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Immune checkpoint inhibitors have improved the survival in patients affected by an
increasing number of malignancies, but they may also trigger various autoimmune side-
effects, including endocrinopathies. Very rarely, immune checkpoint inhibitors have been
reported to cause central diabetes insipidus. However, with their expanding use, the
likelihood that oncologists will face this endocrine adverse event is expected to increase.
By reviewing the limited literature on central diabetes insipidus induced by immune
checkpoint inhibitors, some inconsistencies emerge in the diagnosis and the
management of patients presenting with this toxicity, together with difficulties related to
classifying its severity. Until now, specific guidelines on the management of central
diabetes insipidus induced by immune checkpoint inhibitors are lacking. In clinical
practice, endocrinological consultation may relieve medical oncologists from difficulties
in treating this side-effect; oncologists, however, remain responsible for its early diagnose
and the management of the causative drugs. To this aim, some practical suggestions are
advised for the multidisciplinary management of cancer patients presenting with central
diabetes insipidus induced by immune checkpoint inhibitors.
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INTRODUCTION

The advent of monoclonal antibodies (mAbs) targeting certain
immune checkpoints [i.e., the cytotoxic T-lymphocyte-associated
protein 4 (CTLA4) and the programmed death 1 (PD-1) receptor
or its ligand 1 (PD-L1)], commonly defined as immune checkpoint
inhibitors (ICIs), has resulted in improved survival in a large
percentage of patients affected by an increasing number of
malignancies (1). However, with the extensive use of ICIs,
oncologists have been facing new toxicities inherently linked to
these drugs’mechanisms of action: the unleashing of autoimmune
side-effects (2, 3). Indeed, the host immune system may become
hyperactive, triggering autoimmune/autoinflammatory reactions
classified as immune-related adverse events (irAEs) (2). Potentially
all organs and tissues can be affected by autoimmunity induced by
ICIs, with the skin, gastrointestinal apparatus, and endocrine
system mainly affected (2). Hypophysitis, thyroid dysfunction, a
syndrome similar to type I diabetes mellitus (T1DM), and primary
adrenal insufficiency are well-known ICI-induced endocrine irAEs
(3). Interestingly, which endocrine glands are prevalently affected
by ICIs exposure depends on the type of the ICI. Hypophysitis is
mainly associated with anti-CTLA4 mAbs (3.9–8.1%), whereas
thyroid dysfunction is predominantly associated with anti-PD-1/
PD-L1 mAbs (6.4–9.8%) (3, 4). T1DM and primary adrenal
insufficiency are rarely diagnosed (1-2%), but those toxicities
may become life-threatening if not promptly recognized and
treated (3, 4). Additionally, the risk of endocrine toxicity and its
level differ depending on whether a single ICI or a combination of
ICIs is used. Indeed, the combination of anti-CTLA4 and anti-PD-
1 mAbs is associated with a higher incidence of endocrinopathies
(hypothyroidism: 10.2–16.4%; hyperthyroidism: 9.4–10.4%;
hypophysitis: 8.8–10.5%; primary adrenal insufficiency: 5.2–
7.6%) (3, 4) than the individual use. Unfortunately, the causative
and risk factors eliciting the endocrine system’s involvement (and
other organs) in ICI-related toxicity are currently unknown.

Recently, central diabetes insipidus (CDI) has been reported
as a very rare endocrine toxicity induced by ICIs. Herein, we
review the available data on ICI-related diabetes insipidus and
speculate on its pathogenesis, providing practical suggestions to
obtain its early diagnosis and treatment and appropriate
management of the causative drug(s).
DIABETES INSIPIDUS AND CENTRAL
DIABETES INSIPIDUS

Diabetes insipidus (DI) is a condition characterized by the
excretion of large volumes of hypotonic urine either due to the
deficiency of the antidiuretic hormone (ADH), also known as
arginine vasopressin, or to resistance to the action of this hormone
on its receptors in the kidney (5). The former is also referred to as
central DI (CDI), the latter as nephrogenic DI (NDI).

CDI derives from a variety of diseases affecting either the
hypothalamus or the posterior pituitary. Most CDI cases are
idiopathic or result from primary or secondary brain cancers,
infiltrative diseases (i.e., Langerhans cell histiocytosis),
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neurosurgery or trauma, hypoxic encephalopathy, familial and
congenital disorders, or autoimmune disease (6–9). In the last-
mentioned scenario, the precise mechanisms leading to those
cells’ selective autoimmune destructive process remain to be fully
elucidated. The damage may result in the defective production,
transport, or secretion of ADH (10, 11), functionally
corresponding to inappropriately low serum levels of ADH in
the setting of plasma hyperosmolality.

Patients with DI typically present with polyuria (Figure 1),
nocturia, and polydipsia. Neurologic symptoms may be present
in the case of a causal neurologic disease. Urine volume is
typically over 3 liters per day. However, polyuria is better
defined in adults as the excretion of a urinary volume >50 ml/
Kg/24 hours (5). The urine is hypotonic and dilute (classically
described as tasteless, i.e., “insipid”) (10). Notably, primary
polydipsia is also characterized by hypotonic polyuria, deriving
not from primary ADH deficit, but from an excessive intake of
water, with compensative polyuria due to ADH inhibition.
Primary polydipsia and DI are therefore also referred to as
‘polyuria-polydipsia syndromes’ (10–13). In untreated DI the
serum sodium concentration is often in the high-normal range,
which stimulates thirst to replace the urinary water losses.
Moderate to severe hypernatremia can develop when thirst is
impaired due to hypothalamic damage or autonomous drinking
is hampered (for instance in unconscious or sedated patients).

Clinical features of CDI may differ based on the site involved
in ADH production/secretion: the hypothalamic osmoreceptors;
the supraoptic or paraventricular nuclei; or the superior portion
of the supra-opticohypophyseal tract (14). When the damage hits
the tract below the median eminence or the posterior pituitary, it
usually causes only transient polyuria because ADH produced in
the hypothalamus can still be secreted into the systemic
circulation via the portal capillaries in the median eminence (14).

When diabetes insipidus is suspected, the initial requirement
following a detailed history and physical examination is the
confirmation of hypotonic polyuria. The next step is to recognize
the type of polyuria-polydipsia disorder (CDI vs. nephrogenic
diabetes insipidus vs. primary polydipsia) (Figure 1). This can be
obtained through the “water deprivation test” or “the hypertonic
saline infusion test”, and serum copeptin measurements.
Copeptin is a peptide derived from the C-terminus of pre-pro-
hormone of ADH, neurophysin II. Contrarily to ADH, copeptin
is much more stable after blood is collected, and therefore is a
more reliable assay and can be reliably used as a surrogate for
ADH (11). Recently, the hypertonic saline and arginine
stimulation tests have been shown to have a higher diagnostic
accuracy than the water deprivation test. While they have a
similar diagnostic accuracy, the arginine test is more practical
and potentially better tolerated. Therefore, with the increasing
availability of copeptin assay, arginine stimulation test may
become the standard diagnostic test for DI (12, 13). Magnetic
resonance imaging (MRI) of the sellar and suprasellar regions
may complete the diagnosis. The normal posterior pituitary
demonstrates hyperintensity on T1 images, also defined as
“bright spot”, attributed to phospholipid-rich granules storing
ADH and oxytocin. The “bright spot” is typically absent in CDI.
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However, it is also absent in up to 25% of normal individuals and
may disappear with aging (15, 16).

CDI in the Oncological Setting
In cancer patients, CDI may derive from compression/
infiltration of the pituitary or the supraoptic/paraventricular
nuclei due to local malignancies or metastases or may be
diagnosed in the context of a paraneoplastic syndrome (5, 17).
Moreover, CDI may be a complication of anticancer treatments,
brain surgery and (rarely) radiotherapy, and more rarely of
certain anticancer drugs (i.e., temozolomide). In recent years,
CDI has been reported in a few cancer patients on treatment
with ICIs.
THE ICI-INDUCED CDI

In a recent study based on theWHO global database of individual
case safety reports, Bai et al. (18) showed that, in the period from
January 2011 to March 2019, a total of 6,089 ICI-related
endocrine AEs were reported, of which 1,144 (18.8%) were
pituitary events, such as hypophysitis (835 reports),
hypopituitarism (268 reports), pituitary enlargement (19), other
(13). CDI was reported in 16 patients (1.4%) of the registered
hypophysitis/hypopituitarism cases. To widen the knowledge on
CDI as an adverse event of ICIs in cancer patients, we searched
the literature in Medline© and GoogleScholar. The terms used for
Frontiers in Oncology | www.frontiersin.org 3
the searching process were “([Immune checkpoint inhibitors]
AND [Diabetes insipidus]). As of September 14, 2021, after
eliminating duplicates, 26 papers were found: 6 of those papers
were reviews, experimental studies (N=3), epidemiological studies
(N=2), case series (no data of single patients were extractable;
N=4) or guidelines on ICI-related endocrine irAEs (N=1), the
remaining 11 papers were case reports: from those, relevant data
were extracted and summarized in Table 1 (19–29). In the eleven
reports, ICI-related CDI was described either as a
panhypophysitis or as a single endocrine irAE. In five cases,
ICI-related CDI was diagnosed in the context of a
panhypophysitis induced by ipilimumab (an anti-CTLA4
monoclonal antibody, anti-CTLA4-mAb): in three of them,
ipilimumab was administered as a single agent (20–22), while in
the other cases ipilimumab was administered in combination with
nivolumab (an anti-PD1 monoclonal antibody, anti-PD1-mAb)
(23, 24). In four cases CDI appeared as an isolated endocrine irAE
induced by avelumab (an anti-PD-L1 monoclonal antibody, anti-
PD-L1-mAb) (25), sintilimab (an anti-PD1-mAb (27) or
nivolumab (an anti-PD1-mAb) (26) as single agents; in the case
CDI was attributed to combination treatment: tremelimumab +
durvalumab (an anti-CTLA4-mAb and an anti-PD-L1-mAb,
respectively) (28). In another case, CDI was diagnosed in the
context of hypothalamitis induced by atezolizumab (an anti-PD-
L1-mAb) (29). In the last case, CDI occurred in a patient on
nivolumab, also diagnosed with a concomitant anterior pituitary
metastasis (19).
FIGURE 1 | A diagnostic flow-chart for patients presenting with suspected polyuria.
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TABLE 1 | Clinical data extracted by the current literature on ICI-induced CDI.

Grami et al. (24) Zhao et al.
(25)

Deligiorgi
et al. (26)

Yu et al. (27) Brilli et al (28) Fosci et al. (19) Tshuma
et al. (29)

Ipilimumab + Nivolumab Avelumab Nivolumab Sintilimab Tremelimumab +
Durvalumab

Nivolumab Atezolizumab

CTLA4/IgG1 PD-L1/IgG1 PD-1/IgG4 PD-1/IgG4 CTLA4/IgG2 PD-1/IgG4 PD-L1/IgG1
PD-1/IgG4 PD-L1/IgG1
30 73 71 60 68 62 74
Male Male Male Male Male Male Female
AML MCC NSCLC HL Mesotelioma Hypofarynx Bladder
Yes No No No No Yes° Yes
NR 112 150 Immediate 178 35 270
NR 1000 1003 1002 1005 NR NR
NR 303 363 329 275 303 High
117 241 286 NR NR 158 NA
NR 6.22 6.22 NR NR 17.78 NA
159 147 168 155 NR 150 150
NR NR 3.6 7 4 8 NR
NR 3-4 times/night NR NR NR NR NR

Yes Yes Yes Yes Yes Yes NA
NR NR NR NR ND ND ND
NR NR NR NR ND ND ND
NR NR NR NR Yes, positive NR ND
NR A: Normal. A: Normal A: normal A: Normal. Enlarged stalk, PBS

absent. Met in the pituitary
paramedian area

A: Normal.

PBS not
evident

PBS evident PBS: NR PBS not visible PBS data NA
Nodule in the
posterior pituitary

Hypothalamic
mass.

Dis Dis Dis Dis Delay Dis Dis

Yes No No Yes No Yes Yes
NR 240 0 § 90 570 24 365
NR 42 NR 90 180 NA NA
Pneumonitis – – NR – – –

rcinoma; MRI, Magnetic resonance imaging; ND, not done; NR, not reported in the paper; NSCLC, Non-small cell lung cancer; T1DM, Type 1 diabetes mellitus. °attributed to an
suddenly died, just after the diagnosis. NA, not available.
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Dillard
et al. (20)

Nallapaneni
et al. (21)

Barnabei
et al. (22)

Gunawan et al. (23)

Drug(s) Ipilimumab Ipilimumab Ipilimumab Ipilimumab + Nivolumab

ICI target/IgG-subclass CTLA4/
IgG1

CTLA4/IgG1 CTLA4/IgG1 CTLA4/IgG1
PD-1/IgG4

Age 50 62 64 52
Sex Male Male Male Male
Malignancy Prostate Melanoma Melanoma Melanoma
Anterior pituitary deficits Yes Yes Yes Yes
Median time to onset (days) 84 121 60 28
Urine specific gravity NR NR 1001 NR
Plasma osmolality (mOsm/kg) NR 252 314 NR
Urine osmolality (mOSm/kg) NR 301 174 NR
Glycemia (mOsm/l) NR NR 7.33 5.2
Natremia NR 136 139 149
Urine volume (L/24/h) NR <10 16 NR
Urination frequency 27 times/

day
NR NR NR

Polyuria NR Yes Yes Yes
ADH NR NR ND NR
Copeptin NR NR ND NR
Water deprivation test NR Yes, positive ND NR
Brain MRI A: Normal A: Normal A: micro

infarcts.
A: hemorrhagic PBS
data NR

(Adenohyphophisis= A;
Posterior Bright Spot=PBS)

PBS
evident #

PBS data NR PBS evident

Drug delay (Delay)
Discontinuation (Dis)

Normal
end

Normal end Delay Dis

(4th cycle) (4th cycle)
GC treatment Yes Yes Yes Yes
Follow up (days) NR 180 1230 NR
DDAVP (days of treatment) NR 120 10 NR
Other toxicities – Skin; uveitis – DM1

ADH, Anti-diuretic hormone; AMH, Acute myeloid leukemia; GC, Glucocorticoids; HL, Hodgkin lymphoma; MCC, Merkel cell c
anterohypophyseal metastasis. #Brain MRI assessment was performed three weeks after the onset of symptoms;

§
the patient
a
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CDI in the Context of
ICI-Induced Panhypophysitis
In 2010, Dillard et al. (20) reported the case of a 50-year-old male
affected by metastatic prostate cancer who, after the fourth
ipilimumab infusion (10 mg/Kg every three weeks) developed
headache, fatigue, weakness, visual blurriness, and decreased
libido. He also showed polydipsia and polyuria (up to 25
urinations/day), urinating large volumes (volume data not
available), in the absence of diabetes mellitus or other possible
causes. Laboratory testing revealed low TSH, free T4, and total
T3, undetectable ACTH, an abnormal ACTH stimulation test
indicating secondary adrenal insufficiency. Urine and plasma
osmolality were not reported. CT-scan did not detect pituitary
abnormalities (MRI not performed). The subject was treated
with high dose prednisone (120 mg/day) with improvement of
symptoms, and polyuria resolved over 2–3 days (without
desmopressin). Three weeks later, a brain MRI was reported to
be normal. The diagnosis of DI in this case was not
proven convincingly.

In 2014, Nallapaneni et al. (21) reported the case of a 62-year-
old man affected by metastatic cutaneous melanoma who
developed skin toxicity and hypophysitis after the first cycle of
ipilimumab (3.0 mg/kg every three weeks for four doses). The
patient was treated with levothyroxine and glucocorticoids
corticosteroids (dose unavailable). Three weeks after the last
dose of ipilimumab, the patient developed uveitis treated with
other Glucocorticoids and complained of excessive thirst and
continuous urination. Glycaemia was unavailable. A water-
deprivation test confirmed partial diabetes insipidus, and
desmopressin was started. Four months later, the patient was
on levothyroxine, low-dose glucocorticoid, and desmopressin.

Recently, the third case of panhypophysitis induced by
ipilimumab as a single agent (3 mg/kg iv every 21 days) was
reported in a 64-year-old man affected by liver metastases of
uveal melanoma (22). Few days before the fourth dose the patient
complained of intense headache, profound fatigue, nocturia,
polyuria (up to 10 liters urine/daily), and polydipsia.
Laboratory tests were consistent with adrenal insufficiency,
hypothyroidism, and CDI. A pituitary MRI showed an
enlarged gland with microinfarcts, while the hypophyseal stalk
was normal, and the neurohypophyseal ‘bright spot’ in T1
sequences was not detected. The treatment included
dexamethasone (then cortisone acetate at replacement dose),
desmopressin, and levothyroxine. Within the next five days, the
symptoms resolved; blood pressure, serum electrolytes, glucose,
and urinalysis were stable within the normal ranges;
desmopressin was discontinued without recurrence of polyuria,
while cortisone acetate and levothyroxine were maintained. The
fourth ipilimumab dose was delayed but entirely administered in
the absence of further side-effects.

In 2018, Gunawan et al. (23) reported the case of a 52-year-
old man affected by metastatic cutaneous melanoma who, after
the second dose of ipilimumab and nivolumab combination
treatment, developed hypophysitis and T1DM. Initial
symptoms included headache, myalgias, and fatigue, while
biochemistry and pituitary MRI confirmed anterior
Frontiers in Oncology | www.frontiersin.org 5
hypophysitis. High-dose dexamethasone and insulin were
started, followed by hydrocortisone, thyroxine, and
testosterone replacement. Two weeks following the third
treatment cycle administration, the patient complained of
lethargy, weight loss, polyuria, and nocturia. CDI was
diagnosed based on symptoms, hypernatremia, and the
resolution of symptoms and normalization of serum sodium
following the administration of desmopressin. An attempt at
lowering the dose of desmopressin resulted in a return of
symptoms and hypernatremia.

In 2020 Grami et al. (24) described the case of a 30-year-old
male affected by refractory acute myeloid leukemia, who
following the administration of nivolumab and ipilimumab
combination was admitted to hospital due to respiratory failure
due to pneumonia, neutropenic fever, polyuria, and polydipsia
(7-8 liters of fluid daily). The interval between the drugs’
administration and the onset of symptoms was not clear.
Hypernatremia (159 mEq/L) and urine osmolality were
registered, and hypothyroidism and hypoadrenalism were
diagnosed (hormone levels not reported). Immunotherapy was
held and glucocorticoid and desmopressin were started with
clinical improvements. No radiological data were reported. No
further information was available from that congress abstract.

CDI as an Isolated ICI-Induced irAE
In 2018, Zhao et al. (25) reported the case of a 73-year-old man
affected by metastatic Merkel cell carcinoma, who developed
nocturia, polydipsia, and polyuria three months after starting
avelumab, an anti-PD-L1 mAb. Laboratory tests confirmed the
clinical suspect of CDI in the absence of other endocrine
insufficiencies. MRI of the pituitary gland showed no sign of
anterior hypophysitis, but absence of the posterior pituitary
bright spot. Avelumab was permanently discontinued, and the
patient was on desmopressin for six weeks. No symptoms of CDI
were reported two months after desmopressin discontinuation.

Deligiorgi et al. (26) reported the case of a 71-year-old male
patient affected by advanced lung cancer who, five months after
nivolumab initiation, presented with altered mental status,
persistent hypernatremia, polyuria, hyposthenuria, and normal
glycemia. Serum ADH was undetectable, while pituitary and
thyroid hormones were normal. Pituitary MRI was normal with
the persistence of posterior pituitary bright spot. Unfortunately,
the patient died suddenly before the initiation of desmopressin.

In 2020 Yu et al. (27) reported the first case of immediate-onset
CDI caused by sintilimab, an IgG4 anti-PD-1 mAb in a 60-year-
old male affected by chemo-refractory Hodgkin lymphoma. One
hour after the drug administration, the patient suffered chills,
hyperthermia, hypotension, tachypnea, and malaise.
Glucocorticoid and antihistamine treatment improved chills and
hyperthermia. About 30 min later, the patient’s chills had abated,
while fever improved within 12 h. About 3–4 hours later, polyuria
appeared (>7000 ml urine in 24 h). Laboratory evaluation showed
increased serum osmolality (329 mOsm/kg), hypernatremia (155
mmol/L) and reduced urine-specific gravity (1.002). Two days
after the onset of symptoms, a pituitary MRI revealed nodular
signal on the posterior pituitary gland, that was absent in MRIs
March 2022 | Volume 12 | Article 798517

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Barnabei et al. ICI-Induced Central Diabetes Insipidus
performed at the onset and during the development of the
malignancy. Polyuria improved following treatment with oral
desmopressin (0.1 mg q12 h) and methylprednisolone (16 mg
qd, with gradual tapering). Sintilimab was continued and was
effective to treat HL. At 3 months post-treatment, another
pituitary MRI scan revealed that the nodular signal was no
longer apparent. Glucocorticoids and desmopressin treatment
were then discontinued, and polyuria did not recur.

Very recently, Brilli et al. (28) reported the case of a 68-year-
old man affected by metastatic mesothelioma who presented with
polydipsia and polyuria after the third cycle of a combination
treatment of tremelimumab (an anti-CTLA4 mAb; 1 mg/Kg iv
every four weeks for four cycles) and durvalumab (an anti-PD-L1
mAb; 20 mg/Kg iv every four weeks). Results of a water
deprivation test confirmed CDI. The pituitary posterior lobe
did not show high signal intensity on T1-weighted MRI images.
Interestingly, the patient did not recover his posterior pituitary
function during a transient discontinuation of immunotherapy
(28 days). On the contrary, in that time frame, he needed an
increasing dose of desmopressin (up to 480 mcg sublingual per
day). The ICI-combination was restarted, without CDI
worsening or other treatment-related toxicities.

In 2021, Fosci et al. (19) reported a case of CDI due to
posterior pituitary injury from nivolumab in a patient diagnosed
with hypopituitarism due to a metastasis in anterior pituitary.
The patient was a 62-year-old man affected by metastatic
hypopharyngeal carcinoma. Before the fourth nivolumab cycle
(5 weeks of treatment) he presented with sudden onset of
polyuria and polydipsia, dehydration (hypercalcemia,
hypernatremia, hyperkalemia) and impaired fasting glucose.
Endocrine tests suggested the diagnosis of hypophysitis, in
association with symptoms suggestive of diabetes insipidus.
Nivolumab was stopped and therapy with methylprednisolone
(64 mg/day) was started. At the tenth day of this therapy, the
patient presented with worsening health condition,
hyperglycemia, and fungal oral infection. Methylprednisolone
dose was tapered off, leading to the restoration of euglycemia and
mycosis recovered with antifungal drugs. As polyuria and
polydipsia persisted, desmopressin was started leading to
increase in urine osmolality. A pituitary MRI showed anterior
pituitary metastasis and infundibulo-neurohypophysitis.
Histological confirmation of the pituitary pathology was not
possible. Further follow-up data were unavailable.

CDI in the Context of
ICI-Induced Hypothalamitis
In 2018 Thsuma et al. (29) reported a case of isolated
hypothalamitis induced by an ICI. A 74-year-old woman
affected by metastatic urothelial bladder carcinoma was treated
with atezolizumab, an anti-PD-L1 mAb (mg/Kg, q dd). After 12
cycles of treatment (approximately 8 months), she developed
confusion, lethargy, bradycardia and hypothermia. A brain MRI
revealed a 24 x 23 mm infiltrating, heterogeneously enhancing
solitary lesion in the hypothalamus, with abnormal signal
extending to the fornices, mammillary bodies and optic tracts.
The pituitary gland appeared normal. A pretreatment head CT
Frontiers in Oncology | www.frontiersin.org 6
scan had been normal. In cerebrospinal fluid an elevated protein
concentration (1,110 mg/L) with normal glucose levels (4.2 mmol/
L) were found, in the absence of leucocytes and with sterile culture.
Hormonal assessment revealed panhypopituitarism. Routine
biochemistry tests revealed hypernatremia (150 mmol/L) and
“inadequate urinary concentration”. Interestingly, despite a
markedly hyperosmolar state, she did not complain of thirst,
suggesting hypodipsia. Subsequently, she developed other signs
of hypothalamic dysfunction including severe sleep apnea and
temperature dysregulation. She also suffered short term memory
impairment. Immunotherapy was discontinued and high-dose
dexamethasone was started, resulting in a rapid resolution of the
intracranial mass, excluding hypothalamic metastasis. Biopsy of
the hypothalamic mass was not done. More than 1 year later an
MRI did not reveal recurrence, but significant hypothalamic tissue
loss. Indeed, the patient continued on pituitary hormone
replacement and a fixed fluid prescription because of
hypodipsia. Unfortunately, despite lung metastatic nodule
remained stable, the patient died from pneumonia 1 year later.

ICI-Induced CDI: Considerations on the
Available Data
According to currently available literature, CDI is a rarely
registered side-effect in cancer patients on treatment with ICIs.
Nevertheless, the available case reports highlight various
inconsistencies, including terms used to describe the CDI
syndrome, the work up that led to diagnosis, the treatment of
ICI-induced CDI (ICI-CDI), and the choice about maintenance/
withdrawal of the triggering ICI(s) (Table 1). All the patients,
except one, were male. Melanoma was the disease requiring ICI(s)
in three patients, while the other patients were each diagnosed
with a different malignancy. The median age was 62 years. The
median onset time from the treatment start was 112 days.
Notably, in one patient CDI occurred a few hours from the
drug’s administration. In one paper, the CDI time onset was not
reported. In all reports, polyuria was the symptom that alerted the
diagnosis. However, in only five papers daily urine output was
detailed (19, 22, 26–28). In one article, only the number of daily
urinations (n=25) was reported (20). Urine osmolality was
reported in seven out of the eleven cases (19, 21, 22, 24–26).

From a radiological point of view, imaging criteria of CDI
diagnosis were not always reported. In three out of the eleven
cases, brain MRI did not show posterior pituitary bright spot
(19, 25, 28), while it was present in three cases (20, 22, 26). In five
cases, data concerning the presence of the posterior pituitary
bright spot were not reported (21, 23, 24, 27, 29). In two of the
eleven cases, brain MRI showed either microinfarcts (22) or
hemorrhage (23) in the anterior pituitary, while nodular signal in
the posterior pituitary (27) or pituitary stalk enlargement
(together with a metastasis in the pituitary paramedian area)
(19) were reported, respectively. Tshuma et al. reported a
hypothalamic mass (29). In seven adenohypophysis was
reported as normal (19–21, 25–28).

In seven out of the eleven patients, the treatment with ICIs
was discontinued (19, 23–25, 27, 29). One patient died suddenly
after the diagnosis of CDI (26). In two cases, the ICI treatment
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was suspended until the recovery from polyuria, then restarted at
the same dose (22, 28). In two patients, CDI was diagnosed after
the end of the treatment (ipilimumab) (20, 21).

Interestingly, in five of the eleven cases, the diagnosis of
CDI was associated with adenohypophysitis (ICI-induced
panhypophysitis). However, in two out of those patients, CDI
was diagnosed only after high dose corticosteroids were prescribed
for the ICI-induced adenohypophysitis and cutaneous toxicity
and uveitis (21, 23), and after the disappearance of symptoms
related to the damage to anterior hypophysis. In those cases, CDI-
related symptoms, particularly polyuria, may be attributed to
glucocorticoid-induced diabetes mellitus, a condition that
deserves to be considered in the differential diagnosis. Moreover,
glucocorticoids increase glomerular filtration rate and ADH
catabolism, possibly leading to unveil latent DI.

Three patients were diagnosed with isolated CDI. This
resulted from the treatment with an anti-PD1-mAb in one
patient (26) and with an anti-PD-L1-mAb in another (25). The
third patient had been treated with an anti-CTLA4-mAb
(tremelimumab) and an anti-PD-L1-mAb (durvalumab) (28).
This case raises the question of whether the first or the second
drug (or both) might have triggered CDI. Finally, in one case
CDI was diagnosed in the context of an hypothalamitis (29). In
the most recent case, infundibuloneurohypophysitis was
concomitant with a pituitary metastasis (19).

Based on data from the current literature, anti-CTLA4 mAbs
seem to trigger CDI only in the context of a panhypophysitis,
while only anti-PD1/PD-1L mAbs triggered CDI as an isolated
endocrine-irAE. In other words, in three out of the four patients
who developed an anterior hypophysitis and CDI (20–22),
presumably, the inflammatory enlargement of the anterior part
of the gland might have involved the posterior pituitary, and CDI
was transient, resolving concomitantly with the regression of
hypophysitis. In the fourth case, CDI occurred two weeks after
the onset of an anterior hypophysitis in a patient on a combined
treatment of ipilimumab and nivolumab (23). In that case, it
might be speculated that CDI was caused by nivolumab rather
than ipilimumab, which probably had already triggered anterior
hypophysitis that was resolving when CDI occurred.
Accordingly, CDI was permanent, requiring desmopressin
maintenance (data on late follow-up unavailable).
HYPOTHESES ON THE PATHOGENESIS
OF ICI-INDUCED PITUITARY DAMAGE

The exact pathogenesis of the damage induced by ICIs to the
pituitary is unknown. As the incidence of ICI-induced
hypophysitis is higher with anti-CTLA4-mAbs than anti-PD1/
PD1L mAbs most data on the pathogenesis of ICI-induced
pituitary damage derive from studies on anti-CTLA4-mAbs (3,
30). Notably, they are limited to damage to the anterior pituitary
that seem to derive from autoimmunity/autoinflammation
typically triggered by those drugs (3, 31). Several mechanisms
have been proposed: a) the expression of the CTLA-4 receptor on
thyrotroph and lactotroph cells; b) the relative intensity of type II
Frontiers in Oncology | www.frontiersin.org 7
or IV hypersensitivity triggered by ICI-subclasses; (c) some
CTLA-4 gene polymorphisms (3). In the first murine model of
anti-CTLA-4-related (anterior) hypophysitis, obtained by
repeated administrations of an anti-CTLA4 mAb, pituitary
infiltration with hematopoietic mononuclear cells (mainly
CD45+ lymphocytes) was demonstrated (32). In the same
experiment, serum antibodies directed against the anterior
pituitary cells were detected (32). Similarly, antibodies against
cells secreting TSH, FSH, and ACTH were detected in patients
with anti-CTLA4-induced hypophysitis (33). In pituitary
specimens from a patient who received tremelimumab, the
expression of CTLA-4 was increased, and the clinical-
pathological features were attributed to type II and type IV
hypersensitivity reactions (33). Similar findings were reported by
Okabe et al. (34) who studied specimens from the first autopsy
case of hypophysitis induced by nivolumab monotherapy
demonstrated some pituitary cells express PD-L1.

Some drug structure differences are envisioned as
contributing factors to explain different rates of pituitary
toxicity among ICIs. IgG subclasses demonstrated different
strengths in activating antibody-dependent cellular cytotoxicity
and the classical complement pathway, with IgG1 exerting
stronger effects compared with IgG2 and IgG4 subclasses (35).
Among anti-CTLA4 mAbs, ipilimumab is an IgG1 mAb, while
tremelimumab is an IgG2 mAb. Among anti-PD1/PD-1L mAbs,
avelumab, durvalumab and atezolizumab are IgG1 mAbs, while
nivolumab, pembrolizumab and sintilimab are IgG4 mAbs
(3, 35). All the above factors may explain the occurrence of
hypophysitis in patients under CTLA4-mAbs and the higher
incidence of hypophysitis in patients on treatment with
ipilimumab (IgG1) compared with anti-PD1/PD-L1 mAbs.
Moreover, some gene polymorphisms of the CTLA-4 receptor
seemed to make patients more or less prone to CTLA-4-
blockade-induced hypophysitis (3, 36–38). Finally, activation of
IL-17 pathway is suggested to have a pathogenic role in ICI-
related pituitary toxicity (39, 40).

If studies on the pathogenic mechanisms potentially
explaining ICI-induced anterior hypophysitis are at their early
stage, those aimed at clarifying ICI-induced CDI’s pathogenesis
are scarce. While CDI in the context of an ICI-related
adenohypophysitis may be related to inflammation/edema of
the pituitary stalk, the occurrence of isolated CDI might be
attributable to other mechanisms, being autoimmunity the most
probable. Autoimmunity induced by ICIs might lead the selective
damage to the posterior pituitary, triggering the onset of CDI.
Recently, Iervasi et al. (41) demonstrated the expression of PD1 in
primate hypothalamic cells, suggesting a role of the checkpoint
receptor as a potential trigger for autoimmunity induced by
atezolizumab (an anti-PD-L1 mAb) in hypothalamus, as
reported by Thsuma et al. (29). Autoimmunity has a well-
known pathogenic role in idiopathic CDI (6–9), characterized
by lymphocytic infiltration of the pituitary stalk and posterior
pituitary. Notably, MRI in the early course of the disease often
reveals thickening or enlargement of those structures (5, 7–10).
Moreover, the autoimmune pathogenesis of idiopathic CDI is
supported by studies that evaluated the presence of cytoplasmic
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antibodies directed against ADH cells in patients affected by
endocrine autoimmune diseases in the absence of CDI (7). In a
study (8) of 150 patients affected by various CDI forms, antibodies
to ADH cells were detected in approximately 30% of “idiopathic”
CDI patients and about 25% of patients with “non-idiopathic”
CDI. A still open issue in the context of idiopathic CDI regards
the characterization of autoantigens with a pathogenetic role in
the disease. Antibodies to rabphilin-3A, a regulator of secretory
vesicle trafficking, were found in a large majority of patients with
lymphocytic infundibulo-neurohypophysitis (42), a disease
accounting for a substantial subset of autoimmune CDI (43).
Iwama et al. (44) suggested that these antibodies may be
considered as a marker of pituitary autoimmunity. Recently,
two other autoimmune mechanisms for idiopathic CDI have
been proposed. In the first one, CDI was associated with a
necrotizing small-vessel vasculitis, often associated with positive
antineutrophil cytoplasmic antibodies (ANCA) (45). In the other
one, IgG4, as documented in IgG4-related systemic syndrome,
were suggested to have a role in the pathogenesis of CDI (46, 47).
Among ICIs, only nivolumab and pembrolizumab are IgG4
mAbs. However, only nivolumab was associated with the onset
of CDI (as single endocrine irAEs), together with avelumab and
durvalumab, two PD-L1/IgG1 mAbs. Notably, durvalumab was
administered with tremelimumab in the patient who developed
CDI (28). Therefore, at the moment, correlations between the
ICI-subclasses administered and CDI onset cannot be suggested.

Overall, the evidence mentioned above is far from clarifying
the mechanism(s) leading the destructive process of
hypothalamic ADH-secreting cells in ICI-related CDI.
Obstacles to better understanding include the rarity of this
irAE, the unavailability of biopsy specimens, and the lack of
studies correlating serum levels of autoimmunity antigens with
the onset of CDI. Similarly, preclinical experiments cannot be
done as suitable in vivo models of ICI-CDI are still lacking. Only
worldwide collaborations might overcome the current barriers in
defining the pathogenic process sustaining ICI-related CDI.
ICI-CDI THERAPEUTICAL APPROACHES

As in other rare or very rare irAEs (48), with the growing clinical
use of ICIs, a better knowledge of the ICI-CDI syndrome together
with an appropriate diagnostic approach and a reliable grading
system of its severity will help oncologists in the decision-making
process regarding the choice of maintaining, delaying, or
withdrawing the causative drug(s). To confirm or exclude CDI
diagnosis in patients presenting with suspected polyuria, we
suggest the flow-chart reported in Figure 1. Once polyuria has
Frontiers in Oncology | www.frontiersin.org 8
been confirmed, glycemia, natremia, plasma and urine osmolality
may easily diagnose the underlying condition (diabetes insipidus
vs. primary polydipsia vs. diabetes mellitus or electrolyte
disturbance due to diuretics) (Figure 1). However, early
endocrinological consultation is advisable following the onset of
polyuria, not only when the diagnosis is uncertain, but also
to define whether ICI-induced CDI is more likely due to
panhypophysitis (e.g., anti-CTLA4 mAbs) or isolated damage to
the posterior pituitary or the hypothalamus (e.g., anti-PD1/PD-1L
mAbs). Notably, due to the limited data on what kind of damage
each ICI can cause, the diagnostic workup and the
endocrinological follow-up in patients with ICI-CDI should be
the same, independently from the ICI(s) causing CDI.

Importantly, patients should be well informed not to
underestimate CDI-related symptoms, such as polyuria,
dehydration, confusion, and weight loss. Otherwise, life-
threatening consequences or death may occur. It is well known
that in case of toxicity, the management of anticancer drugs is
based on the level of the reported toxicity, according to the
Common Terminology Criteria for Adverse Events (CTC-AEs;
Version 5.0) (49).

In patients on ICIs reporting irAEs, the current clinical
guidelines recommend, in general, permanently stopping the
drug(s) only in case of grade 4 toxicity (50–53). It is however
recommended to consult guidelines for the appropriate
management of toxicity involving specific organs/apparatus.
Unfortunately, this cannot be done in patients diagnosed with
ICI-CDI, as specific recommendations are not available. In their
absence, referring to CTCAE grading system of endocrine
adverse events might be indicative (Table 2).

In our opinion, to better assess the ICI-CDI’s toxicity level, the
three key components of the syndrome, polyuria, hypernatremia,
and dehydration, need to be graded. However, as CTC-AEs do
not grade polyuria, the severity of CDI may be estimated by the
level of dehydration and hypernatremia according to current
CTC-AEs, as reported in Table 3. Obviously, if both
dehydration and hypernatremia are present, the more severe of
the two toxicities should be considered in ICI management.
However, polyuria is the typical onset symptom of DI, arising
suddenly in most cases of CDI (5). The polyuria severity mainly
depends on plasma osmolality, circulating volume, and entity of
vasopressin deficit (5, 10, 14). Notably, in patients affected by DI,
dehydration and overt hypernatremia are less common when
thirst perception is not impaired, and water is freely accessible
(5, 10, 14). Conversely, in patients with altered mental status,
impaired thirst mechanisms (e.g., hypothalamic disorders,
“adipsic DI”), or restricted access to water, persistent polyuria
may cause dehydration and hypernatremia, which may, in turn,
TABLE 2 | CTC-AE grading system of endocrine adverse event induced by anticancer drugs (49).

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Endocrine
disorders,
(including
hypophysitis)

Asymptomatic or mild
symptoms; clinical or diagnostic
observations only; intervention
not indicated.

Moderate; minimal, local, or
noninvasive intervention
indicated; limiting age-
appropriate instrumental ADL

Severe or medically significant but not
immediately life-threatening; hospitalization or
prolongation of existing hospitalization indicated;
limiting self-care ADL.

Life-threatening
consequences;
urgent intervention
indicated

Death
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lead to a life-threatening condition (5, 10, 14). Importantly, in
cancer patients, various conditions, including nausea, vomiting,
mucositis, fatigue, and malaise, due to anticancer treatments and
malignancy itself, may reduce fluid intake. Consequently,
hypernatremia and dehydration may not be compensated by
water drinking, and DI may rapidly worsen towards an
emergency condition (5, 10, 14).

From a therapeutical point of view, DI in patients with
intact thirst perception and free access to water can be easily
Frontiers in Oncology | www.frontiersin.org 9
managed by titrating DDAVP. Conversely, water and
electrolyte management is very challenging in patients with
altered consciousness or hypothalamic affection/adipsic DI
(5, 14).

Concerning actions to undertake with ICI(s) when ICI-CDI is
diagnosed, we should refer to the current guidelines
recommending the general management of ICIs, when
different toxicity levels occur (Table 4). However, some
exceptions should be considered in patients with ICI-CDI.
TABLE 3 | Grading system of dehydration and hypernatremia according to CTC-AEs (version 5.0) (49).

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Dehydration Increased oral fluids indicated; dry mucous
membranes; diminished skin turgor

IV fluids indicated Hospitalization indicated Life-threatening consequences;
urgent intervention indicated

Death

Definition: A disorder characterized by excessive loss of water from the body. It is usually caused by severe diarrhea, vomiting or diaphoresis.
Hypernatremia > ULN - 150 mmol/L > 150 - 155 mmol/L;

intervention initiated
> 155 - 160 mmol/L;
hospitalization indicated

> 160 mmol/L; life-threatening
consequences

Death

Definition: A disorder characterized by laboratory test results that indicate an elevation in the concentration of sodium in the blood.
March 2022 | Volume 12 | Artic
IV, Intravenous; ULN, Upper Limits of Normal.
FIGURE 2 | The suggested management of desmopressin and ICI(s) in patients with ICI-CDI.
TABLE 4 | Management of ICIs based on toxicity levels according to the current guidelines (50, 51).

Toxicity grade Management

Grade 1 • In general, ICIs can be continued with close monitoring for mild toxicities (with the exception of neurologic and some hematologic toxicities).
Grade 2 • For moderate toxicities, ICIs should be held until symptoms and/or lab values revert to grade 1 level or lower. Corticosteroids may be offered.
Grade 3 • For severe toxicity, patients should receive high-dose corticosteroids for at least six weeks.

• Extreme caution when restarting immunotherapy after a grade 3 toxicity is recommended, if it is restarted at all.
Grade 4 • In general, very severe toxicity necessitates stopping checkpoint inhibitor therapy permanently.
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As shown in Figure 2, according to guidelines, patients
presenting with grade 1 ICI-CDI can continue the causative
drug(s) together with the prescription of desmopressin, based on
patient’s quality of life, with close monitoring of polyuria,
dehydration, and hypernatremia. In grade 2-3 toxicity, the
ICI(s) administration should be held and restarted as soon as
the symptom(s) resolve with appropriate DI therapy.
Remarkably, in the case of ICI-CDI, corticosteroids are not
needed unless the coexistence of anterior hypophysitis requires
it, such as in presence of mass effect on local anatomical
structures (50–55). In case of grade 4 hypernatremia or
dehydration, ICI(s) should not be discontinued permanently,
but only temporarily suspended to allow vasopressin titration to
compensate the underlying endocrine dysfunction, sodium
excess and fluids loss. This is in the perspective of restarting
ICI(s) as soon as clinically indicated. Therefore, ICI(s) should be
withdrawn only if other life-threatening irAEs are present,
according to the current guidelines (50–53, 55).
Frontiers in Oncology | www.frontiersin.org 10
CONCLUSION

With the extensive use of ICIs, even very rare endocrine irAEs
like CDI may represent a challenging circumstance in clinical
practice. The use of an appropriate diagnostic work up based on
a close collaboration with endocrinologists help oncologists
provide patients with the best treatment of the irAE, without
renouncing their effective anticancer treatment unduly.
AUTHOR CONTRIBUTIONS

Conceptualization, AB, LS, RS, SMC, and FT. Investigation, AB, AC,
RMP, LF, and FT. Data curation, AB, LS, RS, SMC, and FT.Writing—
original draft preparation, AB, LS, RS, SMC, and FT. Writing—
review and editing, AB, LS, RS, SMC, and FT. Visualization, AB,
LS, and FT. Supervision, AB, SMC, and FT. All authors have read
and agreed to the published version of the manuscript.
REFERENCES
1. Wilky BA. Immune Checkpoint Inhibitors: The Linchpins of Modern

Immunotherapy. Immunol Rev (2019) 290:6–23. doi: 10.1111/imr.12766
2. Postow MA, Sidlow R, Hellmann MD. Immune-Related Adverse Events

Associated With Immune Checkpoint Blockade. N Engl J Med (2018)
378:158–68. doi: 10.1056/NEJMra17034812

3. Chang LS, Barroso-Sousa R, Tolaney SM, Hodi FS, Kaiser UB, Min l.
Endocrine Toxicity of Cancer Immunotherapy Targeting Immune
Checkpoints. Endocr Rev (2019) 40:17–65. doi: 10.1210/er.2018-00006

4. de Filette J, Andreescu CE, Cools F, Bravenboer B, Velkeniers B. A Systematic
Review and Meta-Analysis of Endocrine-Related Adverse Events Associated
With Immune Checkpoint Inhibitors. Horm Metab Res (2019) 51:145–56.
doi: 10.1055/a-0843-3366

5. Garrahy A, Moran C, Thompson CJ. Diagnosis and Management of Central
Diabetes Insipidus in Adults. Clin Endocrinol (Oxf) (2019) 90:23–30.
doi: 10.1111/cen.13866

6. Imura H, Nakao K, Shimatsu A, Ogawa Y, Sando T, Fujisawa I, et al.
Lymphocytic Infundibuloneurohypophysitis as a Cause of Central Diabetes
Insipidus.N Engl J Med (1993) 329:683–9. doi: 10.1056/NEJM199309023291002

7. De Bellis A, Colao A, Di Salle F, Muccitelli VI, Iorio S, Perrino S, et al. A
Longitudinal Study of Vasopressin Cell Antibodies, Posterior Pituitary
Function, and Magnetic Resonance Imaging Evaluations in Subclinical
Autoimmune Central Diabetes Insipidus. J Clin Endocrinol Metab (1999)
84:3047–51. doi: 10.1210/jcem.84.9.5945

8. Pivonello R, De Bellis A, Faggiano A, Di Salle F, Petretta M, Di Somma C,
et al. Central Diabetes Insipidus and Autoimmunity: Relationship Between
the Occurrence of Antibodies to Arginine Vasopressin-Secreting Cells
and Clinical, Immunological, and Radiological Features in a Large Cohort
of Patients With Central Diabetes Insipidus of Known and Unknown
Etiology. J Clin Endocrinol Metab (2003) 88:1629–36. doi: 10.1210/jc.2002-
020791

9. De Bellis A, Colao A, Bizzarro A, Di Salle F, Coronella C, Solimeno S, et al.
Longitudinal Study of Vasopressin-Cell Antibodies and of Hypothalamic-
Pituitary Region on Magnetic Resonance Imaging in Patients With
Autoimmune and Idiopathic Complete Central Diabetes Insipidus. J Clin
Endocrinol Metab (2002) 87:3825–9. doi: 10.1210/jcem.87.8.8757

10. Robinson AG, Verbalis JG. “Posterior Pituitary”. In: S Melmed, K Polonsky,
PR Larsen, et al, editors. Williams Textbook of Endocrinology, 13th. NX
Amsterdam, The Netherlands: Elsevier (2015). p. 300–32.

11. Gubbi S, Hannah-Shmouni F, Koch CA, Verbalis JG, Feingold KR, Anawalt B,
et al. Diagnostic Testing for Diabetes Insipidus. Available at: www.endotext.org
(Accessed on 14.07.2021).
12. Fenske W, Refardt J, Chifu I, Schnyder I, Winzeler B, Drummond J, et al. A
Copeptin-Based Approach in the Diagnosis of Diabetes Insipidus. N Engl J
Med (2018) 379:428–39. doi: 10.1056/NEJMoa1803760

13. Winzeler B, Cesana-Nigro N, Refardt J, DR V, Imber C, Morin B, et al.
Arginine-Stimulated Copeptin Measurements in the Differential Diagnosis of
Diabetes Insipidus: A Prospective Diagnostic Study. Lancet (2019) 394:587–
95. doi: 10.1016/S0140-6736(19)31255-3

14. Rose BD, Post TW. Clinical Physiology of Acid-Base and Electrolyte Disorders.
5th. McGraw-Hill, New York: Medical Pub Division, New York (2001). p. 751,
ISBN: 9780071609876 0071609873.

15. Brooks BS, El Gammal T, Allison JD, Hoffman WH. Frequency and Variation
of the Posterior Pituitary Bright Signal on MR Images. Am J Neuroradiol
(1989) 153:1033–8. doi: 10.2214/ajr.153.5.1033

16. Adams NC, Farrell TP, O’Shea A, O’Hare A, Thornton J, Power S, et al.
Neuroimaging of Central Diabetes Insipidus-When, How and Findings.
Neuroradiology (2018) 60:995–1012. doi: 10.1007/s00234-018-2072-7

17. Krol TC, Wood WS. Bronchogenic Carcinoma and Diabetes Insipidus: Case
Report and Review. Cancer (1982) 49:596–9. doi: 10.1002/1097-0142
(19820201)49:3<596::aid-cncr2820490332>3.0.co;2-8

18. Bai X, Chen X, Wu X, Huang Y, Zhuang Y, Chen Y, et al. Immune Checkpoint
Inhibitor-Associated Pituitary Adverse Events: An Observational,
Retrospective, Disproportionality Study. J Endocrinol Invest (2020) 43:1473–
83. doi: 10.1007/s40618-020-01226-4

19. Fosci M, Pigliaru F, Salcuni AS, Ghiani M, Cherchi MV, Calia MA, et al.
Diabetes Insipidus Secondary to Nivolumab-Induced Neurohypophysitis and
Pituitary Metastasis. Endocrinol Diabetes Metab Case Rep (2021) 2021:20–
0123. doi: 10.1530/EDM-20-0123

20. Dillard T, Yedinak CG, Alumkal J, Fleseriu M. Anti-CTLA-4 Antibody
Therapy Associated Autoimmune Hypophysitis: Serious Immune-Related
Adverse Events Across a Spectrum of Cancer Subtypes. Pituitary (2010)
13:29–38. doi: 10.1007/s11102-009-0193-z

21. Nallapaneni N, Mourya R, Raj Bhatt V, Malhotra S, Kishor Ganti A,
Tendulkar KK. Ipilimumab-Induced Hypophysitis and Uveitis in a Patient
With Metastatic Melanoma and a History of Ipilimumab-Induced Skin Rash.
J Natl Compr Canc Netw (2014) 12:1077–81. doi: 10.6004/jnccn.2014.0105

22. Barnabei A, Carpano S, Chiefari A, Bianchini M, Lauretta R, Mormando M,
et al. Case Report: Ipilimumab-Induced Panhypophysitis: An Infrequent
Occurrence and Literature Review. Front Oncol (2020) 1:582394.
doi: 10.3389/fonc.2020.582394

23. Gunawan F, George E, Roberts A. Combination Immune Checkpoint
Inhibitor Therapy Nivolumab and Ipilimumab Associated With Multiple
Endocrinopathies. Endocrinol Diabetes Metab Case Rep (2018) 2018:17-0146.
doi: 10.1530/EDM-17-0146
March 2022 | Volume 12 | Article 798517

https://doi.org/10.1111/imr.12766
https://doi.org/10.1056/NEJMra17034812
https://doi.org/10.1210/er.2018-00006
https://doi.org/10.1055/a-0843-3366
https://doi.org/10.1111/cen.13866
https://doi.org/10.1056/NEJM199309023291002
https://doi.org/10.1210/jcem.84.9.5945
https://doi.org/10.1210/jc.2002-020791
https://doi.org/10.1210/jc.2002-020791
https://doi.org/10.1210/jcem.87.8.8757
http://www.endotext.org
https://doi.org/10.1056/NEJMoa1803760
https://doi.org/10.1016/S0140-6736(19)31255-3
https://doi.org/10.2214/ajr.153.5.1033
https://doi.org/10.1007/s00234-018-2072-7
https://doi.org/10.1002/1097-0142(19820201)49:3%3C596::aid-cncr2820490332%3E3.0.co;2-8
https://doi.org/10.1002/1097-0142(19820201)49:3%3C596::aid-cncr2820490332%3E3.0.co;2-8
https://doi.org/10.1007/s40618-020-01226-4
https://doi.org/10.1530/EDM-20-0123
https://doi.org/10.1007/s11102-009-0193-z
https://doi.org/10.6004/jnccn.2014.0105
https://doi.org/10.3389/fonc.2020.582394
https://doi.org/10.1530/EDM-17-0146
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Barnabei et al. ICI-Induced Central Diabetes Insipidus
24. Grami Z, Manjappachar N, Reddy Dereddi R. Diabetes Insipidus in Checkpoint
Inhibitor Treatment and Acute Myeloid Leukemia. Crit Care Med (2020) 48
(1):144 (abstract 323). doi: 10.1097/01.ccm.0000619648.08126.8f

25. Zhao C, Harsha Tella S, Del Rivero J, Kommalapati A, Ebenuwa I, Gulley J,
et al. Anti-PD-L1 Treatment-Induced Central Diabetes Insipidus. J Clin
Endocrinol Metab (2018) 103:365–9. doi: 10.1210/jc.2017-01905

26. Deligiorgi MV, Siasos G, Vergadis C, Trafalis D. Central Diabetes Insipidus
Related to Anti-PD1 Protein Active Immunotherapy. Int Immunopharm
(2020) 83:106427. doi: 10.1016/j.intimp.2020.106427

27. Yu M, Liu L, Shi P, Zhou H, Qian S, Chen K. Anti-PD-1 Treatment-Induced
Immediate Central Diabetes Insipidus: A Case Report. Immunotherapy (2021)
13(15):1255–60. doi: 10.2217/imt-2020-0334

28. Brilli L, Calabrò L, Campanile M, Pilli T, Agostinis C, Cerase A, et al.
Permanent Diabetes Insipidus in a Patient With Mesothelioma Treated
With Immunotherapy. Arch Endocrinol Metab (2020) 64:483–6.
doi: 10.20945/2359-3997000000221

29. Tshuma N, Glynn N, Evanson J, Powles T, Drake WM. Hypothalamitis and
Severe Hypothalamic Dysfunction Associated With Anti-Programmed Cell
Death Ligand 1 Antibody Treatment. Eur J Cancer (2018) 104:247–9.
doi: 10.1016/j.ejca.2018.09.016

30. Torino F, Corsello SM, Salvatori R. Endocrinological Side-Effects of Immune
Checkpoint Inhibitors. Curr Opin Oncol (2016) 28:278–87. doi: 10.1097/
CCO.0000000000000293

31. Prete A, Salvatori R. Hypophysitis (2018). Available at: www.endotext.org
(Accessed on 14.07.2021).

32. Iwama S, De Remigis A, Callahan MK, Slovin SF, Wolchok JD, Caturegli P.
Pituitary Expression of CTLA-4 Mediates Hypophysitis Secondary to
Administration of CTLA-4 Blocking Antibody. Sci Transl Med (2014)
6:230ra45. doi: 10.1126/scitranslmed.3008002

33. Caturegli P, Di Dalmazi G, Lombardi M, Grosso F, Larman HB, Larman T,
et al. Hypophysitis Secondary to Cytotoxic T-Lymphocyte-Associated Protein
4 Blockade: Insights Into Pathogenesis From an Autopsy Series. Am J Pathol
(2016) 186:3225–35. doi: 10.1016/j.ajpath.2016.08.020

34. Okabe N, Kobayashi T, Furuse J, Fujiwara M, Kamma H. An Autopsy Case
Study of Lymphocytic Hypophysitis Induced by Nivolumab Treatment for
Esophageal Malignant Melanoma. Pathol Int (2021) 10:831–6. doi: 10.1111/
pin.13161

35. Vidarsson G, Dekkers G, Rispens T. IgG Subclasses and Allotypes: From
Structure to Effector Functions. Front Immunol (2014) 5:520. doi: 10.3389/
fimmu.2014.00520

36. Ueda H, Howson JM, Esposito L, Heward J, Snook H, Chamberlain G, et al.
Association of the T-Cell Regulatory Gene CTLA4 With Susceptibility to
Autoimmune Disease. Nature (2003) 423:506–11. doi: 10.1038/nature01621

37. Hertz DL, Rae J. Pharmacogenetics of Cancer Drugs. Annu Rev Med (2015)
66:65–81. doi: 10.1146/annurev-med-053013-053944

38. Udagawa C, Zembutsu H. Pharmacogenetics for Severe Adverse Drug
Reactions Induced by Molecular-Targeted Therapy. Cancer Sci (2020)
111:3445–57. doi: 10.1111/cas.14609

39. Chalan P, Thomas N, Caturegli P. Th17 Cells Contribute to the Pathology of
Autoimmune Hypophysitis. J Immunol (2021) 206(11):2536–43. doi: 10.4049/
jimmunol.2001073

40. Mazzarella L, Giugliano S, D’Amico P, Belli C, Achutti Duso B, Rescigno M,
et al. Evidence for Interleukin 17 Involvement in Severe Immune-Related
Neuroendocrine Toxicity. Eur J Cancer (2020) 141:218–24. doi: 10.1016/
j.ejca.2020.10.006

41. Iervasi E, Strangio A, Saverino D. Hypothalamic Expression of PD-L1: Does It
Mediate Hypothalamitis? Cell Mol Immunol (2019) 16(6):625–6. doi: 10.1038/
s41423-019-0232-2

42. Iwama S, Sugimura Y, Kiyota A, Kato T, Enomoto A, Suzuki H, et al.
Rabphilin-3A as a Targeted Autoantigen in Lymphocytic Infundibulo-
Neurohypophysis. J Clin Endocrinol Metab (2015) 100:E946–954.
doi: 10.1210/JC.2014-4209

43. Johnston PC, Chew LS, Hamrahian AH, Kennedy L. Lymphocytic
Infundibulo-Neurohypophysitis: A Clinical Overview. Endocrine (2015)
50:531–6. doi: 10.1007/s12020-015-0707-6
Frontiers in Oncology | www.frontiersin.org 11
44. Iwama S, Arima H. Anti-Pituitary Antibodies as a Marker of Autoimmunity
in Pituitary Glands. Endocr J (2020) 67:1077–83. doi: 10.1507/endocrj.EJ20-
0436

45. Kapoor E, Cartin-Cebam R, Specks U, Leavitt J, Erickson B, Erickson D.
Pituitary Dysfunction in Granulomatosis With Polyangiitis: The Mayo Clinic
Experience. J Clin Endocrinol Metab (2014) 99:3988–94. doi: 10.1210/jc.2014-
1962

46. Harano Y, Honda K, Akiyama Y, Arioka H. A Case of IgG4-Related
Hypophysitis Presented With Hypopituitarism and Diabetes Insipidus. Clin
Med Insights Case Rep (2015) 8:23–6. doi: 10.4137/CCRep.S15352

47. Shikuma J, Kanm K, Ito R, Hara K, Sakai H, Miwa T, et al. Critical Review of
IgG4-Related Hypophysitis. Pituitary (2017) 20:282–91. doi: 10.1007/s11102-
016-0773-7

48. Schoenfeld SR, Aronow ME, Karp Leaf R, Dougan M, Reynolds KL. Diagnosis
and Management of Rare Immune-Related Adverse Events. Oncologist (2020)
25:6–14. doi: 10.1634/theoncologist.2019-0083

49. Common Terminology Criteria for Adverse Events. Version 5.0. Bethesda, MD:
National Cancer Institute, National Institutes of Health, U.S. Department of
Health and Human Services (2017). Available at: https://ctep.cancer.gov/
protocoldevelopment/electronic_applications/ctc.htm (Accessed on Sept 14,
2021).

50. Brahmer JR, Lacchetti C, Schneider BJ, Atkins MB, Brassil KJ, Caterino JM,
et al. Management of Immune-Related Adverse Events in Patients Treated
With Immune Checkpoint Inhibitor Therapy: American Society of Clinical
Oncology Clinical Practice Guideline. J Clin Oncol (2018) 36:1714–68.
doi: 10.1200/JCO.2017.77.6385

51. NCCN Guidelines® for Management of Immunotherapy-Related Toxicities in
NCCN Guidelines for Supportive Care. Version 2.2021 . Available at: https://
www.nccn.org/professionals/physician_gls/pdf/immunotherapy.pdf
(Accessed on October 4th, 2021).

52. Brahmer JR, Abu-Sbeih H, Ascierto PA, Brufsky J, Cappelli, Cortazar FB, et al.
Society for Immunotherapy of Cancer (SITC) Clinical Practice Guideline on
Immune Checkpoint Inhibitor-Related Adverse Events. J Immunother Cancer
(2021) 9(6):e002435. doi: 10.1136/jitc-2021-002435

53. Haanen JBAG, Carbonnel F, Robert C, Kerr KM, Peters S, Larkin J, et al.
Management of Toxicities From Immunotherapy: ESMO Clinical Practice
Guidelines for Diagnosis, Treatment and Follow-Up. Ann Oncol (2017) 28
(suppl 4):iv119–42. doi: 10.1093/annonc/mdx225

54. Corsello SM, Salvatori R, Barnabei A, De Vecchis L, Marchetti P, Torino F.
Ipilimumab-Induced Endocrinopathies: When to Start Corticosteroids (or
Not). Cancer Chemother Pharmacol (2013) 72:489–90. doi: 10.1007/s00280-
013-2213-y

55. Del Rivero J, Cordes LM, Klubo-Gwiezdzinska J, Madan RA, Nieman LK,
Gulley JL. Endocrine-Related Adverse Events Related to Immune Checkpoint
Inhibitors: Proposed Algorithms for Management. Oncologist (2020) 25:290–
300. doi: 10.1634/theoncologist.2018-0470
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Barnabei, Strigari, Corsello, Paragliola, Falzone, Salvatori, Corsello
and Torino. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.
March 2022 | Volume 12 | Article 798517

https://doi.org/10.1097/01.ccm.0000619648.08126.8f
https://doi.org/10.1210/jc.2017-01905
https://doi.org/10.1016/j.intimp.2020.106427
https://doi.org/10.2217/imt-2020-0334
https://doi.org/10.20945/2359-3997000000221
https://doi.org/10.1016/j.ejca.2018.09.016
https://doi.org/10.1097/CCO.0000000000000293
https://doi.org/10.1097/CCO.0000000000000293
http://www.endotext.org
https://doi.org/10.1126/scitranslmed.3008002
https://doi.org/10.1016/j.ajpath.2016.08.020
https://doi.org/10.1111/pin.13161
https://doi.org/10.1111/pin.13161
https://doi.org/10.3389/fimmu.2014.00520
https://doi.org/10.3389/fimmu.2014.00520
https://doi.org/10.1038/nature01621
https://doi.org/10.1146/annurev-med-053013-053944
https://doi.org/10.1111/cas.14609
https://doi.org/10.4049/jimmunol.2001073
https://doi.org/10.4049/jimmunol.2001073
https://doi.org/10.1016/j.ejca.2020.10.006
https://doi.org/10.1016/j.ejca.2020.10.006
https://doi.org/10.1038/s41423-019-0232-2
https://doi.org/10.1038/s41423-019-0232-2
https://doi.org/10.1210/JC.2014-4209
https://doi.org/10.1007/s12020-015-0707-6
https://doi.org/10.1507/endocrj.EJ20-0436
https://doi.org/10.1507/endocrj.EJ20-0436
https://doi.org/10.1210/jc.2014-1962
https://doi.org/10.1210/jc.2014-1962
https://doi.org/10.4137/CCRep.S15352
https://doi.org/10.1007/s11102-016-0773-7
https://doi.org/10.1007/s11102-016-0773-7
https://doi.org/10.1634/theoncologist.2019-0083
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm
https://doi.org/10.1200/JCO.2017.77.6385
https://www.nccn.org/professionals/physician_gls/pdf/immunotherapy.pdf
https://www.nccn.org/professionals/physician_gls/pdf/immunotherapy.pdf
https://doi.org/10.1136/jitc-2021-002435
https://doi.org/10.1093/annonc/mdx225
https://doi.org/10.1007/s00280-013-2213-y
https://doi.org/10.1007/s00280-013-2213-y
https://doi.org/10.1634/theoncologist.2018-0470
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Immune Checkpoint Inhibitor-Induced Central Diabetes Insipidus: Looking for the Needle in the Haystack or a Very Rare Side-Effect to Promptly Diagnose?
	Introduction
	Diabetes Insipidus and Central Diabetes Insipidus
	CDI in the Oncological Setting

	The ICI-Induced CDI
	CDI in the Context of ICI-Induced Panhypophysitis
	CDI as an Isolated ICI-Induced irAE
	CDI in the Context of ICI-Induced Hypothalamitis
	ICI-Induced CDI: Considerations on the Available Data

	Hypotheses on the Pathogenesis of ICI-Induced Pituitary Damage
	ICI-CDI Therapeutical Approaches
	Conclusion
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


