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� This review summarizes common endo-
crine immune-related adverse events
(irAEs) after immunotherapy by endo-
crine organs.

� The mechanisms underlying irAEs in
each endocrine organ were analyzed.

� Timely detection and treatment of
immunotherapy-associated endocrine
irAEs is essential to improve immuno-
therapy efficacy.
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Figure 1. Role of immune checkpoint inhibitors in
class II MHC-TCR, the first signal for T-cell activati
second signal required for T-cell activation, resulting
surface, resulting in the inability to form a second sig
of first and second signals, but their binding triggers
of the corresponding inhibitors against these ICs. A
Major histocompatibility complex; PD-1: Programm
programmed death receptor-1 have demonstrated efficacy and durable anti-tumor activity in patients with cancer.
ICs may prevent autoimmune reactions. However, ICIs may disrupt ICs properties and trigger autoimmune-related
adverse reactions involving various organ systems including the cardiovascular, pulmonary, gastrointestinal,
renal, musculoskeletal, dermal, and endocrine systems. Approximately 10% of patients with damage to target
organs such as the thyroid, pituitary, pancreas, and adrenal glands develop endocrine system immune-related
adverse events (irAEs) such as thyroid dysfunction, pituitary gland inflammation, diabetes mellitus, and pri-
mary adrenal insufficiency. However, the symptoms of immunotherapy-associated endocrine system irAEs may be
nonspecific and similar to those of other treatment-related adverse reactions, and failure to recognize them early
may lead to death. Timely detection and treatment of immunotherapy-associated endocrine irAEs is essential to
improve the efficacy of immunotherapy, prognosis, and the quality of life of patients. This study aimed to review
the mechanisms by which ICIs cause endocrine irAEs providing guidance for the development of appropriate
management protocols. Here, we discuss (1) the biological mechanisms of ICs in tumorigenesis and progression,
focusing on cytotoxic T-lymphocyte antigen and programmed cell death-1/programmed cell death-ligand 1; and
(2) the epidemiology, clinical symptoms, diagnosis, and treatment of four immunotherapy-related endocrine
complications.
Introduction

The immune system utilizes a complex array of mechanisms to
monitor and attack tumor cells; these pathways not only prevent the
development of malignant tumors but also prevent the host from devel-
oping an autoimmune response.1 Immune checkpoints (ICs)
are small molecules expressed by immune cells, such as cytotoxic
T lymphocyte-associated protein 4 (CTLA-4) and programmed cell
death-1 (PD-1), which are expressed on the surface of activated T cells
and play important roles in maintaining immune homeostasis and
regulating physiological immune responses [Figure 1A].2–5 However,
tumor cells can take advantage of this feature to evade the immune
system by promoting the binding of ICs to specific ligands (e.g., pro-
grammed cell death-ligand 1 [PD-L1]) to inhibit T-cell responses.6 Cancer
immunotherapy is broadly defined as a therapy that directly or indirectly
targets any component of the immune system involved in the anti-cancer
immune escape. (A) Tumor antige
on; CD28 on the T-cell surface in
in full T-cell activation.6,7,9 (B) C
nal for T-cell activation and the in
a cascade of T-cell suppression p
PC: Antigen-presenting cell; CTLA
ed cell death-1; PD-L1: Programm
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immune response, including stimulation, enhancement, inhibitions, or
desensitization of the immune system.7 Among them, immune check-
point inhibitors (ICIs) are used to induce anti-tumor ICs by blocking ICs.
ICIs are specific for ICs proteins, and their combination overcomes
tumor-mediated suppression of T-cell function.

Since the approval of the first ICIs by the Food and Drug Adminis-
tration (FDA) in 2011, immunotherapy has become a new treatment for
a variety of tumors, supplementing surgery, radiation, chemotherapy,
and targeted therapy.8 These novel drugs have significantly improved
the survival rates of patients with cancer. However, they can also
induce a series of immune-related adverse events (irAEs), of which,
ICI-induced endocrinopathy is the most common. Prompt recognition
and timely treatment are essential to improve the quality of life of
affected patients.

In this review, we discuss the biological mechanisms of action of ICs
and provide an update on the currently available ICIs. Moreover, we
n is recognized and captured by the APC and presented to T cells via the antigen
teracts with CD80 and CD86 molecules on the professional APC to generate the
TLA-4 is highly homologous to CD28 and competitively inhibits CD28 at the cell
ability of T cells to fully activate. (C) PD-1 and PD-L1 do not affect the formation
rocesses that inhibit the function of effector T cells. (D) The mechanism of action
-4: Cytotoxic T lymphocyte-associated protein 4; IC: Immune checkpoint; MHC:
ed cell death-ligand 1; TCR: T-cell receptor.
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highlight endocrine-related adverse events during immune therapy and
treatment strategies.

Biological mechanisms of immune checkpoints

A variety of ICs already exist in the human body, among which,
CTLA-4 and PD-1/PD-L1 are the main members of the ICs family, and
the ICIs currently used in clinical practice are mainly focused on these
three ICs.

Cytotoxic T lymphocyte-associated protein 4

CTLA-4, a negative co-stimulatory receptor, normally resides in the
cytoplasm of CD4þ and CD8þ T lymphocytes.4,9 It shares high homology
with CD28 but exhibits 20 times greater affinity for key co-stimulatory
molecules (CD80 and CD86) than CD28. While resting, CTLA-4 re-
mains an intracellular protein, but it translocates to the cell surface when
inhibitory signals are triggered by T-cell receptors through CD28.10,11 It
can competitively inhibit the action of CD28 and bind to CD80 or CD86,
delivering inhibitory signals to T cells, limiting interleukin-2 production,
and causing excessive activation and proliferation of T lymphocytes
[Figure 1B].2,12,13 CTLA-4 inhibitors block the binding of ICs B7 (One is
the B7 family of proteins expressed on the surface of antigen-presenting
cells, i.e., the CD80 and CD86 proteins) to CTLA-4, thereby enhancing
tumor-specific T-cell activation.

Leach et al.14 first demonstrated that blocking antibodies targeting
CTLA-4 in mice prevented tumorigenesis and induced the rejection of
preestablished tumors. These findings have accelerated the development
of ICs blockade. Ipilimumab anti-tumor interactions beyond merely
blocking CTLA-4/CD80. It effectively eliminates tumor-
localized regulatory T cells (Tregs) with high CTLA-4 expression through
Fc (The Fc receptor is a receptor for IgG antibodies located on the cell
membrane surface of certain immune cells, which can
be involved in antigen recognition) receptor-mediated antibody-
dependent cellular cytotoxicity, thereby alleviating Treg-induced immu-
nosuppression and achieving anti-tumor effects.15 However, there is
limited understanding of the mechanism of action of CTLA-4 antibodies.

Programmed cell death-1/programmed cell death-ligand 1

PD-1 glycoprotein is a second inhibitory receptor that belongs to the
immunoglobulin superfamily.9,10,16,17 It is expressed on the surface of
activated T lymphocytes, B lymphocytes, and monocytes/macrophages.
CTLA-4 is molecularly linked to B7 (CD80/CD86), whereas PD-1 has
specific ligands, PD-L1 and PD-L2 [Figure 1C].2,18 PD-1 binds to
PD-L1 and phosphorylates tyrosine in the ITSM (immunoreceptor
tyrosine-based switch motif) domain of PD-1, which in turn causes
dephosphorylation of the downstream protein kinases Syk (Spleen tyro-
sine kinase) and PI3K(phosphoinositide 3-kinase), inhibiting the activa-
tion of downstream AKT, ERK and other pathways, and ultimately
inhibiting the transcription and translation of the genes and cytokines
required for T-cell activation, thus exerting a role in negatively regulating
the activity of T cells.19,20 PD-1 inhibits transcription and translation
during T-cell activation, thereby negatively regulating T-cell activity.12,21

The activation of T lymphocytes is inhibited, and this promotes immune
tolerance, thereby preventing the immune system from rejecting the
tumor.22,23

The PD-1/PD-L1 signaling pathway not only converts T helper cells
into Treg cells (previously known as suppressor lymphocytes), which
play an important role in the immune response, particularly in immune
tolerance but also activates pro-survival signaling pathways in cancer
cells after binding to PD-1, causing cancer cells to develop antibodies
against T cell-mediated cytotoxicity.9

The remarkable success of cancer immunotherapies targeting
CTLA-4 and PD-1/PD-L1 has stimulated great interest in new regen-
eration of ICIs [Figure 1D]. The emerging targets of IC blockade for
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cancer immunotherapy include lymphocyte activation gene-3 (LAG3),24

T-cell immunoglobulin mucin domain 3,25 B and T lymphocyte
attenuator, V-domain immunoglobulin suppressor of T-cell activation,
T-cell immunoglobulin, and the immunoreceptor tyrosine-based inhi-
bition motif domain.26

Update on available immune checkpoint inhibitors

ICIs are monoclonal antibodies specific for IC molecules that are
widely used in tumor treatment. The main mechanisms underlying ICI
function involve two key signaling pathways related to T-cell activation
and exhaustion. In 2011, the U.S. FDA and the European Medicines
Agency approved the first anti-CTLA-4 monoclonal antibody, ipilimumab
for the treatment of metastatic melanoma.23,27,28 In patients with mela-
noma, treatment with ipilimumab was associated with a response rate of
15%–20% and a 5-year survival rate of 20%.29 The clinical activity of
ipilimumab provides important evidence of the application of immuno-
therapy in cancer. In 2015, the FDA approved the use of two anti-PD-1
antibodies, pembrolizumab, and nivolumab, for the treatment of
advanced melanoma. Nivolumab was also approved for the treatment of
non-small cell lung cancer in 2015. To date, agents targeting PD-1
(nivolumab, pembrolizumab, and cemiplimab) and PD-L1 (atezolizu-
mab, avelumab, and durvalumab) have demonstrated widespread effi-
cacy and have been approved for multiple types of cancer including skin,
kidney, lung, head and neck, and bladder cancer.22,30

There is increasing evidence that the combination of nivolumab and
ipilimumab in patients with melanoma may produce significant anti-
tumor effects. Based on the remarkable activity of ICIs, combinations
of different ICIs and the combination of ICIs with chemotherapy or
radiotherapy, have been explored for different types of solid and hema-
tologic tumors in several clinical trials.9,23

Immune-associated endocrine irAEs

Despite the promising clinical efficacy of combination immuno-
therapy, the occurrence of irAEs should be considered. ICIs can kill tu-
mors by modulating the immune response; however, over-activated
immune cells may also lead to autoimmune damage, resulting in irAEs.
The presence of ICs can contribute significantly to preventing autoim-
mune reactions, and the use of ICIs can disrupt the balance of the body's
immune system, leading to the occurrence of irAEs.20 ICI-induced irAEs
such as imbalance of immune tolerance, cross-antigen presentation,31

production of multiple cytokines, off-target effects, and altered micro-
biota involve multiple mechanisms, the specifics of which remain un-
clear.32 Endocrine glands are one of the most frequently affected organs
by ICI therapy-related irAEs and this may be explained by the fact that
they have a rich blood supply, which may increase their sensitivity to the
mechanisms described above.11

A significant percentage of patients with cancer treated with ICIs
present with endocrine irAEs. Endocrine irAEs may occur in 5%–10% of
patients treated with ICIs33 and the incidence varies depending on the
type of ICIs used. The common endocrine complications associated with
ICIs include thyroid dysfunction, hypophysitis, insulin-deficient dia-
betes (IDD), and primary adrenal insufficiency (PAI).12,34–36 Thyroid
dysfunction and hypophysitis are the most common events, IDD and PAI
are relatively rare. Symptoms usually occur within 6 months of treat-
ment with ICIs, but the onset is unpredictable. It can occur at any time
during treatment, even months after discontinuation.16 Although
prompt recognition and treatment are essential for the typical symp-
toms, non-specific manifestations may overlap with cancer- or
therapy-related complications. Therefore, regular monitoring of patient
hormone levels is important and collaboration between oncologists and
endocrinologists for the implementation of symptomatic treatment
should be promoted.
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Immune checkpoint inhibitor-associated thyroid dysfunction

Abnormal thyroid function is the most common endocrine irAE after
treatment with ICIs.37,38 The specific pathogenesis of thyroid dysfunction
remains unclear but it has been associated with underlying thyroid
dysfunction, thyroid autoantibodies, baseline levels of thyrotropin, the
tumor microenvironment, the homology of tumor antigens to antigens of
the thyroid tissues, specific types and doses of medication, and body mass
index.39–41 The incidence and prevalence of immunotherapy-induced
thyroid function abnormalities depend on the type of antibody used
and the mode of administration (monotherapy or combination ther-
apy).42 As PD-1/PD-L1 is abundantly expressed in the thyroid, patients
treated with anti-PD-1/PD-L1 have a higher incidence of abnormal thy-
roid function than that in patients treated with CTLA-4 inhibitors.43–45

Torimoto et al.46 suggested that ICIs induce hypothyroidism by inhibiting
the PD-1 pathway and increasing the proliferation of follicular helper T
cells. The incidence of hypothyroidism ranges from 6% to 11% in pa-
tients treated with anti-PD-L1, with an incidence of up to 40% in patients
treated with anti-PD-1 therapy and 1%–6% in patients treated with ipi-
limumab.4,23,47 The risk of thyroid dysfunction is higher in patients un-
dergoing anti-CTLA-4 and anti-PD-1 combination therapy than that in
patients undergoing immune monotherapy, with an incidence of 15%–

20%.3 Thyroid dysfunction is classified into hyperthyroidism (incidence
3%–16%, simple <2.5%, subclinical 15.9%) and hypothyroidism (inci-
dence 6%–13%, simple 1%–6%, subclinical 6.4%), and this determines
the type of treatment and treatment regimen required and whether mild
or subclinical forms are considered.16,23,48 Previous studies have shown
that thyroid function abnormalities appear within 6–12 weeks after the
initiation of ICI treatment and that the onset of thyroid dysfunction
associated with irAEs appears to be dose-dependent, usually occurring
after the second to fourth dose of immunotherapeutic agents.39,49

Symptoms and signs of thyroid dysfunction associated with ICIs are
nonspecific, with most patients exhibiting no obvious symptoms in the
early stage and the most common clinical manifestations including
weakness and fatigue.50 Nearly half of the patients treated with anti-PD-1
or anti-PD-L1 therapy present with destructive thyroiditis characterized
by destruction of the thyroid follicular cells and excessive release of
preformed thyroid hormones and thyrotoxicosis; however, the clinical
symptoms are oftenmild or even negligible.16,51 Thyrotoxicosis is usually
transient and can spontaneously progress to hypothyroidism.10,52,53 The
clinical symptoms of hyperthyroidism may include tachycardia, sweat-
ing, and weight loss, whereas fatigue, chills, constipation, and dry skin
are most likely to indicate the presence of hypothyroidism.54

The severity of hyperthyroidism is determined by the clinical symp-
toms and elevated free thyroxine (FT4) levels; hypothyroidism may
decrease FT4 levels. A diagnosis of primary hypothyroidism is made if
FT4 is decreased and thyroid-stimulating hormone (TSH) is increased;
hypothyroidism is diagnosed if FT4 is increased and TSH is decreased;
and central hypothyroidism should be considered if FT4 is decreased and
TSH is decreased or within normal limits. It is important to carefully
differentiate between primary and secondary hypothyroidism. Further-
more, pituitary function should be further evaluated to clarify whether
pituitary inflammation is due to ICIs. When initial tests suggest hypo-
thyroidism, thyroid autoantibodies, namely, anti-thyroid peroxidase and
anti-thyroglobulin antibodies, are preferred. These autoantibodies are
elevated in some but not all patients. Positive thyrotropin receptor au-
toantibodies (auto-antibody-stimulated TSH receptors) are also helpful in
the diagnosis of hyperthyroidism.46 The measurement of blood TSH
concentration is preferred and is more sensitive. Primary hypothyroidism
is characterized by elevated levels of TSH, whereas secondary hypothy-
roidism is characterized by low levels of TSH and free T4. The pituitary
function should be further examined when considering secondary
hypothyroidism.55

Patients with hyperthyroidism and symptoms of tachycardia may be
considered for β-blockers if not contraindicated, and corticosteroid
therapy may be considered for patients who exhibit a hyperthyroid crisis
167
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[Table 1].2,50 Hyperthyroidism is usually temporary and can progress to
hypothyroidism. TSH levels >10 mIU/L or moderately elevated TSH and
reduced free T4 can be diagnosed as primary hypothyroidism without
further testing and levothyroxine replacement therapy can be directly
administered. Levothyroxine can be started at an initial dose of
1–1.6 μg/kg daily with retesting every 6 weeks for dose adjustment. It
must be adjusted according to age, comorbidities, and patient survival
prognosis in the same way as in other hypothyroid patients.12 TSH level
testing is required every 3 months during levothyroxine therapy. To
avoid adrenal crises, it is important to rule out cortisol deficiency before
starting levothyroxine therapy to avoid adrenal crisis.12 In rare cases,
mucinous edema (tachycardia or hypothermia) may occur and require
intravenous treatment.2

The presence of previously treated dysfunction or thyroid abnor-
malities is not a contraindication to ICIs, nor is the presence of devel-
oping thyroid dysfunction. In cases of thyrotoxicosis or severe
hypothyroidism, treatment with ICIs can be delayed and should not be
explicitly contraindicated in any case.16

Immune checkpoint inhibitor-associated hypophysitis

ICI-associated hypophysitis (IH) is a rare condition outside the
context of ICI treatment, but a common endocrine complication in pa-
tients treated with immunotherapy.3,18 Iwama et al.56 demonstrated that
the CTLA-4 antigen was expressed in the pituitary tissue of mice with
CTLA-4 inhibitor-induced pituitary inflammation. Furthermore, au-
topsies of patients treated with CTLA-4 inhibitors who developed IH
revealed that CTLA-4 was also expressed in the pituitary tissues, sug-
gesting that CTLA-4 inhibitors can directly bind to CTLA-4 on pituitary
cells and present it as an antigen on CD8þ cells, inducing IH via a type IV
hypersensitivity reaction.57,58 The population susceptible to IH mostly
comprises men over 60 years of age, and the risk of developing the IH is
two to five times higher in men than in women. The incidence of IH is
higher in patients undergoing treatment with CTLA-4 inhibitors (5%–

10%) than in those undergoing PD-1/PD-L1 blockade therapy (0.5%–

1%).16,38,59 CTLA-4 is expressed in a subset of secreting cells in the pi-
tuitary gland, which bind to the anti-CTLA-4 antibody, resulting in IH.
The prevalence of IH also depends on whether monotherapy or combi-
nation therapy is administered, ranging from 4% to 20% for ipilimumab,
8% for the combination of ipilimumab and nivolumab, 0.6% for nivo-
lumab, and 0.7% for pembrolizumab.60 The time-to-onset of IH with
anti-CTLA-4 and anti-PD-1 inhibitors varies depending on the ICI dose.
IH can occur early (median time, 30 days) during combination therapy,
usually at 2–3 months after commencing anti-CTLA-4 therapy, and 3–5
months after commencing anti-PD-1/PD-L1 therapy.
Table 2
Clinical recommendations for the management of hypophysitis caused by ICIs.

ICI-associated hypophysitis

Grade Description Treatment

G1 Asymptomatic or mildly symptomatic. Observation of changes in clinical
symptoms, no intervention required.

G2 Mild to moderate with mild localized
symptoms; non-invasive treatment;
impaired self-care.

Glucocorticoid and thyroxine
replacement therapy is given in
conjunction with hormone levels.

G3 Serious or clinically important, but not
life-threatening for the time being.

G4 Life-threatening, requiring urgent
intervention.

Hydrocortisone 100 mg IV every 8 h;
supplemental salt corticosteroids if
necessary; treatment of the primary
disease and removal of the causative
agent; gradual change to oral after
stabilization.

G5 Death

ICI: Immune checkpoint inhibitor; IV: Intravenous drip; MRI: Magnetic resonance im
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The clinical symptoms of IH in most patients undergoing immuno-
therapy are non-specific. The most common symptoms include head-
ache, fatigue, hypotension, and vision field defects.50 Mental confusion,
memory loss, anorexia, hyponatremia, decreased sexual function,
amenorrhea, and enuresis were less common. Typically, IH caused by
ICI treatment affects only one axis, which differs from conventional
cases of pituitary hypofunction. The most common causes are central
hypothyroidism (TSH deficiency), central adrenal insufficiency (adre-
nocorticotropic hormone [ACTH] deficiency), and hypogonadism
(follicle-stimulating hormone [FSH] and luteinizing hormone [LH]
deficiency).

Approximately 80% of patients with IH exhibit one or more of these
three defects.2,27

Low morning cortisol concentrations (<5 μg/dL) and low serum
levels of ACTH indicate secondary adrenal insufficiency, which has been
reported to be triggered by IH andmay be life-threatening.3 Low TSH and
FT4 levels indicate secondary hypothyroidism, whereas low testosterone,
FSH, and LH levels indicate secondary hypogonadism.3 If the morning
cortisol concentration is mildly low (5–10 μg/dL), cosyntropin stimula-
tion testing should be performed, which may be helpful for the diagnosis
of either primary or secondary adrenal insufficiency.

Brain magnetic resonance imaging (MRI) with a pituitary window is
the most sensitive imaging tool for the diagnosis of pituitary inflamma-
tion caused by ICI treatment; IH is characterized by immune cell infil-
tration and typical MRI findings are present in most patients with an
enlarged pituitary gland.59,61 MRI abnormalities suggest pituitary IH but
no pituitary insufficiency in the diaphysis. Close monitoring of the hor-
mone levels is required because symptoms related to pituitary insuffi-
ciency may occur during the second stage of IH. In this case, routine
measurement of the 8-am cortisol level is recommended (once a week for
1 month and then once a month for monitoring), as well as monitoring of
some clinical symptoms such as polyuria and irritable thirst.21

In the acute phase of IH, high-dose glucocorticoid therapy is neither
therapeutically effective nor harmful and is therefore not recommended
[Table 2].62 It may only be recommended in the presence of headaches
and visual disturbances for which conventional analgesics are ineffective.
If an ICI-treated patient is suspected of having acute ACTH deficiency,
random plasma cortisol measurements should be performed immedi-
ately, and 100 mg of hydrocortisone succinate should be promptly
administered by intravenous, intramuscular, or subcutaneous injection,
followed by a 24-h continuous dosing of 100 mg (similar to the man-
agement of non–ICI–induced ACTH deficiency). Following improvement
in the clinical symptoms and biochemical parameters, hydrocortisone 60
mg/24 hmay be administered orally in three divided doses and gradually
reduced until the replacement dose is achieved. In patients with chronic
Whether or not to discontinue
ICIs

Hormone testing MRI of the
pituitary
gland

Not One per month for the first 6
months; every 3 months for the
second 6 months; reviews every 2
years thereafter.

Once every
3 months.

Not

Acute phase pause, assessed
after symptomatic
improvement with hormone
replacement therapy.

aging.
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ACTH deficiency treated with oncological ICIs, the daily dose of hydro-
cortisone should be 15–20 mg/day (two to three times daily) and
adjusted according to clinical symptoms. TSH or gonadotropin deficiency
often recovers within a few months and therefore does not require
routine supplementation, only follow-up monitoring (monthly for TSH, 3
monthly for FSH and LH) and, depending on the circumstances,
replacement therapy. Patients with diabetes insipidus should be treated
systemically and growth hormone replacement should not be considered
based on the oncological background.

Immunotherapy may be discontinued during the acute phase of pi-
tuitary inflammation. Pituitary inflammation secondary to the first ICI
(anti-CTLA-4, anti-PD-1, or anti-PD-L1) is not a contraindication for the
use of other ICIs. Immunotherapy is not contraindicated in patients with
a history of pituitary disease and only requires adjustment of the anti-
tumor regimen during treatment.63,64 For patients presenting with pitu-
itary inflammation, clinical and hormonal monitoring is recommended
every 6 months, with specialist consultations every 3 months for 6
months, and every 2 years thereafter.16

Immune checkpoint inhibitor-associated diabetes mellitus

ICI-associated diabetes mellitus (ICI-DM) is a rare and potentially
life-threatening endocrine complication,10 characterized by severe
and persistent insulin deficiency. ICI-DM may be a novel autoim-
mune disease associated with the activation of autoreactive T lym-
phocytes and the production of specific autoantigens. Studies have
shown that the combination of PD-L1 expressed by pancreatic islet
cells and PD-1 on the surface of activated T lymphocytes inhibits
tissue damage and cytokine release mediated by pathologically
autoreactive CD4þ T lymphocytes.65 Ansari et al.66 showed that mice
treated with anti-PD-1 or anti-PD-L1 antibodies developed more
severe islet inflammation compared to controls, accompanied by
higher levels of cytokines such as interferon-gamma. This suggests
that the binding of PD-1 to PD-L1 is important for the regulation of
autoimmunity and that treatment with anti-PD-1 or anti-PD-L1 an-
tibodies may lead to a disruption of this binding inhibition, similar
to the inflammatory destruction of the pancreas in experimental
mice, leading to ICI-DM.67 This view is further supported by
immunohistochemical analyses by Yoneda et al.68 revealing a
significantly increased T-cell infiltration in pancreatic islets in pa-
tients with ICI-DM. The incidence of ICI-DM is <1% in patients un-
dergoing ICI treatment.69 To date, 97% of the reported cases have
occurred in patients undergoing anti-PD-1/PD-L1 monotherapy or
combination therapy, whereas its occurrence in patients undergoing
CTLA-4 inhibitor therapy is rare.2,70 This may be due to the fact that
PD-L1 is expressed in pancreatic β-cells.

Diabetes caused by ICI treatment develops as hyperglycemia and
rapidly progresses to endogenous insulin deficiency until detection
[Table 2]. If a physician does not suspect this condition and does not
administer timely and appropriate insulin therapy, the patient is at high
risk of developing diabetic ketoacidosis. In fact, the majority of patients
(70%) present with nausea, vomiting, abdominal pain, shortness of
breath or drowsiness, and coma.2,10,18 Therefore, it is important to
rigorously monitor blood glucose after starting treatment with ICIs;
furthermore, when typical insulin deficiency symptoms occur during ICI
treatment, such as polyuria, excessive drinking, weight loss, or fatigue,
measurement of blood glucose and pH and urine ketone bodies is crucial
to avoid diabetic ketoacidosis. The diagnostic criterion for ICI-DM is
hyperglycemia. As most cases of hyperglycemia occur in the acute
phase, Hemoglobin A1c may not be a good screening indicator. How-
ever, it can be used in patients with type 2 diabetes to assess their
glucose status over the previous months. Glutamic acid decarboxylase,
tyrosine phosphatase-like protein IA-2, autoantibodies against insulin,
and zinc transporter 8 autoantibodies are highly specific for autoim-
mune diabetes, and insulin and C-peptide levels may also assist in the
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assessment of endogenous insulin secretion.27

Multiple insulin injections are recommended in patients with diabetic
complications resulting from ICI therapy. ICI-DM is not a contraindica-
tion for continuing anti-PD-1 or PD-L1 therapy, and patients may un-
dergo ICI treatment in combination with the initiation of insulin therapy
and ICI-DM treatment.

Immune checkpoint inhibitor-associated primary adrenal insufficiency

PAI is a relatively rare complication of ICI administration. A higher
incidence of PAI has been observed in male patients after treatment
with ipilimumab, nivolumab, and pembrolizumab or a combination.2

However, the mechanism by which ICIs cause adrenocortical hypo-
plasia remains unclear. Previous studies have suggested that this may
be an autoimmune mechanism and that the blockade of CTLA-4 and
PD-1/PD-L1 plays an important role in the development of adrenal
inflammation.37 Positivity for organ-specific antibodies (e.g., against
the adrenal gland, thyroid, and pancreas) may also be associated with
organ damage. The presence of adrenocortical autoantibodies and
antibodies to 21-hydroxylase has been reported in more than 90% of
patients with autoimmune adrenal inflammation, although this asso-
ciation has not been fully demonstrated. Tumor crossover with human
leukocyte antigen epitopes may also contribute to adverse events in
the immune-related endocrine system.71 The incidence of PAI is <1%
in patients treated with a single ICI and 4%–5% in patients treated
with combination therapy.47 To date, there is a paucity of studies on
ICI treatment for PAI or of reported cases of definite PAI, and few
clinical trials have investigated the causes of adrenal insufficiency.
ICIs that induce PAI include ipilimumab, nivolumab, and pem-
brolizumab, although the underlying pathophysiological mechanisms
remain unknown. The median time to the appearance of PAI is highly
variable, ranging from 2.5 to 5 months, depending on the drug used.
PAI can also occur after ICI discontinuation, for example with pem-
brolizumab discontinuation.16 Adrenal insufficiency is usually char-
acterized by the inability of the adrenal cortex to produce sufficient
glucocorticoids. Untreated adrenal insufficiency associated with ICIs
can be life-threatening.3 The signs and symptoms of PAI are
non-specific and include fatigue, postural hypotension, and abdominal
discomfort. Hyponatremia and hyperkalemia are common, whereas
hypoglycemia and hypercalcemia are less common. PAI is character-
ized by low cortisol levels, elevated ACTH concentrations, salt corti-
costeroid deficiency, low aldosterone levels, and elevated renin
levels.2 The use of ipilimumab alone or in combination with nivolu-
mab may cause adrenal insufficiency, with a greater focus on potential
dehydration, hypotension, and electrolyte imbalance events.

In patients treated with ICIs, plasma cortisol and ACTH tests should
be conducted immediately in cases of fatigue, weight loss, dehydra-
tion, hypotension, fever, abdominal pain, nausea, vomiting, diarrhea,
muscle pain, and cramps suggesting acute adrenal insufficiency.
Furthermore, hydrocortisone supplementation should be promptly
initiated without waiting for test results [Table 3].16,36 A plasma
cortisol level >500 nmol/L excludes the diagnosis of adrenal insuffi-
ciency. In non-emergency situations, elevated plasma ACTH and
plasma cortisol <138 nmol/L (5 μg/dL) at 8 am confirms the diagnosis
of PAI. If cortisol is between 138 and 500 nmol/L (5–18 μg/dL), an
ACTH stimulation test, such as the synacthen 250 μg stimulation test,
should be performed as a secondary diagnostic criterion for “latent”
PAI. Cortisol levels <500 nmol/L (18 μg/dL) confirm a diagnosis of
PAI [Table 4].16

In acute PAI, 100 mg hydrocortisone succinate may be administered
intravenously (intramuscularly or subcutaneously), followed by a
continuous infusion of 100 mg hydrocortisone succinate over 24 h.36

When clinical symptoms and electrolyte parameters improve, oral
administration of 60 mg/24 h hydrocortisone should be continued. After
stabilization, the dose can be reduced to 15–30 mg/24 h. Treatment with



Table 4
Clinical recommendations for the management of PAI caused by ICIs.

ICI-associated PAI

Grade Description Treatment Whether or not to discontinue
ICIs

Blood cortisol, ACTH (AM),
and biochemical markers

G1 Symptomatic: no restrictions
on daily activities.

Prednisone 5–10 mg/day, or hydrocortisone 10–20 mg orally in the
early morning and 5–10 mg orally in the afternoon daily;
some patients with PAI may require saline corticosteroid replacement
therapy: fludrocortisone 0.05–0.2 mg/day;
adjustments may be made based on blood pressure, blood potassium,
and blood renin levels.

Consider suspending ICIs until
hormone replacement
stabilizes the disease.

Review every 2–3 weeks,
follow-up every 6–12 weeks.

G2 Symptomatic: no restrictions
on daily activities.

Two to three episodes requiring outpatient treatment to control acute
symptoms: prednisone 20 mg/day or hydrocortisone 20–30 mg/day
orally early each morning, 10–20 mg orally in the afternoon;
gradually controlled reduction of hormones from stress dose to
maintenance dose over 5–10 days after symptom control (same as
level 1);

Consider suspending ICIs until
hormone replacement
stabilizes the disease.

Review every 2–3 weeks,
follow-up every 6–12 weeks.

some patients with PAI may require saline corticosteroid
(corticosteroid hormone secreted by the brain) replacement
therapy： fludrocortisone 0.05–0.2 mg/day; adjustments can be
made based on blood pressure, blood potassium, and blood renin
levels.

G3 Severe symptom: impaired
personal autonomy;
hospitalization required.

Intravenous glucocorticoid supplementation when an adrenal crisis is
considered: hydrocortisone 100 mg or dexamethasone 4 mg with
copious fluid replacement (saline at least 2000 mL): gradual
reduction of hormones from stress dose to maintenance dose over
7–14 days after hospital discharge (same as level 1);

Consider suspending ICIs until
hormone replacement
stabilizes the disease.

Urgently check blood cortisol,
ACTH and serum electrolytes,
blood glucose when
considering an adrenal crisis.

when an adrenal crisis is considered, supplementation of
glucocorticoid agonists is followed by supplementation of saline
corticosteroids as required: fludrocortisone 0.05–0.2 mg/day;
adjustments were made based on blood pressure, and potassium and
plasma renin levels.

G4 Life-threatening: requires
urgent intervention.

Same as level 3. Same as level 3. Same as level 3.

ACTH: Adrenocorticotropic hormone; AM: Ante meridiem; ICI: Immune checkpoint inhibitor; PAI: Primary adrenal insufficiency.

Table 3
Clinical recommendations for the management of diabetes mellitus caused by ICIs.

ICI-associated diabetes mellitus

Grade Description Fasting blood sugar Treatment Discontinuation ICIs

G1 Asymptomatic or mildly symptomatic with no
evidence of ketosis or autoimmune diabetes
mellitus.

Greater than �7.0 mmol/L,
but <8.9 mmol/L.

Oral medication or insulin (to be administered
promptly if there is an acute increase in blood
glucose or ketosis).

No

G2 Moderate symptoms, ability to perform daily
activities, evidence of ketosis or autoimmune
diabetes mellitus.

8.9–13.9 mmol/L Endocrine clinic evaluation with dose
adjustment of oral medications or addition of
insulin therapy; prioritize insulin if regular
outpatient evaluation is not possible or if signs
of DKA are present.

ICI discontinuation until glycemic
control is achieved.

G3 Severe symptoms, medically significant or life-
threatening consequences, inability to perform
daily activities.

13.9–27.8 mmol/L Prompt activation of insulin, requiring
hospitalization for endocrinology consultation.

ICI discontinuation until glycemic
control is achieved.

G4 Severe symptoms, medically significant or life-
threatening consequences, inability to perform
daily activities, life-threatening.

>27.8 mmol/L Prompt activation of insulin, hospitalization,
and urgent endocrinology consultation.

ICI discontinuation until glycemic
control is achieved.

DKA: Diabetic ketoacidosis; ICI: Immune checkpoint inhibitor.
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fludrocortisone is then started at 50 μg per day, and the dose is adjusted
by an endocrinologist.

ICIs can be discontinued in the event of acute adrenal insufficiency
but there is no absolute contraindication to their use. When hydrocorti-
sone is correctly administered as a replacement therapy and the patient is
clinically and biochemically (blood electrolytes) stable, ICIs can be
reintroduced at normal doses.

Conclusions

Immunotherapy has revolutionized tumor treatment in recent years
and has the potential to become a major treatment modality. However,
because ICIs disrupt autoimmune tolerance, these may cause reversible
or irreversible functional damage to endocrine organs, leading to
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endocrine dysfunction and its associated symptoms. Although most
irAEs are not serious, acute severe reactions may be life-threatening and
require prompt diagnosis and treatment. Therefore, close collaboration
between oncologists and endocrinologists is recommended for early
detection and timely intervention of irAEs to reduce the toxic side effects
of immunotherapy and ensure patient safety, reduce mortality, and
improve prognosis.
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