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Teprotumumab has shown significant efficacy in treating Thyroid Eye Disease
(TED), but its adverse effects require careful management. Key reactions include
hearing impairment, hyperglycemia, and potential exacerbation of pre-existing
inflammatory bowel disease (IBD). Hearing impairment, likely due to inhibition of
the insulin-like growth factor 1 receptor (IGF-1R), manifests as more severe
sensorineural changes. Hyperglycemia results from disrupted growth hormone
feedback and may be worsened by prior glucocorticoid use. Although
teprotumumab does not appear to induce new diabetes cases, it can
exacerbate existing hyperglycemia. Cognitive issues, infusion reactions, and
other adverse effects, such as muscle cramps and weight loss, have also been
observed. Management requires careful patient screening, particularly for those
with histories of hearing loss, diabetes, or IBD. Further research is essential to
elucidate the underlying mechanisms of these adverse effects and develop
targeted preventive strategies to improve the safety and efficacy of
teprotumumab in clinical practice.
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Highlights

* Teprotumumab is an effective treatment for TED, but it’s
associated with notable adverse effects that require
careful management.

* Hearing impairment, a significant adverse effect, is likely
linked to IGF-1R inhibition, which disrupts crucial cochlear
cell survival pathways. The high prevalence of pre-existing
hearing deficits in TED patients also complicates
interpretation of this risk.

* Hyperglycemia may occur, likely due to disrupted feedback
inhibition on growth hormone, leading to increased glucose
production and insulin resistance, particularly in patients
with pre-existing insulin resistance or diabetes. Prior use of
glucocorticoids in TED patients may further contribute to
glucose dysregulation.

* Speculative evidence suggests that teprotumumab may
exacerbate pre-existing inflammatory bowel disease (IBD),
though this association relies on anecdotal reports rather
than controlled studies.

* Additional adverse effects include muscle cramps,
infusion reactions, and cognitive issues, although these
are less clearly linked to teprotumumab and require
further investigation.

* Multidisciplinary collaboration and thorough patient
screening are essential.

* Close monitoring and preemptive measures are crucial for

safe treatment.

1 Introduction

Thyroid Eye Disease (TED) is an autoimmune condition
and one of adults’ most prevalent orbital diseases. It is frequently
associated with Graves’ disease (GD), accounting for approximately
80% of cases, but can also occur in euthyroid individuals (10%) and
patients with Hashimoto’s thyroiditis or thyroid cancer (10%) (1).
The primary clinical features of TED include exophthalmos,
conjunctival edema, and diplopia. Severe cases may involve optic
neuropathy or corneal ulcers, potentially leading to vision
impairment or blindness. Current treatment strategies lack
specificity and primarily focus on symptomatic relief, rendering
TED a particularly challenging condition to manage in
ophthalmology. On January 21, 2020, teprotumumab received
approval from the U.S. Food and Drug Administration (FDA) to
treat TED (2) and was granted orphan drug status. This approval
was based on significant efficacy in phase II and III randomized
clinical trials (RCTs) involving patients with moderate-to-severe
active TED (3, 4).

Teprotumumab is a human monoclonal antibody that binds
with high affinity and specificity to the extracellular domain of the
IGF-1R (5, 6). Upon binding to IGF-1R, teprotumumab induces
internalization and degradation of the antibody-receptor complex.
Due to the structural and functional relationship between IGF-1R
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and the thyroid-stimulating hormone receptor (TSHR),
teprotumumab also inhibits the TSHR signaling pathway, possibly
contributing to its therapeutic effects in TED. Notably, Graves’
disease serves as a background autoimmune condition in over 90%
of TED patients, and studies have observed that uncontrolled
Graves’ disease is associated with higher rates and greater severity
of TED. Furthermore, the potential cross-linking between IGF-1R,
TSHR, and insulin receptors suggests that the mechanisms of action
may extend beyond simple IGF-1R antagonism, incorporating a
range of downstream effects and alternate pathways under
investigation. This blocks harmful immune proteins
(autoantibodies) from attacking orbital fibroblasts, which are key
drivers of TED symptoms. Furthermore, it reduces the production
of hyaluronic acid, a gel-like molecule that contributes to swelling,
and inflammatory signaling molecules (cytokines), thereby
controlling the pathological immune response in TED (7, 8).
Recent studies have indicated that teprotumumab may also have
a blocking effect on the IGF-2 receptor (IGF-2R), although current
research on this is limited (7). Most of the studies have focused on
the drug’s effect on IGF-1R, and its effects on IGF-2R are still under
investigation. This mechanism reduces hyaluronic acid production
and cytokine stimulation, effectively halting the pathological
immune response in active TED (9). However, despite its
promising therapeutic effects, the safety profile of teprotumumab
must be carefully considered. While most adverse reactions are mild
and manageable, some potential side effects, such as muscle cramps,
infusion reactions, and thyroid dysfunction, raise concerns that
need to be addressed.

While teprotumumab’s adverse reactions are generally mild and
manageable, a comprehensive understanding of these side effects,
their underlying mechanisms, and preventive strategies is crucial for
optimizing patient outcomes. Most current studies have focused on
the therapeutic efficacy of teprotumumab, with relatively few
investigations addressing the adverse reactions and their
underlying mechanisms. This review aims to bridge this gap by
providing a comprehensive analysis of both the mechanistic
pathways and clinical safety concerns of teprotumumab in TED
treatment. Specifically, we explore how IGF-1R inhibition affects
TED pathophysiology and discuss the associated adverse effects,
including their mechanisms, incidence, and management strategies.

To achieve this, we conducted a literature search using
PubMed, Web of Science, and Scopus databases up to August
2024. The search terms included “Teprotumumab,” “Thyroid Eye
Disease,” “IGF-1R inhibition,” “adverse effects,” and related
keywords. Studies were selected based on their relevance to TED
pathogenesis, mechanistic pathways, and clinical safety of
teprotumumab. Articles were included if they (1) were
published in peer-reviewed journals, (2) reported clinical or
mechanistic findings on teprotumumab, and (3) were available
in English. Studies were excluded if they were editorials,
commentaries, or lacked primary data. Since this is a narrative
review rather than a systematic review, we did not strictly follow
PRISMA guidelines but focused on synthesizing key findings from
available literature.
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By shedding light on these aspects, this review provides a more
holistic understanding of teprotumumab’s safety profile, guiding
clinicians in making more informed treatment decisions and

improving patient outcomes.

2 IGF-1R and TSHR activation drives
TED pathogenesis and
complicates treatment

The pathogenesis of TED involves a multifaceted interplay of
genetic, immune, and environmental factors. It’s crucial to note that
orbital fibroblasts (OFs), a type of connective tissue cell found
around the eyes, are the primary contributors to inflammation and
swelling in TED. The thyroid-stimulating hormone receptor
(TSHR) and IGF-1R are common antigens in TED. The signaling
pathways of TSHR and IGF-1R collaboratively initiate and promote
the development and progression of TED.

2.1 Orbital fibroblasts as effector cells
in TED

OFs are integral effector cells in TED, contributing significantly
to this condition’s characteristic soft tissue swelling. OFs are typically
located in the interstitial spaces between muscle fibers, orbital fibers,
and connective tissue, playing a critical role in TED’s pathogenesis
and progression (10). These cells are divided into CD34+ and CD34-
subtypes, with CD34+ OFs absent in healthy individuals’ orbits but
comprising approximately 30% of OFs in TED patients (11). CD34+
OFs exhibit significantly higher TSHR and thyroid peroxidase
mRNA levels than CD34- OFs (12, 13). Studies have shown that
activated OFs in TED patients respond robustly to pro-
inflammatory cytokines and growth factors, secreting elevated
levels of interleukins (IL-1c, IL-1B, IL-6, IL-8), macrophage
chemotactic protein-1 (MCP-1), and transforming growth factor-f3
(TGF-B), thereby exacerbating inflammation (14). Additionally, OFs
can proliferate and differentiate into myofibroblasts and
adipocytes, produce excessive glycosaminoglycans, and
promote adipogenesis. They also actively interact with
mononuclear cells, producing chemokines and cytokines that
perpetuate orbital inflammation. Consequently, OFs are crucial in
initiating and maintaining TED-related inflammation and tissue
remodeling (15).

2.2 IGF-1R and TSHR as autoantigens in
the pathogenesis of TED

Recent research has focused on the involvement of IGF-1R and
TSHR in the pathogenesis of TED. TSHR is TED’s most common
pathogenic antigen, expressed in orbital connective tissues and
extraocular muscles. While its expression is low in cultured OFs
and normal orbital fat tissue, it is significantly elevated in the orbital
tissues of TED patients (16). The expression level of TSHR
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correlates closely with the clinical activity and severity of TED
(17). IGF-1R, a receptor tyrosine kinase, is broadly expressed in
human cells, including OFs, and plays a crucial role in immune
regulation, making it a therapeutic target in autoimmune
diseases (18).

In female mouse models of TED, OFs exhibit high levels of IGF-
IR expression and increased adipogenesis. Compared to control
animals, IGF-1 stimulation significantly elevates hyaluronic acid
secretion through IGF-1R activation (19). In TED patients, OFs
express high levels of IGF-1R, which regulate lymphocyte
trafficking, hyaluronic acid production, and fat accumulation and
define the phenotypes and functions of T and B lymphocytes (20, 21).
Furthermore, IgG from Graves™ disease patients activates IGF-1R,
leading to inappropriate expression of inflammatory factors,
hyaluronic acid production, and OF activation (22). These studies
indicate that IGF-1R is an autoantigen in TED, contributing to the
disease’s pathogenesis and immune system modulation. The IGF
system, a complex network comprising ligands (IGF-1, IGF-2, and
insulin), receptors (IGF-1R, IGF-2R, and insulin receptor), and IGF-
binding proteins, is a fascinating study area. IGF-1 and IGF-2, the
primary players, exert their effects through IGF-1R (23), a
transmembrane glycoprotein dimer (heterotetramer) that shares
structural similarities with the insulin receptor. The mature IGF-1R
protein’s extracellular region, which includes elements of the ot and f3
subunits, is involved in ligand binding. In contrast, the intracellular
region contains the tyrosine kinase domain of the  subunit (24).
IGF-1R, a receptor tyrosine kinase family member, is widely
expressed in various human tissues and participates in numerous
physiological processes such as growth and development,
metabolism, energy consumption, and immune surveillance (25, 26).

At physiological ligand concentrations, IGF-1R undergoes
significant structural rearrangement upon binding a single ligand
and exerts its effects through two significant signaling pathways:

a. The phosphatidylinositol 3-kinase (PI3K)-AKT/mammalian
target of rapamycin (mTOR) pathway primarily controls
metabolic functions.

b. The Src homology 2 domain-containing transforming
protein (SHC)-Ras-mitogen-activated protein kinase
(MAPK) pathway mainly regulates mitosis-related
functions such as cell growth and differentiation.

Studies have shown that the stimulating TSHR monoclonal
antibody M22 in TED fibroblast tissues can directly activate TSHR
and trigger IGF-1R signaling, immediately increasing hyaluronic
acid secretion (27). Recent research confirms that stimulating TSHR
antibodies can induce IGF-1R phosphorylation and activate both
TSHR and IGF-1R signaling pathways. ANTAG3, a selective TSHR
antagonist, can inhibit both IGF-1R-dependent and IGF-1R-
independent pathways, proving more effective than the IGF-1R
inhibitory antibody 1H7 in suppressing TED-Ig-induced
hyaluronic acid secretion (28). These findings suggest that
activating or blocking TSHR can simultaneously trigger or inhibit
IGF-1R signaling pathways, ultimately affecting hyaluronic acid
synthesis. TSHR and IGF-1R co-localize on the membranes of
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orbital cells, forming a protein complex that interacts
physiologically and functionally (29). This suggests that the
signaling pathways of IGF-1R and TSHR may overlap and
interact, jointly contributing to the pathogenesis of TED.

3 Safety profile of teprotumumab for
treating TED

3.1 Risk of hearing impairment with
teprotumumab in treating thyroid
eye disease

Among the adverse reactions to teprotumumab, hearing
impairment is particularly concerning. Teprotumumab, a
biological agent that inhibits the IGF-1 pathway by targeting IGF-
IR, disrupts critical signaling pathways in cochlear cells that rely on
IGF-1 signaling for survival and proliferation (Figures 1a, b, 2). The
PI3K/Akt and Ras/Raf/MEK/ERK pathways, typically activated by
IGF-1, support cochlear cell function. By blocking IGF-1’s
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The role of IGF-1R signaling pathway in cochlear hair cells. (a)
Normal structure and function of cochlear sensory cells and glial
cells. IGF-1 binds to IGF-1R on cochlear sensory cells, activating
intracellular signaling pathways that promote cell survival and
proliferation, thereby maintaining the normal function of the
auditory system. (b) Teprotumumab binds to IGF-1R, blocking IGF-1
from binding to its receptor, inhibiting intracellular signaling
pathways. This leads to damage and reduction of cochlear sensory
cells and glial cells, resulting in hearing impairment.
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interaction with IGF-1R, teprotumumab disrupts these pathways,
impairing cochlear cell survival and contributing to hearing loss.

Hearing impairment associated with teprotumumab appears to
involve both sensorineural and conductive components. Sensorineural
impairments are linked to the inhibition of IGF-1 signaling in cochlear
cells, while conductive impairments are likely due to dysfunction in the
Eustachian tube, typically reversible (30, 31).

In clinical trials, approximately 10% of patients receiving
teprotumumab reported hearing-related adverse events. In phase
IT and III trials for TED, 8 cases (9.5%) of hearing-related adverse
reactions were reported in the teprotumumab group (0 cases in the
placebo group); in the extension study of the phase III trial (32), 5
cases (10.9%) were reported. These events included hearing loss
(5 cases), deafness (3 cases), tinnitus (3 cases), and Eustachian tube
dysfunction (2 cases). In the OPTIC trial, 12 patients (9.9%)
reported hearing-related adverse events, most of which were mild
and resolved after treatment discontinuation (33).

Findings from observational studies highlight the importance of
baseline hearing conditions. In a prospective study, 22 out of 27
patients (81.5%) receiving teprotumumab reported new subjective
ear symptoms, but only 45.5% of those with hearing loss achieved
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FIGURE 2

Mechanism of Hearing Impairment Induced by Teprotumumab. IGF-
1 binds to IGF-1R on cochlear hair cells and supporting cells,
activating intracellular signaling pathways such as PI3K/Akt and Ras/
Raf/MEK/ERK, which are crucial for cell survival, proliferation, and
functional maintenance. Teprotumumab binds to IGF-1R, blocking
IGF-1 from activating these pathways, leading to impaired cell
survival and proliferation, and ultimately resulting in

hearing impairment.
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full recovery (34). Importantly, Sears et al. (34) found that 46%
of patients with post-treatment hearing issues had baseline
hearing impairments.

Additionally, Douglas et al. (35) demonstrated that patients
without baseline hearing dysfunction did not develop significant
hearing impairment from teprotumumab treatment, underscoring
the need for careful monitoring in high-risk populations.

Objective audiometric assessments, as highlighted by Keen et al.
(36) and Douglas et al. (35), are critical for accurately evaluating the
incidence and severity of hearing-related adverse effects. Sears et al.
(34) noted that relying on subjective reports may introduce bias,
making objective assessments more reliable.

Teprotumumab-related hearing impairment may also be
associated with other disabling diseases, including cognitive
decline, dementia, and depression (37). Research indicates that
Graves’ Disease (GD) patients have a higher risk of hearing
impairment, with studies showing IGF-1 deficiency in some GD
patients (32, 38, 39). Several published cases have demonstrated
persistent and potentially permanent sensorineural hearing loss
related to teprotumumab (40, 41).

The U.S. prescribing label for TEPEZZA® (teprotumumab)
recommends conducting hearing evaluations before, during, and

10.3389/fendo.2025.1480195

after treatment, emphasizing the importance of monitoring high-
risk patients (42).

3.2 Hyperglycemia and blood glucose
fluctuations induced by teprotumumab

Teprotumumab treatment has been associated with significant
blood glucose fluctuations in some patients. The hypothalamus and
pituitary gland regulate the secretion of various hormones,
including growth hormone, which plays a vital role in glucose
regulation. Under normal conditions, IGF-1 binds to IGF-1R on
cells in the hypothalamus and pituitary gland (Figures 3a, c),
providing negative feedback to inhibit growth hormone secretion,
thereby maintaining stable glucose levels. However, teprotumumab
inhibits IGF-1R, disrupting this negative feedback mechanism and
increasing growth hormone secretion. Elevated growth hormone
promotes glucose production in the liver through glycogenolysis
and gluconeogenesis (Figure 3b) and increases insulin resistance,
making it harder for insulin to lower blood glucose levels. Through
these mechanisms, teprotumumab induces blood glucose
fluctuations and hyperglycemia in some patients, especially early
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FIGURE 3

Mechanism of Teprotumumab-Induced Blood Glucose Fluctuations and Hyperglycemia. (a) The hypothalamus and pituitary gland regulate growth
hormone secretion, which is feedback-regulated by IGF-1 levels. (b) Elevated growth hormone levels promote glucose production in the liver

through glycogenolysis and gluconeogenesis, leading to increased blood glucose levels. (c) Hepatocytes produce IGF-1, which plays a role in this
feedback mechanism. (d) Teprotumumab binds to IGF-1R, inhibiting IGF-1 from binding and disrupting the negative feedback, leading to elevated

growth hormone levels and resulting in hyperglycemia.
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in treatment (Figure 3d). This complex mechanism may explain
why some patients experience significant blood glucose fluctuations
after receiving teprotumumab treatment.

Some patients experience significant blood glucose fluctuations
after receiving teprotumumab treatment, especially early in
treatment (43). Dysregulation of the hypothalamic-pituitary axis
may lead to elevated serum glucose levels. Inhibition of IGF-1R can
reduce the feedback inhibition on growth hormone secretion,
increasing growth hormone levels, glucose production, and
insulin resistance. Lee et al. (44) suggested that hyperglycemia is
an adverse reaction due to the partial homology between IGF-1R
and the insulin receptor. The indirect impact on insulin receptor
signaling might also play a role, as IGF-1R inhibitors block the
insulin receptor, preventing insulin from binding to its receptor,
thereby inhibiting cellular glucose uptake and leading to
hyperglycemia (45).

In a recent study analyzing three clinical trials (46), among 121
TED patients receiving teprotumumab, 8 cases (6.6%) of
hyperglycemia were reported in the treatment group compared to
no cases in the placebo group. This incidence of hyperglycemia was
notably higher in patients with pre-existing diabetes or impaired
glucose tolerance. Additionally, among 10 patients with a history of
diabetes or impaired glucose tolerance, 5 (50%) developed
hyperglycemia-related adverse events. In contrast, among the 74
patients without glucose tolerance impairment, only 3 cases (4.1%)
of hyperglycemia were observed. Most hyperglycemic events
occurred in patients with diabetes or impaired glucose tolerance,
and all cases were managed with adjustments to their diabetes
medication or with additional glucose-lowering therapy. These
findings highlight that teprotumumab’s hyperglycemia-related
adverse effects predominantly affect those with pre-existing
glucose metabolism issues, emphasizing the importance of regular
blood glucose monitoring for high-risk patients, such as those with
diabetes or impaired glucose tolerance (3). Shah et al. (47) reported
a case of a 56-year-old female TED patient who developed
hyperglycemia symptoms three weeks after the first infusion
of teprotumumab, eventually leading to a hyperosmolar
hyperglycemic state (HHS). This case underscores the potential
for teprotumumab to induce significant hyperglycemia in high-risk
patients and highlights the need for vigilant monitoring and prompt
management in such cases. Furthermore, the drug manufacturer
has clearly stated in the prescription information that the
incidence of hyperglycemia is approximately 10% in TED patients
receiving teprotumumab.

Monitoring blood glucose levels in patients receiving
teprotumumab treatment is crucial, with particular attention to
high-risk groups (patients with prediabetes, diabetes, the elderly,
and high-risk populations). If necessary, antidiabetic medications
should be used to control blood glucose levels. Before starting
treatment, patients should undergo fasting blood glucose and
HbAlc testing to assess their baseline glucose control. As Douglas
et al. (48) recommended, close collaboration between
ophthalmologists and endocrinologists is essential to address the
potential risk of hyperglycemia, and patients with poorly controlled
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diabetes should aim to stabilize HbAlc levels before initiating
teprotumumab treatment.

During treatment, it is essential to increase the frequency of
blood glucose monitoring, adjusting based on baseline diabetes
status and other risk factors. Patients are most susceptible to
hyperglycemia early in the treatment course, as highlighted by the
incidence data from controlled trials (49). Proactive measures
should be taken to control hyperglycemia effectively, such as daily
fasting and postprandial blood glucose monitoring during
initial treatment weeks, with weekly follow-ups to adjust
antidiabetic medication dosages as necessary (50). Future
studies are warranted to further analyze the incidence and
management of severe hyperglycemia and HHS in patients
treated with teprotumumab.

3.3 Potential reactivation and exacerbation
of inflammatory bowel disease

Research indicates an inverse correlation between serum IGF-1
levels and the severity of several autoimmune diseases, including
rheumatoid arthritis and inflammatory bowel disease (IBD) (51-
53). Although the etiology of IBD remains unclear, active IBD
patients typically exhibit reduced serum IGF-1 levels (54), which
may be secondary to gastrointestinal dysfunction and acquired
growth hormone resistance (55). Under normal physiological
conditions, IGF-1, stimulated by growth hormone, promotes cell
proliferation, somatic growth, and cellular synthesis processes. IGF-
IR, expressed on intestinal epithelial cells and smooth muscle cells,
facilitates the regulation of growth and function of adjacent
intestinal epithelial cells by IGF-1 derived from intestinal
mesenchymal cells (56). In the gastrointestinal tract, IGF-1 is
crucial for promoting mucosal proliferation and repair,
preventing apoptosis, supporting mucosal barrier function, and
mitigating inflammation (57-59). Thus, it is hypothesized that
inhibiting IGF-1R could reduce IGF-1 levels in both serum and
gastrointestinal tissues. The IGF-1 reduction caused by
teprotumumab’s inhibition of IGF-1R may mimic conditions
observed in IBD patients, potentially leading to similar
gastrointestinal symptoms and signs. However, it should be noted
that the current clinical trial data have not established a direct
association between teprotumumab and IBD reactivation. The
majority of reported diarrhea cases did not specify IBD as an
underlying condition, suggesting that gastrointestinal adverse
events associated with teprotumumab may not necessarily
indicate IBD causation. As stated in the prescribing label (60),
“Exacerbation of Preexisting Inflammatory Bowel Disease (IBD):
Monitor patients with preexisting IBD for flare of disease;
discontinue TEPEZZA if IBD worsens.” This underscores the
potential risks of teprotumumab in IBD patients and the
importance of monitoring but does not confirm causation
between teprotumumab and IBD exacerbation.

Clinical data on diarrhea incidence highlight a 13% occurrence
rate among patients receiving teprotumumab. In the phase II trial
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for TED, 14% (6/43) of patients treated with teprotumumab
experienced diarrhea, including two cases where patients with a
history of colitis had significant disease exacerbation during
treatment (3). Consequently, IBD patients were excluded
from the phase III trial, and the FDA was advised to list
IBD as a precautionary contraindication rather than a strict
contraindication. Additionally, spontaneous case reports, such as
that by Ashraf et al., described a TED patient with a family history
of IBD who developed new-onset IBD during teprotumumab
treatment (61). Similarly, Safo et al. (62) reported a case involving
a 46-year-old female who developed bloody diarrhea and urgency
following five infusions of teprotumumab, which ultimately led to a
diagnosis of ulcerative colitis (UC) confirmed by colonoscopy and
biopsy. However, it is essential to note that individual case reports
cannot establish a causal link between teprotumumab and IBD
development, as spontaneous reports alone lack the statistical
strength required for causation.

Based on these observations, it is critical to exercise caution with
teprotumumab in patients with a history of IBD or a family history of
autoimmune diseases. Thorough screening of patients’ autoimmune
disease history, particularly family history, is not just recommended
but essential prior to initiating treatment. Patients identified with a
personal or family history of IBD should be informed of the potential
risks associated with the medication. During treatment, close
monitoring for acute gastrointestinal symptoms, such as
gastrointestinal bleeding, abdominal pain, and diarrhea, is essential.
If signs of IBD exacerbation, such as persistent severe diarrhea or
hematochezia, occur, gastroenterological evaluation is strongly
advised, and consideration should be given to discontinuing
teprotumumab infusion.

3.4 Muscle cramps associated with IGF-
1R inhibition

Research indicates that IGF-1 is crucial for skeletal muscle
growth, repair, and prevention of degradation (63, 64). Inhibiting
IGF-1R can lead to muscle cramps. Precisely, IGF-1 activates the
PI3K/Akt pathway. Upon binding to its receptor IGF-1R, IGF-1
stimulates the intracellular PI3K/Akt signaling cascade. This
pathway promotes protein synthesis and enhances cellular growth
and proliferation by upregulating the activity of the mammalian
target of rapamycin (mTOR). Additionally, it inhibits the FoxO
(Forkhead Box O) transcription factors responsible for protein
degradation. Furthermore, IGF-1 activates muscle satellite cells,
which can differentiate into myoblasts following muscle injury, thus
promoting muscle repair and regeneration (65).

In phase IT and III trials for TED, muscle cramps were the most
common adverse reaction to teprotumumab (25%) (3). Most cases
were mild, with five moderate cases reported, but none required
treatment discontinuation. The lower limbs were the most
frequently affected area, with no clinically relevant laboratory
abnormalities detected. It’s reassuring to know that treatment
measures for muscle cramps may include massage, Epsom salt
baths, or supplementation with magnesium, calcium, and
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potassium (66). Adequate hydration and using muscle relaxants
are also effective in alleviating symptoms when necessary.

3.5 Management and characteristics of
infusion reactions to teprotumumab

Infusion reactions induced by teprotumumab, although not
fully understood, are believed to arise from cytokine release
following antibody-antigen interactions (67). As with many
human monoclonal antibodies, infusion reactions with
teprotumumab are typically mild, though severe cases have been
observed. In the Phase III trial (4), two patients experienced
infusion reactions; one reaction occurred during the initial
infusion, which was managed effectively within two hours, and
the infusion was discontinued. After premedication and a reduced
infusion rate, another patient completed the trial without further
severe reactions. Both cases underscore the need for a well-prepared
clinical environment to address potential infusion-related
adverse events.

Management protocols recommend immediate cessation of
infusion upon recognition of a reaction, followed by assessment
of vital signs and monitoring of airway status. According to recent
recommendations by Kang et al. (68), once symptoms subside,
premedication with antihistamines, acetaminophen, and
corticosteroids, along with a slower infusion rate, may reduce the
severity of subsequent reactions. In moderate reactions, gradual
resumption of the infusion may be considered, although all patients
should be closely monitored.

For severe reactions, rapid intervention is paramount. Patients
should receive oxygen supplementation and, if necessary,
bronchodilators, epinephrine, antihistamines, and corticosteroids.
Emergency response protocols recommend that infusion centers
maintain ready access to resuscitation equipment and that staff are
trained to recognize and manage severe infusion reactions
promptly. This approach minimizes risk and enhances patient
safety during treatment.

Given the potential for infusion reactions, particularly during
the initial infusion or within 90 minutes of administration, it is
essential to inform patients of these risks beforehand. Patients
should be educated to recognize early symptoms, such as
flushing, nausea, headache, or shortness of breath, and to notify
healthcare staff immediately if symptoms occur. Clear
communication with patients allows for swift intervention,
minimizing the risk of severe outcomes.

4 Other adverse reactions reported
in literature

Studies indicate that teprotumumab is associated with several
additional adverse effects, including cognitive decline, thyroid
dysfunction, alopecia, nausea, and fatigue. In a Phase II trial (4), a
61-year-old male patient experienced multiple transient cognitive
changes. Hoang et al. (69) also reported a 76-year-old male TED
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patient who developed rapidly progressive cognitive decline after
four infusions of teprotumumab. Although the exact mechanism
remains unclear, the critical role of IGF-1 and its pathways in
central nervous system development and function provides a
rationale for the link between IGF-1R inhibition and cognitive
decline (70). Additionally, Yu et al. (71) reported a 41-year-old
female TED patient who developed significant thyroid dysfunction
after two months of teprotumumab treatment. Research has shown
that IGF-1R forms a complex with TSHR, mediating the effects of
thyroid-stimulating hormone and GD immunoglobulins in orbital
fibroblasts and thyroid epithelial cells (8). In mice, IGF-1R gene
knockout in the thyroid reduced circulating thyroid hormones and
increased thyroid-stimulating hormone levels (72). Thus, this
medication may inhibit thyroid function in TED patients, and
close monitoring of thyroid hormone levels during treatment is
recommended. Furthermore, the most common adverse reactions
in Phase II and III trials included alopecia (13%), nausea (17%), and
fatigue (10%) (49).

Overall, continued pharmacovigilance and potential additional
research are needed for adverse reactions related to teprotumumab.
As our understanding of the drug evolves, further in-depth studies
are required to explore its dose range, variable concentrations,
infusion frequency, and duration of treatment. Teprotumumab,
being a new drug with limited clinical research and safety data,
requires a broader sample size and more comprehensive clinical
data before widespread clinical application. Although rare, the
adverse reactions should be carefully monitored. The mechanisms
behind teprotumumab’s systemic side effects remain unclear and
are poorly understood. In clinical practice, ophthalmologists must
prioritize drug safety, remain vigilant for complications, and
address them promptly to minimize patient harm. Further,
extensive research on the drug’s efficacy, safety, optimal dosing,
and usage is crucial to determine whether teprotumumab can
become a new first-line treatment for TED.

5 Discussion

The current therapeutic strategies for TED are tailored to the
disease’s severity, activity, and clinical manifestations. Treatment
options for active, moderate-to-severe TED include corticosteroids,
retrobulbar radiotherapy, orbital decompression surgery, and other
immunosuppressive or biological therapies. As non-specific
immunomodulators, Corticosteroids are recommended as the
first-line treatment for active TED. While corticosteroids can
effectively reduce inflammation and local congestion in some
patients, their efficacy in ameliorating proptosis and diplopia is
limited (27). Even with the highest cumulative dose (7.47 g),
corticosteroids fail to improve TED outcomes (28) significantly.

Rituximab, a chimeric monoclonal antibody targeting the CD20
surface antigen on B cells, has demonstrated superiority over
methylprednisolone in reducing the Clinical Activity Score (CAS),
yet it remains ineffective for proptosis (73). Tocilizumab, a humanized
monoclonal antibody against the IL-6 receptor, has significantly
improved CAS and soft tissue signs in active, moderate-to-severe
TED. However, it does not ameliorate proptosis and is associated with
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higher infection rates and headaches (74, 75). Thus, the current
treatment for active TED is predominantly limited to anti-
inflammatory and immunosuppressive drugs, which exhibit limited
efficacy and do not significantly improve clinical outcomes. Once TED
reaches a stable phase, elective surgical interventions become
necessary; however, these procedures carry inherent risks, including
unpredictable outcomes and the potential for disease reactivation.

Recent studies have increasingly confirmed the pivotal role of
IGF-1R as an autoantigen in the pathogenesis of TED, mediated
through immune-inflammatory mechanisms and interactions with
TSHR. Targeting IGF-1R offers a potential mechanistic approach to
TED therapy. Teprotumumab, the first therapeutic-specific IGF-1R
antagonist, provides etiological and targeted treatment advantages
markedly superior to traditional TED therapies. Clinical research
has demonstrated that teprotumumab significantly reduces the
activity and severity of TED, exhibiting a favorable safety profile,
minimal side effects, sustained therapeutic effects, and improved
quality of life for patients. The efficacy of teprotumumab is
reinforced by its favorable benefit-risk ratio, suggesting its
potential as a first-line treatment for TED.

However, despite its promising benefits, several safety concerns
remain. Teprotumumab has been associated with adverse effects
such as hearing impairment, hyperglycemia, and potential
exacerbation of pre-existing inflammatory bowel disease. Given
these risks, clinicians should take a proactive approach in patient
selection and monitoring to mitigate these complications.

To optimize clinical outcomes and ensure patient safety, we
propose the following clinical recommendations for the use of
teprotumumab in TED treatment:

a. Pre-treatment Screening: Patients should undergo baseline
audiometric testing, fasting blood glucose assessment, and a
thorough medical history review for pre-existing diabetes
or inflammatory bowel disease. This will help identify high-
risk individuals who may require closer monitoring.

b. Hearing Loss Monitoring: Given that teprotumumab-
related hearing impairment has been reported in up to
10% of treated patients, audiometric testing should be
performed before treatment initiation, at mid-treatment,
and post-treatment. Patients with pre-existing hearing
dysfunction should be counseled on the potential risk
of exacerbation.

c. Blood Glucose Management: As teprotumumab can induce
hyperglycemia, patients with diabetes or impaired glucose
tolerance should have their blood glucose levels carefully
monitored. In high-risk patients, collaboration with an
endocrinologist may be beneficial. Adjustments in
diabetes medications should be considered if significant
hyperglycemia occurs during treatment.

d. IBD Risk Assessment: Although data on teprotumumab-
induced IBD exacerbation are limited, patients with a
history of Crohn’s disease or ulcerative colitis should be
closely monitored for gastrointestinal symptoms. If severe
exacerbations occur, discontinuation of teprotumumab
should be considered.
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Future research should focus on identifying predictive
biomarkers for adverse effects, refining risk stratification models,
and optimizing dosing regimens to maximize therapeutic benefits
while minimizing toxicity. Additionally, long-term follow-up
studies are needed to evaluate the durability of teprotumumab’s
therapeutic effects and its impact on TED progression over time.

Currently, teprotumumab is the only IGF-1R antagonist
approved by the FDA for TED treatment, indicating promising
prospects for broader clinical acceptance by hospitals and patients.
However, further real-world studies and pharmacovigilance efforts
are essential to better characterize its long-term safety and
efficacy profile. Clinicians should remain vigilant for potential
complications and adopt a multidisciplinary approach to TED
management, ensuring comprehensive patient care.

In conclusion, while teprotumumab represents a significant
advancement in TED management, it is imperative to balance its
efficacy with safety considerations. By incorporating standardized
screening, monitoring, and multidisciplinary collaboration,
clinicians can enhance treatment success while minimizing the
risks associated with teprotumumab therapy.

Author contributions

ZX: Conceptualization, Investigation, Writing — original draft,
Writing - review & editing. NH: Conceptualization, Validation,
Writing - original draft. QC: Methodology, Validation, Writing -
review & editing. YZ: Methodology, Validation, Writing - review &
editing. YH: Methodology, Writing — review & editing. SH: Data
curation, Methodology, Writing — review & editing. HJ: Software,

References

1. Gorman CA, Garrity JA, Fatourechi V, Bahn RS, Petersen IA, Stafford SL, et al. A
prospective, randomized, double-blind, placebo-controlled study of orbital
radiotherapy for graves’ Ophthalmopathy. Ophthalmology. (2020) 127:S160-s71.
doi: 10.1016/j.0phtha.2020.01.031

2. Fallahi P, Ragusa F, Paparo SR, Elia G, Balestri E, Mazzi V, et al. Teprotumumab
for the treatment of thyroid eye disease. Expert Opin Biol Ther. (2023) 23:123-31.
doi: 10.1080/14712598.2023.2172328

3. JuY, Yang J. Teprotumumab for the treatment of thyroid eye disease. Expert Rev
Clin Immunol. (2020) 16:739-43. doi: 10.1080/1744666x.2020.1801421

4. Douglas RS, Kahaly GJ, Patel A, Sile S, Thompson EHZ, Perdok R, et al.
Teprotumumab for the treatment of active thyroid eye disease. New Engl ] Med.
(2020) 382:341-52. doi: 10.1056/NEJMoal910434

5. Paik JS, Kim SE, Kim JH, Lee JY, Yang SW, Lee SB. Insulin-like growth factor-1
enhances the expression of functional tsh receptor in orbital fibroblasts from thyroid-
associated ophthalmopathy. Immunobiology. (2020) 225:151902. doi: 10.1016/
j.imbi0.2019.151902

6. Smith TJ, Janssen J. Insulin-like growth factor-I receptor and thyroid-associated
ophthalmopathy. Endocrine Rev. (2019) 40:236-67. doi: 10.1210/er.2018-00066

7. Cui X, Wang F, Liu C. A review of tshr- and igf-1r-related pathogenesis and
treatment of graves’ Orbitopathy. Front Immunol. (2023) 14:1062045. doi: 10.3389/
fimmu.2023.1062045

8. Krieger CC, Place RF, Bevilacqua C, Marcus-Samuels B, Abel BS, Skarulis MC,
et al. Tsh/igf-1 receptor cross talk in graves’ Ophthalmopathy pathogenesis. J Clin
Endocrinol Metab. (2016) 101:2340-7. doi: 10.1210/jc.2016-1315

9. Dallalzadeh LO, Villatoro GA, Chen L, Sim MS, Movaghar M, Robbins SL, et al.
Teprotumumab for thyroid eye disease-related strabismus. Ophthalmic Plast
Reconstruct Surg. (2024) 40:434-9. doi: 10.1097/iop.0000000000002611

Frontiers in Endocrinology

10.3389/fendo.2025.1480195

Visualization, Writing - review & editing. YT: Funding acquisition,
Resources, Writing — review & editing, Writing — original draft.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Acknowledgments

We would like to thank Sihang Liu from the University of Hong
Kong for assisting with the preparation and English revision of
this manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

10. Shan SJ, Douglas RS. The pathophysiology of thyroid eye disease. ] Neuro-
ophthalmol. (2014) 34:177-85. doi: 10.1097/wno.0000000000000132

11. Smith TJ. The insulin-like growth factor-I receptor and its role in thyroid-
associated ophthalmopathy. Eye (London England). (2019) 33:200-5. doi: 10.1038/
541433-018-0265-2

12. Fernando R, Atkins S, Raychaudhuri N, Lu Y, Li B, Douglas RS, et al. Human
fibrocytes coexpress thyroglobulin and thyrotropin receptor. Proc Natl Acad Sci United
States America. (2012) 109:7427-32. doi: 10.1073/pnas.1202064109

13. Fernando R, Lu Y, Atkins SJ, Mester T, Branham K, Smith TJ. Expression of
thyrotropin receptor, thyroglobulin, sodium-iodide symporter, and thyroperoxidase by
fibrocytes depends on aire. J Clin Endocrinol Metab. (2014) 99:E1236-44. doi: 10.1210/
jc.2013-4271

14. Hiromatsu Y, Yang D, Bednarczuk T, Miyake I, Nonaka K, Inoue Y. Cytokine
profiles in eye muscle tissue and orbital fat tissue from patients with thyroid-associated
ophthalmopathy. J Clin Endocrinol Metab. (2000) 85:1194-9. doi: 10.1210/jcem.85.3.6433

15. Khong JJ, McNab AA, Ebeling PR, Craig JE, Selva D. Pathogenesis of thyroid eye
disease: review and update on molecular mechanisms. Br J Ophthalmol. (2016)
100:142-50. doi: 10.1136/bjophthalmol-2015-307399

16. Smith TJ. Tsh-receptor-expressing fibrocytes and thyroid-associated
ophthalmopathy. Nat Rev Endocrinol. (2015) 11:171-81. doi: 10.1038/nrendo.2014.226

17. Roos JCP, Paulpandian V, Murthy R. Serial tsh-receptor antibody levels to guide
the management of thyroid eye disease: the impact of smoking, immunosuppression,
radio-iodine, and thyroidectomy. Eye (London England). (2019) 33:212-7. doi: 10.1038/
541433-018-0242-9

18. Ding Y, Yang S, Gao H. Teprotumumab: the dawn of therapies in moderate-to-
severe thyroid-associated ophthalmopathy. Hormone Metab Res = Hormon- und
Stoffwechselforschung = Hormones Metabol. (2021) 53:211-8. doi: 10.1055/a-1386-4512

frontiersin.org


https://doi.org/10.1016/j.ophtha.2020.01.031
https://doi.org/10.1080/14712598.2023.2172328
https://doi.org/10.1080/1744666x.2020.1801421
https://doi.org/10.1056/NEJMoa1910434
https://doi.org/10.1016/j.imbio.2019.151902
https://doi.org/10.1016/j.imbio.2019.151902
https://doi.org/10.1210/er.2018-00066
https://doi.org/10.3389/fimmu.2023.1062045
https://doi.org/10.3389/fimmu.2023.1062045
https://doi.org/10.1210/jc.2016-1315
https://doi.org/10.1097/iop.0000000000002611
https://doi.org/10.1097/wno.0000000000000132
https://doi.org/10.1038/s41433-018-0265-2
https://doi.org/10.1038/s41433-018-0265-2
https://doi.org/10.1073/pnas.1202064109
https://doi.org/10.1210/jc.2013-4271
https://doi.org/10.1210/jc.2013-4271
https://doi.org/10.1210/jcem.85.3.6433
https://doi.org/10.1136/bjophthalmol-2015-307399
https://doi.org/10.1038/nrendo.2014.226
https://doi.org/10.1038/s41433-018-0242-9
https://doi.org/10.1038/s41433-018-0242-9
https://doi.org/10.1055/a-1386-4512
https://doi.org/10.3389/fendo.2025.1480195
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Xu et al.

19. Gortz GE, Moshkelgosha S, Jesenek C, Edelmann B, Horstmann M, Banga JP,
et al. Pathogenic phenotype of adipogenesis and hyaluronan in orbital fibroblasts from
female graves’ Orbitopathy mouse model. Endocrinology. (2016) 157:3771-8.
doi: 10.1210/en.2016-1304

20. Lu Y, Wang Y, Wang Y, Wu Y, Huang Y, Liu X, et al. M1-like macrophages
modulate fibrosis and inflammation of orbital fibroblasts in graves’ Orbitopathy:
potential relevance to soluble interleukin-6 receptor. Thyroid. (2023) 33:338-50.
doi: 10.1089/thy.2022.0254

21. Patel A, Yang H, Douglas RS. A new era in the treatment of thyroid eye disease.
Am ] Ophthalmol. (2019) 208:281-8. doi: 10.1016/j.aj0.2019.07.021

22. Smith TJ, Tsai CC, Shih MJ, Tsui S, Chen B, Han R, et al. Unique attributes of
orbital fibroblasts and global alterations in igf-1 receptor signaling could explain
thyroid-associated ophthalmopathy. Thyroid. (2008) 18:983-8. doi: 10.1089/
thy.2007.0404

23. Salvi M, Covelli D. B cells in graves’ Orbitopathy: more than just a source of
antibodies? Eye (London England). (2019) 33:230-4. doi: 10.1038/s41433-018-0285-y

24. Oherle K, Acker E, Bonfield M, Wang T, Gray J, Lang I, et al. Insulin-like growth
factor 1 supports a pulmonary niche that promotes type 3 innate lymphoid cell
development in newborn lungs. Immunity. (2020) 52:716-8. doi: 10.1016/
jimmuni.2020.03.018

25. Krieger CC, Neumann S, Place RF, Marcus-Samuels B, Gershengorn MC.
Bidirectional tsh and igf-1 receptor cross talk mediates stimulation of hyaluronan
secretion by graves’ Disease immunoglobins. J Clin Endocrinol Metab. (2015)
100:1071-7. doi: 10.1210/jc.2014-3566

26. Neumann S, Nir EA, Eliseeva E, Huang W, Marugan J, Xiao J, et al. A selective
tsh receptor antagonist inhibits stimulation of thyroid function in female mice.
Endocrinology. (2014) 155:310-4. doi: 10.1210/en.2013-1835

27. Smith TJ. Teprotumumab in thyroid-associated ophthalmopathy: rationale for
therapeutic insulin-like growth factor-I receptor inhibition. ] Neuro-ophthalmol. (2020)
40:74-83. doi: 10.1097/wno.0000000000000890

28. Bartalena L, Krassas GE, Wiersinga W, Marcocci C, Salvi M, Daumerie C, et al.
Efficacy and safety of three different cumulative doses of intravenous
methylprednisolone for moderate to severe and active graves’ Orbitopathy. J Clin
Endocrinol Metab. (2012) 97:4454-63. doi: 10.1210/jc.2012-2389

29. Draman MS, Zhang L, Dayan C, Ludgate M. Orbital signaling in graves’
Orbitopathy. Front Endocrinol. (2021) 12:739994. doi: 10.3389/fendo.2021.739994

30. Biadsee A, Fanadka F, Dagan O, Firas K, Nageris B. Ostmann’s fat pad-does it really
matter? Ann Otol Rhinol Laryngol. (2021) 130:173-6. doi: 10.1177/0003489420943219

31. Leuwer R. Anatomy of the eustachian tube. Otolaryngol Clinics North America.
(2016) 49:1097-106. doi: 10.1016/j.0tc.2016.05.002

32. Berker D, Karabulut H, Isik S, Tutuncu Y, Ozuguz U, Erden G, et al. Evaluation
of hearing loss in patients with graves’ Disease. Endocrine. (2012) 41:116-21.
doi: 10.1007/s12020-011-9515-9

33. Smith TJ, Holt R], Fu Q, Qashqai A, Barretto N, Conrad E, et al. Assessment of
hearing dysfunction in patients with graves’ Disease and thyroid eye disease without or
with teprotumumab. ] Clin Endocrinol Metab. (2025) 110(3):811-9. doi: 10.1210/
clinem/dgae560

34. Sears CM, Azad AD, Amarikwa L, Pham BH, Men CJ, Kaplan DN, et al. Hearing
dysfunction after treatment with teprotumumab for thyroid eye disease. Am |
Ophthalmol. (2022) 240:1-13. doi: 10.1016/j.2j0.2022.02.015

35. Douglas RS, Parunakian E, Tolentino J, Malkhasyan E, Geng J, Sherman M, et al.
A prospective study examining audiometry outcomes following teprotumumab
treatment for thyroid eye disease. Thyroid. (2024) 34:134-7. doi: 10.1089/thy.2023.0466

36. Keen JA, Correa T, Pham C, Claussen AD, Hansen MR, Carter KD, et al.
Frequency and patterns of hearing dysfunction in patients treated with teprotumumab.
Ophthalmology. (2024) 131:30-6. doi: 10.1016/j.0phtha.2023.08.001

37. Betancur JF, Londofio A, Estrada VE, Puerta SL, Osorno SM, Loaiza A, et al.
Uncommon patterns of antinuclear antibodies recognizing mitotic spindle apparatus
antigens and clinical associations. Medicine. (2018) 97:e11727. doi: 10.1097/
md.0000000000011727

38. Mahafzah M, Mahafza T, Omari H, Al Hawari H. Investigating the possible
audiological effects of hypothyroidism. J Phonet Audiol. (2018) 4:2. doi: 10.4172/2471-
9455

39. Martin S, Sirbu A, Betivoiu M, Florea S, Barbu C, Fica S. Igf1 deficiency in newly
diagnosed graves’ Disease patients. Hormones (Athens Greece). (2015) 14:651-9.
doi: 10.14310/horm.2002.1577

40. Shankar V, Seethapathy J, Srinivas S, Nandhan R, Saravanam PK. Prevailing
practices in ototoxicity monitoring in individuals with head and neck cancer
undergoing radiotherapy and chemoradiotherapy: A scoping review. Am ] Audiol.
(2024) 33(3):1041-69. doi: 10.1044/2024_aja-24-00028

41. Belinsky I, Creighton FXJr., Mahoney N, Petris CK, Callahan AB, Campbell AA,
et al. Teprotumumab and hearing loss: case series and proposal for audiologic
monitoring. Ophthalmic Plast Reconstruct Surg. (2022) 38:73-8. doi: 10.1097/
i0p.0000000000001995

42. Hsiou DA, Terrell JA, Nolan RP, Mudie LI, Yen MT. Teprotumumab-associated
aural fullness and ageusia: A case report of persistent complications following thyroid

Frontiers in Endocrinology

10.3389/fendo.2025.1480195

eye disease treatment. AJO International (2024) 1:100047. doi: 10.1016/
j.ajoint.2024.100047

43. Teo HM, Smith TJ, Joseph SS. Efficacy and safety of teprotumumab in thyroid
eye disease. Ther Clin Risk Manage. (2021) 17:1219-30. doi: 10.2147/tcrm.S303057

44. Lee HBH, Mariash CN, Yoon MK, Belinsky I, Creighton FXJr., Mahoney N, et al.
Teprotumumab and hyperglycemia guidelines to monitor for hyperglycemia in
teprotumumab. Ophthalmic Plast Reconstruct Surg. (2021) 37:393. doi: 10.1097/
iop.0000000000001984

45. Goldman JW, Mendenhall MA, Rettinger SR. Hyperglycemia associated with
targeted oncologic treatment: mechanisms and management. Oncol. (2016) 21:1326—
36. doi: 10.1634/theoncologist.2015-0519

46. Kahaly GJ, Subramanian PS, Conrad E, Holt RJ, Smith TJ. Long-term efficacy of
teprotumumab in thyroid eye disease: follow-up outcomes in three clinical trials.
Thyroid. (2024) 34:880-9. doi: 10.1089/thy.2023.0656

47. Shah K, Charitou M. A novel case of hyperglycemic hyperosmolar state after the
use of teprotumumab in a patient with thyroid eye disease. AACE Clin Case Rep. (2022)
8:148-9. doi: 10.1016/j.aace.2022.01.004

48. Douglas RS, Wang Y, Dailey RA, Harris GJ, Wester ST, Schiffman JS, et al.
Teprotumumab in clinical practice: recommendations and considerations from the
optic trial investigators. J Neuro-ophthalmol. (2021) 41:461-8. doi: 10.1097/
wno.0000000000001134

49. Winn BJ, Kersten RC. Teprotumumab: interpreting the clinical trials in the
context of thyroid eye disease pathogenesis and current therapies. Ophthalmology.
(2021) 128:1627-51. doi: 10.1016/j.ophtha.2021.04.024

50. Douglas RS, Couch S, Wester ST, Fowler BT, Liu CY, Subramanian PS, et al.
Efficacy and safety of teprotumumab in patients with thyroid eye disease of long
duration and low disease activity. J Clin Endocrinol Metab. (2023) 109:25-35.
doi: 10.1210/clinem/dgad637

51. Yang J, Yuan Y, Hu X, Han R, Chen M, Wang M, et al. Low serum levels of
insulin-like growth factor-1 are associated with an increased risk of rheumatoid
arthritis: A systematic review and meta-analysis. Nutr Res (New York NY). (2019)
69:9-19. doi: 10.1016/j.nutres.2019.05.006

52. Krakowska-Stasiak M, Cibor D, Domagata-Rodacka R, Salapa K, Szczeklik K,
Oweczarek D. Insulin-Like growth factor system in remission and flare of inflammatory
bowel diseases. Polish Arch Internal Med. (2017) 127:832-9. doi: 10.20452/pamw.4136

53. Baker JF, Von Feldt JM, Mostoufi-Moab S, Kim W, Taratuta E, Leonard MB.
Insulin-like growth factor 1 and adiponectin and associations with muscle deficits,
disease characteristics, and treatments in rheumatoid arthritis. ] Rheumatol. (2015)
42:2038-45. doi: 10.3899/jrheum.150280

54. Hjortebjerg R, Thomsen KL, Agnholt ], Frystyk J. The igf system in patients with
inflammatory bowel disease treated with prednisolone or infliximab: potential role of
the stanniocalcin-2/papp-a/igfbp-4 axis. BMC Gastroenterol. (2019) 19:83.
doi: 10.1186/s12876-019-1000-6

55. Michalak A, Mosinska P, Fichna J. Common links between metabolic syndrome
and inflammatory bowel disease: current overview and future perspectives. Pharmacol
Reports: PR. (2016) 68:837-46. doi: 10.1016/j.pharep.2016.04.016

56. Aksoy EK, Cetinkaya H, Savas B, Ensari A, Torgutalp M, Efe C. Vascular
Endothelial Growth Factor, Endostatin Levels and Clinical Features among Patients
with Ulcerative Colitis and Irritable Bowel Syndrome and among Healthy Controls: A
Cross-Sectional Analytical Study. Sao Paulo Med ] = Rev Paulista Med. (2018) 136:543—-
50. doi: 10.1590/1516-3180.2018.0274161118

57. Chen T, Zheng F, Tao ], Tan S, Zeng L, Peng X, et al. Insulin-like growth factor-1
contributes to mucosal repair by B-arrestin2-mediated extracellular signal-related
kinase signaling in experimental colitis. Am ] Pathol. (2015) 185:2441-53.
doi: 10.1016/j.ajpath.2015.05.020

58. Markovic MA, Srikrishnaraj A, Tsang D, Brubaker PL. Requirement for the intestinal
epithelial insulin-like growth factor-1 receptor in the intestinal responses to glucagon-like
peptide-2 and dietary fat. FASEB J. (2020) 34:6628-40. doi: 10.1096/£.202000169R

59. Yan X, Managlia E, Carey G, Barton N, Tan XD, De Plaen IG. Recombinant igf-
1/bp3 protects against intestinal injury in a neonatal mouse nec model. Pediatr Res.
(2024) 95:1803-11. doi: 10.1038/541390-024-03069-8

60. Fletcher S. Prior Authorization Criteria Update: Teprotumumab-Trbw
(Tepezza®). (2021). Salem, Oregon: Drug Use Research & Management Program.

61. Ashraf DC, Jankovic I, El-Nachef N, Winn BJ, Kim GE, Kersten RC. New-onset
of inflammatory bowel disease in a patient treated with teprotumumab for thyroid
associated ophthalmopathy. Ophthalmic Plast Reconstruct Surg. (2021) 37:e160-e4.
doi: 10.1097/iop.0000000000001943s

62. Safo MB, Silkiss RZ. A case of ulcerative colitis associated with teprotumumab
treatment for thyroid eye disease. Am ] Ophthalmol Case Rep. (2021) 22:101069.
doi: 10.1016/j.aj0c.2021.101069

63. Song YH, Song JL, Delafontaine P, Godard MP. The therapeutic potential of igf-I
in skeletal muscle repair. Trends Endocrinol Metabol: TEM. (2013) 24:310-9.
doi: 10.1016/j.tem.2013.03.004

64. Schiaffino S, Mammucari C. Regulation of skeletal muscle growth by the igfl-
akt/pkb pathway: insights from genetic models. Skeletal Muscle. (2011) 1:4.
doi: 10.1186/2044-5040-1-4

frontiersin.org


https://doi.org/10.1210/en.2016-1304
https://doi.org/10.1089/thy.2022.0254
https://doi.org/10.1016/j.ajo.2019.07.021
https://doi.org/10.1089/thy.2007.0404
https://doi.org/10.1089/thy.2007.0404
https://doi.org/10.1038/s41433-018-0285-y
https://doi.org/10.1016/j.immuni.2020.03.018
https://doi.org/10.1016/j.immuni.2020.03.018
https://doi.org/10.1210/jc.2014-3566
https://doi.org/10.1210/en.2013-1835
https://doi.org/10.1097/wno.0000000000000890
https://doi.org/10.1210/jc.2012-2389
https://doi.org/10.3389/fendo.2021.739994
https://doi.org/10.1177/0003489420943219
https://doi.org/10.1016/j.otc.2016.05.002
https://doi.org/10.1007/s12020-011-9515-9
https://doi.org/10.1210/clinem/dgae560
https://doi.org/10.1210/clinem/dgae560
https://doi.org/10.1016/j.ajo.2022.02.015
https://doi.org/10.1089/thy.2023.0466
https://doi.org/10.1016/j.ophtha.2023.08.001
https://doi.org/10.1097/md.0000000000011727
https://doi.org/10.1097/md.0000000000011727
https://doi.org/10.4172/2471-9455
https://doi.org/10.4172/2471-9455
https://doi.org/10.14310/horm.2002.1577
https://doi.org/10.1044/2024_aja-24-00028
https://doi.org/10.1097/iop.0000000000001995
https://doi.org/10.1097/iop.0000000000001995
https://doi.org/10.1016/j.ajoint.2024.100047
https://doi.org/10.1016/j.ajoint.2024.100047
https://doi.org/10.2147/tcrm.S303057
https://doi.org/10.1097/iop.0000000000001984
https://doi.org/10.1097/iop.0000000000001984
https://doi.org/10.1634/theoncologist.2015-0519
https://doi.org/10.1089/thy.2023.0656
https://doi.org/10.1016/j.aace.2022.01.004
https://doi.org/10.1097/wno.0000000000001134
https://doi.org/10.1097/wno.0000000000001134
https://doi.org/10.1016/j.ophtha.2021.04.024
https://doi.org/10.1210/clinem/dgad637
https://doi.org/10.1016/j.nutres.2019.05.006
https://doi.org/10.20452/pamw.4136
https://doi.org/10.3899/jrheum.150280
https://doi.org/10.1186/s12876-019-1000-6
https://doi.org/10.1016/j.pharep.2016.04.016
https://doi.org/10.1590/1516-3180.2018.0274161118
https://doi.org/10.1016/j.ajpath.2015.05.020
https://doi.org/10.1096/fj.202000169R
https://doi.org/10.1038/s41390-024-03069-8
https://doi.org/10.1097/iop.0000000000001943
https://doi.org/10.1016/j.ajoc.2021.101069
https://doi.org/10.1016/j.tem.2013.03.004
https://doi.org/10.1186/2044-5040-1-4
https://doi.org/10.3389/fendo.2025.1480195
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Xu et al.

65. White JP, Gao S, Puppa MJ, Sato S, Welle SL, Carson JA. Testosterone regulation
of akt/mtorcl/foxo3a signaling in skeletal muscle. Mol Cell Endocrinol. (2013) 365:174-
86. doi: 10.1016/j.mce.2012.10.019

66. Kossler AL, Douglas R, Dosiou C. Teprotumumab and the evolving therapeutic
landscape in thyroid eye disease. J Clin Endocrinol Metab. (2022) 107:S36-s46.
doi: 10.1210/clinem/dgac168

67. Mekala JR, Nalluri HP, Reddy PN, Sainath S, Ns SK, Gvsd SK, et al. Emerging
trends and therapeutic applications of monoclonal antibodies. Gene. (2024)
925:148607. doi: 10.1016/j.gene.2024.148607

68. Kang J, Lechuga M, Braun J, Kossler A, Douglas R, Cockerham K. Infusion center
guidelines for teprotumumab infusions: informed consent, safety, and management of
side effects. J Infusion Nurs. (2021) 44:331-8. doi: 10.1097/nan.0000000000000446

69. Hoang TD, Nguyen NT, Chou E, Shakir MK. Rapidly progressive cognitive
decline associated with teprotumumab in thyroid eye disease. BMJ Case Rep. (2021) 14
(5):€242153. doi: 10.1136/bcr-2021-242153

70. DErcole AJ, Ye P, Calikoglu AS, Gutierrez-Ospina G. The role of the insulin-like growth
factors in the central nervous system. Mol Neurobiol. (1996) 13:227-55. doi: 10.1007/bf02740625

Frontiers in Endocrinology

11

10.3389/fendo.2025.1480195

71. YuR. Thyroid function suppression after initiation of teprotumumab treatment.
Endocrine. (2021) 73:561-2. doi: 10.1007/s12020-021-02676-3

72. Miller K, Fihrer D, Mittag J, Kloting N, Bliher M, Weiss RE, et al. Tsh
compensates thyroid-specific igf-I receptor knockout and causes papillary thyroid
hyperplasia. Mol Endocrinol (Baltimore Md). (2011) 25:1867-79. doi: 10.1210/me.2011-
0065

73. Stan MN, Garrity JA, Carranza Leon BG, Prabin T, Bradley EA, Bahn RS.
Randomized controlled trial of rituximab in patients with graves’ Orbitopathy. J Clin
Endocrinol Metab. (2015) 100:432-41. doi: 10.1210/jc.2014-2572

74. Perez-Moreiras JV, Gomez-Reino JJ, Maneiro JR, Perez-Pampin E, Lopez AR,
Alvarez FMR, et al. Efficacy of tocilizumab in patients with moderate-to-severe
corticosteroid-resistant graves orbitopathy: A randomized clinical trial. Am J
Ophthalmol. (2018) 195:181-90. doi: 10.1016/j.2j0.2018.07.038

75. Sanchez-Bilbao L, Martinez-Lopez D, Revenga M, Lopez-Vazquez A, Valls-
Pascual E, Atienza-Mateo B, et al. Anti-il-6 receptor tocilizumab in refractory graves’
Orbitopathy: national multicenter observational study of 48 patients. ] Clin Med. (2020)
9:2816. doi: 10.3390/jcm9092816

frontiersin.org


https://doi.org/10.1016/j.mce.2012.10.019
https://doi.org/10.1210/clinem/dgac168
https://doi.org/10.1016/j.gene.2024.148607
https://doi.org/10.1097/nan.0000000000000446
https://doi.org/10.1136/bcr-2021-242153
https://doi.org/10.1007/bf02740625
https://doi.org/10.1007/s12020-021-02676-3
https://doi.org/10.1210/me.2011-0065
https://doi.org/10.1210/me.2011-0065
https://doi.org/10.1210/jc.2014-2572
https://doi.org/10.1016/j.ajo.2018.07.038
https://doi.org/10.3390/jcm9092816
https://doi.org/10.3389/fendo.2025.1480195
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Teprotumumab in the management of thyroid eye disease mechanistic insights and adverse reactions: a comprehensive review
	Highlights
	1 Introduction
	2 IGF-1R and TSHR activation drives TED pathogenesis and complicates treatment
	2.1 Orbital fibroblasts as effector cells in TED
	2.2 IGF-1R and TSHR as autoantigens in the pathogenesis of TED

	3 Safety profile of teprotumumab for treating TED
	3.1 Risk of hearing impairment with teprotumumab in treating thyroid eye disease
	3.2 Hyperglycemia and blood glucose fluctuations induced by teprotumumab
	3.3 Potential reactivation and exacerbation of inflammatory bowel disease
	3.4 Muscle cramps associated with IGF-1R inhibition
	3.5 Management and characteristics of infusion reactions to teprotumumab

	4 Other adverse reactions reported in literature
	5 Discussion
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


