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Improvement of asymmetric thyroid eye disease
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ABSTRACT

Purpose Teprotumumab, a specific blocking antibody
to the insulin like growth factor 1 receptor, significantly
reduced proptosis in patients with thyroid eye disease
(TED) in recent clinical trials. Given its specificity, we
expect it to demonstrate greater efficacy on the worse
affected orbit, in patients with asymmetric TED. Herein,
we investigate the differential impact of teprotumumab
on the orbits of such patients.

Methods In this pooled analysis of patients who were
enrolled in the recent phase 2 (NCT01868997) and phase
3 (NCT03298867) trials, all patients with asymmetric TED
(difference in exophthalmometry of =3 mm) were screened
for eligibility. The primary outcomes of the trials, proptosis,
diplopia and Clinical Activity Score (CAS) response, were
evaluated in both orbits of patients who had received
treatment or placebo, to examine the differential response
from baseline to week 24.

Results From a pooled group of 84 patients randomised
to receive teprotumumab and 87 randomised to
placebo, 10 (12%) and 12 (14%), respectively, met the
inclusion criteria. The teprotumumab-treated patients
demonstrated significant reductions in proptosis, CAS
and diplopia in both orbits of each patient and this was
not seen with placebo. The reduction in proptosis and
CAS was significantly greater in the worse affected orbit,
improving symmetry. In the placebo arm, while the mean
CAS in the study eye reduced over time, proptosis and
diplopia did not change in either orbit.

Conclusion The findings in this study suggest the
differential impact of teprotumumab on orbits that

are clinically more affected by TED, suggesting that
teprotumumab reduces asymmetry.

INTRODUCTION
Thyroid eye disease (TED) is a rare and complex auto-
immune condition with an incidence of 16 per 100
000" in females and 3 per 100000 in males.” Patients
develop permanent disfiguring facial changes, and may
experience proptosis, diplopia and vision changes or
loss.> The burden of morbidity is considerable, with a
marked impact on quality of life* and mental health,’
which may lead to increased rates of suicide.®

Over 90% of patients with TED also have hyper-
thyroidism,® however, patients may be hypothyroid
or euthyroid.” The manifestations of TED typically
involve expansion of soft tissues within the bony
orbital cavity, with associated ocular inflammation.® '

Most patients present with varying degrees of bilat-
eral disease; however, some patients present asym-
metrically. In a 2020 report on 269 TED patients, 83
(30.9%) were considered to have asymmetric disease,
with a mean difference of 2.5mm exophthalmos
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between the eyes. Higher disease burden among
patients with asymmetric vs symmetric disease was also
observed.” Asymmetry has been identified as a signifi-
cant contributor to psychosocial distress and impaired
quality of life in patients with TED.'® "' Asymmetry
also appears to be a marker for more acute, severe and
possibly recalcitrant disease.’

Orbital changes in TED occur due to orbital fibro-
blast (OF) deposition of glycosaminoglycans such as
hyaluronan in the muscle, and expansion of fat within
the orbit.'* Recent research has led to a growing body
of evidence highlighting the central role of the insulin-
like growth factor 1 receptor (IGF-1R) pathway in
the pathogenesis of the disease. Over activation of
the IGF-1R increases the production of interleukin 2
(IL-2),"” transforming growth factor-o,"* and IL-8,"
by T cells and monocytes, in vitro. It also enhances
T cell-independent humoral immune responses in
B cells.'® The IGF-1R pathway also likely plays a
significant role in modifying the extracellular matrix
(ECM), suggesting a regulatory role in the expression
of collagen,"” fibronectin, vitronectin, laminins and
integrins.'®

Further, OFs from patients with TED demonstrate
a threefold increase in surface expression of the IGF-
1R." When OFs from patients with TED were treated
with IGF-1 or IgG derived from patients with Graves’
disease, they were found to produce increased levels
of hyaluronan.”” These OFs also produced increased
amounts of the powerful T cell chemoattractants; IL-16
and chemokine (C-C motif) ligand 5.*' Autoantibodies
directed against the IGF-1R can be detected more
frequently in patients with GD, when compared with
controls. The role of these antibodies remains unclear,
but the IGF-1R pathway appears clearly central to the
development of TED and its sequelae.”

A novel human monoclonal IGF-1R inhibitor,
teprotumumab, binds to the IGF-1R abrogating
signalling and inducing internalisation and degrada-
tion of the antibody-receptor complex.”’ Phases 2
and 3 randomised placebo-controlled trials (RCTs) of
teprotumumab (NCT01868997,2 NCT03298867,%*
respectively) revealed marked improvement in the
Clinical Activity Score (CAS), diplopia and proptosis of
patients with moderate to severe TED following 8 infu-
sions of teprotumumab over a 24-week period.” ** In
addition, patients treated with teprotumumab demon-
strated reduction of extraocular muscle and orbital fat
volume.*

Given the overexpression of IGF-1Rs on OFs in
TED,” we hypothesise that the effect of teprotu-
mumab is specific to orbital tissue which has undergone
expansion during TED pathogenesis. Therefore, we
expect that patients with asymmetric TED would have
a differential reduction in proptosis and CAS, thereby
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achieving improved symmetry. There is a paucity of data in the
published literature on pharmacological treatment of asymmetrical
TED. To examine this, we conducted a post hoc subgroup analysis
of patients who had asymmetric TED at baseline in the pooled data
of the phase 2 (NCT01868997)* and phase 3 (NCT03298867)*
trials. Examining these two placebo-controlled trials allows us a
unique opportunity to examine whether patients with asymmetry
become more symmetrical because of treatment with teprotumumab
as opposed to improvement associated with the natural history of
the disease. Further, it also provides unique insight into the effects of
teprotumumab on the non-study eye, which have not been reported
previously.

METHODS

All patients provided informed consent.

PATIENTS

Patients with moderate to severe, active TED who were
randomised to receive teprotumumab or placebo treat-
ment during the phase 2 (NCT01868997)* and phase 3
(NCT03298867)** trials were screened for study eligibility in
this subanalysis. In the clinical trials, patients received 8 infusions
of teprotumumab (10 mg/kg for the first infusion and 20 mg/kg
for subsequent infusions) every 3 weeks over 24 weeks. For each
patient, the clinically more severely proptotic eye was designated
the study eye and the contralateral fellow eye was designated
the non-study eye in accordance with the original clinical trial
protocols. As there is no currently agreed to formal definition
of asymmetry, patients were defined by asymmetry in anterior
globe position of 3 mm or greater at baseline.

Measurement of clinical outcomes

The primary key outcomes of the trials, proptosis, diplopia and
CAS response, were evaluated in both eyes to examine differen-
tial response from baseline to week 24. Observed data on both
placebo and teprotumumab treated patients who met the criteria
for asymmetry are reported and compared here for patients with
data at both time points.

Proptosis measurements were made using a Hertel exoph-
thalmometer. Changes in diplopia grade were assessed using the
Gorman subjective diplopia score*® (range 0-3). A score of 0
indicates no diplopia; (1) intermittent diplopia; (2) inconstant
diplopia and 3, constant diplopia. An improvement =1 grade
is considered as clinically significant. The 7-point CAS*’ was
used to measure inflammation.” The presence of each of the
following symptoms/signs is scored: retrobulbar eye pain, pain
on eye movement, eyelid erythema, eyelid swelling, conjunctival
redness, chemosis, inflammation of the caruncle or plica. Higher
scores indicate more inflammation.®

Statistical analysis

Statistical analysis was performed using SPSS V.22.0 (SPSS). The
difference between pre and post treatment exophthalmometry
measurements was calculated using a dependent t-test, while the
difference between the proptosis in the placebo and treatment
group was calculated using an independent t-test. The pre-CAS
and post-CAS and diplopia scores were analysed using the Mann-
Whitney U test. Statistical significance was defined as p<0.05.

RESULTS
Patients
From a pooled group of 84 patients randomised to receive tepro-
tumumab and 87 randomised to placebo, 11 (13%) and 12 (14%),

Table 1 Patient demographics
Patient demographics at baseline
Teprotumumab group,
N=10 Placebo, N = 12
Age (years), mean (SD) 50 (13) 59 (7)
Gender, (N)
Male 4 2
Female 6 10
Race, (N)
Caucasian 10 10
Black 0 0
Asian 0 2
Smokers, (N) 2 4
Months since diagnosis of Graves’ disease, mean (SD) 16.4 (20) 24.8 (41.3)
Months since diagnosis of TED, mean (SD) 5.8(2.2) 6.0 (2.3)

TED, thyroid eye disease.

respectively, met the inclusion criteria for asymmetry at baseline and
were included in this analysis. Only patients who had assessments at
baseline and week 24 were included. One of the 11 teprotumumab
patients did not have a week 24 visit assessment and therefore
excluded, leaving 10 patients (12%) for this analysis. Demographic
details are provided in table 1, while clinical details are provided
in table 2. An MRI scan of a patient treated with teprotumumab is
provided in figure 1.

Proptosis

In the group treated with teprotumumab, the baseline exophthal-
mometry measurement (mean (SD)) was 24.3mm (2.0) for the
study eye and 19.7mm (2.8) for the fellow eye. The mean differ-
ence or asymmetry between the study eye and fellow eye at base-
line was 4.6mm (2.2). In the placebo group, the mean (SD) baseline

Table 2  Proptosis measurements for patients

Study Baseline  Week 24  Baseline Week 24 Baseline Week 24
phase Case studyeye studyeye felloweye felloweye asymmetry asymmetry

A: Teprotumumab group

3 1 27 20 17 17 10 3

3 2 23 18 18 17 5 1

3 3 26 20 23 185 3 1.5
2 4 26 21 22 21 4 0
2 5 24 20 20 19 4 1

2 6 26 20 23 21 3 1

2 7 25 21 22 19 3 2
2 8 21 16 15 12 6 4
2 9 23 19 18 18 5 1

2 10 22 21 19 16 3 5
Mean 242 19.6 19.55 17.85 4.64 1.75
SD 1.9 21.58 2.66 2.63 2.06 1.81

B: Placebo group

3 1 28 28 24 24 4 4
3 2 21 19 18 18 3 1

3 3 20 20 17 18 3 2
3 4 25 26 22 23 3 3
3 5 21 21 17 18 4 3
3 6 24 24 19 20 5 4
2 7 24 21 21 19 3 2

2 8 16 17 12 16 4 1

2 9 19 21 16 17 3 4
2 10 28 30 25 25 3 5
2 1" 25 25 22 23 3 2
2 12 22 23 18 17 4 6
Mean 228 23 19.3 19.8 35 3.1
SD 36 39 37 3.1 0.7 1.6
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Exophthalmometry (mm) at Baseline for the Teprotumumab Group
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Figure 1

exophthalmometry for the study eye was 22.8 mm (3.6) and 19.3 mm
(3.7) for the fellow eye. The mean asymmetry in the placebo group
was 3.5mm (0.7) at baseline. There were no significant baseline
differences in exophthalmometry between the teprotumumab group
and placebo group (p=0.18 for study eye and p=0.6 for fellow eye).

Following treatment with teprotumumab, there was a larger
mean (SD) reduction from baseline in proptosis in the study
eye (4.7mm (1.6)) than the fellow eye (1.9 mm (1.5)) (figure 2,
p<0.01 for both). The mean (SD) asymmetry between the study
eye and fellow eye at week 24 was 1.8 mm (1.8). Seven of the 10
patients (70%) no longer demonstrated asymmetry (as defined
by a difference of <3 mm) at week 24. In contrast, 5 of the 12
patients (42%) in the placebo group did not have asymmetry at
24 weeks. The mean (SD) change from baseline in this group
was 0.1mm (1.5) for the study eye and 0.6mm (1.4) for the
fellow eye. After 24 weeks, there was a significant reduction in
asymmetry in the teprotumumab group (p<0.01), while there
was no significant reduction in asymmetry in the placebo group

Change in Clinical Activity Score From Baseline in the Placebo Group

CAS
o

Study eye Fellow eye
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Change in proptosis from baseline to 24 weeks, in the treatment group and placebo group.

(p=0.3). Further, there was a significant difference in asymmetry
after 24 weeks between the placebo and treated group (p<0.05).

Clinical Activity Score

At baseline, in the teprotumumab group, all study eyes and 5 (50%)
fellow eyes had a CAS greater than 3. Following treatment, one
patient had a CAS greater than three in both eyes and the remaining
nine patients all had a CAS of 0 or 1 in both eyes. The change in
CAS from baseline to 24 weeks in each eye, following completion
of a course of teprotumumab therapy, is shown in figure 3. In the
placebo group, all study eyes and 10 fellow eyes had a CAS greater
than 3 at baseline. After 24 weeks, five study eyes and four fellow
eyes continued to have a CAS greater than 3 (table 3).

Diplopia
In the teprotumumab group, at baseline, all patients had diplopia.
Following treatment, eight (80%) had an improvement in one or

Change in Clinical Activity Score From Baseline in the Teprotumumab Group
2

CAS
N

Study eye

Fellow eye

-6

Figure 2 Change in clinical activity score from baseline to 24 weeks, in the treatment and placebo groups.
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Baseline

At 24 weeks, following treatment

Figure 3 (A) MRI scan of the same patient at baseline and (B) at
24 weeks, following therapy with teprotumumab (red arrows indicate
extraocular muscles)

more grades, with a mean (SD) reduction of 1.8 (1.4) on the diplopia
score. Five patients had complete resolution of diplopia at week 24
(grade 0). The difference between pretherapy and post-therapy
diplopia scores was significant (p<0.05). In the placebo group,
eight patients had diplopia at baseline and nine patients had diplopia
at week 24 (one more patient who did not have diplopia at base-
line, developed diplopia during the 24 weeks), with the mean (SD)
diplopia score increasing from 1.4 (1.3) to 2.0 (1.1) after 24 weeks
(table 4).

DISCUSSION

The prevalence of asymmetric TED has been found to be as high
as 30%-40% in some studies’ >’ and is associated with a significant
detrimental impact on patient quality of life,"" ** often requiring
surgical correction. This study examined the differential impact of
teprotumumab on asymmetric TED and to our knowledge, is the
first report of placebo-controlled data to provide an analysis of the
impact of a therapy for TED, on the fellow eye. The results of this

Table 3  Clinical activity score for the teprotumumab and placebo
groups

Baseline Week 24 Baseline Week 24
Study Case study eye study eye fellow eye fellow eye
A: Clinical activity score in patients who received teprotumumab
3 1 5 1 0 0
3 2 5 0 1 0
3 3 4 0 4 0
2 4 5 1 4 1
2 5 4 0 4 0
2 6 7 4 7 4
2 7 5 0 4 0
2 8 4 1 1 0
2 9 4 0 0 0
2 10 5 1 2 0
Mean 5 0.8 2.7 0.5
SD 0.9 1.2 23 13
B: Clinical Activity Score in patients who received placebo
Phase 3 1 7 3 7 3
Phase 3 2 5 0 4 0
Phase 3 3 5 2 5 2
Phase 3 4 7 2 5 2
Phase 3 5 5 5 4 4
Phase 3 6 6 5 4 4
Phase 2 7 5 1 5 1
Phase 2 8 4 4 4 4
Phase 2 9 4 5 3 0
Phase2 10 6 3 4 1
Phase2 11 6 5 6 5
Phase 2 12 5 3 2 2
Mean 5.4 32 4.4 23
SD 1 1.7 13 1.7

Clinical science

Table 4 Gorman Diplopia Score for the teprotumumab and placebo
groups

Study Case Baseline Week 24

A: Gorman Diplopia Score in patients who received teprotumumab
3 1 3
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study indicate that teprotumumab may have greater efficacy on the
orbit that is more affected by TED, thereby potentially improving
symmetry by reducing proptosis where it is needed most. In the
present study, in the treated group, baseline asymmetry was 4.6 mm
(2.2), reducing to 1.8mm (1.8) after 24 weeks. The reduction of
asymmetry to below 2mm may be significant, since in a previous
study it was found that only asymmetry (due to proptosis) greater
than 2mm, was noticeable by observers.*! Further, this study indi-
cates that this balancing of symmetry does not occur during the
natural short-term course of the disease.

The teprotumumab-treated asymmetric patients demonstrated
significant reductions in proptosis, CAS and diplopia in both orbits
of each patient and this was not seen with placebo. Furthermore,
the magnitude of the reduction in proptosis and CAS was signifi-
cantly greater in the orbit that was most affected by TED, achieving
improved symmetry. In the placebo arm, while the mean CAS in the
study eye reduced over time, proptosis and diplopia did not change
in either the study or fellow eye.

Asymmetric TED remains an enigma. It is uncommon for an auto-
immune condition to present disproportionately on one side of the
body. This study provides a rare insight into the characteristics and
treatment of this phenomenon. In the placebo arm, approximately
40% of the patients had worsening proptosis in the fellow eye over
the course of the 6-month period, suggesting that the disease may
eventually affect this eye as well. Although at this stage it is unclear
why teprotumumab has a greater effect on tissue more affected by
TED, a brief insight into the pathogenesis of TED may provide some
clues. Over the past decade, there has been a growing interest in
the role of CD34™ fibrocytes. These bone marrow derived cells are
frequently found at sites of fibrosis.”* They have more recently been
found to enter the orbit in TED, in some cases virtually replacing
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the native population of OFs,*® and their migration appears to be
biased toward the more affected orbit.*® They have the propensity
toward adipogenesis’® or a myofibroblast phenotype™ based on
the local inflammatory milieu and have a significant impact on the
constituents of the ECM by increasing the expression of collagen
and fibronectin.’? Given the central role played by fibrocytes and the
IGF-1R pathway in the modification of the ECM and orbital inflam-
mation, it is likely that the differential effects of teprotumumab in
patients with asymmetric TED indicate its specificity for the IGF-1R.

Since the data analysed in this study has been pooled from two
previous RCTs,” ** the advantages of this study relate to those of
the aforementioned RCTs. The limitations of this study include the
relatively small number of patients in the treatment group, however,
it was made more robust by comparing to a similar group of patients
in a placebo arm. Further, the study reviewed patients for 6 months
and there is a possibility that given a longer period of time proptosis
in some patients may have reduced in the placebo group.

The findings in this study underscore the differential impact of
teprotumumab on orbits that are clinically more affected by TED.
They also suggest that teprotumumab reduces asymmetry and there-
fore might circumvent the requirement for surgical correction.

Correction notice This paper has been corrected since it was published online. In
table 2, the data in section B was duplicated in section A. Also, the figure and tables
were incorrectly labelled and these have now been updated.
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