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Abstract: Over the past years, progress has been made in cancer immunotherapy following
the development of immune checkpoint inhibitors (ICI) that have been proved effective in
the management of many malignancies. Ipilimumab, a monoclonal antibody against cyto-
toxic T-lymphocyte antigen-4 (CTLA-4), has been approved for the treatment of advanced
melanoma but has been associated with the development of several endocrine immune-
related adverse events (irAEs). Hypophysitis is the most common endocrine irAE related
to ipilimumab with a reported incidence ranging from 1.8% to 17%. The mechanism under-
lying ipilimumab-induced hypophysitis implicates immune, inflammatory and genetic fac-
tors, but there are still some points that are not well understood and remain to be elucidated.
The diagnosis is based mainly on clinical, biochemical and imaging data. The majority of
patients display multiple hormone deficiencies that may recover or persist for a prolonged
period of time with corticotroph deficiency usually being permanent. Immune-related hypo-
pituitarism is treated with replacement of deficient hormones while in severe forms of
hypophysitis treatment with high-dose glucocorticoids may be required. Proper evaluation
and registration of patients in clinical trials and further investigation are needed to precisely
clarify the pathophysiology of the ICI-related hypophysitis, define predictive factors and
ameliorate the management and outcome of the disease.
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Introduction

Recent advances in the field of immune modulation and immune response to cancer
have led to the development of immunotherapy for the treatment of solid and/or
haematological malignancies.' Over the past years, immune checkpoint inhibitors
(ICI) targeting cytotoxic T-lymphocyte antigen-4 (CTLA-4) or programmed cell
death protein 1/ligand 1 (PD-1/PD-L1) have been proven to be effective in various
cancer types.

Ipilimumab is a human monoclonal antibody directed against CTLA-4 (anti-
CTLA-4 Ab), a receptor expressed on antigen-stimulated T-cells that suppress the
immune response after T-cell/antigen interaction. Therefore, ipilimumab blocks
CTLA-4, restores T-cell activation and proliferation, and potentiates the anti-
tumor T-cell response.” It has been approved in 2011 by the Food and Drug
Administration (FDA) and the European Medicines Agency (EMA) for the treat-
ment of advanced (metastatic or unresectable) melanoma while multiple studies
have evaluated the efficacy of ipilimumab in other solid tumors such as prostate

cancer, small-cell lung cancer, ovarian cancer, gastric cancer and bladder cancer.* ¢
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Although ipilimumab has shown considerable activity
in patients with a variety of malignancies particularly in
cases where conventional treatment has failed, it is asso-
ciated with clinically significant side effects. The most
common side effects observed with ICI are immune-
related adverse events (irAEs) and may involve the skin,
the gastrointestinal tract, the liver and the endocrine
system.”® The incidence of endocrine adverse events asso-
ciated with ICI has been found to be 4-20% and include
hypophysitis, thyroid dysfunction, insulin-dependent dia-
betes mellitus, primary adrenal insufficiency while acute
primary hypoparathyroidism has also been reported.” "

Hypophysitis refers to inflammation of the pituitary
gland and is categorized, according to histopathology, as
lymphocytic, granulomatous, xanthomatous, necrotizing
and IgG4 plasmacytic hypophysitis and/or its etiology to
primary and secondary that is related to systemic diseases,
infections or pharmacological agents.'*'* It is a relatively
rare disease with an annual incidence of 1/9,000,000 while
lymphocytic hypophysitis is the most common form and
constitutes approximately 71.8% of all cases of primary
hypophysitis.'>'® However, following the development of
the new immune checkpoint therapies, its frequency has
significantly increased. Given the increasing use of ICIs in
patients with various cancer types and the potential life-
threatening nature of hypophysitis if not been early recog-
nized and properly treated, it is critical for clinicians to be
aware of the clinical manifestations, diagnosis and man-
agement of ICI-related hypophysitis.

In this review, we will provide information on the
current knowledge on hypophysitis associated to the treat-
ment with ipilimumab in respect to its epidemiology,
pathophysiology, clinical presentation and treatment.

Prevalence and Epidemiology of
Ipilimumab-Induced Hypophysitis
Hypophysitis is the most common endocrine adverse event
associated with ICI. A recent review reported 451 cases of
IClI-related endocrinopathies and 222 cases of hypophysi-
tis and anterior hypopituitarism. Of these cases, 200 were
treated with ipilimumab.! The incidence of hypophysitis
after treatment with ipilimumab has been reported to range
from 1.8% to 17%. The significant variation of incidence
between studies is attributed mainly to the fact that the
incidence is dependent on the dose of the administered
drug and on the use of adjuvant treatment.”'” ' In
patients treated with low-dose ipilimumab (<3mg/kg) the

incidence of hypophysitis was 1.8-3.3% while patients
who were treated with ipilimumab doses greater than
3mg/kg developed hypophysitis in 4.9-17% of cases.'”'®
Other factors affecting the reported incidence of ipilimu-
mab-induced hypophysitis are the lack of a precise and
consistent definition of hypophysitis in different studies
and the duration of follow-up that ranged from few months
up to several years (Table 1).1620

Compared to patients who receive ipilimumab, those who
receive treatment with anti-PD-1 or anti-PD-L1 agents are
significantly less likely to develop hypophysitis. In a meta-
analysis of 34 studies, it has been reported that the incidence
of hypophysitis was 0.4% with anti-PD-1 and <0.1% with
anti-PD-L1 therapy.?' The results of initial studies evaluating
the incidence of hypophysitis in patients receiving treatment
with the combination of ipilimumab and anti-PD-1 agents
were conflicting. Some studies reported an increased inci-
dence of hypophysitis with the combination treatment com-
pared to monotherapy with ipilimumab while others found
that the combined therapy did not influence the incidence of
hypophysitis.”*** Overall, the combination of ipilimumab
with the anti-PD-1 agent nivolumab is considered to be
associated with an increased risk of hypophysitis compared
to ipilimumab alone (RR=1.94 [95% CI: 1.7-3.5]).**
A recent meta-analysis that included 8 randomized con-
trolled trials (RCTs) with 2716 patients reported that the
incidence and severity of irAEs, including hypophysitis,
were drug and dose dependent.®® Specifically, the risk of
hypophysitis appeared to be related to the use of CTLA-4
antibodies (ipilimumab) while the combination of nivolumab
3 mg/kg plus ipilimumab 1 mg/kg significantly increased the
total 3—5 grade irAFEs. A recent study by our group reported
for the first time that sequential treatment with anti-CTLA-4
and anti-PD1 agents increased the risk of developing hypo-
physitis to a level as high as that of combination therapy.*®
Furthermore, high rates of hypophysitis (grade 3 or 4 toxi-
city) have been reported in patients receiving adjuvant treat-
ment with prostate cancer cell vaccine or bevacizumab.?’-®

In contrast, no increased incidence of hypophysitis was
observed with the combination of ipilimumab with che-
motherapeutic agents such as carboplatin, dacarbazine,
paclitaxel and fotemustine or targeted agents including
vemurafenib and dabrafenib compared to monotherapy
with ipilimumab.?® ! Of note, it has been observed that
hypophysitis was rarely reported in patients that have been
treated with cytotoxic chemotherapy or brain radiotherapy

before receiving ipilimumab.”¥2-?
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Table | Reported Prevalence of Ipilimumab-Induced Hypophysitis

Authors Type of Study No of Patients Dose of Ipilimumab | Incidence

Attia et al'” Phase | 56 (metastatic melanoma) 3 mg/kg 1.8% (grade 3—4)

Downey et al®* Phase 1-2 139 (metastatic melanoma) 3 mg/kg 9% (grade 3—4)

Hodi et al* Phase 3 131 (metastatic melanoma) 3 mg/kg 1.5% (grade 3)

Horvat et al”? Retrospective 298 (metastatic melanoma) 3 mg/kg 5.7% (3.3% grade 3-4)

Eggermont et al”® | Phase 3 471 (melanoma stage Ill) 10 mg/kg 18% (5% grade 3—4)

Ryder et al* Retrospective 211 (advanced melanoma) 3 vs 10 mg/kg 8 vs 10% (Overall 8%)

Min et al** Retrospective 187 (metastatic melanoma) 3 vs 10 mg/kg 9 vs 4% (Overall 13.3%)

Faje et al® Retrospective 154 (metastatic melanoma) 3 vs 10 mg/kg 8 vs 3% (Overall 11%)

Albarel et al*? Retrospective 131 (advanced melanoma) 3 vs 10 mg/kg 3 vs 8% (Overall 11.5%)

Maker et al'® Phase 1-2 46 (metastatic melanoma) 3-9 mglkg 17% (grade 3—4)

Blansfield et al”® Phase 2 163 (metastatic melanoma and renal cancer) | 3 mg/kg 5% (grade 3—4)

Royal et al”™ Phase 2 27 (pancreatic adenocarcinoma) 3 mg/kg 3.7% (grade 3—4)

Yang et al”® Phase 2 61 (renal cancer) 3 mg/kg 3.3% (grade 3—4)

Ansell et al’® Phase 18 (non-Hodgkin lymphoma) 3 mglkg 6% (grade 1-2)

Ku et al”’ Phase 2 53 (advanced melanoma) 10 mg/kg 4% (grade 2-3)

Snyders et al’® Retrospective 117 (metastatic melanoma) 3 or 10 mg/kg Overall 12.8%

Kassi et al* Prospective 120 (advanced melanoma) 3 mg/Kg Overall 5%
observational

In contrast to idiopathic hypophysitis which is more
common in females, the incidence of ipilimumab-related
hypophysitis is higher in men.">** Faje et al observed that
male gender and older age were risk factors for develop-
ment of hypophysitis in 154 patients with melanoma trea-
ted with ipilimumab.® A possible explanation for this male
predominance could be the fact that ipilimumab is mainly
used as treatment for melanoma that occurs at higher rates
in men than in women. However, the incidence of ipili-
mumab-related hypophysitis seems to be higher in men
even after taking this into account.®**

The median time to onset of symptoms of hypophysitis
after initiation of treatment with ipilimumab is 9 weeks
while there are cases of hypophysitis diagnosed 19 months
after first ipilimumab infusion suggesting a long-term
monitoring is required in such cases.'*** The combination
of CTLA-4 with anti-PD-1 agents is associated with earlier
development of hypophysitis.*

Pathophysiology
The precise mechanism by which ipilimumab causes hypo-
physitis remains largely unknown. Recent in vitro and in vivo
studies have suggested that immune and genetic factors are
implicated and a combination of inflammatory and immune
mechanisms result to tissue damage.' -’

CTLA-4 acts as a negative regulator of the B7 and CD28
co-stimulation axis. In an immune response, activated T-cells

upregulate the expression and the translocation of CTLA-4 in

the plasma membrane. CTLA-4 binds with high-affinity B7
and can compete with CD28 to further inhibit T-cell activity.
As a result, anti-CTLA-4 Abs, such as ipilimumab, bind to
CTLA-4 and facilitate the B7 binding to CD28 and the up-
regulation of T-cell activity (Figure 1).'%%

Recent in vitro and animal studies have suggested
a potential role for Ab-dependent cell-mediated cytotoxicity
(ADCC) and the complement pathway in the pathogenesis of
ipilimumab-related hypophysitis.**>° It has been observed
that ipilimumab activates ADCC while repeated injections of
CTLA-4 blocking Ab into mice resulted to lymphocytic
infiltration of the pituitary gland and development of circu-
lating pituitary Abs inducing a murine model of
hypophysitis.>” In addition, it has been observed that
CTLA-4 is expressed in murine and human pituitary gland.
It is important to note that a distinct infiltration with mono-
nuclear cells was observed in the pituitary gland but not in
other organs suggesting that the mechanism of pituitary
toxicity related to ipilimumab may be unique to this gland.
Iwama et al studied 20 patients with negative Abs at baseline
that received treatment with ipilimumab and found that
pituitary Abs developed in the 7 patients with hypophysitis
but not in the 13 without it.>” The Abs recognized predomi-
nately thyrotroph cells while anti-corticotroph and anti-
gonadotroph Abs were also detected. CTLA-4 expressed in
pituitary cells may be a direct target for anti-CTLA-4 Abs
resulting in activation of ADCC by direct binding to pituitary
cells.®” In particular, it is thought that the early events are
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Figure | Mechanism of action of anti-CTLA-4 antibodies. (A) Presentation of the tumour-associated antigen by the antigen-presenting cell (APC) and recognition by the
T-cell receptor (TCR) on the T-cell surface. T-cell activation requires a second signal that is provided via binding of B7 on the APC cell with the CD28 receptor on the T-cell.
(B) CTLA-4 competes with CD28 for binding with B7 on APCs and results to inhibition of T-cell activation. (C) Anti-CTLA-4 antibodies block CTLA-4 and restore T-cell

activation.

likely to be inflammatory type II hypersensitivity reactions.
Upon administration of the CTLA-4 Ab, it binds to the
CTLA-4 antigen in the pituitary, inducing activation of the
classical complement cascade that damages the pituitary
cells recruiting macrophages and other inflammatory cells
leading to phagocytosis and enhanced antigen presentation.
However, later events are considered to involve type IV
hypersensitivity reactions characterized by infiltration with
lymphocytes.*®>’

Genetic factors predisposing to ICI-related hypophysi-
tis could also be implicated. It has been shown that poly-
morphisms in the CTLA-4 gene are associated with an
increased incidence of autoimmune disorders including
hypophysitis.'® Since most polymorphisms do not change
the amino-acid sequencing of the CTLA-4 protein, it has
been postulated that they do not alter the binding affinity
of anti-CTLA-4 Abs to CLTA-4 but may alter the expres-
sion level of CTLA-4, making patients more or less prone
to CTLA-4-related hypophysitis.'°

A recent study demonstrated that a number of autoanti-
bodies such as anti-guanine nucleotide-binding protein
G(olf) subunit alpha (anti-GNAL) and anti-integral mem-
brane protein 2B (anti-ITM2B) are associated with the

development of ICI-related hypophysitis.*” Anti-GNAL
autoantibody has the potential to act as a predictive or as on-
treatment biomarker while anti-ITM2B may act as on-
treatment biomarker of ICI-related hypophysitis. However,
larger studies are required for these Abs to enable early
detection, close monitoring and proper treatment of ICI-
related hypophysitis.

Clinical Presentation and Diagnosis

The clinical manifestations of ipilimumab-induced hypo-
physitis are typically non-specific and relate either to pitui-
tary enlargement and sellar compression or to hormonal
disturbances. Headache and fatigue are the most common
symptoms while other common manifestations include nau-
sea, anorexia, weight loss, and hyponatremia. Less fre-
reported include hallucinations,

quently symptoms

confusion, memory loss, insomnia and temperature
intolerance.'®'® In contrast to other forms of autoimmune
hypophysitis, visual field defects are rare in ipilimumab-
related hypophysitis as the degree of pituitary enlargement
is usually mild.?>*' In some cases, hypophysitis may pre-
sent with symptoms and signs of adrenal crisis, including

nausea, vomiting, hypotension, disorientation, electrolyte
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disturbance and shock.** It is important to recognize that
hypophysitis and the underlying illness may manifest with
overlapping symptoms and laboratory results and the diag-
nosis may be significantly delayed.

The majority of patients with ipilimumab-induced
hypophysitis display deficiency of multiple pituitary hor-
mones. Central hypothyroidism is characterized by low- or
low-normal free thyroxine (fT4) in the setting of an inap-
propriately low or normal thyroid-stimulating hormone
(TSH).2** A recent study reported that a TSH fall
>80% may be an early marker of ipilimumab-induced
hypophysitis and serial TSH measurements during treat-
ment with ipilimumab may comprise an inexpensive tool
to expedite the diagnosis.** Of interest, Siddiqui et al
recently reported that FT4 decline, TSH index and stan-
dardized TSH index were more valuable predictors of
ipilimumab-induced hypophysitis than TSH decline.** It
is important to note that the discrimination between central
hypothyroidism, euthyroid sick syndrome and the effect of
treatment with high-dose steroids may be difficult. The
clinical context and the comparison with baseline thyroid
function tests prior to the administration of ipilimumab
may be helpful in the differential diagnosis.'®***

Secondary adrenal insufficiency is a frequent manifes-
tation and confers significantly to the morbidity and mor-
tality of ICI-related hypophysitis.'® In fact, recent case
series report that adrenocorticotropic deficiency is the
most common hormonal insufficiency observed in patients
with ICI-related hypophysitis.*®*” It is characterized by
a low- or low-normal early morning cortisol level in the
setting of an inappropriately low or normal adrenocortico-
tropin hormone (ACTH). Hypogonadotropic hypogonad-
ism is also common while the prevalence of growth
hormone (GH) deficiency is unclear due to lack of con-
firmation of GH deficiency in most studies.'®*° Prolactin
levels may be elevated but often are low in these cases.
Diabetes insipidus (DI) occurring in ipilimumab-related
hypophysitis has been reported in some cases.***°

At the beginning of immunotherapy with ipilimumab
and before each subsequent dose, it is recommended to
perform biochemical and hormonal evaluation that includes
glucose, electrolytes, thyroid function tests (fT4/T3 and
TSH) and cortisol measurement (Figure 2).'*>° It is impor-
tant to note that measurement of both T4 and T3 is required
since primary thyroid dysfunction is also common after
treatment with ipilimumab, especially in cases of treatment
with the combination of ipilimumab and nivolumab, and
would be especially useful in the differential diagnosis of

different causes of thyrotoxicosis (Grave’s disease from
immune-related destructive thyroiditis).'®** Dynamic func-
tion testing (for corticotroph and growth hormone axes
deficiency) may be required in case of suspicious baseline
blood tests in order to confirm or exclude pituitary
dysfunction.*>' The treating physicians should manage
their patients with particular caution during the first months
after ipilimumab initiation when the incidence of hypophy-
sitis is significantly higher.

Gadolinium-enhanced pituitary magnetic resonance ima-
ging (MRI) is the modality of choice for assessing pituitary
pathology and excluding the presence of sellar metastatic
lesions. The most frequent neuroimaging finding in patients
with ipilimumab-induced hypophysitis is slight to moderate
enlargement more often with hypointensity on T1 weighted
images and/or heterogeneous enhancement of the pituitary.
Pituitary stalk thickening may also be observed in some
cases.”>> It has been shown that imaging findings may
precede the clinical and biochemical manifestations by sev-
eral weeks.® However, pituitary enlargement can be quite
mild and may not be detected without comparison with
previous images.>* Caturegli et al reported normal MRI
findings in 23% of cases with hypophysitis related to treat-
ment with anti-CTLA-4 antibodies.”® In addition, Faje et al
have observed radiographic resolution of MRI findings of
hypophysitis in 40 days after diagnosis and another group
has reported reduction in pituitary size in one week.**>*
Subsequent atrophy of the gland and empty sella may also
be observed. Thus, a normal pituitary MRI does not exclude
the diagnosis of hypophysitis.

The diagnosis is generally based on the clinical manifes-
tations as well as on the biochemistry and neuroimaging
findings after treatment with ipilimumab (Figure 2). The
resolution of the pituitary enlargement after the administra-
tion of glucocorticoids supports the inflammatory/autoim-

mune nature of the pituitary mass**~>

while the persistence
of pituitary enlargement two months after the diagnosis may
suggest an alternate pathology such as metastatic disease.’
In order to confirm the diagnosis, it is not mandatory to
perform a pituitary biopsy unless there is suspicion of other

pituitary pathologies or metastatic lesions.>

Treatment

The management of ipilimumab-induced hypophysitis
involves primarily the replacement of deficient hormones
and/or treatment with high-dose glucocorticoids while dis-
continuation of ipilimumab may also be required in severe
cases, at least temporarily. It depends on the severity of
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Before each ipilimumab cycle and if clinical suspicion of hypophysitis

U

Measure serum cortisol (09:00h), TSH, fT4, electrolytes, glucose

4

If suspicion of hypophysitis
+ IGF-1, prolactin, FSH, LH, testosterone (males), oestradiol (females)
+ Serum and urine osmolality if diabetes insipidus suspected
*+ A morning cortisol level <100nmol/L is suggestive of adrenal
insufficiency while a cortisol level >430nmol/L excludes the diagnosis
(Note, however, these values may vary dependent on assay). If the
cortisol level is between 100nmol/L and 430nmol/L a corticotropin

stimulation test should be performed

U

U

{

If laboratory suspicion
of hypophysitis and/or
compression
symptoms perform
MRI

Start hormonal replacement
in case of pituitary
hormones deficiency.
Exclude cortisol deficiency
before thyroxine
replacement

High dose glucocorticoids
if severe headache and/or
visual disturbances
Continue ipilimumab after
management of hormonal
deficiencies

Figure 2 Proposed algorithm for the management of ipilimumab-induced hypophysitis.

Abbreviations: TSH, thyroid stimulating hormone; T4, free thyroxine; IGF-1, insulin-like growth factor I; FSH, follicle-stimulating hormone; LH, luteinizing hormone; MRI,

magnetic resonance imaging.

symptoms and hormonal deficits in relation to the underlying
disease. Table 2 shows the grading of ICI-related hypophy-
sitis according to the Common Terminology Criteria for
Adverse Events (CTCAE) Version 4.03.%°

Hormone Replacement
Glucocorticoid and thyroid hormone replacement should be
instituted early after the diagnosis according to clinical

practice  guidelines on hormone replacement in
hypopituitarism.* It is important to note that in case of con-
comitant central hypothyroidism and hypoadrenalism, gluco-
corticoid replacement should be started before thyroid
hormone initiation, as thyroid hormone replacement in case
of untreated adrenal insufficiency may result to symptomatic
deterioration and lead to adrenal crisis.”’ In case of severe

symptoms suggestive of adrenal crisis, treatment with

Table 2 Toxicity Grading of ICl-Induced Hypophysitis According to CTCAE

only; intervention not

indicated

instrumental activities of daily

living

existing hospitalization indicated;

disabling; limiting self-care

intervention

indicated

Grade | Grade 2 Grade 3 Grade 4 Grade
5
Hypophysitis | asymptomatic or mild moderate, minimal, or non- severe or medically significant but not | life-threatening | death
symptoms; clinical or invasive intervention indicated; | immediately life-threatening; consequences;
diagnostic observation limiting age-appropriate hospitalization-prolongation of urgent

Note: The Common Terminology Criteria for Adverse Events (CTCAE) was developed by the National Cancer Institute (NCI) Cancer Therapy Evaluation Program and is a

worldwide standard for defining and grading adverse events experienced by patients enrolled in clinical trials.””
Abbreviations: CTCAE, Common Terminology Criteria for Adverse Events; ICl, immune checkpoint inhibitors.
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intravenous glucocorticoids is recommended, even prior to the
results of diagnostic tests.** Specifically, 100 mg hydrocorti-
sone hemisuccinate should be administered via intravenous,
intramuscular or subcutaneous injection followed by contin-
uous perfusion of 100 mg delivered over 24 h. After clinical
and biochemical improvement, treatment is switched to oral
hydrocortisone at a dose of 60 mg/24 h, progressively reduced
to the final replacement dose.’® The daily replacement dose of
hydrocortisone should be 15-20 mg/day divided in 23 doses.
Patients should be provided with a Steroid Emergency Card,
education regarding ‘sick day rules’ and a hydrocortisone
emergency injection kit as per Society for Endocrinology
guidance.>*

Sex hormone replacement may be considered if hypo-
gonadism persists long term and in case it is not
contraindicated.’® GH replacement is contraindicated in
patients with active malignancy and the assessment of GH
axis is in general not useful.®' Despite the fact that DI is rare
in ipilimumab-induced hypophysitis, close monitoring is
required for the development of DI after starting glucocor-
ticoid replacement since adrenal insufficiency may mask

143

the presence of DI."> Administration of desmopressin using

individualized therapeutic schedules is suggested.

High-Dose Corticosteroids
Most authors have reported the use of high-dose systemic
steroids in patients with severe forms (grade 3 or 4) of
66263 The

dosage is prednisolone 1mg/kg/day or equivalent with sub-

ipilimumab-induced hypophysitis. suggested
sequent tapering to a physiological replacement dose of
hydrocortisone or prednisolone. However, there are no com-
pelling data to support this management approach as there is
no prospective study comparing normal replacement with
high-dose corticosteroids in patients with ICI-induced hypo-
physitis. In addition, it has been shown in retrospective
studies that the use of high-dose steroids did not alter the
course of the disease.>*>* Indeed, Min et al found in
a retrospective cohort study that the use of high-dose steroids
did not appear to improve the frequency or time to resolution
of pituitary dysfunction nor affected the overall survival.
There are also some concerns regarding the impact of
treatment with high-dose corticosteroids on the anti-tumor
effect of ipilimumab. It has initially been observed that the
median duration of response to ipilimumab was shorter in
patients who received treatment with systemic steroids,
although there was no statistically significant effect on the
overall duration of clinical response and survival was not
decreased in  those high-dose

patients  receiving

corticosteroids.>*** Additionally, the function of T-cells does
not seem to be inhibited by glucocorticoids and in particular
fibrosarcoma cell growth inhibition by anti-CTLA-4 Ab was
not affected by high doses of dexamethasone.”****> However,
in a recent study of 98 patients with ipilimumab-induced
hypophysitis, it was shown that the administration of high-
dose glucocorticoids may negatively affect the antitumor effi-
cacy of ICIs as it is associated with lower overall survival
compared to the administration of low-dose glucocorticoid
therapy.®® Of note, the radiologic and endocrinologic outcomes
and symptom resolution did not differ significantly between
patients who received high or low-dose glucocorticoids.
Hence, according to recent guidelines, it is recom-
mended that treatment with high-dose corticosteroids be
reserved for cases with significant hyponatremia, severe
headaches that do not respond to normal analgesics and

visual field defects or cranial nerve palsies.®>%¢7

Ipilimumab Discontinuation

The decision to continue or interrupt the treatment with
ipilimumab depends on the severity of hypophysitis.
Several studies suggest continuation of immunotherapy
and close monitoring in mild forms (grade 1) while for the
higher toxicity grades it is recommended to discontinue
ipilimumab and resume it in patients that display resolution
of hypophysitis to grade 1 and receive less than 7.5 mg of
prednisolone or its equivalent daily.'®'® However, Min et al
showed that in patients with ipilimumab-induced hypophy-
sitis the discontinuation of ipilimumab did not appear to
affect the outcome of hypophysitis.** Indeed, the frequency
and median time to resolution, based on laboratory testing,
did not differ significantly between patients who interrupted
or continued the treatment with ipilimumab while resolu-
tion of pituitary hormone axes was observed in a subset of
patients who received prolonged ipilimumab treatment. In
addition, a large sized study suggested the continuation of
immunotherapy along with appropriate pituitary hormone
replacement.>* Hence, the majority of experts agree that in
patients with a potentially life-threatening malignancy, the
clinical benefit of immunotherapy seems to outweigh the
risk and according to recent guidelines, it is recommended
to delay treatment with ICI in the acute phase of hypophy-
sitis and resume it once patient is clinically stable on appro-
priate hormonal replacement therapy.”®” In addition, the
development of hypophysitis after treatment with an ICI is
not considered a contraindication of therapy with another
ICI while in patients with a history of pituitary pathology
close monitoring and if required, adjustment of replacement
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therapy is recommended as there are no published data so
far on the risk of hypophysitis in these patients.’®

Longitudinal Outcomes and
Follow-Up

Current guidelines on ICI-related hypophysitis recommend
follow-up at each appointment for 3 months, then every 3
months for 6 months and bi-annually thereafter as well as
a repeat MRI in 3 months in order to detect resolution of
the disease, complications or relapse.”®¢%¢°

In addition, it is suggested to periodically re-evaluate
the patients for pituitary hormone deficiencies after the
resolution of ipilimumab-induced hypophysitis.®

The proportion of patients with ipilimumab-induced
hypophysitis that recovers pituitary function varies signifi-
cantly and pituitary dysfunction may persist for a prolonged
period of time even after treatment with high-dose steroids.
This variation may be attributed to differences in follow-up,
in frequency of hormonal evaluation, in strategies of weaning
patients of hormone replacement as well as in the compli-
cated way of estimating thyrotroph and gonadotroph dys-
function in patients with long-standing malignancies. In total,
only in 25% of patients pituitary function recovery has been
observed while a recent study involving patients receiving
treatment with anti-CTLA-4 Abs for over 2.5 years reported
a long-term hormonal replacement requirement in 86.6% of
patients.”> Recovery of pituitary-thyroid axis has been
observed in 37-50% of cases while recovery from central
hypogonadism appears to be the most common and being
reported in 57% of affected men.*®’*"! In contrast, adrenal
recovery has rarely been reported and the majority of studies
have shown that corticotroph deficiency persists in almost all
patients.>***2 The time of recovery of the pituitary hormone
axes is unpredictable. One study reported that the median
time to recovery of the thyrotroph and gonadotroph axis was
13 and 10 weeks, respectively.*” Resolution of imaging
findings is observed in the majority of cases with a duration

of time that varies from 2 to 27 weeks.>*

Conclusion

Advances in the field of cancer biology have led to the
development of novel immunomodulatory molecules that
are widely used as treatment of an increasing number of
solid and hematologic malignancies. The use of these agents,
particularly ipilimumab, has been associated with the devel-
opment of hypophysitis in a significant subset of patients.
The incidence of ipilimumab-induced hypophysitis varies

significantly due to the heterogeneity between studies while
the pathophysiology of this adverse event is still poorly
elucidated. Further investigation is required to clarify the
mechanism sustaining ICI-induced hypophysitis in order to
identify predictive factors and enable the development of
appropriate strategies of prevention or management.
Corticotroph, thyrotroph and gonadotroph axes are the most
commonly involved with corticotroph deficiency usually
being permanent. With a growing number of patients treated
with ICIL, evaluation and reporting of endocrine irAEs in
clinical trials would increase our knowledge regarding the
incidence and clinical implications of these conditions. These
endocrinopathies may be life-threatening and it is important
for treating physicians to be aware of their clinical manifes-
tations, diagnosis and management, allowing the optimal
management and improving the outcome of ipilimumab-

induced hypophysitis.
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