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Abstract

Purpose: To assess and quantify teprotumumab’s effect on thyroid eye disease (TED)-related
strabismus by change in measured horizontal and vertical deviations, and change in extraocular
motility.

Methods: We reviewed a series of patients with TED-related strabismus treated with
teprotumumab. Exclusion criteria included age under 18 years, strabismus of alternate etiology, or
TED-related reconstructive surgery during the treatment course. Primary outcomes were absolute
(prism diopters) and relative (%) differences in horizontal and vertical deviations in primary
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position at distance, as well as change in ductions of the more affected eye. Secondary outcomes
included incidence and timing of strabismus surgery post-teprotumumab.

Results: Thirty-one patients were included, with mean age 63 years and TED duration 10
months. After teprotumumab, there was 6 PD (39%) mean reduction in vertical deviation
(p<0.001), without significant change in mean horizontal deviation (p=0.75). Supraduction,
abduction, adduction, and infraduction significantly improved in the more restricted eye (p<0.01,
p<0.01, p=0.04, p=0.01, respectively). Thirty-five percent of patients underwent strabismus
surgery post-treatment, at an average 10 months after last infusion.

Conclusions: Teprotumumab produced a statistically significant reduction in vertical but not
horizontal strabismus angles in primary position at distance. Extraocular matility in all four
ductions also improved. A substantial minority of patients still required strabismus surgery
following teprotumumab.

Précis:

In this series of 31 patients with thyroid eye disease-related strabismus treated with teprotumumab,
we report significant reduction in vertical deviations and improvement in extraocular motility,
though a substantial minority of patients required post-treatment strabismus surgery.

Introduction

The pathophysiology of thyroid eye disease (TED) involves autoimmune-mediated
upregulation of the thyroid-stimulating hormone receptor and insulin-like growth factor-1
receptor (IGF-1R) complex on orbital fibroblasts, ultimately leading to expansion of orbital
fat and extraocular muscle volume, among other cellular and biochemical changes.1
Clinically this process manifests heterogeneously with features including proptosis, orbital
inflammation, restrictive myopathy, and/or eyelid retraction.® Particularly disabling aspects
of TED include resultant strabismus and diplopia.

Despite the diversity in both medical and surgical therapy for TED, one of the most
challenging features to manage is a resultant strabismus. In the active stage of disease,
non-surgical treatment modalities include prism, monocular occlusion, and botulinum toxin
muscle injections.”8 Strabismus surgery is typically performed after stabilization of disease-
related changes and any planned orbital intervention. However, achieving an optimal
outcome can be challenging due to the variable inflammation and fibrosis of involved
muscles.8

In January 2020, the US Food and Drug Administration approved teprotumumab (Tepezza,
Horizon Pharmaceuticals, Deerfield, IL), a monoclonal antibody targeting IGF-1R, for
treatment of TED following a phase I11 clinical trial that demonstrated efficacy in reducing
proptosis, clinical activity score, and diplopia in patients with active TED.? Several post-
approval studies have since demonstrated proptosis reduction and diplopia improvement

in patients with chronic disease, after retreatment following recurrence, and with partial
teprotumumab treatment.10-13 These studies have largely reported changes in diplopia
using the subjective Bahn-Gorman diplopia score, rather than quantifying alignment. The
few studies that have reported motility suggest that teprotumumab treatment can reduce

Ophthalmic Plast Reconstr Surg. Author manuscript; available in PMC 2025 January 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dallalzadeh et al. Page 3

restriction, albeit without concomitant reduction in measured strabismus.4 15 This study
aimed to quantify the effect of teprotumumab on TED-related ocular alignment and
extraocular motility.

Methods
Cohort Assembly:

This is a cross sectional cohort study comprised of adult patients with TED-related
strabismus in primary position treated with teprotumumab. Approval was obtained by the
Institutional Review Boards at the University of California, San Diego and University

of California, Los Angeles. This report adheres to the ethical principles outlined in the
Declaration of Helsinki as amended in 2013 and is HIPAA compliant.

Patients were identified from the pool of those presenting to the oculoplastic divisions of
both participating institutions from September 2019 to December 2021, with a diagnosis of
TED. Inclusion criteria were age =18 years, completion of = 3 teprotumumab infusions, pre-
treatment horizontal and/or vertical strabismus in primary position at distance and motility
restriction secondary to TED. Exclusion criteria included strabismus of alternate etiology

or TED-related reconstructive surgery (orbital decompression, strabismus, or eyelid surgery)
during the teprotumumab course.

Study Design and Statistical Analysis:

Demographics, clinical examinations, laboratory reports, operative reports, and radiographic
reports were extracted from electronic medical records. Pre-teprotumumab demographic
variables of interest included age, sex, smoking history (none versus current or previous),
time from patient reported TED onset in months, TED stage (active versus inactive) and
history of TED-related surgery (including orbitotomy, orbital decompression, strabismus
surgery and/or eyelid surgery).

Vertical and horizontal strabismus deviations were recorded in prism diopters (PD) as
measured in primary position at distance. Alternate prism cover testing was completed

by an ophthalmologist or certified orthoptist before (pre-) and after last teprotumumab
infusion (post-). Where available, a mid-treatment measurement between the third and sixth
infusions was recorded. The absolute differences (measured in prism diopters, PD) and
relative differences (percent increase or decrease) in vertical and horizontal deviations pre-
and post-teprotumumab were calculated. Extraocular motility limitation was scored using a
standard 5-point, 0 to -4 scale (where 0 represents full motility and —4 represents inability to
pass midline) for abduction, adduction, supraduction, and infraduction of each eye. The eye
with the numerically largest negative sum of ductions in the four directions pre-treatment
was considered the more affected eye.

Absolute differences were compared via paired t-test and relative differences compared
via one-sample t-test, with p-values of <0.05 indicating statistical significance. A mixed
effects linear regression model was fitted for vertical and horizontal deviations over time.
Multivariable analyses considered age, sex, smoking history, and TED phase as covariates,
though none of these variables conferred statistical significance. To evaluate change in
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ductions the difference in score between the post- and pre-teprotumumab time points was
calculated and the Wilcoxon signed rank test applied. The incidence of post-teprotumumab
strabismus surgery and time to strabismus surgery from last infusion measured in months
were calculated.

Statistical analyses were performed using R Statistical Software (version 4.2.1; R
Foundation for Statistical Computing, Vienna, Austria) and GraphPad Prism 9.0.0
(GraphPad Software LLC; San Diego, California). Mixed effects models were fitted using
the Ime4 and ImerTest packages.16:17

Thirty-one patients met inclusion criteria. Of these, 55% (17) were female. Mean time from
reported TED onset to pre-treatment examination was 10 £ 10 months, and 61% (19) had
active disease, of whom 1 patient was experiencing reactivation. Thirteen percent of patients
had prior history of TED-related surgery including orbital decompression, strabismus
surgery, and/or eyelid surgery (Table 1). One active TED patient had undergone orbitotomy
with biopsy for diagnosis. Six patients completed less than 8 infusions. One patient received
3 infusions due to exacerbated colitis, 1 patient received 7 infusions due to infusion-related
drug rash, 1 patient received 4 infusions due to an episode of infusion-related hypotension,
and 3 patients received 6—7 infusions due to supply unavailability. Two patients received a
total of 10 infusions each. Mean time from last infusion to post-teprotumumab examination
was 49 + 40 days.

Table 2 presents changes in measured vertical deviation pre, mid-, and post-teprotumumab.
There was a significant absolute decrease in vertical strabismus of 6 + 6 PD (p<0.0001)

post teprotumumab, representing a 39 + 50% percent decrease (p=0.002). When controlling
for age, sex, smoking history, and TED phase in a multivariable mixed effects model, mean
vertical deviation remained significantly improved post-treatment (Figure 1). Figures 2 and
3 depict representative patients with restrictive hypotropia in primary position that decreased
post-treatment.

Three patients (3/24, 12.5%) with solely vertical deviations exhibited complete resolution to
orthotropia post-teprotumumab. Two additional patients with both vertical and horizonal
deviations experienced resolution of the vertical component and improvement but not
resolution of the horizontal component. Pre-treatment vertical deviations in these groups
measured between 5-10 PD. Two patients exhibited a reversal of the angle of their vertical
deviation, one case of 5 PD left hypotropia to 1 PD right hypotropia, and another of 1 PD
right hypotropia to a 5 PD left hypotropia. No patient developed a new vertical deviation
post-teprotumumab.

Table 3 presents changes to mean horizontal deviation pre, mid-, and post-teprotumumab.
The absolute measured change of —0.5 +7 prism diopters, did not reach significance
(p=0.75). A multivariable mixed effects model controlling for age, sex, smoking history,
and TED phase demonstrated a similar lack of significant effect (Figure 4). Two patients
who had a small angle horizontal deviation between 2—-6 PD before treatment had resolution

Ophthalmic Plast Reconstr Surg. Author manuscript; available in PMC 2025 January 10.
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of their horizontal deviation. Both of these patients had a concurrent larger vertical
deviation that improved but did not completely resolve. Six patients without horizontal
deviation at baseline developed new horizontal deviation of between 2-10 prism diopters
post-teprotumumab.

Median [95% confidence interval] change in supraduction, abduction, infraduction, and
adduction was 1.0 [0.0,1.0], 0.0 [0.0,1.0], 0.0 [0.0,0.5], and 0.0 [0.0,0.5], respectively
(Figure 5). These were all significant (p<0.01, p<0.01, p=0.01, p=0.04 respectively).

Of the 31 patients with TED-related strabismus, 11 (35%) underwent strabismus surgery
following completion of treatment with teprotumumab. Mean time to strabismus surgery
from last infusion was 10 + 7 months. In the patients who underwent strabismus surgery,
mean change in vertical deviation during the interval between teprotumumab completion
and strabismus surgery was +1 + 4 PD, and the mean change horizontal deviation was +2
+ 5 PD. Four patients who underwent a post-teprotumumab orbital decompression were
excluded from this analysis.

Discussion

Strabismus surgery in TED is commonly reserved for patients in the quiescent phase

of disease who demonstrate stability in the angle of deviation for at least 6 months.818-

21 surgery is mostly effective in reducing strabismus, however, due to the variable
inflammation and fibrosis of involved muscles, reoperation rates can be high with reports
of between 17% and 45%.8' 22-25 Teprotumumab has been shown in clinical trials and
post-approval studies to have a positive effect on diplopia, however little evidence exists to
its effect on alignment in primary position.

The present investigation demonstrated that teprotumumab was associated with a significant
reduction in vertical deviations of approximately 6 prism diopters or 39%. Horizontal
deviations were not reliably affected. Of all patients presenting with primary position
strabismus, approximately 10% (n=3) experienced complete resolution to orthophoria. These
were all small angle (5-10 PD) vertical deviations. After therapy, 35% of the patients in this
study underwent strabismus surgery.

This modest effect on TED-related primary position strabismus appears to be somewhat
discordant with previously reported data on diplopia. Both the phase 111 OPTIC trial

and several post-approval studies have utilized the Bahn-Gorman diplopia scale as a
surrogate for teprotumumab’s effect on TED-related strabismus.? 12: 13 This approach is
problematic because it is a non-linear symptom-based scale, in that the degree of disability
is significantly greater for patients with the highest score (diplopia in primary position) than
any other level. For example, the patient experience of change in diplopia from primary
position to gaze evoked diplopia only is likely more dramatic than from intermittent diplopia
to none. This distinction is not consistently made in the Bahn-Gorman scale data reported;
thus it is not possible to discern how much of the diplopia improvement represented diplopia
in primary position. Additionally, this scale is uninformative regarding the type and degree
of deviation responsive to IGF-1R inhibition.

Ophthalmic Plast Reconstr Surg. Author manuscript; available in PMC 2025 January 10.
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These strabismus findings are further somewhat incongruous with findings from this study
and others suggesting a consistently positive effect of teprotumumab on motility. For
instance, improvement in ductions was first reported by Diniz et al. and later corroborated
by two additional groups. 14 Ugradar et al added that the greatest improvement is in
sursumversion.1> Reshef et al. further described clinic-radiologic correlations, reporting a
reduction in composite motility restriction and total EOM cross sectional area.26 Little
information on strabismus was offered in either of the latter two studies. Interestingly, a
similar pattern of significant improvement in supraduction in TED patients treated with
orbital radiation has been previously reported. 27 These studies taken together tend to
support the contention that the more commonly involved muscles (inferior and medial
rectus) tend to experience consistent size reduction and motility improvement, though they
do not offer significant insight into the motility — strabismus relationship.

The dissociation between improvement in motility without similarly consistent
improvements in strabismus is curious, yet consistent with previous reports.14: 1526 |t is not
completely clear how these results can be reconciled. It is possible that the improvements

in motility may occur without altering the relative size and strength imbalance between
agonists and antagonist EOMs so that strabismus persists. Perhaps there is an element of
central processing that is unforgiving to biomechanically modified extraocular muscles or
that the muscles recover some aspect of their elasticity yet remain abnormally active. Further
investigation is warranted in this area.

Of note, this study has several limitations. It was retrospective and hon-comparative. The
findings were additionally not correlated with radiological changes in extraocular muscle
cross-sectional area or volume as has been previously reported. 28-30 This investigation also
did not examine teprotumumab’s effect on secondary gaze incomitance, forced ductions,

or spring back testing and concurrent effect on proptosis. Lastly, this study examined a
heterogenous, though predominantly active TED patient population.

The key findings of this study have several potential implications for treatment of TED-
related strabismus. Overall, the effect of teprotumumab on primary position strabismus is
small but significant. Patients with predominantly vertical strabismus are more likely to
experience reduction in strabismus angle with teprotumumab, and approximately 10% of
those with small angle deviations may even experience resolution. Horizontal deviations
are less likely to change. Similarly, teprotumumab treatment appears to have a modest,
consistent, and positive effect on motility. Given these findings, strabismus surgery is
likely to remain an important part of the rehabilitation pathway for patients affected by
TED-related strabismus.
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Figure 1:
Vertical deviations pre-, mid-, and post-teprotumumab with multivariable mixed effects

model controlling for age, sex, TED phase, and smoking history with mean and its 95%
confidence interval overlaid (N=17).
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Figure2:
TED with left hypotropia (A) in primary position with improvement in deviation post

teprotumumab (B).
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Figure 3:
TED with left hypotropia (A) with improvement in vertical deviation in sursumversion (top)

and primary position (bottom) post- teprotumumab (B).
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Figure 4:
Horizontal deviations pre-, mid, and post-teprotumumab with multivariable mixed effects

model controlling for age, sex, TED phase, and smoking history with mean and its 95%
confidence interval overlaid (N=19).
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Figure5:

Changes in ductions (post versus pre teprotumumab) in the more affected eye (N=31).
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Table 1:

Demographic and clinical characteristics (N=31)

Age (years) 63+ 10
Sex (% female) 55
TED onset (months) 10+ 10
TED stage (%)

Active 61

Inactive 16

Not reported 23
Smoking history (%)

Yes 39

No 61
Prior TED-related surgery (%) | 13

Orbitotomy with biopsy (n) 1

Orbital decompression (n) 3

Strabismus surgery (n) 2

Eyelid surgery (n) 2

Ophthalmic Plast Reconstr Surg. Author manuscript; available in PMC 2025 January 10.
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Table 2:

Vertical deviation (prism diopters) pre-, mid-, and post-teprotumumab

Descriptive Statistics Absolute Difference Relative Difference

(N) Mean + SD (N) Mean + SD 1p 2Mean+SD  3p

Pre
Mid
Post

(24) 17 £ 12 Ref - Ref -
(15) 14 + 12
(24) 11+ 12 6+6 <0.0001  -39+50%  0.002

1.
Paired sample t-test

Relative differences were calculated for 22 patients because 2 patients had reversal of direction of their deviation

3
One-sample t-test to null Hg = mean of 0
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Table 3:

Horizontal deviation (prism diopters) pre-, mid, and post-teprotumumab.

Descriptive Statistics  Absolute Difference  Relative Difference

(N) Mean + SD Mean+SD 1p  2MeantSD 3p
Pre (26) 12+ 14 Ref - Ref -
Mid (19)8+7
Post (26) 1110 057 0.75 1+76% 096

1.
Paired sample t-test
2 - . .
Relative differences were calculated for 20 patients because 6 patients had pre values of 0

3
One-sample t-test to null Hg = mean of 0
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