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AN INDIVIDUALIZED APPROACH IN THE MANAGEMENT
OF THYROID DYSFUNCTION ASSOCIATED
WITH CHECKPOINT INHIBITORS -
A CLINICAL CASE SERIES
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Abstract. Inmune checkpoint inhibitors (ICIs) are a revolutionary class of drugs for the
treatment of a number of oncological diseases by harnessing the immune system to coun-
teract malignant cells. However, their use as antitumor agents is accompanied by a wide
range of immune-mediated adverse effects, including endocrinopathies. Among the latter,
thyroid dysfunction stands out as one of the most common. This article presents six dif-
ferent clinical cases of thyroid damage with an emphasis on thorough clinical examina-
tion aided by imaging and precise interpretation of hormonal studies. The management of
thyroid-related immune-mediated side effects requires an individualized approach, taking
into account the severity and dynamics of the abnormalities, the clinical condition of the
patient and the stage of the malignancy.
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INTRODUCTION

(ICls) have emerged as a powerful, innovative

therapeutic strategy for treating various cancers [1].
Depending on the tumor type and stage, ICls are used
as first-, second- or third-line treatment, as well as for
adjuvant or neoadjuvant therapy [2]. They can be ad-
ministered alone or in combination with conventional
treatments such as radiotherapy and chemotherapy.
Their effect is exerted by targeting the immune re-
sponse to malignant cells, blocking the usual inhibitory
pathways of T-cell regulation, thereby allowing T-cell-
mediated destruction of cancer cells [3, 4].

In recent years, immune checkpoint inhibitors

Cytotoxic T-lymphocyte-associated protein-4 (CTLA-
4) and programmed cell death protein-1 (PD-1),
as well as their ligand (PD-L1), are major immune
checkpoints and targets for inhibition [5, 6]. Thus,
the immune system can be manipulated at two lev-
els, with CTLA-4 acting at the early stage of trigger-
ing the antigen response, whereas PD-1 and PD-L1
modulate the interactions with peripheral tissues [7].
Another promising therapeutic target in immunother-
apy is lymphocyte activation gene-3 (LAG-3), which
is also a receptor protein of the immune checkpoint
family located on the surface of activated T-cells. It
has a regulatory role comparable to that of PD-1/
PD-L1 and CTLA-4 by occupying a major site in the
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negative regulation of T-cell function and thus provid-
ing immune escape of the tumor into the microenvi-
ronment [8].

Along with the possibility of achieving significant suc-
cess in the treatment of a number of cancers, ICls
therapy carries the risk of immune-related adverse
events (irAEs), which can potentially affect any organ
due to the hyperactivation of immune cells. This risk
increases when immunotherapy is combined. The se-
verity of irAEs can range from mild to life-threatening.
In most cases, irAEs develop in the first few weeks
or months after ICls initiation, but they can occur at
any other time, even after treatment discontinuation.
These adverse events may be transient or associ-
ated with permanent loss of function of the affected
organ [9].

Among the most common irAEs associated with ICls
therapy are colitis, pneumonitis, hepatitis and skin
manifestations, followed by endocrine disorders [9].
Immune-related endocrinopathies affect approxi-
mately 10% of all patients on ICls treatment [10], with
the incidence increasing to 17% with combination im-
munotherapy [11]. In those receiving anti-PD-1/anti
PD-L1 and anti-CTLA-4, thyroid abnormalities and
pituitary involvement are most common [12, 13]. Ad-
verse effects on the adrenal glands, pancreas and
parathyroid glands are also reported, although less
frequently [23].

Thyroid dysfunction is the prevalent endocrine irAEs
associated with ICls therapy. Anti-PD-1/anti-PD-L1
carries a higher risk compared to anti-CTLA-4, and
their combined administration is associated with the
highest risk [14]. Most cases are asymptomatic or
mild.

Primary hypothyroidism is most common (mean
incidence 2.5-3.8% for anti-CTLA-4, 3.9-8.5% for
anti-PD-1/PD-L1 and 10.2-16.4% for combination
treatment) and usually occurs over a period of 8-12
weeks after initiation of ICIs [15]. In a minority of cas-
es, especially in patients treated with anti-CTLA-4,
central hypothyroidism may develop, mostly together
with secondary hypocorticism, which should not be
missed and must always be treated before starting
levothyroxine therapy.

Thyrotoxicosis is less common (mean incidence 0.2-
5.2% for anti-CTLA-4, 0.6-3.7% for anti-PD-1/PD-L1
and 8.0-11.1% for combination treatment) [15]. It is
thought to remain unrecognized as it is usually mild
and transient, and often followed by hypothyroidism.
Thyrotoxicosis has a rapid onset, usually 4-6 weeks
after starting ICls, and lasts approximately 6 weeks
[16]. The time to onset of thyrotoxicosis is shorter in
the case of combination treatment with ICls. Rare

cases of persistent hyperthyroidism in Graves’ dis-
ease as well as thyroid-associated orbitopathy (TAO)
have also been described [17, 18].

In this article, we present a case series with different
types of thyroid dysfunction associated with the ad-
ministration of various ICls.

CLINICAL CASE 1

A 50-year-old man was diagnosed with squamous
cell carcinoma of the oropharynx (cT2pN3bcM1). Af-
ter surgery, chemotherapy and radiotherapy, he had
PET/CT evidence of progression, which led to the ini-
tiation of immunotherapy with Nivolumab (anti-PD-1).
Two months later on anti-PD-1 treatment, severe
overt hypothyroidism was detected with negative au-
toantibodies (Table 1). Ultrasound revealed diffuse
changes in the thyroid parenchyma, as in autoim-
mune thyroid disease (ATD), despite negative auto-
antibody testing (Fig. 1). Levothyroxine therapy was
initiated at a dose of 50 mcg. Currently, discontinua-
tion of immunotherapy is not suggested. Follow-up
and adjustment of the levothyroxine dose is recom-
mended.

Table 1. Laboratory analysis

Two months after Reference range
anti-PD-1 initiation
TSH (ulU/ml) 70.16 0.2-4.2
FT4 (pmol/l) 37 10.3-24
FT3 (pmol/l) 1.33 3.1-6.8
Anti-TPO (U/ml) 9.49 <34
Anti-TG (IU/ml) 16.09 <95

Fig. 1. Heterogeneous structure of the thyroid gland with
small focal hypoechogenicity, as in autoimmune thyroid
disease

CLINICAL CASE 2

A 48-year-old man was diagnosed with poorly differ-
entiated adenocarcinoma of the lung (pT1cN3M1).
Combination targeted and immunotherapy with
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Bevacizumab/Atezolizumab (anti-PD-L1) was initi-
ated 13 months later. After four months of treatment,
complaints of fatigue and significant weight reduction
appeared, with no evidence of cancer progression.
Suppressed TSH 0.005 mIU/ml was found, and thy-
rostatic treatment with Thiamazole 20 mg/day was
started. A month later, a suboptimal response to the
therapy was reported (Table 2), necessitating an
increase in thyrostatic dose to 30 mg/day in combi-
nation with Prednisolone at a dose of 20 mg/daily.
Atezolizumab treatment was then discontinued. It is
important to note that, as in the previous case, anti-
TG and anti-TPO were negative, and TRAb were at
the upper limit. Three months after initiation of anti-
thyroid therapy, there was a gradual control of thy-
rotoxicosis (Table 2). At follow-up, a sustained eu-
thyroid state was recorded after discontinuation of
thyrostatic and corticosteroid, allowing resumption
of anti-PD-L1 therapy. One year later, with continued
combination therapy for the underlying disease, but
without antithyroid treatment, the euthyroid state and
negative antibodies persisted (Table 2). Thyroid ul-
trasonography at the onset of thyrotoxicosis showed

diffuse changes as in ATD despite negative autoanti-
bodies (Fig. 2a). At follow-up, residual fibrotic chang-
es with discrete hypoechogenicity of the parenchyma
were observed (Fig. 2b).

CLINICAL CASE 3

A 51-year-old man was diagnosed with malignant
melanoma in the right deltoid region (pT4aN1Mx). He
underwent surgery and adjuvant chemotherapy, but
7 years after diagnosis, PET/CT revealed progres-
sion (pT4aN1M1). It was considered to start combi-
nation immunotherapy with Nivolumab (anti-PD-1)/
Ipilimumab (anti-CTLA-4). Four months later, due to
PET/CT evidence of stable disease, maintenance
monotherapy with Nivolumab was switched. After
one year of immunotherapy, hypothyroidism was not-
ed with positive autoantibodies in a stable underlying
disease (Table 3). Levothyroxine therapy was initi-
ated with gradual dose titration to 200 mcg without
discontinuation of immunotherapy. With replacement
treatment, euthyroid status was maintained through-
out the 9-month follow-up period to date (Table 3).

Table 2. Laboratory analysis

One month after anti-PD-L1 initiation | Two months follow-up | One year follow-up Reference range
TSH (uIU/ml) 0.005 1.62 2.84 0.2-4.2
FT4 (pmol/l) 53.15 12.72 18.39 10.3-24
FT3 (pmol/l) 10.3 2.28 3.88 3.1-6.8
Anti-TPO (U/ml) 10.52 15.96 15.96 <34
Anti-TG (IU/ml) 30.86 18.39 18.39 <95
TRAD (1U/) 1.88 233 1.66 <1.75
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Fig. 2. A. Thyroid gland of the upper border size, with small- and medium-sized hypoechogenicity as in autoimmune thyroid
disease. B. Thyroid ultrasonography in the same patient after 1 year — discrete inhomogeneity persists, with increasing

fibrotic changes

Table 3. Laboratory analysis

One year after anti-PD-1/CLTA-4 initiation Nine months follow-up Reference range
TSH (ulU/ml) 46.07 1.25 0.2-4.2
FT4 (pmol/l) 1.54 14.46 10.3-24
FT3 (pmol/l) <0.6 3.91 3.1-6.8
Anti-TPO (U/ml) 439.3 - <34
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CLINICAL CASE 4

An 88-year-old man was diagnosed with malignant
melanoma of the right foot (pT3bN1Mx). Immuno-
therapy with Pembrolizumab (anti-PD-1) was initi-
ated, and PET/CT data of progression were reported
9 months later (pT3bN1M1). Complaints of fatigue,
polydipsia, polyuria and nausea appeared. Diabetes
mellitus was diagnosed with depleted insulin reserve
(Table 4), necessitating insulin therapy. Subclinical
hypothyroidism was also recorded during the same
period, but due to the patient’'s advanced age, it
was considered to remain under surveillance. Sub-
sequently, hypothyroidism worsened (Table 4) and
Levothyroxine therapy was started with gradual titra-
tion to 75 mcg. No abnormalities were detected in the
pituitary-adrenal axis.

Table 4. Laboratory analysis

9 months after | One month | Reference
anti-PD-1 initiation | follow-up range
TSH (uIU/ml) 5.87 18.88 0.2-4.2
FT4 (pmol/l) - 1.4 10.3-24
C-peptide (ng/ml) 0.18 3.16.8

CLINICAL CASE 5

A 45-year-old man with known type 2 diabetes mel-
litus on treatment with metformin, Sodium-glucose
cotransporter 2 inhibitors (SGLT-2i) and GLP-1RA
was diagnosed with low-grade non-small cell lung
cancer (T2N3MO). After 6 courses of chemotherapy
and radiotherapy, immunotherapy with Ipilimumab
(anti-CTLA-4) and Nivolumab (anti-PD-L1) was start-
ed. After the 5th course of immunotherapy, labora-
tory and imaging evidence of ATD developed (Fig.
3), but with a hormonal constellation of secondary
hypothyroidism (Table 5) Levothyroxine treatment
was started with gradual dose titration to 100 mcg.
After the 6th course of immunotherapy, complaints
of general fatigue and dizziness appeared. Further
laboratory investigations revealed hypoglycemia
(blood glucose level 2.1 mmol/l), uncompensated
hypothyroidism and secondary hypocorticism without
evidence of hypogonadism and hyposomatotropism
(Table 5). Magnetic resonance imaging showed mild
overall inhomogeneity of the pituitary, corresponding
to hypophysitis, explaining the secondary (central)
hypothyroidism and hypocorticism (Fig. 4). We initiat-
ed treatment with Methylprednisolone i.v. at a dose of
20 mg/day until stabilization, after which we switched

Table 5. Laboratory analysis

After 5th course of anti-PD-L1/CTLA-4 treat- After 6th course of anti-PD-L1/CTLA-4
ment treatment Reference range

TSH (uIU/ml) 0.818 61.05 0.2-4.2
FT4 (pmol/l) 6.7 5.69 10.3-24
Anti-TPO (U/ml) 68.97 <34
ACTH (pg/ml) <5 0-46
Cortisol 08 a.m. (nmol/l) 22.22 145.4-619.4
LH (m[IU}/ml) 8.38 0.8-7.6
FSH (m{IU)/ml) 6.48 0.7-11.1
Testosterone (nmolll) 12.5 4.47-26.59
GH (ng/ml) 0.27 0.05-3
IGF-1 (ng/ml) 154 48-209

Fig. 3. Typical ultrasound image of autoimmune
thyroid disease with marked diffuse hypoecho-
genicity of the parenchyma and fibrotic changes
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Fig. 4. Magnetic resonance imaging of the pituitary gland
with evidence of hypophysitis

to oral Hydrocortisone with gradual dose reduction to
20 mg/day. After secondary adrenal insufficiency was
coped with, the dose of Levothyroxine was increased
to 150 mcg. During hospitalization, laboratory evi-
dence of immune-mediated hepatitis was also noted,
necessitating discontinuation of antidiabetic therapy
and temporary acceptance of a long-acting insulin
analogue until normalization of liver function.

DISCUSSION

Thyroid dysfunction has emerged as the most com-
mon endocrinopathy associated with ICls therapy.
The clinical cases presented show that thyroid im-
pairment can result in hypothyroidism or thyrotoxi-
cosis, isolated (cases 1, 2 and 3) or combined with
another endocrinopathy (cases 4 and 5). Hypothy-
roidism comprises the majority of cases, which may
be accompanied by the presence of positive an-
tibodies (case 3), and is then more severe, requir-
ing a higher dose of replacement therapy. However,
antibody-negative cases are also common. Immune-
mediated destruction of the thyroid tissue is the most
common underlying mechanism for ICl-induced hy-
pothyroidism. Typically, the clinical presentation be-
gins with a transient thyrotoxicosis followed by irre-
versible hypothyroidism. Associated immune-related
damage to the gastrointestinal tract may impair the
enterohepatic circulation of thyroid hormones and
reduce thyroid-binding globulin synthesis, potentially
accelerating the development of hypothyroidism. Hy-
pothyroidism may be secondary to pituitary toxicity or
combined primary and secondary (case 5 — ultraso-
nography changes and antibody positivity as in pri-
mary and hormonal constellation with low TSH and
FT4 as in secondary).

Because of the high incidence of immune-related
thyroid dysfunction, international consensus recom-
mends screening for TSH and FT4 before initiating
ICIs [2, 19]. In cases of overt thyroid dysfunction at
baseline or a history of severe thyroid disease, initia-
tion of ICls should be discussed in a multidisciplinary
team that includes an endocrinologist [2, 19].

During treatment with ICls, it is recommended to
monitor TSH and FT4 before each cycle of ICls for
the first 6 months, after which the interval can be in-
creased to every 2-3 months for 6 months, then to
every 6 months thereafter [2, 19]. In the case of hy-
pothyroidism, anti-TPO testing is appropriate as it in-
dicates an autoimmune etiology. Most guidelines do
not recommend anti-TG testing [19]. In the case of
thyrotoxicosis, TRAD testing is recommended. Given
the cases of baseline disease without elevated TRAb
levels described in the literature [17], the differential
diagnosis of severe or persistent thyrotoxicosis re-
quires further evaluation of FT3, thyroid scintigraphy
and ultrasound [2].

There is conflicting data on the gender-related pre-
disposition to develop immune-mediated thyroid
dysfunction with ICls treatment. The presented case
series includes only men. Nevertheless, most stud-
ies suggest an association with female sex, although
their cohorts were over 60% male [20, 21, 22].

The occurrence of adverse immune-mediated thy-
roid-related side effects does not usually require in-
terruption or discontinuation of ICls therapy, except
in cases of severe thyrotoxicosis and/or TAO [4, 19].
Patients with marked hypothyroidism should be start-
ed on Levothyroxine therapy. Recovery of thyroid
function without replacement is unlikely, although it is
possible in cases of subclinical hypothyroidism [14].
On the other hand, in patients already being treated
for hypothyroidism, Levothyroxine dose adjustment
may be necessary after initiation of ICI therapy [19].

In patients with destructive thyroiditis, the initial thy-
rotoxic phase is usually transient and is followed by
hypothyroidism. Close follow-up is recommended. In
symptomatic patients, 3-blockers may be considered.
However, if thyrotoxic symptoms are severe, a short
course of glucocorticoids may be used. Antithyroid
drugs should be initiated in thyrotoxicosis caused by
Graves’ disease. In thyrotoxic storm, combined treat-
ment with [B-blockers, thyrostatics, and glucocorti-
coids may be necessary [2, 19].

CONCLUSION

ICls are a revolutionary class of drugs that can
make an enormous contribution to the treatment of
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various types of cancers by harnessing the immune
system to fight malignant cells. Their successful use
as antitumor agents is associated with a wide range
of irAEs, including endocrinopathies. Among these,
thyroid disorders are one of the most common. Iden-
tifying these abnormalities requires vigilance and
regular monitoring of thyroid function. Early detection
requires both a thorough clinical examination and
laboratory evaluation. The management of thyroid-
related irAEs requires an individualized approach
that considers the severity of the abnormality, the
clinical condition of the patient and the stage of the
malignancy [23].
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