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Abstract

Introduction: In the last few years, immune checkpoint in-
hibitors (ICPis) have become a common treatment of cancer.
ICPis are associated with peculiar immune side effects,
termed immune-related adverse events (irAEs). Thyroid dis-
function is a common irAE, but clinical manifestation, sever-
ity, and pathogenesis can be variable. While destructive thy-
roiditis and hypothyroidism are the most common thyroid
irAEs induced by ICPis, autoimmune hyperthyroidism
(Graves' disease) is rare. We describe a case of a Graves’ dis-
ease induced by anti-PD-1 therapy and we review the previ-
ous reports on this issue. Case Presentation: A 51-year-old
man developed an overt autoimmune hyperthyroidism 2
months after he had started nivolumab (anti-PD-1) therapy
for a metastatic non-small cell lung cancer. Although TSH-
receptor autoantibodies (TRAb) were negative, the persis-
tence of hyperthyroidism, the hypervascular pattern at thy-
roid ultrasound, and the high uptake at thyroid scintigraphy
were all features suggestive of Graves’ disease. Methimazole

was started with the prompt restoration of euthyroidism.
TRAb remained undetectable during the entire follow-up.
Conclusions: Autoimmune hyperthyroidism can be induced
by anti-PD-1 treatment. TRAb were negative in both cases of
nivolumab-induced Graves’ disease described to date. A cor-
rect differential diagnosis between destructive thyroiditis
and autoimmune hyperthyroidism is crucial for the appro-

priate treatment. © 2019 European Thyroid Association

Published by S. Karger AG, Basel

Introduction

Immune checkpoint inhibitors (ICPis) are powerful
new drugs for treatment of cancer. These monoclonal an-
tibodies trigger immune system against cancer cells,
blocking inhibitory signals of T-cells, specifically cytotox-
ic T-lymphocyte-associated protein 4 (CTLA-4), pro-
grammed death 1 (PD-1) and programmed death ligand
1 (PD-L1). So far, several randomized clinical trials have
demonstrated the efficacy of these molecules in improv-
ing the progression-free survival in several types of cancer
(e.g., melanoma, non-small cell lung cancer, kidney can-
cer, breast cancer). ICPis can induce side effects, the so-
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Fig. 1. Time course of thyroid function of the patient during treat-
ment with nivolumab. Time 0: first infusion of anti-PD-1
(Nivolumab).

called immune-related adverse events (irAEs). Among
irAEs, endocrinopathies are frequent and include thyroid
dysfunction, hypophysitis, insulin-deficient diabetes
mellitus, and primary adrenal insufficiency. Thyroid dys-
function is the most common ICPi-induced endocrinop-
athy, with transient thyrotoxicosis due to destructive thy-
roiditis and hypothyroidism frequently reported in clini-
cal trials of ICPis. On the contrary, Graves’ disease has
been described in only eight patients during ICPis treat-
ment, five during anti-CTLA-4 and three during anti-
PD-1 treatment. We report the fourth case of Grave’s dis-
ease induced by anti-PD-1, the second with an overt hy-
perthyroidism.

Case Presentation

A 51-year-old male was referred to us because he had experi-
enced palpitations, heat intolerance, and insomnia after the fourth
infusion of nivolumab (3 mg/kg every 14 days) for a metastatic
non-small cell lung cancer. Thyroid function tests before the start
of nivolumab treatment showed euthyroidism, with free thyroxine
(FT4) 18.1 pmol/L (normal range 9.0-21.8), free triiodothyronine
(FT3) 4.5 pmol/L (4.1-8.7), thyroid-stimulating hormone (TSH)
1.22 mU/L (0.4-4.0) (Fig. 1), associated with negative thyroper-
oxidase autoantibodies (TPOADb), negative thyroglobulin autoan-
tibodies (TgAb), and unremarkable thyroid ultrasound. In the 3
months prior to referral, no administration of iodinated contrast
media was reported. At physical examination, we observed in-
creased heart rate and sweaty skin and no signs of Graves’ ophthal-
mopathy. Thyroid function tests were suggestive of overt thyro-
toxicosis: FT4 29.3 pmol/L, FT3 11.2 pmol/L, TSH 0.04 mU/L
(Fig. 1). TSH-receptor autoantibodies (TRAD) as well as TPOADb
and TgADb turned out negative one more time. We re-evaluated the
patient 1 week later. Thyroid function tests were comparable (FT4
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29.6 pmol/L, FT3 11.4 pmol/L), and at ultrasound, the thyroid was
enlarged (20 mL), hypoechoic, and with a mild hypervascularity at
Doppler. 131 thyroid scintigram showed an increased and diffuse
uptake (3 h uptake 40%; normal range 15-25%).

The patient started methimazole, 20 mg/day. At the following
observation, 30 days later, symptoms of thyrotoxicosis had disap-
peared and thyroid function tests had significantly improved: FT4
25.7 pmol/L, FT3 7.4 pmol/L, TSH 0.2 mU/L (Fig. 1). Within 60
days of treatment with methimazole, euthyroidism was restored:
FT4 19 pmol/L, FT3 6.29 pmol/L, TSH 1.1 mU/L. Methimazole
was therefore tapered down to 5 mg/day, with maintenance of eu-
thyroidism. Thyroid autoantibodies remained negative through-
out the entire follow-up (Fig. 1). The patient died 4 months later
because of cancer progression.

Discussion

In clinical trials and subsequent clinical practice, thy-
roid dysfunction has been reported as a common adverse
effect during ICPi treatment [1]. A similar overall inci-
dence of hypothyroidism (7-10%) has been estimated for
the three types of drugs. At variance, the incidence of thy-
rotoxicosis differs according to the ICPi regimen, being
lower (3.4%) during the anti-CTLA-4 treatment and
higher (13.0%) when anti-CTLA-4 and anti-PD-1 are
combined [1]. Among cases of thyrotoxicosis, the large
majority are transient forms due to destructive thyroid-
itis, which are usually followed by persistent hypothy-
roidism, while Graves’ disease (hyperthyroidism and/or
Graves’ ophthalmopathy) has been rarely reported [1, 2].

Graves’ disease is typically characterized by diffuse
goiter, hyperthyroidism, and, in 50% of patients, ophthal-
mopathy [3]. Including the present, a total of nine cases
of Graves’ disease, five after anti-CTLA-4 and four after
anti-PD-1 treatment, have been reported (Table 1). It is
worth noting that four patients (two after anti-CTLA-4
and two after anti-PD-1 treatment) developed isolated
hyperthyroidism and five (three after anti-CTLA-4 and
two after anti-PD-1 treatment) euthyroid Graves’ oph-
thalmopathy (Table 1). At variance with the common
presentation of spontaneous Graves’ disease, no patient
developed both autoimmune hyperthyroidism and
Graves’ ophthalmopathy. Of note, euthyroid Graves’
ophthalmopathy is very uncommon after other immuno-
therapy drugs (e.g., interferon and alemtuzumab); in
these settings, ophthalmopathy is usually associated with
hyperthyroidism [4, 5].

The patient we describe herein developed an overt and
symptomatic thyrotoxicosis 2 months after nivolumab
was started. The characteristics that allow the clinician to
differentiate between thyrotoxicosis due to destructive
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Table 1. Case reports on Graves’ disease induced by ICPis

First author, year ICPis Hyper- GO Cycle/ FT4 FT3 TRAb Todine/ Vascular Treatment
thyroid- time (pmol/L) (pmol/L) PTC  pattern
ism uptake
Anti-CTLA-4
Borodic [8], 2011 Ipilimumab No Yes 11/6 weeks na na Positive  na na Glucocorticoids
Min [9], 2011 Ipilimumab No Yes IV/12 weeks 14.1 na Positive na na Glucocorticoids
McElnea [10], 2014 Ipilimumab No Yes I11/6 weeks ~ 23.7 na Negative na na Glucocorticoids
Azmat [11], 2016 Ipilimumab Yes No 11/6 weeks ~ 46.8 15.1 Positive ~ High  na Methimazole
Thyroidectomy
Gan [12], 2017 Tremelimumab  Yes No XX/8 years  35.5 13.0 Positive  na na Carbimazole
Anti-PD-1
Park [13], 2018 Pembrolizumab No Yes I11/9 weeks  na na na na na Glucocorticoids
Campredon [14], 2018 Nivolumab No Yes I11/6 weeks  15.4 4.3 Negative na na Glucocorticoids
Iadarola [15], 2019 Nivolumab Yes No 11/4 weeks ~ 17.5 8.7 Negative High ~ Normal Methimazole
Brancatella (present case),  Nivolumab Yes No IV/8 weeks  29.3 11.1 Negative High  Hyper-  Methimazole
2019 vascular

ICPis, immune checkpoint inhibitors; GO, Graves” ophthalmopathy; na, not available.

Table 2. Destructive thyroiditis and Graves’ hyperthyroidism during ICPi therapy: differential diagnosis

Destructive thyroiditis

Graves’ hyperthyroidism

Duration Transient (days to weeks)  Persistent (months to years)

Lag time from ICPi start Short (weeks) Variable (weeks to years)

Iodine uptake Low High

FT3/FT4 ratio Low High

TgAb and TPOAb +/- +/-

TRADb - +/-

Treatment No/symptomatic Anti-thyroid drugs (radioiodine thyroidectomy)

ICPi, immune checkpoint inhibitor.

thyroiditis and autoimmune hyperthyroidism ensuing
during ICPi treatment are: severity (mild to moderate vs.
moderate to severe), duration (self-limited vs. persistent),
lag time (weeks vs. weeks to years), 1*'T uptake (low vs.
high), FT3/FT4 ratio (low vs. high), and vascular pattern
at color Doppler (low vs. high) (Table 2).

In our patient, TPOAD, TgAb, and TRAb were unde-
tectable during the entire follow-up. The role of thyroid
autoantibodies in the pathogenesis of ICPi-related thyroid
dysfunction is debated. While Osorio and colleagues [6]
reported an association between positive TPOAb and pos-
itive TgAb and thyroid dysfunction induced by ICPi ther-
apy, this association was not observed in other studies.

The pathogenic role of TRAb in Graves’ disease is well
established and TRADb are positive in up to 95% of spon-
taneous cases [7]. In the clinical practice, TRAD are a use-
ful tool in the differential diagnosis of thyrotoxicosis. An-
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ti-CTLA-4-induced Graves’ disease was reported to be
associated with positive TRAb (Table 1). In our patient,
aswell asin the other cases of nivolumab-induced Graves’
disease, TRADb were persistently negative (Table 1). The
finding that all the cases of anti-PD-1-induced Graves’
disease are associated with negative TRAD is surprising.
Destructive thyroiditis is usually self-limited and
symptoms can be managed by beta blockers. In case of
severe thyrotoxicosis or in patients with high cardiovas-
cular risk, treatment with glucocorticoids can be required
[1]. Conversely, Graves’ hyperthyroidism is persistent
and requires anti-thyroid treatment. Anti-thyroid drugs
showed a good efficacy in restoring and maintaining eu-
thyroidism in all cases of ICPi-induced Graves’ hyperthy-
roidism. Treatment with thyroidectomy or radioiodine
remains an option when hyperthyroidism is not manage-
able with anti-thyroid drugs. One patient underwent total
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thyroidectomy for hyperthyroidism during neck dissec-
tion for residual melanoma (Table 1). In all cases, Graves’
ophthalmopathy was successfully treated with high dose
of glucocorticoids (Table 1).

In conclusion, Graves’ disease has been reported during
ICPis. Both anti-CTLA-4 and anti-PD-1 can induce
Graves’ hyperthyroidism, although the presentation can be
different. A correct differential diagnosis between destruc-
tive thyroiditis and Graves” hyperthyroidism is required
because treatment of the two conditions is different.
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