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Purpose: To describe patient characteristics and teprotumumab treatment patterns among patients with 602582

thyroid eye disease (TED), using large-scale, linked clinical and claims data.

Patients and Methods: This was an observational, retrospective cohort study using linked data from the American Academy of
Ophthalmology IRIS® Registry (Intelligent Research in Sight) and Komodo Health Research Dataset (KRD; 2019-2024). Adult (>18
years) patients with a confirmed TED diagnosis in the IRIS Registry who initiated teprotumumab (ie, received >1 teprotumumab
infusion in KRD) after its approval, and met continuous health plan enrollment requirements before and after treatment initiation were
included. Outcomes were examined overall and stratified by TED duration at index (<24 months vs >24 months). Outcomes included
demographics (eg, age, sex at birth, race) and baseline disease burden (eg, clinical activity score [CAS], intraocular pressure, proptosis,
eye signs and symptoms), as well as teprotumumab infusion patterns.

Results: A total of 2,886 patients were included (mean age: 59 years; 77% female). At baseline, 79% had >1 eye sign or symptom
(proptosis: 45%; diplopia: 29%). Among 356 patients with CAS recorded, 91% had active disease (CAS >3/7 or 4/10). Teprotumumab was
initiated within 12 months of TED diagnosis in 70% of patients. Among patients assessed for teprotumumab infusion patterns, 65%
completed the 8-infusion course (median time to completion: 5 months); 35% discontinued (mean number of infusions received: 4);
discontinuation peaked at the seventh infusion. Retreatment with teprotumumab occurred in 10% of patients completing the first course,
26% of whom completed the second course.

Conclusion: This large real-world analysis reveals high baseline TED burden, teprotumumab adoption within one year of diagnosis,
and adherence to FDA-indicated dosing. The findings reflect evolving clinical practice in TED management and support the need for
ongoing research to assess how teprotumumab may influence the natural history of disease over time.
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Introduction
Thyroid eye disease (TED) is a chronic autoimmune condition characterized by inflammation and expansion of the
extraocular muscles and orbital fat.' > Symptoms include proptosis, diplopia, eyelid retraction, and, in severe cases, optic
nerve compression leading to vision loss.>* TED is commonly associated with Graves’ disease (GD), and even in mild
forms, it can substantially impair quality of life.'
Historically, TED has been characterized by an active phase lasting up to 2 years, marked by inflammation and
progressive tissue remodeling, followed by a chronic, inactive phase, in which proptosis and diplopia often persist.'*>
Until 2020, treatment options for TED were limited to systemic corticosteroids, orbital radiotherapy (ORT), non-specific
immunosuppression, and off-label biologics.® However, relapse requiring retreatment was common, underscoring the
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recurrent nature of TED despite standard therapies.” Surgical interventions, including orbital decompression and strabismus
surgery, are generally reserved for the inactive phase to correct persistent manifestations, such as proptosis and diplopia.®

In 2021, the European Group on Graves’ Orbitopathy (EUGOGO) introduced guidelines outlining a structured, stepwise
approach to managing TED, based on disease activity and severity. For patients with active moderate-to-severe or sight-
threatening disease, recommended first-line (1L) therapy includes high-dose glucocorticoids and mycophenolate sodium
administered concomitantly, with escalation to second-line agents or urgent surgical intervention if response is inadequate.””
Similarly, the 2022 joint consensus statement from the American Thyroid Association and European Thyroid Association
(ATA/ETA) recommend corticosteroids and/or ORT as 1L therapy for active TED, while reserving surgery for stable,
moderate-to-severe disease. '

In the 2022 ATA/ETA statement, teprotumumab (Tepezza™) is listed as a preferred therapy (where available) for
treatment of moderate-severe active TED when treatment goals are disease inactivation, reduction of diplopia and
proptosis. Teprotumumab was approved in January 2020 by the US Food and Drug Administration (FDA) as the first
targeted therapy for TED."? As an insulin-like growth factor-1 receptor (IGF-1R) inhibitor, teprotumumab blocks
dysregulated immune responses in TED by interfering with signaling through the IGF-1R and thyrotropin receptor
(TSHR) complex in orbital fibroblasts and infiltrating immune cells.”'"

Teprotumumab was approved based on two randomized, double-blind, placebo-controlled clinical trials in patients
with active, moderate TED.'""'? In Phase 2 (NCT01868997), 69% of patients on teprotumumab achieved the primary
endpoint (>2 mm reduction in proptosis), compared with 20% on placebo (P<0.001)'* and, in Phase 3 (NCT03298867),
83% of patients had >2 mm proptosis reduction versus 10% on placebo (P<0.001); benefits were also seen across other
key outcomes, including clinical activity score (CAS), proptosis, diplopia, and quality of life."!

With further evidence in 2023 supporting efficacy in long-standing, and low activity TED (CAS <1), the FDA expanded
teprotumumab’s indication in April 2023 to include all patients with TED, irrespective of disease activity level or duration.'?

While clinical trials have demonstrated efficacy for teprotumumab in patients with TED, real-world evidence supporting
its use remains scarce. Most studies to date have been conducted in single academic centers with small sample sizes.''"'*"'”
Although a small number of studies have leveraged the Academy IRIS (Intelligent Research in Sight) Registry data to provide
valuable insights on patients with TED, no prior research has linked this large-scale, clinical data with administrative claims
data to describe the real-world use of teprotumumab.'®'® The present study aimed to address these gaps and provide novel
real-world evidence by leveraging large-scale, linked IRIS Registry data and Komodo Health’s Research Dataset (KRD) to
describe the patient characteristics and teprotumumab infusion patterns among patients with TED in the US.

Materials and Methods

Data Source

This study used de-identified patient-level data from the IRIS Registry, developed by the American Academy of Ophthalmology
(AA0),”® augmented with claims data from KRD?' (January 2019-December 2024). The IRIS Registry (IRIS Qdata Module
dataset) is the largest, nationally representative ophthalmology registry in the US, integrating longitudinal electronic health record
(EHR) data from 56 systems provided by approximately 15,000 clinicians. It includes over 11 years of data on more than
80 million unique patients and 805 million billed patient visits. KRD provides nationally representative longitudinal claims data,
encompassing inpatient, outpatient, and pharmacy claims for over 330 million individuals across commercial and Medicare
insurance plans.

Study Design and Population

This retrospective cohort study included adult (>18 years) patients with a confirmed TED diagnosis in IRIS Registry
data, identified using a validated algorithm developed by Verana Health.?* Eligible patients received >1 teprotumumab
infusion on or after its approval (January 2020), as identified through KRD claims data. The index date was defined as
the date of the first teprotumumab infusion (Supplemental Figure 1).

Patients were required to have continuous health plan enrollment for >12 months before and after the index date in the KRD
claims data, defined as no gaps >45 days, as well as >3 months of clinical observation in the IRIS Registry prior to the index date.
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The baseline period was defined as the >12-month period preceding the index date, beginning at the start of continuous
enrollment for the KRD claims data and the first record for the IRIS Registry EHR data. The follow-up period extended from
the index date (ie, teprotumumab initiation) until the earliest of health plan disenrollment or the end of data availability.

The IRIS Registry and KRD are centralized, de-identified data repositories that can be used for research purposes. In
accordance with the US Department of Health and Human Services regulations (45 CFR 46), this study did not involve human
subjects as all data were de-identified and investigators had no access to patient identifiers. Therefore, institutional board
review and informed consent were not required and this study adheres to the principles of the Declaration of Helsinki.

Outcomes, Measures, and Statistical Analyses

Outcomes were descriptively assessed to characterize real-world patients with TED initiating teprotumumab, including
baseline demographic and clinical characteristics and infusion patterns during follow-up. Continuous variables were
summarized using means with standard deviations (SDs) and medians with interquartile range (IQR), while categorical
variables were reported as frequencies and percentages. Missing data were handled by excluding unknown values for
continuous variables, whereas categorical variables comprised an “unknown” category.

Baseline characteristics and outcomes during follow-up were obtained from each data source as available. The IRIS
Registry provided demographics (age, sex at birth, race), TED duration as of the index date, eye-related clinical
measurements (CAS, intraocular pressure [IOP], visual acuity [VA], proptosis), eye signs and symptoms (assessed via
diagnostic codes), and eye-related surgeries. KRD provided additional demographics (insurance type, geographic region),
comorbidities, and use of TED-related treatments (eg., baseline treatments, teprotumumab infusions).

Eye-related characteristics assessed via clinical measurements were summarized among patients with available data in the
IRIS Registry. Disease activity was defined using CAS measurements, with patients classified as having active disease (CAS
>3 on a 7-point scale or >4 on a 10-point scale) or quiescent disease (CAS<3, CAS<4, respectively).* Proptosis was assessed
using oculus dexter (OD) and/or oculus sinister (OS) measurements, with the higher value reported when both were available.
Disease activity and proptosis were assessed in the 60 days before and after the index date to account for real-world variability
in measurement timing while ensuring values reflected patient status at teprotumumab initiation. IOP and VA were assessed
during the baseline period, with the measurement closest to the index date retained for analysis.

During follow-up, infusion patterns were evaluated and categorized as full course completion (8 infusions) or discontinua-
tion (received < 8 infusions). Full course completers were further stratified by the presence or absence of treatment gaps,
defined as >90 days without an infusion based on teprotumumab’s recommended dosing schedule and clinician input.
Additionally, teprotumumab retreatment was assessed as those who received >1 infusion following full course completion.
Among discontinuers, teprotumumab reinitiation was assessed as those who received >1 infusion following a treatment gap.

Due to the COVID-19-related supply chain disruption, patients who initiated teprotumumab in the second half of
2020 and discontinued in the first half of 2021 were excluded from infusion pattern analyses to minimize potential bias.**

Outcomes were examined overall, as well as stratified by TED duration at index (<24 months [shorter] vs >24 months
[longer]) to characterize patients at different disease phases. As there is no strict cut-off for the duration of active TED,
with published reports ranging from 6—18 months to 3 years or more, a 24-month threshold was selected to reflect
conventional definitions and align with pivotal teprotumumab trial criteria.*> Patients with unknown disease duration at
index (N=338) were excluded from stratified analyses but included in descriptive summaries. All analyses were
conducted in Databricks Runtime 11.3 LTS (Long-term Support) with Apache Spark 3.3.0 and Python 3.9.21.

Results

Study Population

Using clinical data from the IRIS Registry linked with KRD, a total of 2,886 eligible patients with TED who initiated
teprotumumab were included. Of these, 2,161 had shorter (<24 months) and 387 had longer TED duration (=24 months)
at teprotumumab initiation (Supplemental Figure 2). A total of 2,637 patients were included in the infusion pattern

analyses, after excluding 249 patients due to potential impact from the COVID-19-related supply chain disruption. Of
these, 1,978 had shorter (<24 months) and 351 had longer TED duration (=24 months) at teprotumumab initiation.
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Baseline Demographics
In the overall population, the mean age was 59 years, and 77% were female. Most patients were of White race (70%) and 47%
were from the South region. Commercial insurance was the predominant coverage type, reported in 48% of patients (Table 1).

Table | Baseline Patient Demographics and Clinical Characteristics

Overall N=2,886 By TED Duration
Shorter Longer
(<24 Months) | (=24 Months)
N=2,161 N=387

Demographics
Age (years), mean (SD) 58.5 (14.0) 57.5 (14.3) 61.7 (11.9)
Age group, n (%)

18-30 117 (4.1) 106 (4.9) 4 (1.0)

31-40 227 (7.9) 186 (8.6) 17 (4.4)

41-50 406 (14.1) 318 (14.7) 53 (13.7)

51-60 742 (25.7) 564 (26.1) 87 (22.5)

61-70 814 (28.2) 591 (27.3) 139 (35.9)

71-80 481 (16.7) 328 (15.2) 77 (19.9)

=80 99 3.4) 68 (3.1) 10 (2.6)
Sex, n (%)

Female 2219 (76.9) 1,647 (76.2) 314 (81.1)

Male 667 (23.1) 514 (23.8) 73 (18.9)
Race?, n (%)

White 1,624 (70.2) 1,166 (69.4) 249 (71.1)

Black 302 (13.1) 230 (13.7) 38 (10.9)

Other 387 (16.7) 284 (16.9) 63 (18.0)
Geographic region?, n (%)

South 1,348 (46.8) 988 (45.8) 211 (54.5)

West 531 (18.4) 399 (18.5) 58 (15.0)

Northeast 527 (18.3) 408 (18.9) 58 (15.0)

Midwest 473 (16.4) 360 (16.7) 60 (15.5)
Health plan, n (%)

Commercial 1,388 (48.1) 1,068 (49.4) 155 (40.1)

Medicare 1,109 (38.4) 777 (36.0) 185 (47.8)

Other 389 (13.5) 316 (14.6) 47 (12.1)

(Continued)
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Table | (Continued).

Overall N=2,886 By TED Duration
Shorter Longer
(<24 Months) | (=24 Months)
N=2,161 N=387
Clinical characteristics
TED duration (months)®, mean (SD) 10.1 (18.1) 7.1 (5.5) 47.6 (16.9)
<12 months 1,779 (69.8) 1,779 (82.3) 0 (0.0
12 - <24 months 382 (15.0) 382 (17.7) 0 (0.0
24 - <36 months 122 (4.8) 0(0.2) 122 (31.5)
236 months 265 (10.4) 0 (0) 265 (68.5)
Baseline comorbidities
Thyroid dysfunction diagnoses®, n (%)
Hyperthyroidism 2,840 (98.4) 2,132 (98.7) 379 (97.9)
Hypothyroidism 580 (20.1) 407 (18.8) 114 (29.5)
Comorbidities®, n (%)
Dry eye 1,598 (55.4) 1,159 (53.6) 247 (63.8)
Hypertension 1,283 (44.5) 952 (44.1) 189 (48.8)
Smoking/nicotine dependency 707 (24.5) 523 (24.2) 106 (27.4)
Type 2 diabetes 490 (17.0) 361 (16.7) 75 (19.4)
Hearing impairment/loss 242 (8.4) 172 (8.0) 39 (10.1)
Chronic sinusitis 241 (8.4) 168 (7.8) 44 (11.4)
Atretic sinuses 117 (4.1) 87 (4.0) 20 (5.2)
Rheumatoid arthritis 103 (3.6) 71 (3.3) 20 (5.2)
Type | diabetes 67 (2.3) 51 (24) 8 (2.1)
Psoriasis 47 (1.6) 40 (1.9) 4 (1.0
Myasthenia gravis 44 (1.5) 34 (1.6) 5(1.3)
Immunocompromise 41 (1.4) 34 (1.6) 4 (1.0)
Systemic lupus erythematosus 34 (1.2) 25 (1.2) 7 (1.8)
Study design information
Baseline duration (months), median (IQR)
IRIS Registry 17.3 (7.9, 30.5) 14.7 (7.0,27.2) | 31.8 (24.1,40.2)
KRD 36.7 (285, 46.7) | 36.9 (28.5,47.1) | 38.1 (30.1, 48.3)
Follow-up duration (months), median (IQR) | 25.7 (16.9, 34.4) | 24.7 (16.4, 33.5) | 26.0 (16.2, 34.8)

Notes: *Proportions were calculated among patients with data availability. ®Calculated as the months between TED
diagnosis and teprotumumab initiation among patients with data available. “Categories are not mutually exclusive.
Abbreviations: CAS, clinical activity score; IQR, interquartile range; TED, thyroid eye disease.
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Clinical Burden at Baseline

Of 356 patients with available CAS measurements, 325 (91%) had active disease. Among patients with documented IOP,
16% (418/2,660) had values >21mmHg and among those with documented VA, 9% (167/1,967) had VA 20/50-20/160
and 2% (36/1,967) had VA <20/200, indicating impaired vision in 11% of patients overall. Of 511 patients with available
proptosis measurements, 66% had proptosis >21mm.

Eye signs or symptoms (based on diagnostic codes) were present in 79% (2,291/2,886) of patients; the most common
were proptosis (45%; 1,300/2,886), lid retraction (29%; 843/2,886), diplopia (29%; 841/2,886), strabismus (19%; 552/
2,886), and keratoconjunctivitis (18%; 531/2,886).

Patients also demonstrated a high comorbidity burden, including dry eye (55%; 1,598/2,886), hypertension (45%;
1,283/2,886), smoking or nicotine dependence (25%; 707/2,886), and type 2 diabetes (17%; 490/2,886). Hearing
impairment was documented in 8% (242/2,886) prior to teprotumumab initiation.

Overall, 5% (143/2,886) of patients had history of eye-related surgery, and the majority (89%; 2,581/2,886) did not
receive high-dose corticosteroids, immunotherapy, surgery and/or ORT prior to teprotumumab (Table 2).

Table 2 Baseline Clinical Burden

Overall By TED Duration
N=2,886 Shorter Longer
(<24 Months) | (=24 Months)
N=2,161 N=387
Eye-related clinical measurements®
Disease activity®, n (%)

Patients with CAS measurements 356 (12.3) 314 (14.5) 42 (10.9)
Active disease® 325 (91.3) 287 (91.4) 38 (90.5)
Quiescent disease® 31 (8.7) 27 (8.6) 4 (9.5)

Intraocular pressure (IOP), n (%)

Patients with IOP measurements 2,660 (92.2) 2,032 (94.0) 353 (91.2)
<21 mmHg* 2,242 (84.3) 1,718 (84.5) 291 (82.4)
>21 mmHg* 418 (15.7) 314 (15.5) 62 (17.6)

Visual acuity (VA)?, n (%)

Patients with VA measurements 1,967 (68.2) 1,540 (71.3) 267 (69.0)
220/20 - 20/40° 1,764 (89.7) 1,381 (89.7) 241 (90.3)
20/50 - 20/160° 167 (8.5) 129 (8.4) 24 (9.0)

<20/200°¢ 36 (1.8) 30 (1.9) 2 (0.7)

Proptosis®, n (%)

Patients with OD/OS measurements 511 (17.7) 446 (20.6) 59 (15.2)
<2Imm° 174 (34.1) 154 (34.5) 17 (28.8)
>2Imm*© 337 (65.9) 292 (65.5) 42 (71.2)

(Continued)
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Table 2 (Continued).

Overall By TED Duration
N=2,886 Shorter Longer
(<24 Months) | (=24 Months)
N=2,161 N=387
Eye signs and symptoms (based on diagnostic codes)
Eye signs and symptoms", n (%)
Proptosis 1,300 (45.0) 1,014 (46.9) 182 (47.0)
Lid retraction 843 (29.2) 680 (31.5) 142 (36.7)
Diplopia 841 (29.1) 678 (31.4) 97 (25.1)
Strabismus 552 (19.1) 365 (16.9) 85 (22.0)
Keratoconjunctivitis 531 (18.4) 395 (18.3) 95 (24.5)
Orbital inflammation 289 (10.0) 208 (9.6) 66 (17.1)
Ocular pain 164 (5.7) 123 (5.7) 33 (85)
Visual disturbance, loss, or discomfort 147 (5.1) 99 (4.6) 30 (7.8)
DON/CON 23 (0.8) 16 (0.7) 5(1.3)
Color vision deficiency 4 (0.1) 2 (0.1) 0 (0.0)
Other 368 (12.8) 295 (13.7) 45 (11.6)
2| eye sign or symptom, n (%) 2,291 (79.4) 1,791 (82.9) 310 (80.1)
| 834 (28.9) 647 (29.9) 93 (24.0)
2 711 (24.6) 567 (26.2) 78 (20.2)
3 431 (14.9) 342 (15.8) 72 (18.6)
24 315 (10.9) 235 (10.9) 67 (17.3)
Treatment and surgery history
Treatments, n (%)
No high-dose corticosteroids®", immunotherapy, surgery and/or ORT | 2,581 (89.4) 1,921 (88.9) 354 (91.5)
High-dose IVGC only® 142 (4.9) 108 (5.0) 17 (4.4)
High-dose OGC only" 117 (4.1) 96 (4.4) 8 (2.1)
Immunotherapy only 23 (0.8) 19 (0.9) 4 (1.0)
Surgery only 4 (0.1) 3 (0.1) 0 (0.0)
ORT (i.e., ORT only, ORT+ IVGC, ORT+ OGC) 0 (0.0 0 (0.0 0 (0.0
Combination of any of the above 19 (0.7) 14 (0.6) 4 (1.0
Eye-related surgeries’
2| surgery, n (%) 143 (5.0) 79 (3.7) 55 (14.2)
Blepharoplasty or eyelid reconstruction 71 (2.5) 31 (1.4) 35 (9.0)
Orbital decompression 64 (2.2) 32 (1.5) 31 (8.0)
(Continued)
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Table 2 (Continued).

Overall By TED Duration
N=2,886
Shorter Longer
(<24 Months) | (=24 Months)
N=2,161 N=387
Tarsorrhaphy 32 (1.1) 16 (0.7) 13 (34)
Strabismus surgery 30 (1.0) 20 (0.9) 8 (2.1)
Eyelid retraction repair 15 (0.5) 7 (0.3) 7 (1.8)

Notes: *Eye-related clinical measurements were available for a subset of patients. The proportion of patients without data for each measure was as
follows: CAS, 87.7%; |OP, 7.8%; VA, 31.8%; proptosis, 82.3%. "Disease activity was measured within 60 days of the index date for those with available
CAS measurements. Active disease was defined as CAS 23 on a 7-point scale or 24 on a |0-point scale, while quiescent disease was defined as CAS <3
on a 7-point scale or <4 on a |0-point scale. “Proportions were calculated among patients with available measurements. “Measurements were evaluated
during the entire baseline period, and the one closest to the index date was reported. *Proptosis was measured within 60 days of the index date for
those with available OD and/or OS measurements. For patients with multiple measurements, the one closest to the index date was reported and if
both OD and OS measurements were available, the higher of the two was reported. 'Categories are not mutually exclusive. ®High-dose intravenous
IVGC was defined as patients receiving 22 consecutive weeks of 0.25g weekly dose (or greater) of IV methylprednisolone (IVMP) or equivalent. "High-
dose OGC was defined as patients receiving 214 consecutive days of 100 mg/week (or 15 mg/day or greater) prednisone or equivalent.
Abbreviations: DON/CON, dysthyroid or compressive optic neuropathy; IOP, intraocular pressure; IVGC, intravenous glucocorticoids; OD, oculus
dexter; OGC, oral glucocorticoids; ORT, orbital radiotherapy; OS, oculus sinister; TED, thyroid eye disease; VA, visual acuity.

Teprotumumab Infusion Patterns
Among 2,637 patients who initiated teprotumumab, 65% (1,712/2,637) completed the full first course of treatment (8
infusions); 63% (1,654/2,637) completed without treatment gaps, while 2% (58/2,637) completed with a treatment gap.

Among patients who completed the full first course without treatment gaps, the median time to completion was 5
months (IQR: 5, 5). For those who completed the first course with treatment gaps, the median time to completion was 13
months (IQR: 10, 19).

Among patients who completed the full first course regardless of treatment gaps, 10% (174/1,712) were retreated with
teprotumumab, with a median time from first course completion to retreatment of 9 months (IQR: 1, 15); of these, 26%
(46/174) completed the full second course.

The remaining patients who initiated teprotumumab (35%; 925/2,637) discontinued before completing the full course,
with a median time to discontinuation of 3 months (IQR: 1, 4) and a mean (SD) of 4 (2) total infusions. Among those
who discontinued teprotumumab, 5% (46/925) reinitiated treatment after a treatment gap (Figure 1). Among the 925
patients who discontinued teprotumumab during the first course, discontinuation was observed at all infusion points, most
frequently at the seventh (21%) or sixth (16%) infusions (Figure 2).

Subgroup Analysis by TED Duration

Baseline demographic and clinical characteristics by TED duration are summarized in Table 1. Profiles were generally
comparable across subgroups, although descriptively, patients with longer TED duration were slightly older (mean age:
62 vs 58), more frequently female (81% vs 76%), more often covered by Medicare (48% vs 36%), and had a greater
prevalence of comorbidities (eg, dry eye: 64% vs 54%; hypertension: 49% vs 44%). Baseline clinical burden, shown in
Table 2, was likewise generally similar, though patients with longer TED duration exhibited descriptively higher burden
(eg, 36% with >3 eye signs or symptoms vs 27%).

Among 1,978 patients with shorter TED duration (<24 months) who initiated teprotumumab, 65% (1,287/1,978)
completed the full first course (8 infusions); 63% (1,245/1,978) without a treatment gap (median time to completion: 5
months, IQR: 5, 5) and 2% (42/1,978) with a gap (median time to completion: 12 months, IQR: 10, 19). Among those
who completed the full first course, with or without treatment gaps, retreatment occurred in 10% of patients (127/1,287;
median time to retreatment: 9 months, IQR: 1, 15), with 27% (34/127) completing the full second course.
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A total of 691 patients (35%) with shorter TED duration discontinued treatment (median time to discontinuation: 3
months, IQR: 1, 4; mean [SD] number of infusions: 4 [2]). Reinitiation after a treatment gap occurred in 5% of patients
(33/691) (Supplemental Figure 3).

In the subgroup of 351 patients with longer TED duration (>24 months), 63% (220/351) completed the first full course
of teprotumumab, including 61% (213/351) without a treatment gap (median time to completion: 5 months, IQR: 5, 5) and
2% (7/351) with a gap (median time to completion: 12 months, IQR: 9, 18). Among those who completed the full first
course regardless of treatment gaps, retreatment with teprotumumab occurred in 10% of patients (22/220; median time to
retreatment: 1 month, IQR: 1, 19), of whom 18% (4/22) completed the second course.

A total of 131 patients (37%) discontinued, with a median time to discontinuation of 3 months (IQR: 1, 4) and a mean (SD)
of 4 (2) infusions. Teprotumumab reinitiation after a treatment gap occurred in 5% of patients (7/131; Supplemental Figure 3).

Discussion

This large-scale, population-based study provides one of the most comprehensive real-world assessments of teprotumu-
mab use in TED to date, capturing demographic and clinical characteristics and infusion patterns among nearly 2,900
patients in routine clinical settings. Unlike prior small, single-center studies focused on specific outcomes such as

diplopia recurrence or surgical interventions,'*"”

this analysis leverages linked ophthalmology IRIS Registry and US
claims data to comprehensively characterize patients and their teprotumumab treatment course.

At the time of teprotumumab initiation, patients exhibited substantial disease burden, irrespective of TED duration.
Compared with clinical trials where proptosis is often the primary efficacy endpoint, patients in this real-world setting
presented with a broad spectrum of symptoms. Most patients had at least one sign or symptom at baseline, highlighting
the heterogeneity of TED manifestations and the broader applicability of teprotumumab beyond those with proptosis.

Both shorter- and longer-duration subgroups demonstrated substantial baseline disease burden. Patients with longer
TED duration showed greater overall burden, consistent with cumulative effects of longstanding disease. Approximately
two-thirds of patients presented with proptosis >21 mm, and among those with available CAS data, the majority had
active disease. These findings underscore persistent unmet clinical needs across the disease course. In addition, the high
observed rates of active disease and proptosis at treatment initiation were comparable to those reported in pivotal trials,
reinforcing the relevance of these findings.'""'?

Baseline comorbidity burden was also notable Dry eye and type 2 diabetes were especially common, both of which are
clinically relevant in TED management, alongside hypertension and smoking or nicotine dependence. Importantly, pre-
existing hearing impairment was documented in 8% of patients prior to initiating teprotumumab, consistent with prior
evidence of increased hearing loss risk in TED compared with both GD and the general US population (adjusted hazard
ratio [TED vs. GP]: 1.6, p<0.01).”> Although the pathophysiology is not well understood, autoimmune and inflammatory
mechanisms implicated in TED, including immune-mediated inflammation and vascular changes affecting the cochlea, may

2627 suggesting TED itself may be an independent risk factor for hearing impairment.*

contribute to auditory dysfunction,
These findings highlight the importance of routine hearing assessment and monitoring in patients with TED.

Most patients initiated teprotumumab within 12 months of diagnosis, with limited use of prior TED-related inter-
ventions. The early use in this cohort likely reflects teprotumumab’s initial FDA approval in 2020, for patients with
active, moderate-to-severe disease, as well as growing clinical confidence in IGF-1R-targeted biologics and the later label
expansion in 2023 to all patients regardless of disease activity or duration.

These patterns reflect a shift in the treatment paradigm, with corticosteroid-based approaches increasingly replaced by
targeted therapy.7’10 Post-approval, a multicenter study found that teprotumumab was used as first-line therapy in 60% of
patients with active, moderate-to-severe TED.*® However, access varies across the US, as some insurers require
corticosteroid step therapy, potentially limiting first-line use and warranting further large-scale assessment.

Recent evidence has highlighted the benefits of early initiation; a meta-analysis demonstrated greater efficacy when
teprotumumab was started within the first 6 months of diagnosis (the “critical window”) compared with later initiation,
underscoring the value of early intervention.”” However, an orbital MRI study in patients with TED showed improve-
ments in proptosis with teprotumumab, regardless of disease duration or CAS.*® Together, these data support the role of
teprotumumab across the disease continuum, with particular benefit from early initiation.
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Adherence was notable: nearly two-thirds of patients completed the full 8-infusion course of teprotumumab, with
a median time to completion of 5 months, closely aligned with the recommended dosing schedule. Only a minority
experienced treatment gaps >90 days, likely reflecting flexible dosing strategies, patient-specific factors, or logistical
barriers such as travel, scheduling difficulties, or insurance delays. Among course completers, few underwent retreat-
ment, with a median time to retreatment of 8 months. This pattern is consistent with the relapsing nature of TED, in
which disease activity may flare over time and necessitate additional therapy.’

Nevertheless, discontinuation of the initial 8-infusion course of teprotumumab occurred in approximately one-third of
patients, with rates peaking near the seventh infusion. This pattern suggests potential heterogeneity in treatment duration
in real-world practice, which may reflect differences in patient characteristics, treatment response, or access-related
factors. Discontinuation was more frequent in this study than in clinical trials, potentially reflecting real-world challenges
such as comorbidities, tolerability, payer decisions, interruptions in continued access, differences in perceived treatment
benefit, or clinician- and patient-driven treatment decisions. Although the dataset does not capture specific reasons,
discontinuation later in the course may also represent patients achieving an adequate therapeutic response and no longer
requiring further treatment. Conversely, tolerability issues or logistical barriers could also be contributing factors. Further
research is warranted to evaluate patient- and system-level factors associated with discontinuation, including baseline
disease characteristics and access-related factors.

Reinitiation was uncommon, with only 5% of discontinuers restarting treatment after a gap, suggesting that most patients
did not resume therapy once interrupted. The clustering of discontinuation near the seventh infusion highlights the need for
further investigation into the drivers of treatment interruption, including both clinical and nonclinical factors. The low rates of
reinitiation among discontinuers, together with the relatively infrequent retreatment observed among course completers,
support the possibility of treatment durability in some patients, though adverse events remain a possibility.

While clinical outcomes following discontinuation were not assessed in this study, prior evidence indicates that even
partial treatment courses may yield meaningful benefits. In a multicenter cohort of 74 patients with active or minimally
active TED who experienced COVID-related treatment interruptions, teprotumumab was still associated with significant
improvements in proptosis, CAS, and motility restriction, which were maintained throughout the interruption period.**

Real-world access issues remain a concern. In a recent study, approximately one-quarter of patients recommended for
teprotumumab did not initiate treatment, primarily owing to insurance denial (36%) or patient refusal (64%) over side
effect concerns.”® These findings underscore the need for patient education and comprehensive healthcare system support
to ensure adherence and optimize outcomes.

This analysis has limitations common to retrospective claims-based studies, including potential coding errors, missing
data, and variability in clinical documentation. CAS and proptosis clinical measurements were available for only a small
subset of patients, reflecting limited capture of certain clinical measures in the IRIS Registry; therefore, estimates of
disease activity and measurement-based proptosis are based on a subset of patients and may not be fully representative of
the overall cohort. Because teprotumumab is administered on a 21-day schedule, some infusions may not have been
captured due to the continuous enrollment criterion, which allowed gaps of <45 days. Although using linked IRIS
Registry and KRD claims data provides a more comprehensive dataset than either source alone, underreporting of clinical
characteristics and treatments remains likely. In addition, the TED diagnosis date was determined by the first documented
mention of relevant terms in clinical notes, which may not reflect true disease onset, particularly for diagnoses before
2019. For the infusion pattern analyses, which focused exclusively on teprotumumab, the potential influence of other
interim interventions (eg, TED-related treatments or surgeries) is unknown, and limited follow-up may have reduced the
ability to fully capture retreatment events Further studies with longer follow-up and more complete and systematically
captured clinical data, including standardized clinical outcome measurements, are needed to better characterize disease
activity, treatment patterns, retreatment needs, and real-world dosing practices in representative patient populations.

Key strengths of this study include its large sample size, national representativeness, and the use of integrated real-
world data sources to evaluate infusion patterns. The study design captured a diverse patient population across a wide
spectrum of disease severity, care settings, and insurance types. Importantly, the analysis captured real-world adherence
and teprotumumab treatment patterns using infusion-level data, including timing, gaps, and retreatment, which are rarely
available metrics in traditional EHR studies. The stratification by disease duration and linkage of claims with structured
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clinical data allowed for a more comprehensive characterization of patient profiles and treatment journeys than prior
single-source datasets.

Conclusion

This large, real-world analysis using IRIS Registry data linked with KRD claims data provides insight into teprotumumab
use in routine clinical practice, highlighting its early adoption and alignment with treatment guidelines across patients
with both recent-onset and longstanding TED. Patients initiating teprotumumab exhibited substantial overall disease
burden, not only in terms of TED-related signs and symptoms, but also comorbidities and broader clinical complexity,
underscoring the multifaceted impact of TED on patient health.

The findings suggest a shift in practice toward earlier use of targeted therapy and point to the importance of
addressing treatment adherence and discontinuation in real-world settings. As the first and only approved targeted
therapy for TED, teprotumumab represents an important therapeutic advancement that may influence the natural disease
course. Ongoing research will be critical to understanding its long-term role in shaping TED outcomes.
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