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Orbital decompression following
treatment with teprotumumab for
thyroid eye disease
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Objective: To quantify the observed decrease in orbital decompressions being performed at one tertiary care institution and to determine
the rate and predictive factors of orbital decompression surgery following treatment with teprotumumab for thyroid eye disease.

Methods: Epic’s SlicerDicer program was used to analyze recent trends in the overall number of thyroid eye disease (TED) patients evalu-
ated in the oculoplastic surgery department, as well as usage trends of CPT codes 67445 (lateral orbitotomy with bone removal for decom-
pression) and 67414 (orbitotomy with removal of bone for decompression). A retrospective chart review of active moderate-to-severe TED
patients treated with teprotumumab was performed at a single tertiary care center. The main outcome measure was whether or not patients
underwent bony orbital decompression surgery following treatment with teprotumumab. The SlicerDicer search demonstrated stable usage of
CPT codes 67445 and 67414 from 2016 to 2019, followed by a significant decrease from 2020 to 2023, over a background of increasing num-
bers of TED patients evaluated in clinic. Following teprotumumab therapy, 25% of patients and 18% of orbits underwent bony decompression.
Surgically decompressed patients had higher pre- and post-teprotumumab exophthalmometry measurements compared with patients who
did not undergo bony decompression. Average time to decompression following conclusion or cessation of teprotumumab therapy was 12.6
months.

Conclusion: While the number of TED patients treated at one tertiary care center has risen over recent years, the number of orbital
decompression surgeries has declined. Orbital decompression, however, is still needed in select patients after treatment with teprotumumab.

Objectif: Quantifier la baisse observée du nombre de décompressions orbitaires réalisées dans un établissement de soins tertiaires, calc-
uler le taux de ce type de chirurgie apres I'administration de téprotumumab dans le traitement de I'ophtalmopathie thyroidienne (OT) et faire
ressortir les facteurs de prédiction a cet égard.

Méthodes: Le programme SlicerDicer d’Epic a servi a analyser les tendances récentes quant au nombre global de patients présentant
une OT qui ont été évalués au service de chirurgie oculoplastique de méme que les tendances en matiere d’utilisation des codes d’identifica-
tion 67445 (orbitotomie latérale comprenant une résection osseuse afin de réaliser une décompression) et 67414 (orbitotomie comprenant une
résection osseuse afin de réaliser une décompression) selon la Current Procedural Terminology (CPT). Un examen rétrospectif des dossiers
médicaux de patients présentant une OT évolutive modérée a grave et qui ont regu le téprotumumab a eu lieu dans un établissement de soins
tertiaires unique. Le principal paramétre de mesure reposait sur la réalisation — ou non — d’une chirurgie de décompression orbitaire apres un
traitement par le téprotumumab. La recherche dans le programme SlicerDicer a mis au jour une utilisation stable des codes 67445 et 67414
selon la CPT de 2016 a 2019, suivie d’une baisse significative de 2020 a 2023, dans un contexte ou il se produit une hausse des patients
évalués a la clinique en raison d’une OT. Apres I'administration de téprotumumab, 25 % des patients et 18 % des orbites ont subi une
décompression osseuse. Les mesures obtenues a I’'exophtalmométrie chez les patients qui ont subi une chirurgie de décompression étaient
plus élevées, tant avant qu’apres la prise de téprotumumab, comparativement aux patients qui n’ont pas subi de chirurgie de décompression
osseuse. |l s’est écoulé en moyenne 12,6 mois avant la décompression apres la fin ou I'interruption de I'administration de téprotumumab.

Conclusion: Sile nombre de patients traités en raison d’une OT dans un centre de soins tertiaires a augmenté au cours des dernieres
années, le nombre de chirurgies de décompression orbitaire, pour sa part, a diminué. Cela dit, la chirurgie de décompression orbitaire demeure
parfois nécessaire chez certains patients apres I’administration de téprotumumab.

Teprotumumab is a monoclonal insulin-like growth factor-1
receptor antagonist antibody approved by the U.S. Food
and Drug Administration (FDA) for the treatment of thy-
roid eye disease (TED). Phase II and III clinical trials dem-
onstrated reduced proptosis, diplopia, and Clinical Activity
Scores (CAS), in addition to improved quality of life scores
in patients with moderate-to-severe active TED."” Multiple
recent studies have also demonstrated teprotumumab’s effi-
cacy in treating proptosis and diplopia in chronic TED.?”
Prior to the approval of teprotumumab, surgical decom-
pression was considered a primary treatment for reducing
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thyroid-related proptosis. While surgical decompression is
an established, safe, and efficacious strategy to address prop-
tosis,” it can be associated with prolonged recovery periods
and possible postoperative side effects, including new or
worsened diplopia and other complications.”"" Nonsurgical
treatment options for symptoms of moderate-to-severe TED
were previously limited to intravenous steroids, radiation,
and off-label biologic therapy, which demonstrated variable
efficacy.”"” With the option of teprotumumab infusions
for reduction of TED-related proptosis, clinical practice
patterns in the United States continue to evolve.
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The goals of this study were to determine: (1) how the over-
all rate of surgical orbital decompressions performed at one ter-
tiary care institution changed since 2020 when teprotumumab
became available; (2) how many patients underwent decom-
pression surgery after teprotumumab treatment; and (3) which
factors help us predict which patients will undergo decompres-
sion surgery after treatment with teprotumumab.

Methods
Study design

A baseline Epic SlicerDicer search was first performed to
assess the trend in number of TED patients evaluated in the
oculoplastics clinics from 2018, when the Epic electronic
medical record (EMR) system was implemented, until 2023.
The base population used for the search was “all patients,”
and inclusion criteria were any patients of the three faculty
oculoplastics providers with medical history of “thyroid eye
disease” or “exophthalmos due to thyroid eye disease,” or
chief complaint of “thyroid eye disease,” or diagnosis of
“thyroid eye disease.”

An Epic SlicerDicer search was then performed to assess
usage trends of the CPT codes 67445 (lateral wall decom-
pression with bone removal) and 67414 (orbitotomy with
removal of bone for decompression), which are the codes
used for orbital decompression. The SlicerDicer program
reported patients who underwent either or both of these
procedures, stratified by year. One-wall decompression refers
to decompression of the deep lateral orbital wall through a
lateral lid crease incision using either a diamond-tipped drill
or an ultrasonic aspirator. Two-wall decompression refers to
a lateral wall decompression, as described above, plus
decompression and removal of the medial wall through a

transcaruncular incision. Three-wall decompression com-
bines the prior two approaches, plus decompression and
removal of the posterior and medial half of the orbital floor
through the transcaruncular incision.

The retrospective consecutive case series portion of the
study investigated the incidence of surgical decompression,
and predictive factors for surgical decompression, in patients
with moderate-to-severe active TED,'*"> who were treated
with teprotumumab. The primary outcome measure was
whether or not patients underwent orbital decompression.

This study adhered to the tenets of the Declaration of
Helsinki, was performed in accordance with the Health
Insurance Portability and Accountability Act (HIPAA)
and was approved by the site’s institutional review board.

Patients

Patients were treated at the University of California,
San Diego, in the faculty practice and the multispecialty
Thyroid Eye Clinic. All patients who were treated with at
least one teprotumumab infusion between February 2020
and January 2023 were included, as some patients did
not complete all 8 infusions. Any patient with fewer than
6 months of follow-up from the last infusion and those who
had undergone prior orbital decompression surgery were
excluded. A secondary analysis was performed of 50 conse-
cutive patients (84 orbits) who underwent bony decompres-
sion surgery for TED prior to 2019, excluding any patients
who had undergone prior orbital decompression surgery or
orbital radiation therapy.

Data collection

Data was collected retrospectively by chart review in
EPIC. Data collected for all patients included age, gender,
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Fig. 1—Epic SlicerDicer trend analysis demonstrating increasing number of TED patients seen in oculoplastics clinics versus a decline
in the number of surgical decompressions performed starting in 2020.
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Fig. 2—Usage of CPT Codes 67445 and 67414 at one academic
the treatment of thyroid eye disease.

CAS, subjective complaints, and pre- and post-teprotumu-
mab clinical exophthalmometry measurements (performed
with a Naugle exophthalmometer). Post-treatment propto-
sis measurements were obtained within 4 months of the last
teprotumumab infusion.

Statistical analysis

Continuous and categorical data are reported as mean (stan-
dard deviation) and count (percentage) throughout. Normal-
ity was assessed using the Shapiro-Wilk test. Statistical
significance of subject level characteristics was determined
using Student’s t test for comparisons involving normally dis-
tributed data and Mann—Whitney U test for nonparametric
data. A p value <0.05 was considered statistically significant.

All statistical analyses were performed with Stata software ver-
sion 14.2 (StataCorp LP, College Station, TX).

Results

EPIC SlicerDicer queries revealed an uptrend in the number

of TED patients seen from 2018 through 2023 (Fig. 1).

Table 1—TED relapses after treatment with teprotumumab

Number of
patients

Management of TED relapses

Orbital surgery Decompression after >6 mo symptom stability 2
Currently awaiting >6 mo symptom stability 1
for possible decompression
Thyroidectomy followed by decompression 1
after >6 mo symptom stability
Thyroidectomy Thyroidectomy only
Teprotumumab 2nd treatment course
Conservative ~ Conservative management
management Reactivation after decompression,
conservative management

TED = thyroid eye disease.

a4 W W=

2020 2021 2022 2023

institution decreased after teprotumumab was approved in 2020 for

Linear regression analysis demonstrated that, on average,
the number of TED patients seen increased by 47 each year
(R*=0.97). The queries also demonstrated stable usage
of CPT codes 67445 and 67414 by 3 faculty oculoplastic
surgeons from 2016 to 2019 (mean 62.5), followed by a
decrease in usage from 2020 through 2023 (mean 36.8)
(p = 0.0003, unpaired t-test) (Fig. 2).

Patients

Sixty-four patients (128 orbits) were included. Teprotu-
mumab treatment was initiated by 27 patients in 2020 and
27 patients in 2021. Only 10 patients who initiated treat-
ment in 2022 were included to meet follow-up require-
ments. Forty-seven (73%) of the patients were female, with
the mean age being 53 years (range 14—80). The mean pre-
treatment CAS was 3.7 (SD 1.7). The mean number of
completed teprotumumab infusions was 7.5 (SD 1.41), with
9 of 64 patients not completing the full 8-infusion treatment
course. The mean follow-up time from the last infusion
was 20.4 months (SD 9.0). Twelve of 64 patients (18.8%)
experienced reactivation of disease during the study period,
with an average time to relapse from last infusion of
10.6 months (SD 7.2, range: 3-24 months) (Table 1).

Sixteen of 64 patients (25%) and 24 of 128 orbits
(18.8%) underwent bony decompression following cessation
of teprotumumab therapy, with the mean time to surgery
from last infusion being 12.6 months (SD 9.4). Of these
16 patients, 3 underwent bony decompression due to reacti-
vation of disease after a period of stable improved symptoms.
The remaining 13 patients reported either no (2) or partial
(11) subjective improvement of their eye bulging on his-
tory-taking during follow-up appointments. These 13
patients all had residual proptosis and desired further treat-
ment to return to their baseline appearance despite some of
them reporting improvement in other symptoms such as
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Table 2—Bony decompressed vs non-decompressed patients

Bony decompression No decompression p Value

Age (y) 50.3 (SD 12.0) 53.7 (SD 15.6) 0.430°
Infusions completed 8.0 (SD 0) 7.3(SD1.6) 0.065%
Initial CAS 3.9(8D1.7) 3.7(SD1.7) 0.614%
Subjective bulging (%) 100 81.3 0.097°
Follow-up time (mo) 22.5(SD 8.5) 19.8(SD9.2) 0.2122

2Mann—Whitney U test.
®Two-sample t test.
°Fisher’s exact test.

pain and pressure with teprotumumab treatment. No surgi-
cal decompression was performed in this group for compres-
sive optic neuropathy.

Six of 64 patients (9.4%) and 12 of 128 orbits (9.4%)
underwent fat-only surgical decompression following cessa-
tion of teprotumumab therapy, with mean time to surgery
from last infusion of 8.4 months (SD 3.7). Fat-only surgical
decompression was performed bilaterally for patients with
persistent fullness of the lids and anterior orbit following
treatment with teprotumumab. This was performed through
upper lid crease and lower lid transconjunctival incisions.

Of note, 13 of our 64 patients had their treatment courses
interrupted by the suspension of teprotumumab production
in December 2020 due to COVID-19 vaccine production
prioritization. One patient only completed 7 of 8 infusions
due to the stoppage, while the remaining 12 completed all 8
infusions. Four of these patients ultimately underwent bony
decompression, and none underwent fat-only decompres-
sion.

Thirty-two of 64 patients (50%) noted intermittent or
constant diplopia on initial presentation, and 16 of 64
patients (25%) underwent strabismus surgery following ces-
sation of teprotumumab therapy, with mean time to surgery
from last infusion being 10.4 months (SD 6.0).

There was no statistically significant difference in mean
age at first treatment, initial CAS, number of teprotumumab
infusions completed, or follow-up time between patients
who did and did not undergo bony decompression surgery
following teprotumumab therapy (Table 2). Mean pretreat-
ment exophthalmometry measurements were significantly
higher in orbits that underwent bony decompression
(23.7 mm, SD 2.6) compared with orbits that did not
(20.7 mm, SD 3.1) (p <0.001) (Table 3). The association
between a patient’s report of subjective bulging or swelling
on initial evaluation and eventual bony decompression did

Table 3—Bony decompressed vs non-decompressed orbits

Bony decompression No decompression p Value
23.7 (2.6) 20.7 (3.1) 0.000*

Pre-teprotumumab
exophthalmometry,
mm (SD)

Post-teprotumumab
exophthalmometry,
mm (SD)

2Two-sample t test.

20.6 (2.7) 18.6 (3.0) 0.00472
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not reach statistical significance (p =0.100). The associa-
tion between report of pain at initial evaluation and even-
tual bony decompression was also not significant
(p=0.317). Posttreatment exophthalmometry measure-
ments were significantly higher in the orbits that underwent
bony decompression (20.6 mm, SD 2.7) compared with
those that did not (18.6 mm, SD 3.0) (p=0.0047)
(Table 2).

An analysis was performed comparing presurgery exoph-
thalmometry measurements in 84 orbits that underwent
bony decompression surgery for TED prior to the approval
of teprotumumab (mean 23.9 mm, SD 3.6) to those 24 that
underwent the surgery after treatment with teprotumumab
(23.7 SD 2.6). There was no significant difference in presur-
gery exophthalmometry measurements between these 2
groups (p =0.77).

An analysis was also performed comparing patients who
underwent any decompression (bony or fat-only) with those
who did not undergo any surgical decompression. There was
no statistically significant difference in age, initial CAS, or
follow-up time between the two groups. The associations
between reported subjective bulging (p=0.251) and
reported pain (p = 0.065) on initial evaluation and whether
a patient underwent surgical decompression were not statis-
tically significant. Pretreatment exophthalmometry meas-
urements were significantly higher in orbits that underwent
any decompression (22.6 mm, SD 3.0) compared with those
that did not (20.6 mm, SD 3.2) (p = 0.001). Post-treatment
exophthalmometry measurements were significantly higher
in orbits that underwent any decompression (19.9 mm, SD
2.6) compared with those that did not (18.5 mm, SD 3.0)
(p=0.016).

Discussion

We found that the number of TED patients seen and treated
at a tertiary academic center increased steadily from 2018
through 2023. This may reflect the addition of a new faculty
member, as well as an increase in referral volume due to the
availability of teprotumumab and increasing awareness
among patients themselves. Conversely, the number of sur-
gical decompressions performed decreased significantly start-
ing in 2020.

In studying these trends, we must acknowledge that the
approval of teprotumumab in 2020 came just 2 months
before the start of the COVID-19 pandemic, which had a
significant impact on both routine medical appointments
and elective surgeries. The results of Epic SlicerDicer queries
demonstrate, however, that despite the pandemic, the num-
ber of TED patients seen in the clinic continued to rise
through 2020 and 2021, through the height of the pan-
demic. This suggests that the decline in surgical decompres-
sions performed is likely attributable to factors other than
the COVID-19 pandemic, such as the introduction of tepro-
tumumab as an alternative treatment for TED. In fact, the
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decline in the decompression rate has persisted through
2021, 2022, and 2023, despite full capacity of elective
procedures.

The introduction of teprotumumab likely contributed to
the decline of decompression surgery rates for several rea-
sons. Providers may be more likely to prescribe teprotumu-
mab in patients with active disease, who previously might
have waited for a 6-month period of disease stability before
undergoing decompression surgery. Also, patients with
chronic disease now have an option of teprotumumab treat-
ment, who previously might have opted for orbital decom-
pression in the absence of medical options. Patients in
various stages of disease, therefore, now have the option to
consider medical treatment before surgery. It is likely that
over the past several years orbital decompression surgery has
become more of a final option for many patients who would
prefer the benefits and associated risks of biologic therapy
over orbital surgery.

In order to better counsel TED patients, we studied how
many patients underwent surgical decompression after
teprotumumab treatment and sought to determine whether
any predictive factors existed. In 64 teprotumumab-treated
patients with over 20 months of average follow-up time,
25% of patients and 18.8% of orbits underwent bony
decompression surgery due to reactivation of disease after an
initial period of symptomatic improvement or for residual
proptosis bothersome to the patient. Reports of subjective
bulging or pain on initial evaluation were not statistically
significant as predictive factors. Higher pre- and post-treat-
ment exophthalmometry measurements were both statisti-
cally significant as predictive factors for any type of surgical
decompression. The data suggest that patients with more
severe proptosis, while noting meaningful reduction in their
proptosis with teprotumumab, may be interested in fur-
ther intervention for complete return to their baseline
appearance.

Moving forward, guidance as to which patients will have
the best response to teprotumumab may assist with treat-
ment strategies. A recent study found that patients with
lower pre-treatment fat-to-muscle ratios (FMR) on CT and
MR imaging (historically deemed “type 2” TED patients)
had a greater clinical response to teprotumumab.'®!'" A sub-
sequent study found that in patients with FMR >1.80, surgi-
cal decompression led to significantly more proptosis
reduction than teprotumumab, while in patients with FMR
<1.80, teprotumumab and surgical decompression led to
similar amounts of proptosis reduction.'” As the authors
concluded, pretreatment FMR may help physicians counsel
patients regarding treatment response and the possibility of
needing further intervention.

In conclusion, 25% of patients who received teprotumu-
mab treatment ultimately underwent bony orbital decom-
pression over the course of this study. Higher pre- and post-
treatment exophthalmometry measurements may help pre-
dict this cohort of patients. Treatment with teprotumumab
likely reduces the need for orbital decompression and its

associated morbidity in many patients. Further studies with
larger patient populations will enable investigators to con-
firm the applicability of these findings, to determine how
treatment with teprotumumab affects rates of eyelid surger-
ies, and to examine which TED patients, if any, may do bet-
ter with one treatment modality.

Study limitations and potential bias

Limitations of the consecutive case series include the
small sample size, its retrospective nature, and inclusion
of a single tertiary center. The inclusion of patients who
did not complete the full course of teprotumumab was
intentional, as this was a study of “real-life” clinical prac-
tice patterns, and patients may not complete all 8 infu-
sions for various reasons. While 8 infusions remain the
standard treatment regimen, some studies have demon-
strated early treatment efficacy within the first few
doses.'™"” This could have theoretically increased the
observed rate of post-treatment decompression surgery in
our study, but on review of the post-treatment patients
who required orbital decompression, all had completed
the full teprotumumab treatment course. Finally, one lim-
itation of the Epic SlicerDicer trend analysis is that while
there was clearly an increase in overall number of TED
patients being seen, this reflected overall patients and was
not detailed for any specific TED phenotype.

Summary

Although the number of orbital decompression surgeries
performed is declining, the surgery is still needed in a select
group of patients following teprotumumab treatment for
thyroid eye disease.
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