicate that additional autoantigens
and antibodies are involved in the development
of thyroid eye disease.” The insulin-like growth
factor I receptor (IGF-IR), which is overexpressed
by orbital fibroblasts and B and T cells in
Graves’ disease and thyroid eye disease, plays a
central role.”® Thyrotropin receptors and IGF-IRs
form physical and functional complexes that
cause thyroid eye disease, including hyaluronan
accumulation and cytokine expression, resulting
in inflammation, edema, and expansion of extra-
ocular muscle and adipose tissue.'** Teprotumu-
mab, a fully human monoclonal antibody, attenu-
ates signaling initiated at either receptor, thereby
blocking pathologic immune responses in active
thyroid eye disease.’®!?

In the current trial (OPTIC), we investigated
the efficacy and safety of teprotumumab, an
IGF-IR inhibitor, as compared with placebo in
patients with clinically active thyroid eye disease.

Whereas the phase 2 trial evaluated proptosis
as a component of the primary outcome, the
OPTIC trial focused on clinically meaningful
reductions in proptosis as the primary outcome.

METHODS

TRIAL DESIGN AND OVERSIGHT

The OPTIC trial was conducted at 13 sites in the
United States and Europe (Table S1 in the Sup-
plementary Appendix, available with the full text
of this article at NEJM.org). The trial was ap-
proved by the Food and Drug Administration
(FDA) and by the institutional review board or
independent ethics committee at each trial site
and was conducted in accordance with the Inter-
national Conference on Harmonisation Good
Clinical Practice guidelines and the principles of
the Declaration of Helsinki. Horizon Therapeu-
tics sponsored the trial; designed the trial with
input from a steering committee of investiga-
tors; contributed to the collection, analysis, and
interpretation of the data; and contributed to the
writing and review of the manuscript and ap-
proval of the final version. All the authors made
the decision to submit the manuscript for publi-
cation. Data were collected by the authors who
were trial investigators. The conduct of the trial
was overseen by a contract research organization
(Syneos Health, formerly INC Research), and a
data and safety monitoring board performed
periodic assessments. Statistical analyses were
prespecified and were overseen and reviewed by
Horizon Therapeutics in agreement with the FDA.
The manuscript was written by a team of authors
under the leadership of the first two authors and
the last author, with input from all the authors
and editorial assistance from the employees of
Horizon Therapeutics. All the authors vouch for
the accuracy and completeness of the data and
for the fidelity of the trial to the protocol and
statistical analysis plan (available at NEJM.org).

PATIENTS

Patients were eligible for inclusion in the trial if
they were 18 to 80 years of age, had received a
diagnosis of Graves’ disease, had active, moderate-
to-severe thyroid eye disease (frequently associ-
ated with at least one of the following: lid retrac-
tion of >2 mm, moderate or severe soft-tissue
involvement, proptosis of >3 mm above the nor-
mal values for race and sex, and periodic or con-
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stant diplopia), had ocular symptoms that began
within 9 months before the baseline assessment,
and had a Clinical Activity Score of at least 4 (a
description of the Clinical Activity Score is pro-
vided below) in the more proptotic (study) eye.
Patients were required to be euthyroid, although
mild hypothyroidism or hyperthyroidism was
allowed at screening.

Key exclusion criteria were previous orbital
irradiation or surgery for thyroid eye disease,
decreasing visual acuity or a visual-field or color
vision defect from optic nerve involvement with-
in the previous 6 months, glucocorticoid use
(cumulative dose equivalent to >1 g of methyl-
prednisolone for the treatment of thyroid eye
disease), and any previous treatment with ritux-
imab or tocilizumab. The use of certain medica-
tions and therapies was restricted (Table S3), and
exclusion criteria included specific preexisting
medical conditions. A complete list of inclusion
and exclusion criteria is provided in Table S2.

RANDOMIZATION AND MASKING

After screening, the patients were randomly as-
signed in a 1:1 ratio to receive intravenous infu-
sions of either teprotumumab (10 mg per kilo-
gram of body weight for the first infusion and
20 mg per kilogram for subsequent infusions) or
placebo once every 3 weeks for 21 weeks for a
total of eight infusions; the last trial visit of the
treatment period was at 24 weeks (Fig. S1). Ran-
domization was performed with the use of an
interactive Web-response system (Bioclinica eClin-
ical Solutions, a contract research organization).
The patients, investigators, and trial-site person-
nel (excluding the formulating pharmacists) were
unaware of the trial-group assignments and re-
mained unaware through the follow-up data
analysis and completion of the trial-site close-
out visit.

OUTCOMES AND ASSESSMENTS

The primary outcome was a proptosis response
(defined as a reduction in proptosis of >2 mm
from baseline in the study eye without a corre-
sponding increase of >2 mm in the fellow eye)
at week 24. Key secondary outcomes were an
overall response (defined as a reduction of >2
points in the Clinical Activity Score plus a reduc-
tion in proptosis of >2 mm without a corre-
sponding increase [of >2 points or 22 mm] in
the fellow eye) at week 24, a Clinical Activity

Score of 0 or 1 (indicating no or minimal in-
flammation, respectively) at week 24, the mean
change in proptosis (measured in millimeters)
across trial visits (from baseline through week
24) and at each trial visit from baseline, a diplo-
pia response (defined as a reduction in diplopia
of >1 grade from baseline) at week 24, and the
mean change in overall score on the Graves’
ophthalmopathy-specific quality-of-life (GO-QOL)
questionnaire across trial visits (from baseline
through week 24) and at each trial visit from
baseline.”> Outcomes were also evaluated in the
contralateral eye.

At each trial site, proptosis was measured by
the same observer using the same Hertel instru-
ment. Inflammation was quantified according
to the Clinical Activity Score,'® which is based on
seven components: spontaneous retrobulbar pain,
pain on attempted eye movements (upward, side-
to-side, and downward gazes), conjunctival red-
ness, redness of the eyelids, chemosis, swelling
of the caruncle or plica, and swelling of the
eyelids. Each component is scored as present or
absent (score of 1 or 0, respectively), and the
Clinical Activity Score is given as the sum of the
scores (range, 0 to 7, with higher scores indicat-
ing greater level of inflammation). A change of
at least 2 points is considered clinically mean-
ingful.”

Changes in diplopia grade were assessed with
the use of the Gorman subjective diplopia score
(range, 0 to 3),"” which includes four categories:
no diplopia (absent, scored as 0), diplopia in the
primary position of gaze when the patient is
tired or awakening (intermittent, scored as 1),
diplopia at extremes of gaze (inconstant, scored
as 2), and continuous diplopia in the primary or
reading position (constant, scored as 3). A re-
duction of at least one grade is considered clini-
cally meaningful.”

Patients completed the GO-QOL question-
naire, a 16-item questionnaire that is adminis-
tered by the patients themselves. The question-
naire includes two subscales (8 questions each)
that assess the effects of thyroid eye disease, as
perceived by the patient, on visual functioning
and appearance (i.e., psychosocial functioning
related to changed physical appearance).’® The
sum of the scores on each subscale and an over-
all combined score were calculated, and each
was transformed to a scale from 0 to 100: trans-
formed score=[(sum of each score—number of
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completed items)/(2xnumber of completed
items)] x 100. A mean change of at least 6 points
on one or both subscales is considered clinically
meaningful. For invasive treatments, a change of
at least 10 points is considered clinically mean-
ingful.’®

We monitored safety, including adverse events
of special interest (i.e., anaphylaxis, infusion-
related reactions, hyperglycemia, muscle spasms,
diarrhea, and hearing impairment) (Table S4,
and see the protocol). Adverse events were
graded according to the National Cancer Insti-
tute Common Terminology Criteria for Adverse
Events, version 4.03.

After 24 weeks, the patients who did not have
a proptosis response could enter an open-label
extension study (OPTIC-X; ClinicalTrials.gov
number, NCT03461211) and receive eight addi-
tional infusions of teprotumumab. The patients
who were not included in the extension study
were followed for 48 weeks. A patient who had
a proptosis response but then had a relapse dur-
ing the follow-up period could enter the exten-
sion study (Table S5). The follow-up and extension
study are currently ongoing.

IMAGING

Orbital imaging (computed tomography or mag-
netic resonance imaging) was performed before
and after teprotumumab treatment in six pa-
tients at one trial site in the United States. Extra-
ocular muscle and orbital fat volumes were calcu-
lated by means of three-dimensional volumetric
quantification in combination with validated
Mimics software technology (Materialise). Two
observers who were unaware of the trial-group
assignments performed the manual tracings and
volumetric analysis, measuring from the orbital
apex to the globe insertion; each image was as-
sessed twice to minimize interobserver and intra-
observer variability.

STATISTICAL ANALYSIS

The sample size was calculated on the basis of a
phase 2 trial,” in which a 51 percentage-point
difference in the percentage of patients who had
a reduction in proptosis of at least 2 mm at week
24 was observed between those who received
teprotumumab and those who received placebo.
The sample size of 38 patients per trial group
was estimated to provide the trial with 90%
power to detect a 39 percentage-point difference
between the teprotumumab group and the pla-

cebo group with respect to the same outcome, at
a two-sided alpha level of 0.05; the sample size
was adjusted to allow for a rate of discontinua-
tion of 16%.

All efficacy analyses were performed in the
intention-to-treat population (all patients who
underwent randomization). Analyses to evaluate
the sensitivity of the intention-to-treat analyses
were performed in the per-protocol population
(all patients who underwent randomization, re-
ceived >1 infusion, had at least one postbaseline
value, and completed the treatment period).

Week 24 efficacy data were included in the
analyses, regardless of premature discontinua-
tion of the trial drug or placebo. The trial drug
or placebo was considered to have failed in pa-
tients who had missing week 24 data for binary
outcomes. In the primary outcome analysis, we
assessed the between-group difference, stratified
according to tobacco use, in the percentage of
patients who had a proptosis response. Cochran—
Mantel-Haenszel weighting was used to estimate
the percentage-point differences in risk and the
standard error of the risk difference within
strata of smoking status.

To reduce the type I error rate, all outcome
measures were tested in a hierarchical stepwise
fashion, as outlined in the statistical analysis
plan. A mixed-model repeated-measures analysis
of covariance was used to assess the secondary
outcomes of change from baseline in proptosis
and overall score on the GO-QOL questionnaire
(continuous variables). Model terms included
baseline assessment of proptosis and GO-QOL,
tobacco use status (nonuser or user), trial group,
visit, and visit-by-trial-group and visit-by-baseline-
score interactions.

RESULTS

PATIENTS

Between October 24, 2017, and August 31, 2018,
a total of 107 patients were screened and 83
underwent randomization (41 to the teprotumu-
mab group and 42 to the placebo group [inten-
tion-to-treat population]) (Fig. 1A). All patients
in the intention-to-treat population were includ-
ed in the efficacy analyses. In each trial group,
95% of the patients completed the treatment
period. Baseline characteristics were similar in
the two groups (Table 1), as were the use of
sulfur-containing imidazole derivatives for the
treatment of Graves’ disease and the use of
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A
107 Patients were assessed for eligibility
——————| 24 Were ineligible
83 Were enrolled
83 Underwent randomization
41 Were assigned to receive 42 Were assigned to receive
teprotumumab and were included placebo and were included
in the ITT analysis in the ITT analysis

2 Discontinued teprotumumab 2 Discontinued placebo

1 Had adverse event 1 Had adverse event

1 Withdrew consent 1 Withdrew consent

39 Completed the treatment period 40 Completed the treatment period
B

Efficacy Outcomes Teprotumumab  Placebo  Difference (95% CI) P Value
Primary outcome of proptosis response at wk 24

In the ITT population — % of patients (no./total no.) 83 (34/41) 10 (4/42) 73 (59 to 88) <0.001

In the per-protocol population — % of patients (no./total no.) 88 (29/33) 12 (4/34) 76 (61 to 92) <0.001
Secondary outcomes in the ITT population

Overall response at wk 24 — % of patients (no./total no.) 78 (32/41) 7 (3/42) 71 (56 to 86) <0.001

Clinical Activity Score of 0 or 1 at wk 24 — % of patients (no./total no.) 59 (24/41) 21 (9/42) 36 (17 to 55) <0.001

Mean change in proptosis from baseline through wk 24 — mm -2.82+0.19 -0.54+0.19 -2.28 (-2.77 to -1.80) <0.001

Diplopia response at wk 24 — % of patients (no./total no. with diplopia at baseline) 68 (19/28) 29 (8/28) 39 (16 to 63) 0.001

Mean change in GO-QOL score from baseline through wk 24 13.79+2.07 4.43+2.10  9.36 (4.08 to 14.64) <0.001

Figure 1. Enrollment, Randomization, and Follow-up and Efficacy Outcomes at Week 24.

Panel A shows the enrollment, randomization, and follow-up of the patients through the treatment period. The patients were randomly
assigned to received intravenous infusions of either teprotumumab (10 mg per kilogram of body weight for the first infusion and 20 mg
per kilogram for subsequent infusions) or placebo once every 3 weeks for 21 weeks for a total of eight infusions; the last trial visit was at
week 24. Panel B shows the efficacy outcome results. Cochran—Mantel-Haenszel weighting was used to estimate the percentage-point
differences in risk and corresponding 95% confidence intervals with respect to the primary outcome (i.e., the percentage of patients
with a proptosis response [defined as a reduction in proptosis of 22 mm]) and the secondary outcomes of the percentage of patients
with an overall response (defined as a reduction of =2 points in the Clinical Activity Score [scores range from 0 to 7, with higher scores
indicating greater level of inflammation] plus a reduction in proptosis of =2 mm), the percentage of patients with a Clinical Activity
Score of 0 or 1 (indicating no or minimal inflammation, respectively), and the percentage of patients with a diplopia response (defined
as a reduction in diplopia of =1 grade; 28 patients in each trial group had diplopia at baseline). The least-squares mean change (+SE)
was calculated for the secondary outcomes of change from baseline in proptosis and change from baseline in overall score on the Graves’
ophthalmopathy-specific quality-of-life (GO-QOL) questionnaire (continuous variables) with the use of a mixed-model repeated-measures
analysis of covariance model with an unstructured covariance matrix that included the following terms: baseline score, tobacco use status
(nonuser or user), trial group, visit, and visit-by-trial-group and visit-by-baseline-score interactions. The GO-QOL questionnaire includes
two subscales (8 questions each) that assess the effects of thyroid eye disease, as perceived by the patient, on visual functioning and
appearance. The sum of the scores on each subscale and an overall combined score were calculated, and each was transformed to a
scale from 0 to 100: transformed score=[(sum of each score—number of completed items) / (2x number of completed items)]x 100.

All efficacy analyses were controlled for multiplicity.
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Table 1. Characteristics of the Patients at Baseline.*
Teprotumumab Placebo
Characteristic (N=41) (N=42)
Sex —no. (%)
Male 12 (29) 11 (26)
Female 29 (71) 31 (74)
Age —yr 51.6+12.6 48.9+13.0
Race — no. (%) T
White 35 (85) 37 (88)
Black 4 (10) 2(5)
Asian 2(5) 1(2)
Other 0 2 (5)
Duration of thyroid eye disease — mo. 6.2+2.3 6.4+2.4
Duration of Graves’ disease — yr 3.5+6.1 2.2+3.2
Smoking status — no. (%)
Smoker 9 (22) 8 (19)
Nonsmoker 32 (78) 34 (81)
Proptosis measurement — mm 22.62+3.32 23.20+3.21
Clinical Activity Score: 5.1+0.9 5.3x1.0
Thyroid hormone level — pmol/liter
Free triiodothyronine 5.1£1.8 5.3z1.7
Minimum—maximum 3.3-13.0 3.3-11.1
Free thyroxine 16.5+5.3 16.2+4.8
Minimum-maximum 6.3-34.2 8.8-32.2
Thyrotropin level — mlU/liter 1.75+4.16 1.42+2.17
Minimum-maximum 0.01-25.77 0.01-7.99

* Plus—minus values are means +SD. To convert the values for free triiodothyro-

nine to nanograms per deciliter, divide by 15.4. To convert the values for free
thyroxine to nanograms per deciliter, divide by 12.87. The normal range for
free thyroxine is 11.5 to 22.7 pmol per liter; for free triiodothyronine, 3.5 to
6.5 pmol per liter; and for thyrotropin, 0.55 to 4.78 mlU per liter.

T Race was reported by the patient.

1 The Clinical Activity Score is based on seven components: spontaneous retro-

bulbar pain, pain on attempted eye movements (upward, side-to-side, and
downward gazes), conjunctival redness, redness of the eyelids, chemosis,
swelling of the caruncle or plica, and swelling of the eyelids. Each component
is scored as present or absent (score of 1 or 0, respectively), and the Clinical
Activity Score is given as the sum of the scores (range, 0 to 7, with higher
scores indicating greater level of inflammation).

thyroid hormones, both before and during the

trial.

OUTCOMES

346

The results of the efficacy outcomes in the inten-
tion-to-treat population are provided in Figure 1B.
With respect to the primary outcome, 83% of the
patients in the teprotumumab group had a pro-
ptosis response, as compared with 10% of the
patients in the placebo group (between-group

difference, 73 percentage points; 95% CI, 59 to
88; P<0.001). The results of the sensitivity analy-
sis in the per-protocol population were similar
to those of the primary outcome analysis. The
response was observed early and occurred in an
increasing percentage of patients throughout the
trial (Fig. 2A). The initial response occurred at
week 6 (+3 days) in the majority of patients in the
teprotumumab group; the median time to re-
sponse was 6.4 weeks. At week 24, the mean
change from baseline in proptosis among the pa-
tients in the teprotumumab group was —3.32 mm
(between-group difference, —2.79 mm; 95% CI,
—3.40 to —2.17) and was greater than that in the
placebo group at all time points (Fig. 2B). Between-
group differences and corresponding 95% confi-
dence intervals at intermediate time points, which
were not controlled for multiplicity, are provided
in Figure S2.

The key secondary outcomes were significantly
better among the patients in the teprotumumab
group than in the placebo group (Fig. 1B). The
percentage of patients with a Clinical Activity
Score of 0 or 1 and the percentage with an over-
all response increased in the teprotumumab
group throughout the treatment period and were
higher than those in the placebo group at all
trial visits (Fig. 2C and 2D). In each trial group,
28 patients had diplopia at baseline. A diplopia
response (i.e., a reduction in diplopia of >1 grade)
was observed in a higher percentage of patients
in the teprotumumab group than in the placebo
group at the first visit and each subsequent visit
(Fig. 2E). Further analysis indicated that the bet-
ter diplopia response in the teprotumumab group
occurred regardless of the severity of diplopia at
baseline.

The overall score on the GO-QOL question-
naire was better among the patients in the tepro-
tumumab group than among those in the pla-
cebo group over the course of the trial (Fig. 2F).
The 95% confidence intervals of the between-
group differences did not cross zero for any of
the outcome measures at any visit, with the ex-
ception of the GO-QOL score at week 6 (Fig. S2
in Supplementary Appendix).

The orbital imaging performed in the six
patients in the teprotumumab group (performed
at one trial site) showed that the reduction in
proptosis was associated with a reduction in
extraocular muscle volume, orbital fat volume,
or both. All six patients had significantly de-
creased extraocular muscle volume, with a mean
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Figure 2. Efficacy Outcomes over the Course of the Trial.

A total of 41 patients were randomly assigned to the teprotumumab group, and 42 to the placebo group. Panel A

shows the primary outcome of the percentage of patients with a proptosis response; Panel B, the change from base-

line in proptosis (I bars indicate the standard error); Panel C, the percentage of patients with a Clinical Activity Score
of 0 or 1; Panel D, the percentage of patients with an overall response; Panel E, the percentage of patients with a

diplopia response; and Panel F, the change from baseline in the overall score on the GO-QOL questionnaire (I bars
indicate the standard error). The P values for the between-group differences at week 24 (Panels A, C, D, and E) were
adjusted for multiplicity. The mean changes in proptosis measurement and GO-QOL overall score from baseline to

each visit were significantly better in the teprotumumab group, with the exception of the GO-QOL score at week 6

(Fig. 1B and Fig. S2). The between-group differences and 95% confidence intervals for each time point are provided

in Figure S2 in the Supplementary Appendix.
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A Clinical Photographs of a Patient in the Placebo Group
24 Wk after Initial Dose

Baseline

B Clinical Photographs of a Patient in the Teprotumumab Group
24 Wk after Initial Dose

Baseline

C MRIs from a Patient in the Teprotumumab Group
24 Wk after Initial Dose

Baseline

Figure 3. Clinical Photographs and MRIs at Baseline and 24 Weeks
after the Initial Dose of Placebo or Teprotumumab.

Panel A shows the clinical photographs of a patient in the placebo group.
At baseline, the patient had considerable proptosis (29 mm in the left

eye and 27 mm in the right eye), edema, and multiple inflammatory signs
(Clinical Activity Score of 7 in the left eye and 5 in the right eye). At week
24, the patient still had considerable proptosis (28 mm in the left eye and
26 mm in the right eye) and inflammatory signs (Clinical Activity Score of
5 in the left eye and 5 in the right eye). Panel B shows the clinical photo-
graphs of a patient in the teprotumumab group. At baseline, the patient
had considerable proptosis (24 mm in each eye), upper and lower eyelid
retraction, edema, and multiple inflammatory signs (Clinical Activity Score
of 5 in each eye). At week 24, the patient had considerable reductions in
both proptosis (-5 mm) and Clinical Activity Score (-4 points) in each eye.
Panel C shows coronal, contrast-enhanced, fat-saturated, T1-weighted
magnetic resonance images (MRIs) from a patient in the teprotumumab
group. At baseline, the MRI showed marked enhancement of the inferior
rectus muscle (white arrowhead) and orbital fat (white arrow), findings in-
dicative of inflammation and edema. In addition, the inferior rectus muscle
is shown to be enlarged (white arrowhead). The patient had a proptosis
measurement of 23 mm, a Clinical Activity Score of 5, and a Gorman sub-
jective diplopia score of 3 (range, 0 [no diplopia] to 3 [continuous diplopia
in the primary or reading position]). At week 24, the MRI showed resolu-
tion of the enhancement of the inferior rectus muscle (yellow arrowhead)
and orbital fat (yellow arrow). The size of the inferior rectus muscle was re-
duced by 49% according to volumetric analysis (yellow arrowhead), and
the volume of the medial rectus muscle was reduced by 41%. The patient
had a proptosis measurement of 18 mm, a Clinical Activity Score of 0, and
a Gorman subjective diplopia score of 0.

percentage decrease of 35% (Table S6). The infe-
rior rectus muscle volume exhibited the largest
reduction in four of the six patients. The mean
percentage decrease in volume of the most af-
fected muscle was 45% (range, 27 to 62), with a
48% decrease in the mean absolute volume (an
illustrative example is provided in Fig. 3). Or-
bital fat volume was reduced by 44% in one pa-
tient and by 40% in another.

SAFETY

Adverse events that occurred in at least 5% of
the patients in either trial group within 21 days
after the final dose are listed in Table 2. Most
of the adverse events that occurred during this
period were of grade 1 or 2. Potential infusion
reactions were noted in six patients in the tepro-
tumumab group and in four patients in the
placebo group. Two of these events were consid-
ered to be infusion reactions to teprotumumab;
one patient had a nonanaphylactic reaction dur-
ing the initial infusion and discontinued the
trial drug; the other patient was premedicated,
received subsequent infusions at a slower rate,
and completed the treatment period.

Adverse events of special interest that oc-
curred in less than 5% of the patients in either
trial group within 21 days after the last dose
included the development of hyperglycemia in
two patients (<5%) in the teprotumumab group
(both cases were mild). Hearing impairment was
reported in five patients in the teprotumumab
group: two had hypoacusis, which resolved; one
had deafness, which resolved; one had autopho-
ny (bilateral intermittent echoing of the patient’s
own voice that occurred in conjunction with sore
throat), which resolved; and one had mild patu-
lous eustachian tube, which resolved. No audi-
tory issues occurred in the placebo group. Five
patients (four women) in the teprotumumab
group had a body-weight loss of at least 5.0 kg
during the trial. At baseline, the body weights of
these patients ranged from 59.9 kg to 98.2 kg,
and overall weight loss ranged from -5.7 kg to
—19.0 kg. The 19-kg weight loss was intentional.
No adverse events associated with decreased body
weight were reported in these patients through
21 days after the final dose.

No deaths occurred. Two serious adverse events
occurred in the teprotumumab group: pneumo-
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Table 2. Safety.*

Teprotumumab Placebo
Adverse Event (N=41) (N=42)

no. of patients (%)

Muscle spasm 13 (32) 4 (10)
Alopecia 8 (20) 5(12)
Nausea 6 (15) 4 (10)
Fatigue 5(12) 1(2)
Diarrhea 4 (10) 5(12)
Headache 4 (10) 4 (10)
Dry skin 4 (10) 0
Dysgeusia 4 (10) 0
Stomatitis 3(7) 1(2)
Amenorrhea 3(7) 0
Dizziness 3(7) 0
Cough 2(5) 3(7)
Upper abdominal 2(5) 3(7)
pain
Influenza 1(2) 3(7)
Any adverse events 35 (85) 29 (69)
Infusion reaction 1(2) 0
Pneumothorax 1(2) 0
Visual-field defect 0 1(2)
Any serious adverse 2 (5) 1(2)
event

Summary of Adverse Events
in the Teprotumumab Group

All events were nonserious; most were mild in severity, and
3 were moderate.

All events were mild in severity, except for 1 event of mod-
erate severity.

All events were mild in severity.

Two patients had fatigue of moderate severity; other events
were mild.

No event was suggestive of inflammatory bowel disease.
All events were mild in severity and nonserious.

All events were mild in severity and nonserious.

All events were mild in severity.

All events were mild in severity and nonserious.

All events were nonserious; 2 were mild in severity and 1 was
moderate.

All events were nonserious; 2 were mild in severity and 1 was
moderate.

Both events were mild in severity and nonserious.

All events were mild in severity and nonserious.

The 1 event was moderate in severity.

A grade 2 event occurred on day 1 and was considered by
an investigator to be possibly related to the trial drug.
The event resolved with hydrocortisone treatment, and
the patient discontinued the trial.

A grade 4 event occurred on day 113 and was considered by
an investigator unrelated to the trial drug. The event re-
solved with treatment, and the patient completed the
treatment period.

Not applicable (occurred in a patient receiving placebo).

* Shown are the adverse events that occurred in 5% or more of patients in either study group within 21 days after the final

dose of the trial drug or placebo.

thorax (probably unrelated to the trial drug, as
determined by an investigator) and an infusion
reaction that led to withdrawal from the trial.
One patient in the placebo group reported a seri-
ous adverse event (a visual-field defect in need of
decompression surgery) and was withdrawn from
the trial. No antidrug antibodies were detected
in the patients who received teprotumumab.

At baseline, eight patients in the teprotumu-

mab group had abnormal findings on slitlamp
examinations, which included clinically signifi-
cant abnormalities consistent with thyroid eye
disease, primarily keratitis, punctate keratopa-
thy, and punctate epithelial erosions. At the last
assessment, three of these patients had normal
slitlamp examination findings, one had abnor-
mal, clinically nonsignificant findings, and four
had abnormal, clinically significant findings.
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Three patients in the placebo group had abnor-
mal findings on slit-lamp examination at base-
line. At the last evaluation, one of these patients
had abnormal, clinically nonsignificant find-
ings, and two had abnormal, clinically signifi-
cant findings. No worsening of the abnormali-
ties found on slit-lamp examinations at baseline
occurred in either group.

DISCUSSION

In this trial involving patients with active thyroid
eye disease, the primary and all secondary out-
comes were better among those who received
teprotumumab than among those who received
placebo, with meaningful between-group differ-
ences in proptosis response, Clinical Activity
Score, diplopia response, and overall response.
The effect of teprotumumab was rapid for each
outcome, which was evident at the first post-
baseline assessment at week 6, and the out-
comes continued to improve over the 24-week
treatment period.

With respect to the primary outcome, the per-
centage of patients who had a proptosis response
corresponded to a number needed to treat of
1.36, which shows that nearly all the patients
who received teprotumumab, as compared with
a few patients (4 of 42) who received placebo,
had a reduction in proptosis of at least 2 mm.
Indeed, all the patients who received teprotumu-
mab had some reduction in proptosis at week 24
(Fig. S3). The efficacy of teprotumumab was
shown, regardless of the initial severity of pro-
ptosis (Fig. S4). Among the patients in the tepro-
tumumab group, the least-squares mean change
in proptosis at week 24 (—3.32 mm) is similar to
the best results attained with single-wall orbital
decompression surgery."

Teprotumumab led to better patient-reported
outcomes, as evidenced by the overall scores and
scores on the visual and appearance subscales of
the GO-QOL questionnaire, all of which were
significantly better with teprotumumab than
with placebo at week 24. The least-squares mean
change at week 24 in the scores on the visual-
functioning and appearance subscales were 15
points and 19 points, respectively, in the teprotum-
umab group, and 3 points and less than 1 point,
respectively, in the placebo group. The threshold

for clinical importance with a noninvasive ther-
apy such as teprotumumab is a change of at least
6 points.1418

The percentage of patients with a Clinical
Activity Score of 0 or 1, which is widely accepted
as indicative of absence of disease activity, was
significantly higher in the teprotumumab group
than in the placebo group. The percentage of
patients with an overall response (a composite
outcome of a reduction in both proptosis and
Clinical Activity Score) and the percentage with
a diplopia response (a reduction in diplopia of >1
among those who had diplopia at baseline) were
significantly higher in the teprotumumab group
at all time points and mirrored the phase 2 trial
outcomes.” No clinically significant differences
in changes in thyroid function values from base-
line were observed between the placebo group
and the teprotumumab group, and no consistent
trends were noted throughout the trial (Table S7).

Active thyroid eye disease remains an inade-
quately treated, life-altering, and potentially sight-
threatening disease for which no FDA-approved
pharmacotherapy is available. Teprotumumab, as
compared with placebo, led to striking physical
changes in patients who had considerable pro-
ptosis (Fig. 3), and those with the highest levels
of proptosis had the largest reductions. Data
showing similar effects with glucocorticoids or
other immunomodulators are lacking.*

With the exception of sight-threatening dys-
thyroid optic neuropathy, surgical procedures
for proptosis and diplopia (i.e., orbital decom-
pression and extraocular muscle [strabismus] re-
pair, respectively) are not recommended during
active disease. Patients may be offered occlusion
or prisms for diplopia while waiting (sometimes
for years) for their thyroid eye disease to become
inactive before undergoing remedial surgery.

The use of teprotumumab in patients with
active thyroid eye disease was predicated on in
vitro studies that showed consequential interac-
tions between circulating autoantibodies against
thyrotropin receptor and IGF-IR displayed on
orbital fibroblasts’”* and provided evidence that
thyrotropin receptors and IGF-IRs form physical
and functional signaling complexes.'®** The cur-
rent clinical trial provides insights into the in
vivo mechanisms and tissue-targeting involved
in the action of teprotumumab. Teprotumumab
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mediates the reduction in extraocular muscle
volume (with associated reductions in proptosis
and diplopia) as well as the effects on orbital fat
(reduction in proptosis). These findings are con-
sistent with the critical roles played by the IGF-I
pathway in maintaining the integrity and func-
tion of both adipocytes* and muscle cells.”

Most adverse events were of grade 1 or 2 and
were similar to those reported previously.™* Ad-
verse events of special interest, including poten-
tial infusion-related reactions, hyperglycemia,
muscle spasms, diarrhea, and hearing impair-
ment, that occurred within 21 days after the final
dose were of grade 1 or 2, and with the exception
of a single teprotumumab infusion-related reac-
tion, none led to discontinuation of the trial drug.

Limitations of this trial include the lack of
long-term follow-up (i.e., the number of patients
in need of orbital decompression, surgical pro-
cedures for strabismus correction, or both). The
collection of data on the durability of efficacy is
ongoing. Additional data are being collected
from the patients in either trial group who did
not have a proptosis response and from those
who had a proptosis response but then had a
relapse during follow-up. In the phase 2 trial,
the efficacy of teprotumumab was maintained
for up to 48 weeks of follow-up in most of the
patients who had a proptosis response and a
diplopia response.’®*

The results of the current trial show that te-
protumumab, administered once every 3 weeks,
was significantly more effective than placebo
with respect to the primary outcome and all key
secondary outcomes that were evaluated in this
24-week assessment of moderate-to-severe, active
thyroid eye disease. Objective measures of thy-
roid eye disease and patient-reported quality of

life were significantly better with teprotumumab
in most patients, and the effects of the trial drug
occurred rapidly; serious adverse events were
uncommon with teprotumumab.
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