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The advances in cancer therapy have included the development of drugs that inhibit immune checkpoint
ligands. Two types of immune checkpoint inhibitors, both antibodies that target CTLA-4 and PD-1, have
been approved for its use in NSCLC and melanoma as first-line or second-line therapy. Sadly, not desirable
consequences of immunotherapy are immune-related adverse events. immune-related hypophysitis is the
most common endocrine adverse event after thyroid disfunction. The particularity of endocrine immune-
related adverse events is their non-reversibility, with incidence and prevalence destined to increase in
the coming years, particularly if this form of therapy is used in the future for earlier stages of cancer.
Therefore, hypophysitis represents a challenge for the physician, sometimes occurring without specific
symptomatology and which should be considered for clinical management. In this review, we describe
the current data regarding the pathophysiology and management for immune-related hypophysitis.
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In recent times, novel developed immunotherapeutic drugs have demonstrated a significant potential for the
treatment of a wide number of malignancies, including melanoma, lung cancer, kidney cancer, among other
malignancies [1]. Immune checkpoint inhibitors (ICIs), which release constraints on immune cells to promote
antitumor activity, have produced undeniable clinical results, particularly anti-CTLA-4 and anti-PD-1 antibodies.
Nevertheless, the use of immunotherapy (IT) can produce immune-related adverse events (irAEs). Even though
endocrinopathies are not the most frequent adverse effects associated with IT, these can be particularly severe.
Therefore patients must be carefully monitored during treatment with immunotherapeutic agents [2].

Hypophysitis is an uncommon condition characterized by a chronic inflammatory infiltrate. Afterward, this
infiltration is progressively replaced by fibrotic tissue causing both alterations of the pituitary gland architecture and
dysfunction [3,4. This clinical entity was first described by Goudie and Pinkerton in 1962 3. Hypophysitis can be
categorized into two types according to its etiology in primary hypophysitis, which has autoimmune pathogenesis
without a clear cause. In this type, the inflammatory infiltrate originates from and is limited to pituitary tissue. The
second type is secondary hypophysitis, which occurs when the inflammatory disorder is secondary to an adjacent
or systemic disease with a clearly identified etiological agent or iatrogenic etiology [3,5]. Regarding histopathology,
hypophysitis can be classified as lymphocytic, granulomatous, plasmatic and xanthomatous [6-8]. Likewise, there
have also been reports of a necrotizing form [9].

Secondary hypophysitis is associated with cancer immunotherapy, particularly with monoclonal antibodies
blocking CTLA-4 and PD-1 molecules [10,11]. Althoug the frequency of endocrine dysfunction is not well defined,
hypophysitis correspond to one of most common endocrine irAEs. On the other hand, complications such as
thyroiditis, renal insufficiency, diabetes mellitus, colitis, rashes, diabetes insipidus, among other complications,
have been reported as well.
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Immune-related hypophysitis pathophysiology. Novel drugs for melanoma and NSCLC treatment (anti-PDL1, anti-CTLA-4,

anti-PD1). Pituitary cell ectopic CTLA-4 expression and anti-CTLA-4 induced complement reactivity. Endocrine consequences after IRH:
hypogonadism, hypothyroidism, hypoadrenalism.

According to a recent meta-analysis, the frequency of secondary hypophysitis during cancer treatment depends
on the type of ICIs used and if they are administered in monotherapy or in combination with other forms of therapy
(0.5-10.5%) [6]. As the use of IClIs in clinical practice has become more frequent and oncologists are intentionally
looking for this clinical entity, immune-related hypophysitis (IRH) incidence has increased [12]. In addition, IRH
can induce several endocrine complications, therefore an early recognition, diagnosis, and treatment should be
recommended [13]. This review aims to guide the medical oncologist using IT on their clinical practice on the basic
mechanisms underlying IRH and to help to suspect this complication in order to make a timely diagnosis and
provide appropriate medical treatment.

Epidemiology of immune-related hypophysitis

IRH is an endocrinology side effect that has been gaining interest in the last decade, with a reported incidence of
0-17% in all patients exposed to ICIs [14]. Its incidence is more frequent in men, with a M:F ratio of 4:1 [9] and
older people, while it is not necessarily dose related [13]. Since 2011, 84 reports and at least 220 well-documented
cases of IRH have been reported, most of them regarding the use of Ipilimumab [15]. In fact, the incidence of IRH
varies according to the type of ICIs administered .

A meta-analysis by de Filette ez a/. reported a pooled estimated incidence of IRH of 5.6% (95% CI: 3.9-8.1) with
the use of ipilimumab versus 1.8% (95% CI: 1.1-2.9) for tremelimumab, both anti-CTLA-4 drugs inhibitors (6.
On the other hand, the incidence of IRH with the use of anti-PD-1 drugs nivolumab and pembrolizumab is lower
(0.5% and 1.1, respectively). As expected, the highest estimated incidence has occurred with the combination
therapy, ranging from 8.8% (95% CI: 6.2-12.4) in patients under treatment with nivolumab plus ipilimumab
and 10.5% (95% CI: 6.5-16.4) in patients receiving pembrolizumab plus ipilimumab [6]. Additionally, at least
two cases have been reported with the use of a novel anti-PD-L1, atezolizumab [15]. Moreover, a recent analysis of
spontaneous reports submitted to the US FDA Adverse Events Reporting System database reported 191 cases related
to ipilimumab, 22 cases for nivolumab, 11 for pembrolizumab and 21 related to the combination of nivolumab +
ipilimumab, highlighting the strong relationship of IRH to CTLA-4 inhibitors [16].

Physiopathology of immune-related hypophysitis

Although the precise pathogenesis of IRH remains unknown and varies according to the mechanism of action of
each IClIs [8,13], 77 vitro and murine model studies have shown a potential involvement of both antibody-dependent
cell-mediated cytotoxicity and the complement pathway for IRH develpment [14]. (Figure 1) Iwama et al. were
the first to report the ectopic expression of the CTLA-4 antigen on pituitary cells in the hypophysis during IT.
Interestingly, anti-CTLA-4 antibodies can bind to their ectopic ligand in the hypophysis and induce a Type II
mediated hypersensitivity reaction. This mechanism leads to continuous classical pathway complement activation,
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which results in tissular damage and explains the chronic evolution of IRH. (Figure 1) In addition, the presence
of anti-pituitary antibodies, mainly anti-thyroid stimulating hormone (TSH) and less frequently, directed to
Adrenocorticotropic hormone (ACTH) or follicle-stimulating hormone (FSH) have been documented as well [17].
Moreover, Caturegli et al. have also proposed a mechanism based on Type IV hypersensitivity reaction (lymphocyte-
mediated), with the presence of infiltrating lymphocytes and follicle aggregates in pathologic specimens, although
more experimental evidence will be required to confirm this findings [9).

Physiopathology associated with anti-CTLA-4 therapy

Several studies demonstrated ICls induce the activation of the immune system through their interference capacity
against inhibitory activation ligands in different immune regulatory cells (i.e., regulatory T-lymphocytes). Unfor-
tunately this capacity can potentially trigger autoimmune responses against self-antigens as well (17]. CTLA-4 is a
constitutive and broadly expressed protein in different type of immune cells, such as helper (T-CD4%) and cytotoxic
T cells (T-CD8). Further, recent studies report CTLA-4 expression in pituitary adenomas and normal pituitary
tissue [13,18]. (Figure 1) Traditionally, CTLA-4 has higher affinity for CD80 and CD86 molecules than CD28,
which consequently impedes T-cell activation [19,20]. Although the use of anti CTLA-4 antibodies hinder mononu-
clear cells activation, their use as I'T has been associated with the deposition of complement (C1q) in pituitary
cells located in the adeno-hypophysis. (Figure 1) Likewise, the presence of serum antibodies against thyrotropic,
gonadotropic and corticotropic cells has been reported in patients who develop hypophysitis following the use of
ipilimumab (17]. Furthermore, some authors suggest endocrine events (irAEs) caused by these type of antibodies are
part of a Type IT hypersensitivity reaction. This reaction between cell surface ectopic CTLA-4 antigen and CTLA-4
antibodies can activate antibody-dependent cytotoxicity or the classical complement pathway cascade, started by
IgG and Clq, and consequently bringing C3, C3d, C4d which leads to other inflammatory cells migration. In-
terestingly, the induced complement activation can be higher in patients who receive IgG1 type antibodies, such
as ipilimumab, versus IgG2 type antibody (tremelimumab) with has a lower complement activation capacity. This
could explain the different incidence of hypophysitis among ICIs with the same target [21,22].

Physiopathology associated with anti-PD1/PDL1 therapy

The incidence of IRH with the use of anti-PD-1/PD-L1 antibodies is considerably lower than the reported with
anti-CTLA-4 antibodies [23]. This observed difference could be explained by the fact that there is no ectopic
PD-1 or PD-L1 expression in normal hypophysis tissue [8,18]. Furthermore, it has been hypothesized PD-1/PD-L1
pathway predominantly regulate inflammatory reactions both in peripheral tissues as well as in the tumour mi-
croenvironment. Therefore, the inhibition of this molecular pathway could involve mainly peripheral scenarios [18].
Another difference in these mechanisms is related to the ability of anti-CTLA-4 to generate new reactive effector T
cells against the pituitary gland, which diversifies the autoimmune repertoire; while conversely, anti-PD-1/PD-L1
activate only existing effector cells [2,24]. Although, Mei ez al. recently demonstrated the presence of PD-L1 in
pituitary adenomas, particularly in functional adenomas, this expression may be due the presence of inflammatory
cytokines or different cell-signalling pathways, such as phosphatase and tensin (PTEN), epidermal growth factor
receptor (EGFR) or B-Raf proto-oncogene (BRAF) [25]. Suggesting another potential mechanism for the genesis of
this complication with the use of PD-1 inhibitors.

New advances

The expression of CTLA-4 can vary secondary to genetic polymorphisms, something that has been related to the
risk for developing certain autoimmune diseases, such as Graves™ disease or Hashimoto’s thyroiditis [26], and could
explain the variable ectopic expression of CTLA-4 in the pituitary gland. In fact, a Copper-64-based radiotracer
was recently developed to evaluate CTLA-4 expression in tissues not previosuly exposed to ICIs, by using positron
emission tomography/computed tomography (PET/CT). Hence, if the development of IRH can be predicted
in patients with the uptake of this marker in the pituitary gland, this could be useful to avoid any unnecessary
exposure to ICIs and consequently irAEs [27]. But currently, this technology is still under development.

Clinical presentation

Virtually all human organs can present irAEs after ICls therapy. However, IRH is considered a rare event that is
only suspected and diagnosed when severe, such as grade 3 or 4 [21. The clinical manifestations of IRH usually
occur between 6 and 12 weeks after the start of anti-CTLA-4 therapy [1,17], but can also start later (8—12 cycles
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Table 1. Common terminology criteria for immunotherapy side effects applicable for IRH

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Asymptomatic or mild Moderate; minimal, local or Severe or medically significant  Life-threatening consequences; Death
symptoms; clinical or diagnostic  noninvasive intervention but not immediately urgent intervention indicated
observations only; intervention  indicated; limiting age life-threatening;
not indicated appropriate instrumental hospitalization or prolongation

activities of existing hospitalization

indicated; limiting self-care

Table 2. Characteristics of IRH caused by specific ICls.

Immune checkpoint inhibitor Incidence Onset Reported symptoms Pituitary axis affected

type

Anti-CTLA-4 Ipilumumab: 5.6% (95% Cl: 6-12 weeks Fatigue, headache, weakness, Hypoadrenalism, hypothyroidism,
3.9-8.1) vision changes hypogonadism
Tremelimumab: 1.8% (95% Cl:
1.1-2.9)

Anti-CTLA-4 + Anti-PD-1 Ipilumumab + nivolumab: 10 + 5 weeks Headache, blurred vision, Hypoadrenalism, hypogonadism,
8.8% (95% Cl: 6.2-12.4) fatigue, hypotension, weakness hypothyroidism

Ipilumumab + pembrolizumab:
10.5% (95% Cl: 6.5-16.4)

Anti — PD-1 Nivolumab: 0.5% 14-36 weeks lethargy, fatigue, weight loss, Hypoadrenalism, hypothyroidism
Pembrolizumab: 1.1% poor appetite, hypotension,
nausea, vomiting, blurred
vision
Anti - PD-L1 Atezolizumab: 2 reported cases 52-56 weeks Appetite loss, general malaise, Hypoadrenalism
diarrhea

CTLA-4: Cytotoxic T-lymphocyte antigen-4.

of treatment) and insidiously with the use of anti-PD-1 therapy [16]. Generally, symptoms are varied in their
presentation and origin and the clinical picture is usually characterized by headache, dizziness, fatigue and/or
muscle weakness [8,28], which requires maintaining a high index of suspicion, given the fact that this clinical data
could be attributed to the primary disease (Figure 2). Even though, there may be manifestations of endocrine
dysfunction, such as fatigue, weight gain/loss, dysthymia, intolerance to cold, constipation and changes in the tone
of the voice [12,29,30]. Some authors have proposed the exhaustive search for red flag symptoms that indicates the
need to speed up timely therapy, as well as the presence of adrenal insufficiency. These red flag symptoms include
headaches (described as being predominantly frontal), visual disturbances and arterial hypotension [9]. The latter
symptoms may require treatment with vasopressor drugs and, in the context of dehydration and other symptoms
of systemic hypoperfusion, could represent an imminent adrenal crisis, which could ultimately endanger the life of
patients [31]. Furthermore, other less frequent symptoms have been described, such as constipation, mood changes,
arthritis and cognitive impairment which should be taken into account [32,33].

There are some peculiarities regarding clinical presentation according to the type of ICls involved. (Table 2) In
the case of IRH secondary to CTLA-4 blockage, most patients will have headache (60%), blurred vision (3%) and
hypocortisolism (91%), in addition to hypothyroidism (84%) or hypogonadism (83%) (9. On the other hand, in
the IRH associated with PD1 blockage, headache is not usual, and nonspecific symptoms such as fatigue, edema,
nausea and blurred vision have been reported. Clinical suspicion in these cases is usually raised by findings of
hypothyroidism or hypocortisolism in laboratory tests (34]. Finally, in reported cases related to PD-L1 blockage, the
presentation is even later (after 18—19 treatment cycles, or 52-56 weeks), with most nonspecific symptoms (loss
of appetite, diarrhea and general discomfort) and apparently with a predilection to affect only the adrenocortical
axis [35].

Regarding the severity of irAEs, the National Cancer Institute of the United States has proposed a classification
for IRH, like other secondary endocrinopathies caused by the use of I'T. This classification goes from grade 1 with
asymptomatic or mild symptomatology, to grade 5 which causes death (Table 1) [24,28].

Diagnosis & clinical approach
By considering hypophysitis as a potential adverse effect, prevention should focus on the adequate knowledge of
IClIs drugs and the incidence of irAEs, providing timely information to the patient, and an exhaustive search for the
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Figure 2. Immune-related hypophysitis diagnosis and treatment. A baseline endocrine evaluation is recommended
before the start of IT. In cases of severe symptoms, an immediate use of steroids and intravenous rehydration is
encouraged. In a patient with mild symptoms, a diagnostic approach could be made before the start of hormone

replacement therapy.

fAdditional monthly clinical assessment, including symptoms of hypophysitis is encouraged.
fRed flags: frontal headache, new visual symptoms, systolic blood pressure <90 mm Hg, severe electrolyte

disturbances [35].

Blood test should include: TSH, fT4, ACTH, cortisol, LH, FSH [50].
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Table 3. Hormone deficiency-related to hypophysitis.

Hormone deficiency
Hypothyroidism

Hypoadrenalism

Hypogonadism

TWork-up and treatment.

Diagnostic work up Treatment

1fT4 +| or normal TSH Levothyroxine: 0.5-1.5 mg/kg

JACTH + |serum cortisol (<250 nmol/I if 9:00 am, Hydrocortisone: 20, 10, 10 mg (must start several days
<150 nmol/I if random cortisol + symptoms) before thyroid replacement)

| Testosterone or stradiol +|LH or FSH Refer for endocrinologist evaluation®

ACTH: Adrenocorticotropic hormone; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; TSH: Thyroid-stimulating hormone.

patient’s family history for autoimmune diseases [35,36]. The anticipation of this adverse event allows some baseline
parameters to be taken into consideration before the start of IT, in order to be able to follow-up and achieve
early detection of IRH if presented. Constitutive symptoms should be evaluated as well as basal weight, laboratory
tests, including sodium and potassium electrolytes, glycaemia, TSH, free thyroxin (T4), morning cortisol (8:00
am) and ACTH (Figure 2) (37). These parameters should be evaluated mainly with the use of CTLA-4 inhibitors
(particularly ipilimumab). Having in consideration the current evidence, we recommend doing such evaluations on
a monthly basis for the first 6 months of treatment, then every 3 months for 6 months and then every 6 months
for 1 year; particularly because the monitoring of IRH has been performed in this way in several Phase I studies
regarding the approval of ICIs (Figure 2) [3s).

The presence of symptoms and clinical suspicion should lead to an expeditious evaluation of complete hormonal
function, with special focus in the evaluation of the adrenal and thyroid axes, which are the most commonly affected
(Table 3). Generally, in IRH related to CTLA-4 blocking, serum morning cortisol levels are less than 3 mcg/dl and
with ACTH less than 5 pg/ml [38]. Likewise, the gonadal axis (FSH/luteinizing hormone, estradiol/testosterone)
and serum prolactin can also be evaluated [3139]. It is also important to consult the endocrinologist, especially if the
patient has been using exogenous steroids chronically, as they may hinder a correct diagnostic approach. Measuring
growth hormone and IGF-1 is not routinely recommended.

In clinical practice, hyponatremia (with reported values between 113-134 mEq/]) has been reported in up to
56% of patients receiving IT, which may even contribute to symptoms, but which also corresponds to a finding
that should make the diagnosis suspicious in the absence of other clinical data [30]. Other electrolyte disturbances
may be present, like hyperkalemia (if adrenal crisis) or hypernatremia (if diabetes insipidus) [38]. The evaluation of
visual fields has also been considered useful in patients with visual symptoms. However, in the presence of severe
symptoms (grade 2—4), management should be initiated without delay (34,39].

Imaging
Concerning imaging studies, contrasted magnetic resonance of the pituitary gland is the gold standard to confirm
the diagnosis. Radiologists have to pay particular attention to the imaging appearances of this irAE [40]. A diffuse,
mild-to-moderate increase in the gland size is usually reported, with homogenous or heterogeneous reinforcement
after the administration of contrast. There may also be thickening of the pituitary stalk that may result in a mass
effect on the optic chiasm, as well as homogenous contrast enhancement [41]. Additionally, the presence of a ‘dural
tail’ in the contrasted phase adjacent to the gland has been reported [42,43]. A retrospective study with 17 patients
with IRH secondary to ipilimumab reported that in 100% of the subjects, an increase in gland size to a slight
or moderate degree was found. Moreover, this finding allowed the clinical diagnosis in 8 patients, weeks before
the symptoms were manifested (31). Afterwards, the pituitary gland diminishes in size between 4 and 12 weeks,
producing a subsequent atrophy of the gland. However, it is important to emphasize that a normal MRI does
not rule out hypophysitis (8]. PET/CT with fluoro-deoxyglucose has also been useful, showing a focal increase in
uptake in the gland and its resolution after treatment with steroids [43].

Although the clinic is fundamental for the suspicion of the underlying diagnosis, it is with the clinical studies
and the changes in the MRI that the diagnosis of IRH is reached. Thus, Lam has proposed the presence of one or

more of the following manifestations as diagnostic criteria [44]:

Secondary adrenal insufficiency with acute onset of symptoms;

Low serum cortisol and low ACTH;

Secondary hypothyroidism with persistently low free T4 and normal or suppressed TSH;
Changes in the MRI consistent with hypophysitis.
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Differential diagnosis

MRI, besides confirming the diagnosis, allows the possibility of ruling out new brain metastases (this being the
main differential diagnosis), cerebrovascular events or leptomeningeal disease (3,33,36]. Moreover, it is important to
distinguish central pituitary dysfunction from other immune endocrinopathies, such as pituitary macro-adenomas,
autoimmune thyroiditis (high TSH, with low T3 and T4), or primary adrenal disease, for example, secondary to
metastasis (high or apparently ‘normal’ ACTH in the scenario of a low serum cortisol) [41,45]. Since central diabetes
insipidus, hyperglycemia or diabetic ketoacidosis have been reported in patients with IT, these entities should be
discarded [391.

Histology

Regarding histopathology, there have been several histologic patterns reported in the primary form of hypophysitis
(lymphocytic, granulomatous, xanthomatous and plasmacytic, when it is IgG4-related) (7,8]. However, there is a
lack of information about the pathologic findings in ICI-related hypophysitis. Caturegli, however, described a
necrotizing form of the disease in one case, and lymphocyte infiltrates with follicular aggregates in another [45].

Treatment

Steroids at high doses have been considered the cornerstone in the management of patients with critical illness
(grades 3—4), ecither related to hypophysitis or hypopituitarism, and with signs and symptoms of significant
hyponatremia, severe headache, visual abnormalities or pituitary growth that protrudes or makes mass effect in
the optic chiasm [5,36]. In this clinical scenario, once the hypophysitis diagnosis is clear, immunotherapy must be
withdrawn, and the indicated management immediately initiated (Figure 2).

In cases of severe mass effect symptoms or severe hypoadrenalism, the use of methylprednisolone at a dose of
1-2 mg/kg iv. per day for 3—5 days is recommended by the European Society of Medical Oncology guidelines for
management of immunotherapy toxicities [36], followed by oral prednisone 1-2 mg/kg, with gradual tapering in
4 weeks [13]. An alternative option is the use of dexamethasone 4 mg iv. every 6 h for 7 days, followed by gradual
titration up to 0.5 mg/day and then making a switch to hydrocortisone at equivalent doses [18]. If the patient
presents to the emergency department with an adrenal crisis (i.e., with systolic blood pressure below 90 mmHg,
hyponatremia, hyperkalemia, tachycardia and postural hypotension), the Society for Endocrinology Endocrine
Emergency recommends the use of hydrocortisone in an intravenous bolus of 100 mg, followed by a continuous
infusion of 200 mg iv. and aggressive rehydration with isotonic saline infusion [46,47). This approach is practical
in the Emergency department, where patient stabilization is the priority, and is consistent with the guidelines for
the management of patients with sepsis, which is a differential diagnosis of these patients, and which recommend
the use of hydrocortisone [48]. More recently, American Society of Medical Oncologist guidelines recommended
high-dose steroids (prednisone or its equivalent, 1-2 mg/kg) for grade 3—4 hypophysitis. They also recommend to
be aware on doubling doses as stress dosing for illness (like a surgery) and recommends a medical alert bracelet, so
that emergency services could be alerted to start stress dose steroids by medical or surgical emergencies [49,50].

Faje reported in a retrospective evidence that high-dose steroids may reduce the overall survival and time to
treatment failure (HR: 0.24; p = 0.002 and 0.28, p = 0.001, respectively) in patients with hypophysitis and
metastatic melanoma, and also demonstrated that there is no differences in the time for resolution of pituitary
enlargement and the clinical symptoms with the use of high-dose steroids therapy (51, so that, the use of high-dose
steroids, even in the high-grade disease is controversial.

In patients with stable conditions (grade 1-2), it is not clear if steroids are necessary, the optimal dose to be used
or if they represent an optimal management strategy; however, the guidelines proposed by the European Society of
Medical Oncology propose the use of oral steroids at the same dose (1-2 mg/kg) in the case of grade 2 toxicity;
whereas in grade 1, only the respective hormone replacement is recommended [36].

After the resolution of symptoms and tapering of the steroids, long-term replacement is needed in most
patients (49]. However, It must be considered that the therapeutic objective of steroids is to mitigate the symptoms
caused by inflammation and not to recover pituitary function [37,52]. The management must be multidisciplinary
because the complications of long-term steroid use could include opportunistic infections such as Preumocystis
Jjirovecii pneumonia, steroid myopathy and secondary diabetes [44,53). It is critical to remember that the dose of
steroids should gradually decrease to prevent an adverse reaction, as well as the rebound of autoimmune phenomena.

The presence of hypothyroidism requires replacement with thyroid hormone, but given the risk of precipitating an
adrenal crisis, the replacement with levothyroxine should be deferred until the hypocortisolism has been treated [44].
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The same takes place in the presence of hypogonadotropic hypogonadism in men, when the use of testosterone
may be useful. Estrogen replacement may also be considered in premenopausal women who have secondary
hypogonadism, although management must be guided by the recommendations of endocrinology (36,44,54].

In certain cases, in which the immunotoxicity is refractory or recurrent, certain nonsteroidal immunosuppressants
can be used once immunotherapy has been withdrawn. Drugs such as azathioprine, methotrexate and cyclosporin A
have been used successfully in cases resistant to corticosteroids [55,56. However, these alternatives do not have similar
evidence, and correspond mainly to the primary form of autoimmune hypophysitis. Its long-term response must
be corroborated since relapses have been described after 3 months of use. In the context of chiasma compression,
surgical treatment with a trans-sphenoidal approach may be required [56,57].

The use of radiotherapy and radiosurgery to reduce pituitary size has been documented in some cases of primary
autoimmune hypophysitis, as well as the use of rituximab, which has been used successfully in cases of primary
refractory hypophysitis 3,58]. However, there is no clear evidence of its effectiveness in refractory cases of secondary
hypophysitis.

One of the concerns that arises in the management of patients who develop hypophysitis is the relevance
of withdrawing immunotherapy. Most authors agree that anti-CTLA-4 therapy should be withdrawn in case of
symptomatic pan-hypopituitarism and/or grade 3—4 endocrinopathy [23,36,59]. In patients with moderate symptoms
(grade 2), the European Association of Clinical Oncology recommends the withdrawal of immunosuppressive
treatment and only recommends maintaining it in case of grade 1 symptoms, in which case the anti-CTLA-4 could
be continued alongside adequate hormonal replacement therapy (Table 3) 36].

The resumption of ipilimumab after toxicity represents a challenge, and should be considered on an individual
basis by achieving a dose of prednisone of less than 7.5 mg/day or its equivalent [44] with strict monitoring and
informed consent of the patient [10]. In cases of grade 3 or 4 hypophysitis, some authors recommend discontinuing
management permanently. However, Gonzélez-Rodriguez and colleagues recommend that it should be discussed
collaboratively between the treating oncologist and the consulted endocrinologist [18]. The same would apply for
inhibitors of PD-L1, although with these, pituitary toxicity is much rarer [11,58,60,61].

Patient monitoring should include affected axes (adrenal, thyroid, gonadal). Adrenal insufficiency associated
with hypophysitis secondary to anti-CTLA-4 therapy is usually permanent, so these patients will typically require
lifelong management with steroid replacement [13). The thyroid axis, on the other hand, can recover between 6
and 64%, while the recovery of the gonadal axis is between 11 and 57%. It must be taken into account that the
underlying treatment for cancer can also affect these axes, so it can be difficult to differentiate whether gonadal or
thyroid deficiency is secondary to hypophysitis or the underlying disease.

Future perspective

IT with ICIs has become the standard of treatment across a wide variety of oncological indications in the first
and second line of treatment for several malignancies. Nowadays, it is available in routine clinical practice for
advanced non-small-cell lung cancer (NSCLC), melanoma and many other type of cancers. Sadly, the expertise in
the management of irAEs is currently limited to sites that have been involved in the use of ICIs in clinical trials. IRH
is a complication that, although rare, represents a main indication for treatment interruption. The frequency of this
complication is currently increasing and can lead to severe clinical consequences as endocrine irAEs are commonly

Executive summary

e The use of immune checkpoint inhibitors for cancer treatment is increasing, and frequently result in endocrine
adverse effects, including hypophysitis.

e Oncologists should be ready to detect cases of hypophysitis in a timely manner and provide specific treatment to
these patients.

e Hypophysitis should always be considered in immunotherapy-treated patients if unexplained fatigue, headaches,
hyponatremia and/or hypotension take place.

e Management should include discontinuation of the immune checkpoint blockade, initiation of corticosteroid
therapy for high-grade disease and eventually hormone replacement therapy.

e Hypophysitis impacts treatment of the neoplasm and frequently requires long-term management of this toxic
effect.

e A multidisciplinary team approach is essential to insure the accurate diagnosis and management of
immune-related hypophysitis.
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non-reversible. Therefore, as the aetiology of this complication is not yet fully understood, its proper diagnosis
requires a high index of clinical suspicion, a multidisciplinary approach, imaging assessment and an individualized
treatment-based hormone replacement. Hence it is tremendously important to make more research that explains
the basic mechanisms underlying this complication and to have individualized clinical guidelines that help clinical
decision making on this particular setting.
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