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Abstract

Background: Teprotumumab is a novel treatment that reduces inflammation and symptoms caused by thyroid eye
disease. There are limited data on teprotumumab’s effect on intraocular pressure.

Case presentation: We report nine patients diagnosed with thyroid eye disease whose intraocular pressure
decreased during teprotumumab treatment for 8 weeks: patient 1, a 67-year-old Hispanic woman; patient 2, an
86-year-old African-American man; patient 3, a 71-year-old Caucasian woman; patient 4, a 72-year-old Hispanic
woman; patient 5, a 65-year-old Caucasian woman; patient 6, a 54-year-old Caucasian man; patient 7, a 54-year-old
Asian man; patient 8, a 31-year-old Asian woman; patient 9, a 60-year-old Caucasian woman. The diagnosis of thyroid
eye disease was based on increased redness, swelling, and excessive tearing; abnormal proptosis, lid retraction, and
diplopia measurements were also taken during physical examination. Intraocular pressure in primary, lateral gaze, and
upgaze was documented. There was significant (p = 0.0397) improvement of primary gaze eye pressure from pre-
teprotumumab infusions (baseline) to completion of the treatment course.

Conclusions: Teprotumumab significantly decreased the intraocular pressure for patients during the duration of the
study. Teprotumumab is a novel medication that is approved for the primary treatment of thyroid eye disease in both
acute and chronic thyroid eye disease. Previous treatments used to treat thyroid eye disease include glucocorticoids,
radiotherapy, or orbital decompression surgery; however, these treatments all have significant limitations. Teprotu-
mumab is an effective noninvasive alternative for decreasing symptoms of thyroid eye disease and, as shown, also
lowers intraocular pressure. However, teprotumumab should not be used as a substitute for glaucoma medications;
its ability to lower intraocular pressure may be in addition to lowering periorbital pressure and retro-orbital pressure.
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Introduction disease, with a higher incidence in women and smok-
Graves’ ophthalmopathy (GO), or thyroid eye disease ers. It is a potentially devastating condition that sig-
(TED), occurs most often in patients with Graves’ nificantly impacts a patient’s quality of life [1]. TED
typically begins with orbital and retro-orbital inflam-
mation for 1-3 years, followed by a stable fibrotic
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fibroblasts [4, 5]. This leads to changes in, and enlarge-
ment of, extraocular muscles along with expanded
orbital adipose tissue within the bony orbit increasing
retro-orbital pressure [5]. The combination of these
effects gives TED its typical presentation of proptosis
and motility deficits. Patients commonly experience
diplopia, blurred vision, redness, and pain. Patients can
also experience eyelid retraction, strabismus, exposure
keratopathy, and compressive neuropathy.

Teprotumumab inhibits the insulin growth factor 1
receptor (IGF-1R) complex [3, 4]. This complex interacts
with thyrotropin receptors, which together are respon-
sible for the upregulated immune response in TED [5].
Inhibition of the IGF-1R complex decreases the inflam-
matory cascade and upregulation of orbital fibroblasts
and other immunologic factors responsible for adipo-
genesis in the orbit [3]. By targeting the IGF-1R protein,
teprotumumab has been shown to significantly reduce
proptosis, orbital fat volume, extraocular muscle vol-
ume, and diplopia, thereby improving patients’ quality
of life [1]. There have been mostly mild and self-limiting
adverse events documented, indicating a positive risk/
benefit profile for teprotumumab in the treatment of
TED.

Before teprotumumab, treatment options for TED
included immediate cessation of smoking, glucocorticoid
treatment, radiotherapy, and orbital decompression [6].
Clinicians have been treating the active stages of TED
with immunosuppressant steroids in hopes of decreas-
ing inflammation and scarring in the orbital region [6].
Steroids have been the standard treatment, with oral
steroids having significantly less effect on reducing GO
than intravenous administration [6]. Even with its effec-
tiveness in reducing orbital inflammation, steroids do not
halt TED’s progression and have no clinically appreciable
effect on proptosis or diplopia [7]. After disease progres-
sion reaches the inactive phase, patients may continue to
experience proptosis, diplopia, strabismus, dry eyes, ele-
vated intraocular pressure (IOP), and, in the worst case,
optic neuropathy. If indicated, surgical treatment through
orbital decompression can improve overall symptoms
along with the added effect of lowering primary gaze
IOP; however, side effects are commonly postoperative
numbness and diplopia [6, 7].

In addition to proptosis, motility changes, and inflam-
matory symptoms, patients with TED often present with
elevated IOP, especially in upgaze [8, 9]. Elevated IOP
in patients with TED occurs because of inferior rectus
muscle restriction and decreased episcleral venous flow
[9]. Limited data are available on the effect of teprotu-
mumab on IOP. Here we present nine patients receiving
teprotumumab who showed improvement in their TED
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symptoms and report primary gaze, upgaze, and lateral
IOP changes throughout teprotumumab treatment.

Methods

A sequential review of patient cases and of literature was
performed. We recorded primary, upgaze, and medial
gaze IOP to examine the improvement in IOP through-
out treatment and conducted a paired two-tailed ¢-test,
mean, standard deviation (SD), and percent change to
determine whether the final IOP was significantly differ-
ent from the baseline IOP. Applanation tonometry was
used to measure IOP with Goldmann tonometry.

Case presentation

The diagnosis of TED was based on physical examina-
tion of the patient. Patients reported redness, swelling,
excessive tearing, and pain behind the eyes. Proptosis, lid
retraction, and diplopia measurements were taken during
the examinations. The standard dosage of teprotumumab
(10 mg/kg on the first infusion and 20 mg/kg for the fol-
lowing infusions) was administered to each patient. A
total of eight infusions were administered over 6 months
every 3 weeks. Patient IOP is summarized in Table 1. The
reported IOPs on patient presentation are the average
between right eye (OD) and left eye (OS) IOP (pre-infu-
sion and final infusion); these values were used to con-
duct the two-tailed paired ¢-test.

Patient 1, a 67-year-old Hispanic woman, began with
primary, lateral, and upgaze pressures of 13, 10.5, and
15.5 mmHg, respectively, and after completing all nine
infusions had final IOPs of 12, 12, and 12 mmHg, respec-
tively. There were improvements in primary and upgaze
IOP but none in lateral gaze IOP.

Patient 2, an 86-year-old African-American man, had
pre-infusion IOPs of 16, 14.5, and 20 mmHg. After com-
pleting three infusions of teprotumumab, the patient
discontinued prior to the fourth infusion owing to
uncontrolled blood sugar. His final IOPs were 15, 16.5,
and 17 mmHg. There was an improvement in primary
and upgaze IOPs.

Patient 3, a 71-year-old Caucasian woman, had pre-
infusion IOPs of 20, 19.75, and 24.5 mmHg. After
completing eight infusions, the IOPs were 17, 17, and
17 mmHg. The patient had been diagnosed with mild-
to-moderate periorbital edema in the past. The patient
showed improvement in all gaze pressures. The patient
reported decreased pain and redness after completing
infusions.

Patient 4, a 72-year-old Hispanic woman, had remark-
able improvement after seven infusions were completed.
Patient 4’s initial primary, lateral, and upgaze pressures
were 14.5, 25, and 47 mmHg respectively, and after the
seventh infusion were 10, 11.5, and 13.5 mmHg. She
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Table 1 Intraocular pressure (mmHg) throughout the 26-week trial of teprotumumab from baseline to study completion
Patient number  Baseline 1 2 3 4 5 6 7 8
oD 0oSs OD (o) Ob OS oD OS oD OS Ob OS Oob OS oD OS Ob OS
1
Primary 12 14 10 10 9 13 10 10 12 9 13 13 9 10 12 12
Lateral 9 12 12 11 12 14 13 12 14 10 13 13 13 13 12 12
Upgaze 16 15 12 12 12 12 13 13 13 1 13 13 12 11 12 12
2
Primary 15 17 11 125 15 15 15 15
Lateral 15 14 Il 11 17 17 17 16
Upgaze 20 20 17 17 24 24 17 17
3
Primary 20 20 19 19 14 15 13 10 14 15 17 18 15 15 15 15 17 17
Lateral 185 21 19 19 15 0 13 20 4 10 19 15 21 21 18 18 7 7
Upgaze 24 25 225 24 19 21 17 16 19 17 22 20 21 27 18 18 17 17
4
Primary 13 16 9 15 15 13 9 9 13 13 8 15 10 10 9 11
Lateral 19 31 24 24 18 18 17 17 19 19 18 16 15 15 11 12
Upgaze 38 56 28 28 26 14 17 17 19 19 15 18 18 18 11 16
5
Primary 7 7 7 10 14 9 15 15 11 I 12 " 10 10 10 10 4 4
Lateral 7 7 6 6 12 12 15 15 17 17 12 Il 10 10 10 10 4
Upgaze 5 5 14 11 12 10 15 15 I Il 12 Il 10 10 10 10 4 4
6
Primary 12 13 10 13 9 10 10 10 10 10 9 1212 14 10 10
Lateral 12 12 12 15 13 14 15 15 17 13 21 19 14 14 10 13
Upgaze 12 12 1 18 13 16 14 14 14 16 10 17 12 14 10 17
7
Primary 22 22 23 22 17 13 21 16 17 17 18 15
Lateral 27 29 26 26 17 17 19 18 23 23 22 22
Upgaze 24 32 36 36 17 18 25 25 23 23 24 23
8
Primary 11 13 16 14 13 13 12 4 17 15
Lateral 13 13 19 17 16 22 9 10 22 20
Upgaze 17 15 16 20 15 16 17 10 19 18
9
Primary 17 17 11 15
Lateral 12 12 17 17
Upgaze 21 21 18 18

We present upgaze and standard IOP measurements

was concomitantly treated for primary open-angle glau-
coma (POAG) and had been taking Xiidra twice a day
(BID) both eyes (OU). Patient 4 continues to be treated
for POAG, but reductions in swelling and pain behind
the eyes after the final infusion were observed after
treatment.

Patient 5, a 65-year-old Caucasian woman, had pre-
infusion pressures of 7, 7, and 5 mmHg, and after eight
infusions had final pressures of 4, 4, and 4 mmHg. There

were decreases in IOPs for primary gaze, lateral gaze, and
upgaze. She reported decreased pain and irritation after
3 months of treatment.

Patient 6, a 54-year-old Caucasian man, had pre-infu-
sion pressures of 12.5, 12, and 12 mmHg and after com-
pletion had final pressures of 10, 11.5, and 13.5 mmHg.
There was no change in primary gaze, a slight decrease
in lateral gaze, and an increase in IOP in upgaze. Figure 1
displays patient 6 prior to teprotumumab treatment,
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Fig. 4 Patient 9 prior to teprotumumab treatment for TED

Fig. 2 Patient 6 1 month after teprotumumab treatment for TED

Fig. 3 Patient 6 5 days after final teprotumumab treatment for TED

Fig. 2 displays patient 6 1 month after starting teprotu-
mumab treatment, and Fig. 3 displays patient 6 several
days after the final teprotumumab treatment.

Patient 7, a 54-year-old Asian man, had pre-infusion
pressures of 22, 28, and 28 mmHg. Patient 7 was also
being treated for glaucoma and had been using Lumigan
BID OU until the start of teprotumumab infusions. The
patient had been diagnosed with acute orbital congestion
in the past. The patient is currently undergoing his sev-
enth infusion; however, the final pressures were 16.5, 22,
and 23.5 mmHg. There had been a marked improvement
in IOP in all gazes.

Patient 8, a 31-year-old Asian woman, had pre-infusion
pressures of 12, 13, and 16 mmHg. Patient 8 is currently
on her fifth infusion, and interestingly, IOPs have all
increased with the most recent pressures of 16, 21, and
18.5 mmHg. The patient continues to be monitored as
she continues treatment for TED.

Patient 9, a 60-year-old Caucasian woman, had pre-
infusion pressures of 17, 12, and 21 mmHg. We were
unable to measure the IOPs during several post-infusion
visits; however, she did return for her visit with final

Fig. 5 Patient 9 4 months after final teprotumumab treatment for
TED

IOPs of 13, 17, and 18 mmHg. The patient demonstrated
improvement in IOP in all gazes. Figure 4 displays patient
9 prior to teprotumumab treatment, and Fig. 5 displays
patient 9 4 months after the final teprotumumab treat-
ment; the patient reported experiencing less pain and
irritation after completing treatment.

The baseline average IOPs in OD and OS in primary
gaze were 14.89 mmHg (£ 1.5). The baseline lateral IOP
was 15.75 (£ 2.3) mmHg, and the baseline upgaze IOP
was 21.0 mmHg (£ 4.0). The final IOPs in primary gaze,
lateral gaze, and upgaze were 12.61 (£ 1.4) mmHg, 14.72
(£ 1.9) mmHg, and 15.22 (£+ 1.8) mmHg, respectively.
The mean drop in IOP was —2.28 mmHg for primary
gaze, —1.03 mmHg for lateral gaze, and —5.78 mmHg
for upgaze. In primary gaze IOP, there was a 15.31%
decrease in IOP from baseline and completion of the
study (p < 0.05, Table 2). In lateral gaze, there was a 6.54%
decrease from baseline to final IOP, yet this was not sta-
tistically significant (p > 0.05, Table 2). In upgaze, we
observed a 27.52% decrease from baseline IOP; however,
the decrease was not statistically significant (p > 0.05,
Table 2).

Discussion

A significant drop in IOP in primary gaze was observed
from baseline to completion of teprotumumab treatment
(Table 2). While the decreases in upgaze and lateral gaze
IOPs were not significant across our limited sample, sev-
eral of our patients individually improved throughout
treatment. Furthermore, it was exciting to see a 22.52%
decrease in upgaze IOP (Table 2). The mechanism by
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Table 2 Primary and upgaze intraocular pressure change from
baseline to completion of the study

Baseline primary IOP 14.89 =+ 1.501799332
Baseline lateral IOP 15.75 =+ 2.336307628
Baseline upgaze IOP 21.0 =+ 3.962497809
Final primary IOP 12.61 =+ 1.393879921
Final lateral IOP 14.72 =+ 1.859866914
Final upgaze IOP 1522 =+ 1.808757844
Mean drop in IOP primary —2.28

Mean drop in IOP lateral —1.03

Mean drop in IOP upgaze —5.78

% decrease primary 15.31

% decrease lateral 6.54

% decrease upgaze 2252

p value primary 0.0397

p value lateral 0.6394

p value upgaze 0.1481

I0P, intraocular pressure

which teprotumumab lowers the IOP is not completely
understood; it may be that the inhibition of the IGF-
1R pathway and its subsequent decrease of extraocular
muscle and adipose mass could have a significant role
in improving episcleral venous flow. Additionally, tepro-
tumumab may have decreased restriction in the infe-
rior rectus and medial rectus muscles, which reduced in
size during our study [1]. Lateral gaze IOPs in patients
1, 2, and 9 did not improve. This could be explained by
enlarged medial and inferior rectus muscles. When the
patient looks laterally, the enlarged medial rectus muscle
may indent the globe and raise the IOP.

With positive results from the pivotal teprotumumab
controlled trials combined with these findings of
improved IOP with teprotumumab, it is exciting to see it
becoming a standard treatment for TED. Additional stud-
ies need to be conducted to compare teprotumumab use
against previous standard treatments for TED. This typi-
cally noninvasive option seems more viable for patients
who are in the active, middle, and end stages of TED.
Teprotumumab is a viable option unless there is a need
for immediate surgical correction of optic neuropathy or
corneal abrasion [10].

While teprotumumab is certainly an effective medi-
cation for the treatment of TED, the advent of targeted
IGF-1R inhibition has its complications. A recent com-
mentator discussed that appropriate forms of contra-
ception should be implemented before initiation, during
treatment, and 6 months following the last dose of tepro-
tumumab due to its teratogenic properties [11]. Animal
models have shown that long-term use of teprotumumab
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could be potentially harmful in pregnant patients and
fetal development [11].

A number of patients in the current report had
increased IOPs likely from glaucoma and TED, making
our assessment of those patients more difficult. Patient
4, who had been concomitantly treated for glaucoma
and TED, experienced a substantial decrease in IOP.
However, the concomitant treatment of glaucoma medi-
cations and teprotumumab has not extensively been stud-
ied. Both oral and intravenous steroids used to treat early
TED may not only initially treat inflammation but also
adversely produce secondary steroid-induced glaucoma.
In cases such as in patients 3 and 7, past medical diagno-
ses (mild-to-moderate edema and acute orbital conges-
tion) may have influenced responses to teprotumumab;
more research in this area is needed. While there may be
some association between TED symptoms (inflamma-
tion) and glaucoma, none of the patients experienced vis-
ual field loss from elevated IOP. In addition, our sample
size is limited to a smaller population of patients for up
to 26 weeks. Future studies examining patients with glau-
coma and TED should be conducted to assess the patient
outcomes for managing both diseases.

Conclusion

With the advent of teprotumumab and its positive effects
on lowering IOP as a byproduct of lowering extraorbital
muscle (EOM) and adipose mass, we are excited to see
it being used as a primary medication for the treatment
of TED. Our report documents nine patients who have
significant improvement in primary gaze IOP and some
who have an improvement in upgaze and lateral IOP.
Teprotumumab’s ability to inhibit the IGF-1R complex
and reduce orbital inflammation naturally reduces IOP.
However, the statistically significant reductions in IOP
we observed may have been due to differences in TED
severity in each patient; reductions in enlarged extraoc-
ular muscles and orbital adipose tissue could have been
greater in some patients than in others. For instance,
patient 8 may not have responded to teprotumumab as
well as patient 3 did. While there are some options for
the treatment of TED, teprotumumab has shown to be
an exciting development due to its efficacy, minimal inva-
siveness, and short duration of treatment. TED is com-
plex, especially with added complications in patients with
glaucoma. Thus, research focusing on the concomitant
treatments of teprotumumab and other medications is
necessary. We hope additional studies will be conducted
to fully evaluate the use of teprotumumab in lowering
IOP in patients who present with even more complex
presentations.
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