SCIENCE OF MEDICINE | FEATURE SERIES

Teprotumumab (Tepezza)
for Thyroid Eye Disease

by Steven M. Couch, MD

& Washington
University in St.Louis
SCHOOL OF MEDICINE

Significant improvement

in proptosis, disease
activity, diplopia, and QOL
suggests a major role for
the use of Teprotumumab
in the treatment of many
of our TED patients.

Steven M. Couch, MD, FACS, is in the
John F. Hardesty MD Department of

Ophthalmology and Visual Sciences,

Washington University School of
Medicine, St. Louis, Missouri.

Abstract

Thyroid eye disease (TED) is
an immune mediated infiltration
and inflammation of the orbital
and periorbital soft tissues leading
to facial disfigurement. Classically
broken into two “phases,” active
inflammatory and quiescent,
disease modifying therapy and
surgical intervention are used
to improve a number of clinical
aspects of TED. Many medical
modalities have been utilized to
halt the inflammatory phase of
the disease including steroids,
orbital radiation, and targeted
steroid-sparing chemotherapy.
Teprotumumab is currently the
only Federal Drug Administration
approved therapy for the
treatment of TED. Significant
improvements in proptosis,
diplopia and quality of life are
noted following its 24-week
course of therapy.

Introduction

Thyroid eye disease (TED)
is the most common orbital
disorder in adults, predominately
occurring during mid-adulthood.
This female-predominate disease
occurs in up to 50% of patients
with autoimmune thyroid disease,
especially Graves’ Disease, with a
prevalence of up to 1/10,000.%°
Known to be more common and
profoundly worse in smokers, this
autoimmune mediated disease
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is propagated by autoantibodies
targeting the thyrotropin receptor.®’
TED is characterized by an orbital
inflammatory cascade leading

to muscle and fat expansion,
ultimately ending, in some

cases, with progressive fibrosis.
Infiltration of inflammatory cells
and activated fibroblasts within the
bony orbit can lead to proptosis,
strabismus, eyelid swelling and
eyelid retraction. Clinical findings
include periorbital edema,
conjunctival redness and swelling,
eyelid retraction, strabismus,
exophthalmos, and in rare cases,
compressive optic neuropathy.
Debilitating diplopia and facial
disfigurement have profound
psychosocial and functional effects
on afflicted patients.®’

Classically, the disease course is
described by Rundle’s curve (Figure
1), which illustrates an active
inflammatory phase that reaches
a peak of disease severity and
plateaus into a static or quiescent
phase. This biphasic, self-limited
course is seen in most patients, with
active phases lasting 6-18 months
and with rare patients suffering
from chronic inflammation for
years.” !> Recurrences of disease
can be seen in 15% of patients.
Most research in medical therapy
for disease modification has been
focused in the active phase of the
disease with the goal of reducing
inflammation, fibrosis and overall
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Figure 1.

In early studies, long-
term oral steroids were
utilized to reduce active
inflammation; however

Rundle’s Curve illustrating a progressive active disease early in the course followed by
a peak in severity and plateau to stability. With intervention, such as Teprotumumalb,
during the active phase, overall disease burden may be reduced.

multiple studies have shown
a high rate of recurrence and significant adverse effects
from this approach to therapy.'*"> Orbital radiation is
thought to induce terminal differentiation in inflamed
orbital fibroblasts and is still commonly utilized by
some TED specialists. Studies on radiotherapies role
in the treatment of TED is conflicting.'*'® Intravenous
(IV) pulse dose steroids are another commonly utilized
therapy, especially utilized in by European TED
specialists.’* In fact, in 2016 a consensus statement
from the European Group on Graves’ Orbitopathy
suggests high dose IV pulse dose steroids as the first-line
treatment for active TED.* Studies comparing pulse
dose IV and chronic oral steroid favored IV steroids
with lower adverse effects and improved efficacy.” Other
off-label immunomodulatory medications including
methotrexate, rituximab and infliximab have been
utilized for active TED with variable success.?*!
Research involving the molecular process of
inflammation in the orbit with TED has highlighted
an interaction between the insulin-like growth factor
receptor (IGF-R) and the thyroid stimulating hormone
receptor (TSH-R).*** The IGF-R is a toll-like receptor
that is intimately associated with the TSH-R and acts as
a “gate keeper” in activating orbital fibroblasts. During
the disease, an upregulation of IGF-R and TSH-R is
noted, and initial in vitro studies showed an inhibition
of TSH-R stimulation with blockade of IGF-R.** In
vitro studies also showed blockade of the IGF-R led
to decreased production of extracellular matrix and
cytokines in activated fibroblasts.”>?” Progressive research
in the understanding of the synergistic roles that TSH-R
and IGF-R play in the development of TED***? led to

the development of Teprotumumab, a fully humanized
monoclonal antibody targeted against IGF-R1.
Originally, studied and found to be unsuccessful in

the treatment of patients with metastatic solid organ
tumors,>* Teprotumumab was shown to decrease
inflammatory factors in TSH-dependent fibrocytes.
Following randomized, placebo-controlled clinical trials,
Teprotumumab (Tepezza™) became the first Food and
Drug Administration (FDA)-approved therapy for TED.

45,46

Studies on Efficacy

In 2017, results of the Phase 2, multicentered,
double-masked, randomized, placebo-controlled clinical
trial were published in the New England Journal of
Medicine.** Washington University was one of the study
sites and the author was one of the investigators. Eighty-
seven patients (42 Teprotumumab and 45 placebo)
were randomly assigned to Teprotumumab infusion
once every three weeks for eight doses or placebo.
Teprotumumab infusions are weight-based dosing with
first dose being 10mg/kg and all other infusions being
20mg/kg. Inclusion criteria included patients with
active, moderate TED, clinical activity score (CAS) of
four or more, diagnosed within nine months of the
trial’s initiation.” The primary outcome measurement
was a decrease in clinical activity score (CAS) of two or
more points and proptosis reduction of 2mm or more.
At 24 weeks, 29 patients (69%) in the treatment arm of
the study and nine patients (20%) in the placebo arm
achieved the primary outcome response. Furthermore,
onset of improvement in the primary outcome was
achieved much earlier in the treatment group. In the
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Figure 2a. Patient with active moderate thyroid eye disease causing
orbital inflammation with proptosis and eyelid refraction. 2b. Same patient
following 8 treatments using Teprotumumalb.

evaluated at 24 weeks. Some patients
underwent follow-up at 48 weeks. At 24
weeks, the reduction of proptosis was
statistically significant with 34 patients
(83%) in the treatment group and four
patients (10%) in the placebo group
achieving a reduction in proptosis of 2
mm or more. The average reduction in
proptosis was 3.32mm, and all patients
treated with Teprotumumab exhibited
improvement regardless of baseline
severity. Again, early response was noted
in the treatment group with all secondary
end points statistically significantly
favoring the Teprotumumab group over
placebo. Six patients in this study had
pre- and post-treatment imaging which
demonstrated reduction in proptosis with
radiographically confirmed reduction in
extraocular muscle volume, orbital fat
volume or both. The average reduction in
extraocular muscle volume was 35%.%
Combined data from Phase 2 and
Phase 3 trials was evaluated by Kahaly
et al.*’ to analyze treatment efficacy,
subgroup analysis, adverse effects and

treatment group, an average reduction in CAS by nearly
3.5 points was achieved as well as an average reduction
in proptosis by nearly 2.5mm, with 17 patients (40%)
achieving greater than a 4mm reduction in proptosis.
Additionally, secondary outcomes of validated subjective
diplopia scores and validated Graves™ quality of life
(QOL) analysis improved significantly more in the
treatment group.“

A Phase 3 multicenter clinical trial for Treatment
of Graves' Orbitopathy to Reduce Proptosis with
Teprotumumab Infusions (OPTIC) was conducted
with an emphasis on the treatment of proptosis.®®
Washington University was one of the study sites and the
author was one of the investigators. Identical inclusion
criteria and treatment protocol to the Phase 2 clinical
trial were utilized and patients were randomized to
treatment with teprotumumab or placebo. A total of
83 patients (41 Teprotumumab and 42 placebo) were
enrolled. The primary outcome of proptosis reduction
(2mm of reduction or more) and secondary outcomes,
including “overall response” (reduction of CAS by two
or more plus reduction in proptosis of 2mm or more),
subjective diplopia scores, and Graves' QOL scores were
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long-term off-treatment durability.
This pooled dataset included 171 patients, 84 received
teprotumumab and 87 received placebo. In this study
65 (77%) patients in the Teprotumumab group as
compared to 13 (15%) in the placebo group achieved
a reduction in proptosis of 2mm or more. The mean
reduction in proptosis was 3.14mm in the treatment
group as compared to 0.37mm in the placebo group.
Reduction of both proptosis and diplopia was further
evaluated in a sub-group analysis that took into account
gender, age, tobacco use, time of diagnosis of TED,
time of diagnosis of Graves’ disease, baseline CAS and
baseline levels of anti-thyrotropin antibodies. In the
analysis, patients exhibiting a reduction in proptosis had
statistically significant similar effects amongst all sub-
groups. Similarly, for those patients with a reduction in
diplopia, all sub-groups achieved statistically significant
improvement except active tobacco users.*’

An open label extension study (OPTIC-X,
NCT03298867) was created following the Phase 3
trial. Patients from the trial were offered entrance into
the study if they did not have a therapeutic response
in proptosis or had recurrence of proptosis during the
follow-up period. The purpose of this extension trial was



to examine the efficacy and safety of a second course
(24 week, eight infusions) of Teprotumumab (Figure
2). Results of this study were intended to indicate the
efficacy of treatment regardless of disease duration,
along with the effect of additional treatment in “non-
responders” and patients with a relapse. These results
have not been published in peer-reviewed literature

to date, but Horizon Pharmaceuticals released data

on July 31, 2020, and in a press release on November
13, 2020.°°! Fifty-one of 83 original OPTIC trial
participants were included, 37 from the placebo group
and 14 from the treatment group. Of the 14 from

the treatment group in the original OPTIC trial,

five had no initial response Teprotumumab and nine
experienced a relapse of proptosis. At 24 weeks, 33 of
37 patients (89%) who had previously received placebo
experienced improvement in proptosis of 2mm or
more. Fourteen of 23 (61%) patients who started with
diplopia experienced improvement at 24 weeks. Two of
five patients who did not have a clinical response during
OPTIC, experienced a significant response following

a second course of therapy with Teprotumumab. Sixty
percent of patients who experienced relapse after
OPTIC achieved a response at 24 weeks after a second
round of Teprotumumab.

Durability of Treatment

While the Phase 2 trial described above had some
patients followed out to 48 weeks, this information
was not presented in the representative manuscript.
Full follow-up data was presented to the FDA in a
briefing document used to encourage approval of the
drug.’* When followed out to 72 weeks, 18 of 29 (62%)
patients treated with Teprotumumab had a long lasting
therapeutic effect with 11 of 29 (38%) having relapse
of TED defined by an increase in proptosis (2mm or
more) or increase in CAS. Phase 3 trial durability data
was released at a presentation at the American Academy
of Ophthalmology and with public release of the 48
week off-treatment follow-up in the OPTIC-X data.’*">
At 72 weeks following start of treatment, 19/34 (56%)
of the proptosis responding group maintained a
reduction in proptosis, and of the 15 that qualified as
non-maintained response, 8/15 (53%) still had 2mm or
more reduction in proptosis as compared to the amount
of proptosis prior to treatment. Eleven of 19 patients
(58%) who demonstrated a reduction in diplopia at
24 weeks continued to have reduction at 72 weeks.
Composite data from patients treated in Phase 2 and
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Phase 3 data showed durability of proptosis treatment
in 67% of patients and diplopia in 69% of patients.”’

Safety

Teprotumumab therapy is generally well tolerated
with most adverse effects resolving after completion
or cessation of infusions. Rates for completion
of infusion were similar for Teprotumumab and
placebo in both Phase 2 and Phase 3 trials and
similar adverse event profiles were seen.***** Muscle
spasms, typically of the lower extremities, occurred
in 25% of patients treated with Teprotumumab.
Hyperglycemia occurred in 10% of patients, of which
nearly two-thirds had previous impaired glucose
tolerance or diabetes mellitus. Hearing impairment
is of concern because of IGF receptors located in the
inner ear.”*® Hearing issues, including tinnitus and
or hypoacusis, were noted in up to 10% of patients.
Diarrhea occurred in 12% (8% in the placebo group)
but generally was mild and reversible. Inflammatory
bowel disease (IBD) is a relative contraindication to
treatment with Teprotumumab after one patient in
the Phase 2 trial experienced exacerbation of IBD and
another patient developed new-onset colitis requiring
surgical intervention.*”? Additional notable adverse
effects of Teprotumumab treatment included nausea
(14%), alopecia (11%), dysgeusia (8%), headache
(8%), and dry skin (8%).

Future Studies

While Teprotumumab has been evaluated for the
treatment of moderate to severe active TED, we do
not know is efficacy in the treatment of patients with
longer active phase disease courses, chronic TED,
patients in the quiescent phase of TED, or those with
dysthyroid optic neuropathy (DON).

Chronic TED

While the data that was released from the
OPTIC-X trial is suggestive of efficacy in patients
with TED disease with a duration of over one year,
data on the effectiveness in patients with chronic
TED is lacking. Case reports have suggested a role for
Teprotumumab in the treatment of chronic TED,%¢!
however, the results of randomized controlled trials
for this patient group are not yet available. A clinical
trial of Teprotumumab for chronic TED in patients
with stable measurements for three or more years is

planned.
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Optic Neuropathy

It is known that DON primarily occurs because
of compression of the optic nerve in the orbital apex
from enlarged muscles and less commonly from stretch
of the optic nerve secondary to proptosis.®'*> Because
some studies have shown a reduction in the volume
of EOMs,* it is conceivable that patients with mild
compressive optic neuropathy will experience a benefit
of treatment with Teprotumumab. Several case reports
have suggested improvement in patients with DON with
rapid resolution of compression following initiation of
treatment.> Due to the limited data, this may be an
option for poor surgical candidates experiencing DON,
but trials are needed to compare Teprotumumab efficacy
with the current gold standard of treatment, orbital
decompression surgery.

Conclusion

Never before has a targeted treatment been available
in our armamentarium for the management of TED.
The use of Teprotumumab for the effective and safe
management of TED through inhibition of the IGF-R
is now supported by both laboratory and clinical studies.
Significant improvement in proptosis, disease activity,
diplopia, and QOL suggests a major role for the use of
Teprotumumab in the treatment of many of our TED
patients. Adverse effects of the drug including muscle
cramping, hyperglycemia and hypoacusis need to be
monitored and managed, and in some cases, therapy
may need to be halted. However, this cost-prohibitive
drug must be evaluated in the entire spectrum of TED
including chronic disease, recurrent disease, and DON.
Furthermore, its use should be directly compared
with other available treatments including medical
and surgical therapy. Teprotumumab is currently the
only FDA-approved medical therapy for TED and
is an effective and relatively safe treatment for active
moderate-severe TED.
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