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Abstract

Immunotherapy medicines (immune checkpoint inhibitors, ICls) that work directly on the immune system have
shown vastly increased survival for people with cancer in phases 2 and 3 clinical studies during the past few years.
Nevertheless, ICl treatment (irAEs) may trigger immune-related adverse effects. An underactive thyroid is among
the most frequent endocrine irAE, affecting about 40% of individuals who received ICls. Our review aims to collect
and organize the most recent data on immunotherapy-induced thyroid dysfunction in cancer patients, including its
prevalence, diagnostic criteria, and treatment options and to summarize those findings in a comprehensive review
article. The incidence of irAEs varies depending on the type of cancer and the treatment regimen. Thyroid ultrasound,
radioactive uptake scan, and PET CT scan can aid in diagnosing thyroid dysfunction. Thyroid dysfunction treatment
necessitates collaboration between specialists in oncology, endocrinology, and primary care in a multidisciplinary
team discussion. The prognosis of patients who suffered from thyroid dysfunction while on ICls treatment is reason-
ably good. Suboptimal baseline thyroid function was linked with decreased overall survival (OS) among ICl-treated

patients, but initiating replacement hormonal therapy after ICl initiation was associated with enhanced OS. More
research work is required to identify these links and mechanisms of action.
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Introduction

Immune checkpoint inhibitors (ICIs) stimulate (switch
on) the immune system to recognize and attack cancer
cells. However, these medications have been linked to
various autoimmune disorders, such as thyroid dysfunc-
tion [1]. Thyroid dysfunction induced by ICIs depends
on the type of immunotherapy administered. Accord-
ing to an intriguing 2022 meta-analysis by Muir et al,,
programmed cell death protein 1 (PD-1) inhibitors
(nivolumab and pembrolizumab) caused 3.2% of hyper-
thyroidism, while combo immunotherapy with ipili-
mumab caused 8.0% [2]. Combination therapy caused
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13.2% more hypothyroidism than PDL-1 inhibitors alone.
PD-1 inhibitors alone took 70 days, and combined ther-
apy took 63 days to onset [3].

Haanen et al. (2017) found an incidence of 1-5 to 10%
for individuals receiving 3 mg/kg and 10 mg/kg ipili-
mumab [4]. In a more recent retrospective investigation
by Girimonte et al. (2022), 29.6% (53 out of 179) of meta-
static cancer patients taking ICIs developed hypothyroid-
ism, with 44 of those instances experiencing transient
thyrotoxicosis followed by hypothyroidism [5]. While
treating cancer with anti-PD-1 or anti-PD-L1, the risk of
thyroid abnormalities is 5-10%, with a higher prevalence
in combination therapy patients.

In recent years, research has aimed to understand
better the endocrine toxicities arising from ICI therapy
and the side effects patients can expect. These events
rarely exceed 20% severity [4]. Several studies on
immunotherapy-induced endocrinopathy have found
these results. Lecoq et al. (2022) thoroughly reviewed
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the relevant literature and analyzed their clinical obser-
vations from treating 80 patients. Their findings showed
that thyroiditis and hypothyroidism were the most
common endocrinopathies reported with ICI treat-
ment, particularly when using anti-PD-1 medication.
Patients taking anti-CTLA-4 and anti-PD-1 medicines
were at a higher risk of developing endocrinopathies
[6].

Similarly, Storm et al. (2022) investigated the real-
world safety profile of ICIs in younger and older par-
ticipants between September 2016 and September
2019. The study enrolled 217 patients who received
ICIs and found no statistically significant difference in
the cumulative incidence of immunotherapy-related
toxicities between the two age groups, although thyroid
gland problems occurred in 20.3% of patients. These
results suggest that older adults are less likely to expe-
rience immune-related adverse medication responses
from ICIs [7].

In another study, among 24 cancer patients receiving
ICI, Patrizio et al. (2022) observed that using these medi-
cations raised the incidence of thyroid disease, including
subclinical illness, with the latter being more common
in women than in males [8]. Degtiareva et al. (2022) also
found that immune-related toxicity was more common
with combination ICIs than with monotherapy (70.6% vs.
23.6%) among Russian patients in a retrospective study
[9]. Additionally, Ochenduszko et al. (2022) found that
among 36 patients with advanced melanoma receiving
either nivolumab or pembrolizumab monotherapy, 5 of
them (13.9%) developed hypothyroidism [10].

Mechanism and risk factors

The exact mechanisms underlying immunotherapy-
induced thyroid dysfunction remain unclear. ICIs are
typically harmless, but some evidence suggests they may
provoke an autoimmune reaction in the thyroid gland by
disturbing the delicate balance of immune cells or by pro-
ducing cross-reactive cancer cell antigens. ICIs may also
change thyroid-related gene expression, causing hypothy-
roidism [11]. Several researchers have investigated possi-
ble risk factors for endocrinopathies in patients receiving
ICIs to better understand this phenomenon’s origins.
In 2022, Amara et al. examined the causes of immune-
related thyroid dysfunction during ICIs treatment [12].
The study found that among cancer patients taking PD-1/
PD-L1 inhibitors, a history of smoking, hypertension, or
opioid use was all associated with adverse events involv-
ing the thyroid [12]. Another study found that immuno-
therapy-related thyroid dysfunction may be linked to a
hereditary predisposition to autoimmune thyroid disease
[13].

Page 2 of 8

Screening and monitoring for thyroid dysfunction

It is essential to regularly check for thyroid dysfunction
in patients receiving ICIs, as early detection and treat-
ment can prevent more serious consequences. While
there are various screening recommendations, most sug-
gest baseline thyroid function testing and regular moni-
toring of thyroid-stimulating hormone (TSH) and free
thyroxine (FT4) levels both before and after ICI therapy
[14]. The American Thyroid Association (ATA) recom-
mends monitoring thyroid dysfunction symptoms/signs
and checking TSH and FT4 levels at least every 4 to
8 weeks while on ICI treatment therapy and every 3 to
6 months afterward [3].

Monitoring thyroglobulin (Tg) and anti-TgAb can assist
in diagnosing thyroid autoimmune reactions and track a
patient’s response to thyroid dysfunction treatment [15].
However, the frequency of checks should be determined
by the patient’s status and risk factors. It is important to
note that patients receiving ICIs may develop thyroid
dysfunction at any point during or after treatment. Thus,
thorough monitoring is crucial throughout the treat-
ment [16]. The most recent recommendations from the
European Society for Medical Oncology (ESMO) sug-
gest measuring TSH and FT4 levels periodically before
starting immunotherapy and before each cycle at least
monthly intervals [17]. Recent studies have also exam-
ined the clinical trajectories and risk factors for enduring
immune-related toxicities in cancer patients receiving
anti-PD-1, anti-PD-L1, and/or combination with anti-
CTLA-4 therapy. Chieng et al. (2022) studied 66 patients
and followed them for a median of 15.7 months [18]. The
study found that the average duration of thyroid dys-
function prior to diagnosis was 1.8 months. The study
also found that persistent thyroid disorder was linked
to positive thyroperoxidase antibodies (TPOAb) and/
or thyroglobulin antibodies (TgAb) status at the onset.
Interestingly, the study also found that patients who
developed endocrinopathies had a longer median sur-
vival [18]. This suggests that early screening is crucial
given the large median time to onset of endocrinopa-
thies, and that the screening and follow-up strategy for
endocrine irAEs should be tailored to each endocrinopa-
thy’s clinical history [18].

Clinical manifestations

Immunotherapy-induced thyroid dysfunction can cause
fatigue, weight gain, heart rate changes, and thyroid hor-
mone abnormalities [19]. Hence, ICI patients must be
monitored regularly. Latif et al. (2022) examined thyroid
dysfunction in advanced cancer patients treated with
ICIs at two United Arab Emirates (UAE) tertiary cancer
centers from November 2015 to January 2019 [20]. Of the
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43 people who received ICI, 44% or more had some form
of thyroid malfunction, either hypothyroidism (57%),
hyperthyroidism, or subclinical hypothyroidism (21%).
ICI caused most thyroid dysfunction after 6 weeks [20].

Role of thyroid ultrasound to detect and ICls-induced thyroid

dysfunction

Thyroid ultrasonography can detect thyroid gland
changes in immunotherapy patients on immune check-
point inhibitors (ICIs). Thyroid nodules, a larger or
smaller gland, may suggest hyperthyroidism or hypothy-
roidism. Ultrasound can detect autoimmune disorders
such as diffuse or localized thyroiditis [21]. Furthermore,
thyroid ultrasonography can also be utilized to monitor
the effectiveness of treatment in patients with thyroid
dysfunction who are receiving ICIs. For instance, ultra-
sonography can be used to evaluate the effectiveness of
antithyroid medication in treating hyperthyroidism by
determining whether the size and shape of the thyroid
gland have returned to normal [21]. However, thyroid
ultrasound results should be reviewed with other diag-
nostic methods, such as blood tests and clinical examina-
tions, and analyzed by a skilled physician for proper and
accurate diagnosis. It is crucial to remember that thyroid
ultrasound is an auxiliary tool.

Role of thyroid radioactive uptake scan with ICls

A radioactive thyroid uptake scan can play a crucial role
in assessing patients who have developed hyperthyroid-
ism or hypothyroidism in immunotherapy. This diagnos-
tic method can pinpoint thyroid dysfunction’s etiology,
such as a toxic nodule or Graves’ disease. The scan can
also reveal whether the thyroid is hyperactive or under-
active. The test can also detect autoimmune responses by
measuring thyroid gland radioactivity uptake. For exam-
ple, reduced radioactive material uptake in patients with
autoimmune thyroiditis may indicate autoimmune altera-
tions in the thyroid gland [22].

Role of inflammatory markers and biomarker on thyroid
disease-related ICls

Inflammatory indicators such as cytokines, TNF-alpha,
IL-6, and IFN-gamma, all of which can damage tis-
sue through the recruitment, activation, and invasion
of inflammatory cells into the thyroid gland, have been
linked recently to thyroid dysfunction [23]. In terms of
biomarkers, a recent trial conducted in 2022 by Amara
et al. found that 9 out of 20 patients with lung cancer
who received immunotherapy developed irAEs, includ-
ing thyroid dysfunction [12]. The study discovered that
the CD4/CDS8 ratio consistently dropped by 30—-40% just
before the onset of ICI-induced toxicities. The study sug-
gests that biomarkers such as the serum CD4/CDS8 ratio
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may be crucial for early management in cases of irAEs
[12]. These findings highlight the importance of monitor-
ing inflammatory markers and biomarkers in managing
and monitoring patients with thyroid dysfunction related
to ICIs.

Role of PET CT scan

Tatar et al. studied [18F]-fluoro-2-deoxy-D-glucose
(F-FDG) PET/CT for detecting immune-related adverse
events (irAEs) in immune checkpoint inhibitor patients
in 2022 (ICIs). The study enrolled 46 patients with diverse
forms of advanced cancer, and their treatment responses
were monitored using PET/CT scanning [24]. The study
found that among the most frequently observed adverse
effects, colitis (28.1%) stood out, while among the least
often observed adverse effects, thyroiditis and myositis/
arthritis (13.0%) affected only about six individuals. The
study also found that the appearance of irAEs on PET/CT
occurred a median of 4.3 months after the start of immu-
notherapy. The study’s results suggest that F-FDG PET/
CT is an important aspect of cancer immunotherapy, as
it can detect serious irAEs during diagnosis and follow-
up. irAEs were detected on PET/CT scans in more than
50% of the trial patients [24]. The study concludes that
implementing F-FDG PET/CT scans in the management
and follow-up of patients receiving ICIs is essential for
the early detection and management of irAEs [24].

Treatment

Treating thyroid dysfunction caused by immunother-
apy requires a multidisciplinary approach [21]. Patients
with thyroid dysfunction should delay immunotherapy
until their symptoms improve, according to the lat-
est ESMO guidelines. Antithyroid drugs, beta-blockers,
and even radioactive iodine can be used in protocols to
treat hyperthyroidism. Levothyroxine is usually used to
cure hypothyroidism. Subclinical hypothyroidism does
not preclude thyroid hormone replacement therapy for
patients with fatigue and weight gain symptoms. Pro-
pranolol and atenolol are also used in the treatment of
hyperthyroidism. Such medicines provide long-term
advantages in controlling symptoms and improving toler-
ability to ICIs [4].

An American Association of Clinical Endocrinology
Disease review article provides healthcare profession-
als with a helpful method for managing patients who
develop endocrinopathies due to immunotherapy.
These agents frequently affect the thyroid and pitui-
tary glands, and the authors conduct a literature search
and review methods for their diagnosis and treatment.
The researchers emphasize the need for all health-
care professionals caring for these cancer patients to
have a high index of clinical suspicion and stress the
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significance of multidisciplinary team discussion in
managing patients receiving immunotherapy and
exhibiting endocrinopathies [21].

In terms of levothyroxine dosing for patients develop-
ing de novo hypothyroidism, particularly hypophysitis, a
recent retrospective study in 2022 by Kristan et al. sug-
gests a more conservative approach, such as starting at
0.9-1.2 mcg/kg and monitoring thyroid function tests
(TFTs) every 4 weeks and spacing out TFT surveillance
to every 12 weeks after [25].

Prognosis

A study conducted by von Itzstein et al. in 2022 found
that suboptimal baseline thyroid function was associ-
ated with decreased overall survival (OS) among patients
treated with ICIs. However, initiating replacement hor-
monal therapy with levothyroxine after ICI initiation
was associated with enhanced OS [26]. The study sug-
gests that existing thyroid problems may predict worse
outcomes for individuals undergoing ICI therapy [26].
A 2022 study by Trudu et al. found that patients treated
with ICIs for spread lung cancer had a median progres-
sion-free survival of 9.5 months [27]. Thyroid dysfunc-
tion was the most common immune-related adverse
event (30.7%).

Those who had immune-related adverse events (irAEs)
had a significantly longer median progression-free sur-
vival (PES) [28]. Improvements in overall survival were
seen (HR 0.63, 95% CI 0.43-0.89) [28]. irAEs in immu-
notherapy-treated cancer patients may indicate better
treatment efficacy and survival [28]. Zheng et al. found
that 40% of anti-PD-1-treated hepatocellular carcinoma
(HCC) patients in his trial had hypothyroidism; however,
this did not impair survival [29]. These relationships and
mechanisms need further study.

Case reports
The following table presents immunotherapy-thyroid dis-
ease case reports during 2022-2023 (Table 1).

Conclusion

Thyroid dysfunction, which may arise as a side effect
of immunotherapy, should be managed cautiously by
a multidisciplinary group of oncologists, endocrinolo-
gists, and primary care physicians, as highlighted in
the article. Treatment options — subject to symptoms
— may include using beta-blockers, antithyroid drugs,
radioactive iodine, or hormone replacement therapy
after proper counseling with patients. The use of thy-
roid ultrasonography, radioactive uptake scan, inflam-
matory markers, biomarkers, and PET-CT scans can
aid in diagnosing and monitoring thyroid dysfunction.
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The initiation of replacement hormonal therapy with
levothyroxine after ICI initiation was associated with
enhanced overall survival. The emergence of irAEs
in cancer patients treated with immunotherapy may
indicate greater treatment success and overall sur-
vival; however, further research is needed to validate
these connections and mechanisms of action. Having
a high index of clinical suspicion and a multidiscipli-
nary team discussion in managing patients receiving
immunotherapy and exhibiting endocrinopathies is
essential.
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