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Summary Given the growing use of immune check-
point inhibitor (ICI) therapy in oncology, the preva-
lence of endocrine side effects is rapidly increasing.
As clinicians are nowadays frequently confronted with
these side effects in routine clinical care, awareness,
better knowledge of endocrine irAEs and their clinical
presentation and diagnosis is crucial for an adequate
management. In this short-review we give a compact
overview of the recent recommendations for the man-
agement of endocrine irAE related to ICIs and high-
light difficulties and uncertainties in current clinical
practice.
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Background

The inhibition of immune checkpoints by using mon-
oclonal antibodies against cytotoxic-T-lymphocyte-
associated antigen 4 (CTLA-4) or programmed cell
death 1 (PD-1) has revolutionized anti-cancer ther-
apy in recent years and emerged as a cornerstone
in the treatment of a constantly growing number of
solid cancer types. CTLA-4 and PD-1 receptors both
regulate cytotoxic T-cell activation and anti-tumor im-
mune responses by distinct mechanisms. Antibodies
blocking these immune regulatory pathways (immune
checkpoint inhibitors [ICIs]) allow to restore anti-tu-
mor immunity and thereby promote tumor cell death
[1]. However, the immune system activation triggered
by ICIs is not solely restricted to the tumor, which

P. Wolf (�) · T. Scherer
Department of Internal Medicine III, Division of
Endocrinology and Metabolism, Medical University of
Vienna, Währinger Gürtel 18–20, 1090 Vienna, Austria
peter.wolf@meduniwien.ac.at

explains the autoimmune side effects often provoked
by these medications. These immune-related adverse
events (irAE) are markedly different from side effects
seen in classical chemotherapy [2, 3]. Endocrine irAEs
associated with ICI therapy have a prevalence ranging
from about 3 to 20%, varying also depending on the
type of ICI and/or if given in combination [4, 5]. The
risk is highest when anti-CTLA4 and anti-PD1 therapy
is combined and appears less frequent in anti-PD1
ligand monotherapy [1].

Given the growing use of ICI therapy in oncol-
ogy, clinicians are increasingly confronted with these
side effects in routine clinical care. Awareness, bet-
ter knowledge of endocrine irAEs and their clinical
presentation and diagnosis is crucial for adequate
management. In this short review we give a com-
pact overview of the recent recommendations for
the management of endocrine irAE related to ICIs
and highlight difficulties and uncertainties in current
clinical practice.

Thyroiditis

ICI-related thyroid dysfunction is the most common
endocrinopathy caused by an irAE. It is more frequent
in patients receiving anti-PD-1 directed treatment [6],
probably due to the high expression of PD-1 recep-
tors in thyroid cells [7]. In most cases, it results from
a silent, painless immune-mediated acute inflamma-
tion, which leads to destruction of the thyroid gland,
but Grave’s disease and endocrine orbitopathy have
also been described in rare cases. Inflammatory de-
struction releases preformed and stored thyroid hor-
mones from thyroid follicles inducing transitory hy-
perthyroidism, which is often followed by chronic hy-
pothyroidism [8]. Clinical signs and symptoms are of-
ten mild. However, some patients might develop thy-
rotoxicosis. The diagnosis is mainly based on the pa-
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tient’s clinical history. Thyroid stimulating hormone
(TSH) receptor antibodies (TRAb) are typically neg-
ative, whereas anti-thyroglobulin (anti-TG) and anti-
thyroxin peroxidase (anti-TPO) antibodies may be de-
tectable. In selected cases, for example in patients
with severe or prolonged hyperthyroidism, further ex-
aminations by ultrasound and scintigraphy might be
necessary to confirm thyroid destruction and exclude
an overactive thyroid as seen in Grave’s disease or
autonomous thyroid nodules. Ultrasound features of
destructive thyroiditis are diffuse hypoechogenicities
and a lack of hypervascularization. In scintigraphy
a reduced uptake of technetium or iodine is charac-
teristic for destructive thyroid disease [8]. Treatment
of symptomatic thyrotoxicosis consists of beta-block-
ers, whereas levothyroxine is used for the substitution
of clinically relevant hypothyroidism.

Due to the lack of prognostic benefits, high-dose
glucocorticoid therapy is not recommended for rou-
tine treatment of ICI-induced thyroiditis and should
be reserved only for exceptional cases of severe thyro-
toxicosis or severe thyroid-related eye disease [9, 10].
It is important to emphasize that the development of
thyroid dysfunction is not a contraindication against
the continuation of ICI therapy. On the contrary, an
improved treatment response and survival rate has
been reported for patients with thyroid irAEs although
these data could be influenced by an immortal time
bias [11]. Thyroiditis and other irAE might still be
surrogates for the anti-tumoral immune-response.
On the other hand, increasing evidence links thyroid
hormone action with cancer proliferation by promot-
ing growth, differentiation and metabolism [12], while
pre-existing hypothyroidism in patients with cancer
is associated with favorable survival [13, 14]. At the
moment it is unclear to what extent subclinical or
overt hypothyroidism should be treated in cancer
patients with ICI-related thyroid disease, since a hy-
pothyroid state might actually be beneficial. Evidence
from prospective, controlled studies are still missing
and are urgently needed to answer this question.
In our opinion, the indication for the substitution
of subclinical hypothyroidism (TSH 4-10) following
destructive thyroiditis in cancer patients should be
based on individual clinical symptom relief rather
than on arbitrarily defined cut-offs of hormonal val-
ues. There is no evidence that overt hypothyroidism
should not be treated; however, this could change in
the future.

Hypophysitis

Whereas hypophysitis is a rare disease in the general
population, the prevalence reaches up to 17% in pa-
tients receiving ICI therapy, with a predominance in
elderly patients and men [15]. The pathophysiological
mechanisms still not completely understood. How-
ever, a role of ICI-induced antibodies against the ante-
rior pituitary has been suggested [2, 16]. Clinical pre-

sentation is variable and ranges from asymptomatic
laboratory abnormalities—mild hyponatremia is of-
ten observed, to severe fatigue and headache, whereas
visual problems or polyuria/polydipsia are only rarely
observed. Adrenocorticotropic hormone (ACTH) de-
ficiency is the most frequent endocrine abnormality
and might result in profound hypocortisolism [17].
As hypocortisolism might only become symptomatic,
but then rapidly life-threatening, under acute stress
circumstances, systematic biochemical screening is
recommended by the European Endocrine Society
(guidelines presented at the ECE 2021 and currently
in preparation for publication) by testing morning
cortisol and ACTH levels together with TSH, fT4
and electrolytes. In addition, luteinizing hormone
(LH), follicle-stimulating hormone (FSH) and sex hor-
mones (estrogen/testosterone) could help strengthen
the diagnosis [9, 10]. Furthermore, pituitary MRI is
recommended to rule out brain metastasis, whereas
classical radiological signs of hypophysitis are only
observed in about half of patients [16]. Treatment of
hypophysitis most importantly consists in the sub-
stitution of corticotroph deficiency. Treatment of
thyrotropin deficiency is less urgent and should be
initiated only after glucocorticoid substitution ther-
apy has been implemented to avoid adrenal crisis.
Gonadal function can be replaced in selected patients
depending on age and prognosis, whereas growth hor-
mone treatment is generally contraindicated. High-
dose glucocorticoid therapy is only reserved for pa-
tients suffering from mass effects (compression of the
optic chiasma) or severe headache, but should not be
routinely used [9, 10, 18]. Of note, normally pituitary
hormone deficiency does not recover; therefore, it
is essential to educate patients and their families in
dose adaptations of glucocorticoid replacement in
case of stressful situations or acute medical events
(sick day rules). Patients should also be equipped
with an emergency card.

However, regular testing for cortisol levels in
asymptomatic patients with ICI therapy will inevitably
give inconclusive results, as corticotroph deficiency
can only be confirmed or ruled out by very low or
high baseline cortisol concentrations, respectively. In
addition, concomitant treatment with glucocorticoids
for other indications like pain or nausea is frequent
in cancer patients and might bias the hormone mea-
surements. Dynamic testing by an ACTH stimulation
test is recommended in this case [9, 10], but might
not always be reliable, since in the very early phase
of corticotropic deficiency the test might give a false-
positive response.

In selected cases a CRH stimulation test or an in-
sulin hypoglycemia test might therefore be preferable,
although more time and cost intensive (i.e., CRH test),
or less-well tolerated and stressful for the patient (i.e.,
insulin hypoglycemia test).

A reasonable approach might be thorough educa-
tion on potential clinical signs, laboratory findings
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(hyponatremia) and symptoms for patients, their rel-
atives and their treating physicians for early detection
of adrenal insufficiency and to perform diagnostic and
treatment by glucocorticoid substitution as soon as
clinically indicated. This approach is also in line with
clinical practice guidelines from the European Soci-
ety for Medical Oncology [19]. In case of uncertainty
or under acute circumstances, it is strongly recom-
mended to treat any patient who received ICI treat-
ment for a potential adrenal crisis by stress doses
of hydrocortisone until the diagnosis has been con-
firmed or ruled out [20].

Similar to thyroid irAEs, the development of hy-
pophysitis during ICI therapy might be an indicator
for treatment response, as studies link it with im-
proved prognosis [21]. ICI therapy can be regularly
continued, despite in the very rare case of severe mass
effects in which treatment might be delayed [9, 10].

Rare endocrine adverse events

The development of type 1 diabetes mellitus as an
irAE is rare, but severe and possibly life-threatening.
Most cases have been reported following PD-1 di-
rected treatment [1]. It is characterized by an acute
onset, which results from a rapid insulin deficiency
with a high risk of diabetic ketoacidosis [18]. Due to
the fulminant onset, Hba1c is usually not helpful in
establishing the diagnosis. The pathogenesis of ICI-
induced diabetes mellitus is still unclear; however, de-
struction of insulin-secreting pancreatic beta cells is
assumed. Classical auto-antibodies (including GADA,
IAA, IA2, and anti-ZnT8) are positive in about half of
patients and should be screened for. In addition, low
concentrations of insulin and C-peptide confirm beta
cell failure in the presence of hyperglycemia [1, 18].

Treatment of patients with ICI-induced diabetes
mellitus is comparable to patients with type 1 dia-
betes mellitus and should initially consist of intensive
insulin therapy and hydration. The guidelines for
treating diabetic ketoacidosis apply. In the long-run,
treatment with long- and short-acting insulins is usu-
ally needed. Targets for glycemic control should be
adapted to each patient’s comorbidities and overall
prognosis [9, 10].

Another rare irAE is primary adrenal insufficiency
[3, 9, 22]. Clinical signs appear to be similar to
hypocortisolism in hypophysitis, although hypov-
olemia and electrolyte disorders (hyponatremia plus
hyperkalemia) might be more pronounced due to the
concomitant mineralocorticoid insufficiency. Diag-
nosis is based on paired serum cortisol and ACTH
levels, as well as adrenal imaging to exclude bilateral
metastases. Treatment should consist of glucocorti-
coid and mineralocorticoid replacement therapy in
a standard dose, identical to non-iatrogenic primary
adrenal insufficiency. Moreover, patients and their
families must be educated to adapt their glucocorti-
coid replacement dose in case of stressful situations

or acute medical events (sick day rules) [9, 10]. An
emergency card must be issued for all patients.

Finally, single cases of primary hypoparathyroidism
as an irAE following ICI therapy have been reported
[23, 24]. The pathogenesis might be explained by the
development of activating antibodies of the calcium
sensing receptor [25]. This results in suppression of
parathyroid hormone secretion, which is followed by
hypocalcemia. The diagnosis is confirmed by a low or
inadequately normal PTH in the presence of albumin-
corrected hypocalcemia. In addition, testing for phos-
phate, magnesium, and 25-OH vitamin D should be
performed. Treatment consists of calcium and bio-ac-
tive vitamin D, similar to conventional hypoparathy-
roidism [26].
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