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Abstract
Background Teprotumumab, a novel IGF-1R antibody, has been shown to significantly reduce the signs of acute and chronic 
Thyroid Eye Disease (TED). Light sensitivity is a reported symptom in patients with TED. There is a lack of a prospective 
study that has explored the effects on light sensitivity in a large cohort of patients with acute and chronic TED following 
treatment with teprotumumab.
Methods Consecutive patients who were diagnosed with TED and reported light sensitivity at baseline were considered for 
study eligibility. All patients had measurements of Visual Light Sensitivity Questionnaire-8 (VLSQ-8), proptosis, clinical 
activity score (CAS), and MRD1 (distance between the upper eyelid margin and corneal reflex, mm) and MRD2 (distance 
between the lower eyelid margin and corneal reflex, mm) before and after treatment.
Results Ninety patients (41 acute, 49 chronic) met the inclusion criteria. The mean (SD) age was 47.3 (14.3). Eighty-six 
(95.6%) patients completed all 8 infusions. There was a significant reduction in the total score and across all categories of 
the VLSQ-8 (p <  0.01 for all). Seventy-two (80%) patients had a clinically significant improvement (≥2 reduction) in at least 
one category. There was no significant difference in the total VLSQ-8 score between the acute and chronic group (p = 0.8).
Conclusion Teprotumumab improves light sensitivity in patients with acute and chronic TED.
The results of this study highlight that the improvements in light sensitivity following treatment are not directly related to 
the mechanical changes in TED, suggesting another underlying mechanism is potentially involved.
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Key messages

What is known: 
Light sensitivity is a reported symptom in patients with thyroid eye disease. Teprotumumab can improve light
sensitivity in patients with both acute and chronic disease

What is new:
This study has a large cohort of patients with both acute and chronic TED, while prior research has only compared
only a small sample of patients. The data revealed that improvements in light sensitivity were not directly related to
the mechanical changes seen in patients following treatment with teprotumumab. These findings suggest there may
be another underlying mechanism that impacts light sensitivity in TED.

Introduction

Teprotumumab, a monoclonal antibody that blocks the 
insulin-like growth factor-1 receptor (IGF-1R) has been 
approved in 2020 by the US Food and Drug Administration 
for the treatment of thyroid eye disease (TED). The 
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overexpression of IGF-1R and its interaction with the 
thyrotropin receptor (TSH-R) [1] is a key pathological 
feature in both acute and chronic TED [2]. The impact 
of teprotumumab on common signs and symptoms of 
TED such as Clinical Activity Score (CAS), proptosis, 
and inflammation has been well-studied in Phase 2 and 3 
randomized, double-masked, placebo-controlled clinical 
trials (NCT01868997 and NCT03298867) [3, 4]in patients 
with active TED [3]. Subsequent research has shown a similar 
effect in signs such as CAS, proptosis, and inflammation in 
chronic TED [5]. Data from the recently presented Phase 
4 clinical trial (NCT04583735) provided evidence that 
teprotumumab can significantly improve proptosis and visual 
functioning in patients with chronic/inactive/low CA [6]. 
Light sensitivity is a reported symptom in patients with TED, 
but there is a paucity of literature regarding the prevalence 
and improvement with various treatment options. In one 
study, a total of 48% of patients reported at the time of their 
TED diagnosis of having experienced light sensitivity [7]. 
The patient’s quality of life was assessed using The Graves’ 
Ophthalmopathy Quality of Life instrument (GO-QOL) 
and the reports showed that light sensitivity was one of the 
main determining symptoms that placed patients in a low 
GO-QOL group versus the high GO-QOL tercile [7]. We 
recently documented improvements in light sensitivity in 
patients treated with teprotumumab, but a limitation of that 
study was the small sample of 20 patients [8]. In that sample, 
there were only 10 patients in both the acute and chronic 
TED subgroups. There is a lack of a prospective study that 
has explored the effects on light sensitivity in a large cohort 
of patients with acute and chronic TED following treatment 
with teprotumumab. We present this prospective study and 
review the potential relationships between light sensitivity 
and other features of TED.

Methods

This prospective observational study was performed between 
March 2020 and April 2023. The study adhered to the tenets 
of the Declaration of Helsinki and was performed in accord-
ance to the Health Insurance Portability and Accountability 
Act (HIPAA). The study was approved by the WCG-IRB 
(WCG, Puyallup, WA, USA) institutional review board (IRB 
No. 20210376). All patients provided written informed con-
sent to participate in the study.

Patients

In this prospective longitudinal study, patients who were 
diagnosed with TED and presented to our institution for 
treatment with teprotumumab were considered for study 
eligibility. Patients who reported light sensitivity at 

baseline were considered for inclusion. Patients received 
infusions of teprotumumab (10 mg/kg for the first infu-
sion and 20 mg/kg for the following 7 infusions) every 
3 weeks with the intention to complete a full course of 
treatment over a period of 24 weeks. Patients with dis-
ease duration > 24 months were assigned to the chronic 
group and ≤ 24 months to the acute group. The primary 
outcome measure was change in light sensitivity follow-
ing treatment with teprotumumab. Secondary outcome 
measures included change in proptosis (mm), clinical 
activity score (CAS), and MRD1 (marginal reflex dis-
tance 1 [distance between the upper eyelid margin and 
corneal reflex, mm]) and MRD2 (marginal reflex dis-
tance 2 [distance between the lower eyelid margin and 
corneal reflex, mm]). All clinical measurements were 
assessed at baseline and 3 weeks following the last infu-
sion by the same examiner.

Light sensitivity assessment

Light sensitivity was assessed using the Visual Light Sen-
sitivity Questionnaire-8 (VLSQ-8). An improvement of 
≥2 in any of the 8 categories is deemed clinically sig-
nificant. This validated questionnaire has been developed 
and used to assess light sensitivity in ocular and neuro-
logic conditions [8–10]. The questionnaire included the 
following eight questions: Q1. In the past month, how 
often did you have visual light sensitivity outdoors during 
daylight? Q2. In the past month, how often did you have 
a sense of glare in your eyes? Q3. In the past month, how 
often did you have visual light sensitivity from flickering 
lights or bright colors? Q4. Please rate the severity of the 
worst visual light sensitivity you experienced in the past 
month. Q5. When you have sensitivity to light, do you 
also experience headache? Q6. When you have sensitivity 
to light, how often is your vision blurry? Q7. How often 
does sensitivity to light limit your ability to read, watch 
TV or use the computer? Q8. In the past month, how 
often did you need to wear dark glasses on cloudy days 
or indoors? Questions 1-5 were answered as 1 (never), 2 
(rarely), 3(sometimes), 4 (often), or 5 (always). Question 
4 was answered from 1 to 5 with 1 as none, 3 as moderate, 
and 5 as severe.

Clinical activity score

A 7-point CAS was used to assess the activity of TED. 
The CAS assigns a point each of the following signs: 
retrobulbar eye pain, pain on eye movement, eyelid 
erythema, eyelid swelling, conjunctival redness, che-
mosis, and inflammation of the caruncle or plica [11].
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Proptosis

Proptosis was measured in millimeters (mm) using the same 
exophthalmometer at all visits. The eye with the higher prop-
tosis was assigned as the study eye (SE), and the contralat-
eral eye was designated as the fellow eye (FE), which is 
consistent with the design of previous teprotumumab clinical 
trial protocols [3, 4]. If both eyes had the same proptosis 
value, the eye with the higher CAS was designated the SE. 
If both eyes had the same CAS, then the study eye was ran-
domly assigned.

Eyelid measurements

Photographs were taken of each participant under stand-
ardized lighting conditions at each visit. All participants 
were asked to look straight ahead with a neutral facial 
expression and relaxed brows for each photo. One experi-
enced grader independently measured MRD1 and MRD2. 
The pixel length on each photograph was determined 
using a standard corneal white-to-white diameter of 
11.77 mm for males and 11.64 mm for females was used 
as described in previous studies on eyelid measurements 
[12]. The measurements were completed on each digital 
photograph using ImageJ software (National Institute of 
Health, Bethesda, MD, USA).

Statistical analyses

Statistical analysis was performed using SPSS sta-
tistics software (version 22.0; SPSS, Inc., Chicago, 
Illinois, USA). Statistical significance was defined as 
p <  0.05. The differences in baseline and post treat-
ment measurements in exophthalmometry, CAS, and 
VLSQ-8 was analyzed using a two-tailed paired t test. 
Differences in VLSQ-8 scores between the acute and 
chronic groups was analyzed using an independent t 
test. The relationship between VLSQ-8, CAS, propto-
sis, and MRD1/2 was examined using a Pearson’s cor-
relation analysis. Chi-Square test was used to compare 
score differences on the VLSQ-8 between the acute 
and chronic TED group.

Results

A total of 90 consecutive patients (77 females, 13 males) met 
the inclusion criteria. The mean (SD) age was 47.3 (14.3). 
The mean (SD) duration of TED prior to treatment was 51.3 
(73.3) months. Eighty-six (95.6%) patients completed all 
8 infusions. Eighty-six (95.6%) patients were nonsmokers 

at time of treatment. All patients were euthyroid at time of 
treatment. Forty-nine patients had chronic TED (disease 
duration > 24 months), and 41 patients had acute TED dis-
ease duration ≤24 months). Demographic details are pre-
sented in Table 1.

Clinical measurements

Visual light sensitivity assessment

There was a statistically significant reduction across each of 
the categories in the VLSQ-8 (p <  0.01 for all) and in the 
total score (p <  0.01). Seventy-two (80%) patients had a clini-
cally significant improvement (≥2 reduction) in at least one 
category. A ≥ 2 reduction was seen in 46.7% of patients for 
Q1, 34.4% for Q2, 35.6% for Q3, 36.7% for Q4, 22.2% for Q5, 
35.6% for Q6, 43.3% for Q7, and 25.6% for Q8 (Figs. 1 and 2).

Proptosis

The mean (SD) exophthalmometry in the SE was 21.3 mm 
(3.1) at baseline and 18.2 mm (2.7) following therapy 
(p <  0.01) with a mean change of 3.1 mm (1.7). In the FE, 
the mean (SD) exophthalmometry was 20.0 mm (3.1) at 
baseline and 17.8 mm (2.8) following therapy (p <  0.01), 
with a mean change of 2.2 mm (1.6).

CAS

The mean (SD) CAS in the SE was 2.8 (1.6) at baseline and 
0.8 (0.8) following therapy (p <  0.01), with a mean change 
of 2.0 (1.7). In the FE, the mean (SD) CAS was 2.6 (1.6) at 
baseline and 0.8 (0.9) following therapy (p <  0.01).

Eyelid measurements

The mean (SD) MRD1 score in the SE was 4.2 (1.8) at baseline 
and 3.9 (1.5) following therapy (p <  0.05), with a mean change 
of 0.3 (1.1). In the FE, the mean (SD) MRD1 score was 3.8 
(1.5) at baseline and 3.7 (1.3) following therapy (p = 0.3), with 
a mean change of 0.1 (1.1). The mean (SD) MRD2 score in the 
SE was 6.4 (1.6) at baseline and 6.1 (1.4) following therapy 
(p <  0.01), with a mean change of 0.3 (0.9). In the FE, the 
mean (SD) MRD2 score was 6.2 (1.3) at baseline and 6.1 (1.2) 
following therapy (p = 0.2), with a mean change of 0.1 (1.0). 
There was a statistically significant seen in MRD1 and 2 in the 
SE, but not in the fellow eye. However, there was no clinically 
significant reduction in MRD1 and MRD2 in the either the SE 
or FE (Fig. 3) (Table 2).
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Table 1  Demographic details of patients

Case Age M/F Duration of TED Prior to 
First Infusion (months)

Smoking History Case Age M/F Duration of TED Prior to 
First Infusion (months)

Smoking History

1 53 Female 3.2 No 46 82 Male 360.4 No
2 37 Female 8.8 Former 47 47 Male 89.1 No
3 53 Female 10.2 No 48 51 Female 7.6 No
4 43 Male 8.2 No 49 63 Female 56.6 No
5 38 Male 3.5 Former 50 36 Female 5.3 No
6 29 Female 82.7 No 51 40 Male 9.5 Former
7 70 Female 5.8 No 52 48 Female 2.5 Former
8 69 Female 39.8 No 53 47 Female 62.4 Former
9 49 Female 25.8 No 54 32 Female 18.6 No
10 53 Female 2.9 No 55 25 Male 64.6 No
11 64 Female 21.9 No 56 67 Female 35.4 No
12 58 Female 10.2 No 57 75 Female 1.4 No
13 31 Male 9.4 No 58 58 Female 57.5 No
14 82 Male 5.0 No 59 49 Female 47.6 Former
15 37 Female 23.1 No 60 49 Female 36.2 No
16 35 Male 25.6 No 61 45 Female 2.5 No
17 48 Female 67.5 No 62 41 Female 252.7 Former
18 19 Female 2.1 No 63 32 Female 35.9 Former
19 57 Female 44.1 No 64 39 Female 3.4 Former
20 51 Female 152.8 Former 65 57 Female 61.4 No
21 34 Female 57.5 No 66 39 Female 6.8 No
22 46 Female 22.6 No 67 47 Female 110.1 Yes
23 34 Female 0.8 No 68 51 Female 48.1 No
24 74 Male 0.8 No 69 42 Female 4.2 No
25 45 Female 80.6 No 70 64 Female 146.4 Former
26 43 Female 10.0 Former 71 42 Female 170.6 No
27 36 Female 8.7 Former 72 62 Female 194.8 No
28 28 Female 108.0 No 73 33 Female 4.8 No
29 53 Female 47.4 No 74 59 Female 2.0 No
30 35 Female 6.2 No 75 30 Female 9.4 No
31 38 Male 102.2 Former 76 67 Female 4.7 No
32 63 Female 23.9 No 77 19 Female 2.6 Former
33 48 Female 22.9 No 78 47 Female 1.2 No
34 54 Female 280.4 Former 79 54 Female 0.9 Yes
35 49 Female 4.4 Yes 80 45 Female 27.0 Former
36 45 Female 63.9 No 81 44 Female 305.1 No
37 54 Female 22.5 No 82 45 Female 3.3 No
38 63 Female 148.1 Former 83 45 Female 8.6 No
39 19 Male 21.1 No 84 50 Female 6.8 Former
40 44 Female 17.3 Yes 85 22 Female 0.4 No
41 28 Female 126.2 No 86 71 Female 246.5 No
42 75 Female 1.2 No 87 26 Male 44.0 No
43 66 Female 78.3 No 88 44 Female 116.3 No
44 35 Female 36.8 No 89 43 Female 6.9 No
45 61 Female 91.1 Former 90 38 Female 3.2 No
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Acute versus chronic TED

Following treatment, there was no significant difference in 
the total VLSQ-8 score between the acute and chronic group 
(p = 0.8) (Fig. 4). All questions asked about light sensitivity 
and its effects in the past month. There was no significant 
difference (p > 0.05) seen across seven of the eight catego-
ries (Q1 to Q7) of the VLSQ-8 when analyzing the percent-
age of patients who experienced a clinically significant (≥2 
point) reduction (Fig. 3). There was a significant difference 
in only Q8 (p < 0.05).

Relationships between visual light sensitivity 
and other clinical characteristics of TED

The correlation between changes in light sensitivity and 
changes in proptosis was not significant in the SE and the 
FE (p = 0.1 and 0.7, respectively). Further, there was no 
correlation between changes in light sensitivity and changes 

for CAS for the study or fellow eye (p = 0.1 and 0.2, respec-
tively). There was no correlation between changes in light 
sensitivity and changes in MRD1 for the study or fellow eye 
(p = 0.3 and p = 0.9, respectively). Finally, there was no cor-
relation between changes in light sensitivity and changes in 
MRD2 for the study or fellow eye (p = 0.8 for both).

Discussion

Teprotumumab has been shown to reduce proptosis, inflam-
mation, lacrimal gland volume, aqueous tear production, 
diplopia, and soft tissue expansion in patients with acute and 
chronic TED [5, 8]. In this study, we found that there was a 
reduction in the VLSQ-8 following treatment with teprotu-
mumab, with 80% of patients having a clinically significant 
reduction in at least one category. A similar improvement 
was seen in patients with both acute and chronic TED. The 
findings in this study provide further insight on the effects on 

Fig. 1  Changes in the total 
VLSQ-8 score following treat-
ment with teprotumumab

p < 0.01

Fig. 2  Responses on the Visual 
Light Sensitivity Question-
naire-8 following treatment
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light sensitivity following treatment teprotumumab in both 
acute and chronic TED.

Light sensitivity relationship with other clinical 
parameters

There was no correlation between changes in light sensitiv-
ity and changes in CAS, proptosis, MRD1 or 2 in either the 
SE or FE. This suggests that there may be another under-
lying mechanism that may be contributing to reduction in 
light sensitivity following treatment with teprotumumab 
that is not entirely explained by mechanical factors such as 
exposure.

Acute versus chronic TED

In our subgroup analysis, there was no change in the 
total VLSQ-8 score in patients with acute or chronic 
TED. Across the 8 categories, there was a difference 
in only one question between the two groups. Prior 
research has shown that the overexpression of IGF-1R 

is evident in both the acute and chronic phase of TED 
[2]. Therefore, it is reasonable that teprotumumab, an 
inhibitor of the IGFR-1R pathway, has shown a similar 
effect in light sensitivity and other clinical parameters 
in both groups.

Limitations

One limitation is that the VLSQ-8 has not been vali-
dated for TED. In addition, corneal changes were not 
assessed in this study. While we maintained the same 
lighting conditions in the pre and post treatment period, 
we did not measure the pupil diameter at these time 
points. There is a possibility that the incident light on 
the retina could have varied according to proptosis, 
thereby, potentially affecting lid height in response. 
Further studies that include measurement of the pupil 
diameter during treatment with teprotumumab would 
provide further information. The prospective longitu-
dinal nature and large sample size were the primary 
contributing factors to the strength of this study.
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Fig. 3  Responses on the Visual Light Sensitivity Questionnaire-8 in patients with acute and chronic TED. * p < 0.05

Table 2  Clinical characteristics 
pre and post treatment

Study Eye Fellow Eye

Baseline Post-Treatment p Value Baseline Post-Treatment p Value

Exophthalmometry (mm) 21.3 (3.1) 18.2 (2.7) <  0.01 20.0 (3.1) 17.8 (2.8) <  0.01
CAS 2.8 (1.6) 0.8 (0.8) < 0.01 2.6 (1.6) 0.8 (0.9) < 0.01
MRD1 (mm) 4.2 (1.8) 3.9 (1.5) < 0.05 3.8 (1.5) 3.7 (1.3) 0.3
MRD2 (mm) 6.4 (1.6) 6.1 (1.4) < 0.01 6.2 (1.3) 6.1 (1.2) 0.2
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Conclusion

Light sensitivity is a common symptom of TED and it 
impacts QOL in both acute and chronic phases [7, 8]. In this 
study, we found that teprotumumab can improve light sensi-
tivity and its effects are not limited to either stage of TED. 
In addition, the data revealed that improvements in light sen-
sitivity were not directly related to the mechanical changes 
seen in patients following treatment. These findings suggest 
there may be another underlying mechanism that impacts 
light sensitivity in TED. Prior research has revealed that TED 
can affect corneal function [13, 14]. In a more recent study, 
corneal endothelial function was observed to be poorer in 
patients with TED than in healthy individuals [15]. The IGF-
1R receptor is expressed in corneal epithelial cells in vitro 
and in human corneal epithelium in situ [16–20]. Therefore, 
changes to the IGF-1R pathway using medications such as 
teprotumumab may explain the symptomatic changes seen in 
the patients included in our study. Finally, improvement in the 
VLSQ-8 was seen in both acute and chronic TED; therefore, 
widening the repertoire of teprotumumab therapy in TED.
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