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A B S T R A C T   

Purpose: To study post-interventional findings in patients with dysthyroid optic neuropathy (DON) treated with 
teprotumumab. 
Observations: In this multicenter observational Case series, patients with DON were treated with teprotumumab, 
an insulin-like growth factor I receptor inhibitor (10 mg/kg for the first infusion then 20 mg/kg for subsequent 
infusions, every three weeks for a total 8 infusions). This study included patients with acute and chronic thyroid 
eye disease (TED) with DON who had failed conventional therapies and were not candidates for surgical 
decompression. Data collected included best corrected visual acuity (BCVA), color vision, RAPD when present, 
and orbital CT or MRI. Proptosis, clinical activity score (CAS), Gorman diplopia score (GDS), and Humphrey 
visual fields (HVF) were also evaluated. 
Ten patients (6 women, 4 men) with an average age 64 years old were included in this study. Mean follow up 
after completion of infusions was 15 weeks. Baseline visual acuity (VA) impairment ranged from hand motion 
(HM) to 20/25 in affected eyes. All patients had pre-treatment orbital CT or MRI that confirmed orbital apex 
compression. Seventy percent of patients had objective improvement in DON after 2 infusions of teprotumumab 
measured as significant improvement in visual acuity, resolution of RAPD, or both. After completion of treat
ment, affected eyes had a mean BCVA improvement of 0.87 logMAR (p=0.0207), proptosis reduction of 4.7 mm 
(p<0.00001), CAS improvement of 5.25 points (p<0.00001), and GDS improvement of 0.75 points (p=0.160). 
All 6 patients who presented with an RAPD had resolution or improvement of RAPD. All 7 patients who pre
sented with color vision deficits had normalization or improvement of color vision. 
Conclusions and Importance: Teprotumumab infusions resulted in medical decompression and objective resolution 
or improvement of dysthyroid optic neuropathy. Most patients had rapid improvement of visual acuity and 
reversal of RAPD. Post-infusion imaging demonstrated reduction in extraocular muscle size that correlated with 
improvement in visual dysfunction. However, patients who presented with longstanding severe visual loss had 
limited improvement. There was no recurrence of DON after completion of teprotumumab in our cohort.   

1. Introduction 

Thyroid eye disease (TED) frequently results in volumetric expansion 
of the extraocular muscles and orbital fat. These factors may lead to 
dysthyroid optic neuropathy (DON) secondary to compression of the 
optic nerve, a rare but serious complication of TED that can lead to 

permanent vision loss if not treated in a timely manner.1–4 In DON, 
orbital imaging may demonstrate expansion of orbital fat volume, as 
well as effacement of the normal orbital fat separating the optic nerve 
and extraocular muscles. Although the extraocular muscles are 
frequently enlarged, it is also common to detect orbits with high orbital 
fat volume and relatively normal extraocular muscles. In addition to 
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apical compression, the optic nerve may also appear stretched (thinner 
and straightened with tenting of the globe posteriorly).5,6 DON occurs in 
1–8% of patients with TED.7 DON can present with decreased visual 
acuity, relative afferent pupillary defect (RAPD) if unilateral or asym
metric, red desaturation, color vision abnormalities, visual field defects, 
and loss of nerve fiber layer on optical coherence tomography (OCT).8 

DON is traditionally managed with a variety of modalities, often in 
combination, including oral or intravenous (IV) high-dose corticoste
roids, orbital radiation, and urgent surgical decompression.8 

Teprotumumab, a human monoclonal antibody directed against the 
insulin-like growth factor I receptor (IGF-IR), was approved by the U.S. 
Food and Drug Administration (FDA) for the treatment of TED on 
January 21st, 2020. Although patients with optic neuropathy were 
excluded from the two original clinical efficacy trials, the trial data 
showed significant reduction in proptosis, clinical activity score (CAS), 
diplopia, and improvement in quality-of-life score in the treatment arm 
compared to placebo.9–11 Furthermore, orbital imaging in the Phase 3 
trial demonstrated a reduction in extraocular muscle size (including at 
the orbital apex) making teprotumumab a potential therapeutic option 
for patients with DON.11 

The purpose of this Case series was to study post-interventional 
findings in patients with dysthyroid optic neuropathy (DON) treated 
with teprotumumab. 

2. Methods 

In this observational Case series, patients with DON were treated 
with teprotumumab (10 mg/kg for the first infusion then 20 mg/kg for 
subsequent infusions) every three weeks for a total of 8 infusions per the 
protocol in clinical trials.9,11 DON was defined as visual loss secondary 
to thyroid eye disease related compression and/or stretching of the optic 
nerve. Patients either had acute (9 months or less duration) progressive 
active TED or chronic (10 months or greater duration) active TED. Pa
tients were treated with teprotumumab because they were poor surgical 
candidates and had failed other interventions including oral prednisone, 
IV methylprednisolone, orbital radiation, and/or surgical orbital 
decompression with progression of DON despite prior interventions. 

Patient gender, ethnicity, baseline thyroid status, and smoking status 
were documented. A complete eye examination was performed. Data 
collected included best corrected visual acuity (BCVA), color vision, 
RAPD or disc edema when applicable, Humphrey visual field (HVF), and 
orbital imaging with evidence of apical crowding or optic nerve stretch. 
Proptosis (Hertel exophthalmometer), CAS and Gorman diplopia score 
(GDS) were also evaluated. Baseline thyroid function tests included 
thyroid-stimulating hormone (TSH) and thyroid stimulating immuno
globulin (TSI). The change in the data from baseline to most recent post- 
treatment visit is reported for all patients. 

Institutional Review Board (IRB)/Ethics Committee approval was 
obtained. This study adheres to the tenets of the Declaration of Helsinki 
as amended in 2013 and the Health Insurance Portability and 

Accountability Act. Written informed consent was obtained from all 
patients for publication of this Case series and for use of all identifiable 
photographs. 

3. Results 

Participants included 6 women and 4 men, ages 36–84 years (mean 
age 64-years-old). There were four Caucasians, two Asians, two African 
Americans, one Hispanic, and one East Asian Indian. Two patients were 
prior tobacco smokers (cases 4, 5). TED duration ranged from several 
weeks to greater than 10 years (Table 1). Average follow up was 15 
weeks (range 0–33 weeks) after the last infusion. 

All patients had pre-treatment orbital CT or MRI that confirmed 
orbital apex compression and/or stretching of the optic nerve with 
tenting of the globe. All patients had diagnostic findings supporting 
diagnosis of DON with decline in visual acuity (VA), presence of RAPD 
(when asymmetric), decreased color vision, and/or visual field defects 
on HVF. All patients had evidence of active inflammation with CAS 
greater than 3. 

Seventy percent of patients had objective improvement after 2 in
fusions including either significant improvement in visual acuity, reso
lution of RAPD, or both. Six patients had an RAPD prior to treatment 
with teprotumumab; all had resolution (n=5) or improvement (n=1) of 
RAPD after one to two infusions of teprotumumab. Three patients did 
not have an RAPD due to symmetric bilateral involvement. All seven 
patients who had color vision deficits had rapid normalization (n=6) or 
improvement (n=1) of color vision after 2 infusions. Three patients 
presented with severe vision loss due to longstanding compressive optic 
neuropathy and had minimal objective improvement from pre- 
treatment VA of hand motion (HM) (Table 2). 

Visual acuity ranged from hand motion (HM) to 20/25 in affected 
eyes at baseline. Snellen VA was converted to logMAR units for analysis. 
Average improvement of visual acuity was 0.64 (±0.58) logMAR 
(p=0.0190) in all eyes and 0.87 (±0.60) logMAR (p=0.0207) in affected 
eyes. Average reduction in proptosis at last follow up was 4.8 (±2.7) mm 
in all eyes (p<0.00001) and 4.7 (±2.7) mm in eyes affected by DON 
(p<0.00001). Average reduction in CAS was 5.25 (±1.2) (p<0.00001) 
and average reduction in GDS was 0.75 (±1.1) (p=0.160) (Table 3). 
Only one patient (Case 8) who completed 8 infusions per protocol had 
only 1 mm reduction in proptosis; all others had at least 2 mm of 
proptosis reduction. Fifty percent of patients received post-infusion 
orbital CT or MRI that confirmed improvement in orbital crowding. 

Case 2 has had a delayed treatment schedule due to concerns 
regarding the novel coronavirus 2019-nCoV (COVID-19). Case 4 has had 
limited follow up testing due to COVID-19 concerns and limitations. 
Three patients had severe vision loss that precluded pre-treatment HVF 
and OCT (cases 1, 2, 10). 

All 7 patients who responded had additional clinical improvement 
with resolution of optic neuropathy findings and no recurrence of acute 
DON after completion of teprotumumab. No patients needed subsequent 

Table 1 
Patient demographics and clinical features.  

Case Age Sex Tobacco use TED Duration Prior treatment TSH TSI 

1 76 F Never 10 years IV/oral steroids, surgical decompression OU 0.07 509 
2 84 F Never 1 year IV steroids 0.01 483 
3 62 F Never 6 months IV steroids <0.0025 380 
4 73 F Prior 1 year IV steroids, surgical decompression OD 3.41 453 
5 45 M Prior 1.5 year IV steroids, orbital radiation OD 0.48 610 
6 55 F Never 2 months IV/oral steorids, surgical decompression OD 0.11 330 
7 73 F Never 2 months Oral steroids 0.88 408 
8 57 M Never 10 years IV steroids, surgical decompression OU, orbital radiation OU 0.68 <89 
9 40 M Never 10 months IV/oral steroids 0.16 389 
10 76 M Never 5 years IV/oral steroids, surgical decompression OD 0.01 353 

IV = intravenous, OD = right eye, OS = left eye, OU = both eyes, TED = thyroid eye disease, TSH = thyroid-stimulating hormone, TSI = thyroid stimulating 
immunoglobulin. 
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urgent decompression or additional treatments for DON after comple
tion of teprotumumab. Sixty percent of patients had complete resolution 
of DON findings defined as return of VA to pre-DON baseline (if known) 
or to 20/25 (if unknown) and resolution of RAPD, without need for 
subsequent urgent surgical decompression. The three patients who did 
not have significant improvement in vision presented with severe vision 
loss (HM), had longstanding progressive vision loss over one year or 
longer and had evidence of optic nerve stretch on orbital imaging. 

4. Case summaries 

Case 1: A 76-year-old Caucasian woman with Graves disease, alco
holism, opioid addiction, type 2 diabetes and hypertension presented 
with chronic, active, progressive TED with worsening vision loss and 
proptosis. She first noticed bulging, redness and swelling of her eyes 
over 10 years ago and slowly progressive visual loss over 2–3 years. She 
was poorly compliant on methimazole (TSH: 0.07/TSI: 509). Prior 
therapeutics included oral and IV corticosteroids, bilateral orbital 
decompression and right tarsorrhaphy. On presentation, her visual 
acuity was HM OU, Hertel: 30 mm right eye (OD), 30 mm left eye (OS), 

CAS: 6. Color vision, GDS and HVF could not be assessed due to severe 
vision loss. Corneal opacification and neovascularization obscured view 
of the optic nerves. Orbital CT confirmed TED related apical compres
sion of both optic nerves. After 2 infusions, the patient had improvement 
in VA to 20/800 both eyes (OU), red desaturation markedly improved, 
and CAS improved to 3. After 8 infusions of teprotumumab, she retained 
her improvement in visual acuity from HM OU to 20/800 OU, CAS: 2 
and proptosis improved by 3 mm OD and 2 mm OS. Sixteen weeks after 
completion of therapy, VA remained 20/800 OU, CAS 0, proptosis 
improved by 3 mm OD and 2 mm OS, no diplopia. Despite persistent 
DON, she reports significant improvement in quality of life due to 
improved vision and comfort. 

Case 2: An 84-year-old Hispanic woman with dementia, hyperten
sion and asthma presented to an emergency room with palpitations, 
panic attack and blindness (HM OU) due to severe hyperthyroidism and 
TED. She had proptosis and slowly progressive vision loss for approxi
mately one year due to chronic, active, progressive TED. Her TSH was 
0.01 and TSI was 483. Prior therapeutics included 500 mg of IV meth
ylprednisolone daily for 2 days followed by 60 mg of oral prednisone 
that was poorly tolerated and had no impact on vision or comfort. After 
high-dose steroids, her VA remained at HM OU and CAS 4. Poor vision 
precluded ability to assess formal color vision, GDS and HVF. The pa
tient had severe proptosis (Hertel of 28 mm OD, 29 mm OS) and bilateral 
optic nerve pallor on examination. CT orbital imaging confirmed TED 
related bilateral apical compression and an optic nerve stretch with 
globe tenting. She was a poor surgical candidate and could not tolerate 
high dose oral or intravenous corticosteroids. After one infusion of 
teprotumumab, she had subjective resolution of eye pain and improve
ment in inflammatory signs. After 2 infusions, CAS improved to 1 and 
proptosis improved by 3 mm OD and 3 mm OS. After 4 infusions, she had 
improvement of vision to 20/800 OD and 20/800 OS allowing her to 
function better at home. Her post-infusion 5 CT scan demonstrated 
improved extraocular muscle size, less stretch on her optic nerve but 
persistent tenting of her globe. After 6 infusions, vision was 20/800 OU, 
no additional change in proptosis and all pain was gone (CAS 0). Several 
infusions were delayed due to COVID-19 concerns. Three weeks after 
completion of infusions, VA remained at 20/800 OU, CAS 0, with a total 
proptosis reduction of 3 mm OU from baseline, and no diplopia. Despite 

Table 2 
Compressive optic neuropathy response to teprotumumab.  

Case Laterality of CON RAPD Resolution of RAPD VA OD/OS Pre Infusion VA OD/OS Post Infusion Color vision deficit Normalization of color vision 

1 OU No n/a HM 20/800 n/aa n/a 
HM 20/800 

2 OU No n/a HM 20/800 n/aa n/a 
HM 20/800 

3 OU No n/a 20/200 20/50 OU Yes 
20/200 20/30 

4 OS No n/a 20/30 20/20 OS Yes 
20/30 20/20 

5 OU (OS > OD) OS Yes 20/40 20/20 OS Yes 
20/125 20/20 

6 OS OS Yes 20/25 20/25 OS Yes 
20/100 20/25 

7 OD OD Yes 20/25 20/20 n/ab n/a 
20/25 20/20 

8 OU (OS > OD) OS Yes 20/100 20/25 OU Yes 
20/60 20/30 

9 OS OS Yes 20/30 20/20 OS Yes 
20/40 20/20 

10 OU (OS > OD) OS Noc 20/100 20/70 OD Nod 

HM 20/200 

CON = compressive optic neuropathy, HM = hand motion, OD = right eye, OS = left eye, OU = both eyes, RAPD = relative afferent pupillary defect, VA = visual 
acuity. 

a VA too poor to evaluate color vision. 
b Congenital color blindness. 
c Improvement of RAPD. 
d Improvement of color vision from 0/11 to 3/11 OU. 

Table 3 
Therapeutic Response: Proptosis reduction, clinical activity score, diplopia.  

CASE # of infusions 
received 

Proptosis 
Reduction 
(mm) 

CAS 
Improvement 

GDS 
Improvement   

OD OS   

1 8 3 2 6 n/a 
2 8 3 3 4 n/a 
3 8 4 5 4 2 
4 8 8 6 5 0 
5 8 3 6 5 0 
6 8 3.5 3.5 4 0 
7 8 7 7 7 1 
8 8 1 1 4 0 
9 8 5 4 7 0 
10 8 3 3 6 3 

CAS = clinical activity score, GDS = Gorman diplopia score, OD = right eye, OS 
= left eye. 

C.M. Sears et al.                                                                                                                                                                                                                                



American Journal of Ophthalmology Case Reports 23 (2021) 101111

4

her persistent DON, she reported improvement in quality of life with 
much improved comfort, brightness and color saturation. Fig. 1. 

Case 3: A 62-year-old Caucasian woman with Graves disease, type 2 
diabetes, and hypertension presented with a 6 month history of bulging 
eyes, redness, swelling, pain and blurred vision due to acute, active, 
progressive TED. She was poorly compliant with her medications 
including methimazole (TSH was <0.0025 and TSI was 380). She failed 
6 days of methylprednisolone 500 mg IV. Her visual acuity decreased to 
20/200 OU, color vision was 0/11 OU and proptosis worsened (Hertel: 
30 mm OD, 29 mm OS), CAS:4, and GDS:2. Formal visual fields were not 
performed due to concerns about transmission of COVID-19 and staffing 
issues. CT imaging confirmed bilateral TED related apical optic nerve 
compression. She was started on teprotumumab infusions and after the 
second infusion her VA improved to 20/60 OD and 20/40 OS. She 
received a total of 8 infusions with sustained improved VA, color vision 
(11/11 OU), reduction of proptosis by 4 mm OD and 5 OS, CAS: 0, and 
GDS: 1. Post-infusion 6, orbital CT demonstrated markedly improved 
extraocular muscle size with relief of apical compression. Twenty-two 
weeks after completion of infusions, VA was 20/50 OD and 20/30 OS, 
CAS: 0, with a total reduction of proptosis of 4 mm OD and 5 mm OS 
from baseline, and resolution of diplopia with GDS 0. She is now able to 
read and work on the computer without difficulty but is pursuing sur
gery for her visually significant cataracts. Fig. 2. 

Case 4: A 73-year-old Caucasian woman with Graves disease, hy
pertension and chronic lung disease presented with a one-year history of 
bulging eyes and progressive blurred vision due to chronic, active, 
progressive TED. She was previously treated with RAI and was on lev
othyroxine (TSH was 3.41 and TSI 453). Her prior TED interventions 
included IV methylprednisolone and decompression OD for optic neu
ropathy. Eight months after right decompression, she presented with 
blurred vision OS. On presentation, VA was 20/30 OU, color vision 10/ 
10 OD, 7/10 OS, CAS: 5, GDS: 2. On exam there was left optic nerve 
edema. HVF showed an inferior paracentral visual defect OS. Orbital CT 
confirmed TED related apical compression OS. She was a poor surgical 

candidate due to progression of her severe lung disease. After 6 in
fusions, VA improved to 20/25 OS (remained 20/30 OD), color vision 9/ 
10 OS, CAS: 1, GDS:1, proptosis improved by 8 mm OD and 6 mm OS and 
the optic nerve edema resolved OS. Due to COVID-19-related limita
tions, imaging and photography were not performed. Sixteen weeks 
after completion of infusions, VA continued to improve to 20/20 OU, 
CAS improved to 0, and there was a total reduction in proptosis of 9 mm 
OD and 10 mm OS from baseline, but diplopia was stable with GDS 2. 

Case 5: A 45-year-old Asian man with Graves disease, hypertension, 
hyperlipidemia and prediabetic hyperglycemia presented with 17 
months of chronic, active, progressive thyroid eye disease refractory to 
intravenous steroids and right orbital radiation. He was medicated with 
methimazole (TSH 0.48/TSI 610). The patient had worsening visual 
acuity to 20/40 OD and 20/125 OS, left RAPD, color vision 15/15 OD 
and 12/15 OS, CAS: 5, GDS: 3, restricted eye movements, and severe 
hypotropia OS. HVF showed inferior and central visual defects OD and 
superior arcuate and central visual defects OS. Orbital MRI confirmed 
TED related bilateral apical compression (OS » OD). Corticosteroids 
were contraindicated due to recent myocardial infarction and the pa
tient was not a surgical candidate due to anticoagulation for recent 
coronary stents. After two infusions of teprotumumab, the patient’s VA 
improved to 20/20 OD and 20/30 OS, RAPD resolved, decrease of CAS: 
2, stable GDS: 3, and reduction of proptosis of 2 mm OD and 4 mm OS. 
Post-infusion 3 MRI showed decreased extraocular muscle size and 
improved orbital apex crowding. After the patient received 8 infusions, 
VA was stable, there was further decrease of CAS: 0, stable GDS: 3, and 
total reduction of proptosis to 3 mm OD and 6 mm OS. Thirty weeks after 
completion of infusions, VA further improved to 20/20 OU, CAS 
increased to 1, and there was a total reduction in proptosis of 3.5 OD and 
7mm OS from baseline, but diplopia was unchanged with GDS 3. Fig. 3. 

Case 6: A 55-year-old Asian woman presented to the emergency 
room with acute, active and rapidly progressive TED consisting of acute 
rapidly progressing blurry vision (right greater than left), pain with 
extraocular movements, and diplopia. Thyroid function tests were 

Fig. 1. Case 2 with bilateral proptosis with symmetric longstanding, severe loss of vision (HM OU). External photos (A) pre-treatment, (B) after 3 infusions (week 8), 
and (C) after 5 infusions with improvement in visual acuity, color vision, pain, proptosis, conjunctival injection and chemosis. Axial and coronal CT (D, F) pre- 
treatment and (E, G) after infusion 5 showing tenting of the globe and apical compression of the optic nerve. (For interpretation of the references to color in this 
figure legend, the reader is referred to the Web version of this article.) 
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consistent with hyperthyroidism. VA was 20/200 OD and 20/20 OS with 
right RAPD, restriction in all gazes, color vision 0/13 OD and 5/13 OS, 
and CAS: 7. The orbital CT confirmed TED related apical compression 
bilaterally. She was admitted and treated with high-dose IV methyl
prednisolone (1g daily x3 days). She had minimal improvement in VA 
with persistent color vision deficits and right RAPD prompting an 
emergent right medial wall and orbital floor decompression. Post
operatively, there was improvement in VA to 20/25 OD, color vision 14/ 
14 OD and 13/14 OS, and proptosis, and resolution of right RAPD. She 
was started on IV methylprednisolone (500 mg weekly) but developed 
uncontrolled blood glucose, confusion and progressive TED through 
therapy. Proptosis increased OS, and she had worsening VA 20/100 OS 
(OD stable at 20/25), new left RAPD, worsening color vision 3/14 OS 
(OD stable at 14/14), CAS: 4, and GDS: 4, TSH was 0.11 and TSI was 
330. HVF showed a new central scotoma OS. Surgery was deferred due 
to COVID-19 surgery restrictions and she was started on teprotumumab 
infusions. After the second infusion her VA improved from 20/100 to 
20/30 OS (OD stable at 20/25) with resolution of RAPD OS, normali
zation of color vision OS, CAS: 2, GDS: 3, and proptosis improved by 3 
mm OD and 2.5 mm OS. The visual field defect also resolved on repeat 
HVF. After infusion 3, orbital CT showed improvement in optic nerve 
compression. She has received 8 infusions with sustained VA improve
ment, CAS:1, GDS:2, and total reduction in proptosis of 3.5 mm OU at 
last follow up. After 8 infusions, VA further improved to 20/25 OU, CAS 
0.5, and there was a total proptosis reduction of 3.5 mm OD and 4.5 mm 
OS from baseline, but there was no change in diplopia with GDS 3. Fig. 4. 

Case 7: A 73-year-old Caucasian man with Graves disease and a 
three-month history of TED presented with bilateral periorbital edema 
and worsening vision in the right eye for about one month. He was on 
methimazole (TSH: 0.88/TSI: 409). VA was 20/60 OD and 20/30 OS 
with right RAPD, color vision 1/16 OU (patient colorblind), CAS: 7, and 
GDS: 1. He had bilateral, symmetric limitation of abduction and 
supraduction and right optic disc edema. Orbital CT imaging confirmed 
TED related bilateral apical compression. HVF showed nonspecific 
paracentral defects. Prior to initiation of teprotumumab, he was placed 

on high-dose (80 mg daily) oral prednisone with improvement in his 
vision to 20/25 OD and 20/25 OS and improvement of periorbital 
edema, however, the patient continued to have right-sided disc edema, 
and therefore, he was started on teprotumumab. The patient noticed 
further subjective improvement of VA after 2 doses of teprotumumab. 
After 3 infusions, VA improved to 20/20 OU. After 8 infusions, the pa
tient continues to have normal vision 20/20 OU, no RAPD, CAS:0, 
GDS:1, and reduction of proptosis by 7 mm OD and 7 mm OS. Congenital 
color vision deficit remained unchanged as expected. 

Case 8: A 57-year-old African American man with a 10-year history 
of Graves disease presented with active, progressive thyroid eye disease 
resulting in bilateral globe subluxation anterior to the eyelids and 
blurred vision due to chronic TED. He had urgent bilateral surgical 
decompression for his severe proptosis with Hertel’s of 35 mm OU. His 
Graves disease was treated with methimazole to a euthyroid level (TSH 
1.85 and TSI <89). He continued to have pain and decreased vision due 
to optic nerve dysfunction. He was treated with IV methylprednisolone 
1 g per day for 3 days followed by 60 mg of prednisone for six weeks, and 
bilateral external beam radiation with improvement in diplopia and 
pain. After surgical decompression, IV steroids, and bilateral orbital 
radiation, he continued to have signs and symptoms of bilateral optic 
neuropathy (left worse than right) with VA 20/100 OD and 20/60 OS, 
persistent left RAPD, impaired color vision 1/11 OD and 1/11 OS, CAS: 
4, GDS: 2 and proptosis with Hertel 30 mm OD and 30 mm OS at 105. 
OCT and clinical examination revealed mild optic atrophy OU. Orbital 
CT confirmed TED related apical compression and severe proptosis 
causing the optic nerve to be on stretch. He was started on teprotumu
mab with subsequent improvement in vision, comfort, and diplopia. 
After 1 infusion, CAS improved to 1. After 2 infusions, VA improved to 
20/25 OD and 20/40 OS and the left RAPD resolved. He has received a 
total of 8 infusions and has sustained VA 20/25 OD and 20/40 OS, color 
vision 11/11 OU, CAS: 0, GDS: 2, and improvement in proptosis of 1 mm 
OU. Twenty-two weeks after completion of infusions, VA further 
improved to 20/25 OD and 20/30 OS, CAS 0, reduction in proptosis was 
stable at 1 mm OU, and diplopia remained unchanged with GDS 2. 

Fig. 2. Case 3 with bilateral proptosis, pain, decreased visual acuity and color vision, conjunctival injection, chemosis and pain. External photos (A) pre-treatment, 
(B) after 2 infusions (week 8), and (C) two weeks after 6 infusions (week 20) with improvement of all symptoms and signs. Axial and coronal orbital CT (D, F) pre- 
treatment and (E, G) after 6 infusions (week 20) demonstrating reduction in EOM especially the medial rectus at the orbital apex. (For interpretation of the references 
to color in this figure legend, the reader is referred to the Web version of this article.) 
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Case 9: A 40-year-old Indian man with Graves disease presented with 
acute, progressive, active TED causing tearing and palpitations for 
several months. He was medicated with methimazole, propranolol and a 
variety of topical ocular medications. The patient had progressive 
orbital pain and severe orbital asymmetric restrictive strabismus that 
progressed for 2–3 months despite treatment with 6 g of intravenous 
methylprednisolone and oral steroids 60 mg daily. Four months after IV 
steroids, VA decreased to 20/30 OD and 20/40 OS, with new left RAPD, 
color vision 6/6 OD and 5/6 OS, CAS: 7, and GDS: 3. Proptosis worsened 
(Hertel 27 mm OD, 26 mm OS) and motility worsened with restriction in 
all gazes and a large angle left hypertropia in primary gaze. HVF showed 
paracentral depression OS. MRI confirmed TED related bilateral apical 
compression. He was maintained on oral prednisone until institution of 
teprotumumab which was started 10 months into his TED presentation. 
The patient had an immediate subjective and durable response within 
one week of his first dose. After 2 infusions, VA improved to 20/20 OD 

and 20/20 OS, with resolution of left RAPD, and color vision returned to 
normal OU. After 8 infusions, VA remained 20/20 OU with normal color 
vision OU, CAS: 0, and GDS: 3. Proptosis improved by 5 mm OD and 3 
mm OS. Post infusion HVF were normal with resolution of visual defect 
OS. Restrictive strabismus remained similar but ocular misalignment 
progressed resulting in a persistent large left hypertropia (25-20 prism 
diopters) and new large angle esotropia (40+ prism diopters) with 
persistent diplopia. Post-infusion CT scan showed dramatic improve
ment in EOM size and resolution of apical compression. However, the 
patient developed paradoxical worsening of strabismus after treatment, 
developing severe restriction and underwent strabismus surgery with 
partial improvement. Thirty-three weeks after completion of infusions, 
VA was stable at 20/20 OU, CAS 0, there was additional reduction in 
proptosis of 7 mm OD and 9 mm OS from baseline, but there was no 
improvement in diplopia with GDS 3. Fig. 5. 

Case 10: A 76-year-old African American man with a 5-year history 

Fig. 3. Case 5 external photos (A) pre-treatment, (B) after infusion 4 (week 12), and (C) after infusion 8 (week 25). (D) Pre-treatment non-contrast coronal MRI 
shows apical crowding with left greater than right extraocular muscle enlargement. (E) Post-infusion 3 coronal MRI shows improvement of apical crowding with 
decreased size of extraocular muscles. (F) Pre-treatment HVF shows global visual field deficit of both eyes. (G) Post infusion 8 HVF shows significant improvement in 
global visual field deficits. Pre-treatment external photo and HVF and pre- and post-treatment MRI previously published in OPRS. Permission from publisher obtained 
for reuse. 
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of Graves disease, 20-month history of chronic, active, progressive TED 
and hypertension presented with a 1-year history of progressive bilateral 
visual loss. The patient had received both IV steroids and oral predni
sone over the course of 2019 (records of dosing were unavailable). He 
continued to have progressive bilateral vision loss and underwent 
orbital surgical decompression OD in December. The decompression 
resulted in reduced proptosis but worsened visual acuity and diplopia 
(>50 PD esotropia). The patient was reluctant to undergo decompres
sion of the left eye. Eight months later, he pursued a second opinion for 
bilateral visual loss, proptosis, dysmotility and pain. His TSH <0.01 and 
TSI 353. His vision was CF at 3 feet OD and hand motion OS but with 
pinhole corrected to 20/100 OD, color vision 0/11 OU, RAPD OS, CAS: 6 
and GDS: 3. He had bilateral mild temporal atrophy on clinical exami
nation. Prior to treatment he was unable to cooperate with HVF or OCT. 
After the first infusion of teprotumumab, VA improved to 20/80 OD and 

20/400 OS, RAPD improved, CAS:1, GDS: 3, and proptosis improved by 
1mm OD and 2mm OS. After infusion 2, he had complete resolution of 
pain and improved motility. After infusion 3, VA improved to 20/70 OD, 
with additional improvement in proptosis (3 mm from baseline OD, 3 
mm from baseline OS) and color vision OD 3/11. Five weeks after 
completion of infusions, VA further improved to 20/70 OD and 20/200 
OS, CAS improved to 0, there was a reduction in proptosis of 3 mm OU 
from baseline, and resolution of diplopia with GDS 0. He has 3+ nuclear 
sclerosis cataracts that will be addressed. 

5. Discussion 

Prior to teprotumumab, therapeutic options for DON included cor
ticosteroids, external beam orbital radiation, surgical decompression, or 
a combination of these interventions.8 Despite the widespread use of 

Fig. 4. Case 6 external photos (A) pre-treatment, (B) after infusion 2 (week 4), and (C) after infusion 8 (week 25). (D) Pre-treatment non-contrast coronal CT shows 
symmetric enlargement of the bilateral extraocular muscles, most notably involving the inferior, middle, and superior recti muscles. (E) Post-infusion 3 non-contrast 
coronal CT shows surgical decompression changes, improved but persistent right greater than left extraocular muscle enlargement and improved orbital apex 
crowding. (F) Pre-treatment HVF shows inferior and paracentral visual field deficit of left eye. (G) Post infusion 8 HVF shows global improvement of visual 
field deficits. 
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these modalities over decades for TED, the literature is mostly comprised 
of retrospective studies, Case reports and small case series which now 
guide practice patterns in the treatment of DON.13–37 There has only 
been one prospective, randomized controlled trial (RCT) to compare 
corticosteroids versus corticosteroids and surgical decompression for 
DON.12 In this study, Wakelkamp et al. reported similar initial outcomes 

after medical decompression and surgical decompression, and found 
that immediate surgical decompression did not result in better visual 
outcomes nor did it preclude the use of corticosteroids.12 Complete re
covery of central visual acuity, color vision and improvement of apical 
crowding on imaging has been shown to be more likely to occur with the 
combination of steroids and orbital radiation or surgical decompression 

Fig. 5. Case 9 external photos (A) pre-treatment, (B) after infusion 2, and (C) after 8 infusions (week 26). He had proptosis, decreased visual acuity and color vision, 
dysmotility, conjunctival injection and chemosis OS > OD. All of his signs and symptoms improved except for dysmotility. (D, F) Axial and coronal MRI before and (E, 
G) CT after 2 infusions (week 8). (H) Pre-treatment HVF shows left paracentral defect in left inferotemporal region. (I) Post-infusion 8 (week 26) HVF shows res
olution of visual field defect after treatment with teprotumumab. Visual field testing of the right eye remained normal. (For interpretation of the references to color in 
this figure legend, the reader is referred to the Web version of this article.) 
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rather than steroid monotherapy.12–15 External beam radiation has also 
been used for decades for the treatment of active TED including patients 
with DON.30–37 Radiation therapy, like corticosteroids, dampens the 
inflammatory cascade in active TED.35 

Corticosteroids, radiation, and surgical decompression are not 
without untoward effects. Prolonged oral corticosteroids result in 
weight gain, mood alterations, fluctuations of glucose, osteopenia, and 
gastric distress. High-dose pulsed IV corticosteroids are usually better 
tolerated than longer duration oral courses, but pose significant risks 
including fulminant hepatic failure, cardiac arrhythmias, and myocar
dial infarction.8,38 These complications are rare but can be fatal. Orbital 
radiation can result in worsening of diabetic retinopathy and dry eye 
syndrome.39,40 Surgical decompression may cause or worsen diplopia, 
ocular motility, facial anesthesia and can rarely lead to vision loss. Some 
patients are not surgical candidates or have contraindications to 
high-dose corticosteroids due to recent stroke, myocardial infarction, 
severe pulmonary disease, or hepatic failure. In our series, many of the 
patients had failed traditional therapies or were poor surgical candi
dates, therefore, teprotumumab was initiated. 

Teprotumumab binds to IGF-IR and inhibits its activation and 
signaling, thereby reducing inflammation and preventing muscle and fat 
tissue remodeling, which can lead to orbital apex compression. Tepro
tumumab was recently evaluated in both Phase 2 and Phase 3 multi
center, double-blinded, placebo-controlled trials in patients with active, 
moderate-to-severe TED.9,11 All patients had recent onset of ocu
lar/periorbital symptoms (<9 months), no prior treatment, CAS greater 
or equal to 4, and thyroid function tests above or below normal. Patients 
with optic neuropathy were excluded in all phases of prospective, 
placebo-controlled clinical trials as treatment of reversible and perma
nent vision loss with a placebo would be unethical.9,11 Both trials ran
domized patients to receive either placebo or active drug administered 
intravenously once every 3 weeks for a total of 8 infusions.9,11 Trial data 
shows a significantly greater proportion of patients had reduction in 
proptosis, CAS, diplopia, and improvement in quality-of-life scores in 
the treatment arm compared to placebo.9,11 In the Phase 3 clinical trial, 
orbital imaging was performed on six subjects; all showed a significant 
reduction in extraocular muscle volume, orbital fat volume, or both.11 

Trial data also demonstrates that patients tolerated teprotumumab well. 
The more common side-effects included muscle spasms, alopecia, 
nausea and fatigue.9,11 

We believe the reduction in extraocular muscle size, including at the 
orbital apex, seen in the Phase 3 trial supports the use of teprotumumab 
in patients with DON. While optic neuropathy was one of the exclusion 
criteria for initial landmark clinical trials, our initial Case series shows 
promise in the treatment of DON with teprotumumab. Additionally, 
Sears et al. recently reported successful medical decompression of DON 
with teprotumumab in a patient who presented with progressive vision 
loss secondary to DON that was refractory to IV corticosteroids and 
orbital radiation. The patient presented with vision loss, RAPD, visual 
field defects on HVF and optic nerve compression on orbital imaging, 
but was a poor corticosteroid and surgical candidate similar to several of 
the patients presented in this case series.41 This patient had significant 
improvement in VA, proptosis, and apical crowding, and had resolution 
of RAPD after treatment with teprotumumab. 

Seventy percent of our patients with DON had a rapid response to 
teprotumumab and showed a clinical response after 2 infusions with 
objective improvement of DON findings. All patients with documented 
color vision loss had normalization (n=6) or improvement (n=1) of 
color vision (except one patient with congenital color blindness). Ninety 
percent of patients had reduction of proptosis by at least 2 mm, with an 
average reduction of 4.7 mm in affected eyes. Additionally, in patients in 
whom post-treatment orbital imaging was possible, there was notable 
decrease in the size of the extraocular muscles and improvement of 
apical crowding. All of our patients failed prior interventions including 
IV and/or oral steroids, orbital radiation, surgical decompression, or a 
combination of these interventions. Despite treatment resistant disease 

prior to teprotumumab, seven patients had successful resolution or 
significant improvement of DON after teprotumumab therapy alone and 
did not require additional treatment for DON after completion of 
teprotumumab with 15 week mean follow up. 

Our series included 7 patients with chronic active TED greater than 9 
months duration, with mean duration of disease of 3 years in all patients. 
This differs from the Phase 2 and Phase 3 clinical trials which only 
included patients with active TED of <9 months. Three patients in our 
study with longstanding severe vision loss (HM) had minimal to no 
improvement in DON despite proptosis reduction of at least 2 mm and 
decreased apical compression on orbital imaging. We suspect this is due 
to long-standing optic nerve compression and/or stretch associated with 
optic nerve atrophy. These patients had previously failed prior con
ventional DON therapies including IV corticosteroids and surgical 
decompression and remained stable after completion of teprotumumab 
with sustained reduction in proptosis and clinical activity scores that 
remained 0, therefore, no further treatment was initiated after 
completion of teprotumumab. Ozzello et al. also reported successful 
medical decompression with teprotumumab of a patient with chronic, 
stable TED with low CAS who was a poor corticosteroid, radiation, and 
surgical candidate.42 However, similar to our patients with longstanding 
severe vision loss, despite medical decompression with EOM reduction 
at the orbital apex on the post-treatment CT scan, there was lack of 
improvement in chronic vision loss suggesting that treatment needs to 
precede significant optic atrophy.42 

Our study has several limitations. This is an observational study with 
a small sample size of 10 patients. There is limited follow up data due to 
recent completion of infusions. Patients were followed at different in
stitutions, therefore, follow-up timepoints varied. Additionally, as a 
result of state shutdowns, staff quarantines and furloughs, and concerns 
about patient safety during the COVID-19 pandemic, patients had fewer 
in-person follow-up visits and less testing. Many studies were deferred, 
specifically HVF, OCT, and orbital imaging due to COVID-19 concerns. 

It is worth noting that the medical therapy with teprotumumab for 
DON was very useful during the COVID-19 pandemic as other options 
such as surgery were not available at some institutions due to extended 
surgery shutdowns. Further, teprotumumab, based on its targeted 
mechanism of action, may not result in the global immunosuppression 
that is typically associated with corticosteroids. We recognize that 
additional follow-up is needed, and prospective studies are warranted to 
identify the patient population that this treatment would be most 
effective in, as well as how many infusions will provide a sustainable 
resolution of optic nerve compression. 

6. Conclusion 

In our Case series, teprotumumab worked rapidly, often after 2 in
fusions, and effectively to achieve visually significant improvement in 
most patients with dysthyroid optic neuropathy, including patients with 
active TED >9 months. Teprotumumab was effective in patients who 
had failed other interventions including high-dose corticosteroids, 
orbital radiation, and surgical decompression; and was also effective in 
patients who were poor surgical candidates. Teprotumumab signifi
cantly improved subjective and objective findings in all patients. All 
patients reported subjective improvements in visual acuity, color vision 
and comfort. Patients with long-standing compressive optic neuropathy 
with optic atrophy and/or globe tenting on CT imaging were less likely 
to achieve significant improvement in vision in at least one eye. CAS 
improved in all patients and proptosis improved by at least 2 mm in 90% 
of patients. Teprotumumab was safe and effective for the majority of 
patients in this small case series of DON. Teprotumumab should be 
considered in patients with DON prior to significant optic atrophy, 
especially patients who are poor surgical candidates and those who have 
failed prior therapeutic interventions. 
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