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Abstract

Objective Ipilimumab is a human monoclonal antibody
directed against cytotoxic T-lymphocyte antigen-4, that has
been shown to significantly improve survival in patients
with metastatic melanoma. Blocking cytotoxic T-
lymphocyte antigen-4 elicits T cell activation, prolifera-
tion and anti-tumor response, but can also trigger immune-
related adverse events. Among immune-related endocrino-
pathies, hypophysitis represents the most frequent, with an
incidence up to 17% in patients treated with ipilimumab.
Design and methods We report nine cases of ipilimumab-
induced hypophysitis in a cohort of 273 patients treated
with ipilimumab between 2006 and 2015, as part of clinical
trials or after its marketing. Thyroid function tests were
scheduled at screening and during follow up (every 21 days)
in all patients. Cortisol, adrenocorticotropic hormone,
follicle-stimulating hormone, luteinizing hormone, and
estradiol (for females) or testosterone (for males), prolactin,
growth hormone, insulin-like growth factor 1 were mea-
sured only in case of clinical suspicion.
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Results The incidence of hypophysitis was 3.3%. The most
frequent pituitary failure was adrenocorticotropic hormone
and thyroid stimulating hormone secretion with a complete
recovery of thyroid stimulating hormone, but not of adre-
nocorticotropic hormone during follow up. All patients had
negative pituitary antibodies. The main symptoms at diag-
nosis were fatigue and headache.

Conclusion Clinicians should be aware about the risk of
hypophysitis during treatment with immune check-point
inhibitors and the necessity of investigating pituitary func-
tion during therapy. Pituitary magnetic resonance imaging
does not seem pivotal for a definite diagnosis if not per-
formed at the onset of disease.
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Introduction

Ipilimumab is a humanized monoclonal antibody directed
against cytotoxic T-lymhocyte antigen-4 (CTLA-4), an
inhibitory receptor expressed on the membrane of activated
T cells and regulatory T lymphocytes. Blocking CTLA-4 by
ipilimumab sustains T cell activation thereby enhancing
anti-tumor immune response, including tumor-specific
T cells. Ipilimumab was approved in 2011 by the food
and drug administration and European medicines agency for
treatment of unresectable or metastatic melanoma based on
results obtained in a phase III trial in which ipilimumab
achieved disease control rate of 28.5% and improved
overall survival [1].

However, the increased T cell activity promoted by ipi-
limumab can result in the development of autoimmune
phenomena. In patients treated with ipilimumab the most
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frequent endocrinological adverse event is pituitary failure
with a frequency ranging between 0.7 and 17% [1-6], fol-
lowed by thyroid and, more rarely, adrenal failure [2, 7].

Ipilimumab-induced hypophysitis is an inflammatory
disease of the pituitary that it seems pathologically similar
to the classic primitive autoimmune form, but the exact
mechanism underlying the pathogenesis of CTLA-4-related
hypophysitis is still undefined. In murine models, repeated
injections of CTLA-4 blocking antibodies induce hypo-
physitis characterized by focal lymphocytic infiltrate and
induces the development of anterior pituitary antibodies
(mainly towards prolactin- and ACTH-secreting cells) [8].

The manufacture recommend high dose corticosteroids
in patients developing hypophysitis. However, the real
benefit of this approach is not fully documented. Indeed
high dose steroid regimen could mitigate inflammatory
symptoms such as headache and vision changes, but do not
have an impact on recovery of pituitary function [5].

The purpose of this paper is to characterized ipilimumab-
induced hypophysitis in a large cohort of patients treated
with ipilimumab monotherapy with a long follow-up.

Subjects and methods

Our study analysis was performed retrospectively by col-
lecting data from medical records and database authorized
by our Institutional review board in patients treated with
ipilimumab from 2006 to 2015 at the Division of Medical
Oncology and Immunotherapy of the University Hospital of
Siena; all patients were not previously treated with other
immune check-point inhibitors. All patients were previously
treated with other chemotherapeutic agents, but the wash-
out period for each patients was at least 4 weeks.

The study group included 273 patients (108 females and
165 males), 176 within and 97 outside clinical trials (ipili-
mumab prescribed after its marketing). In addition 30
patients were included in clinical trials, but are still in
blinded phase and were excluded from the analysis.

Patients enrolled in clinical trials (7 with metastatic
prostate cancer and 169 with metastatic melanoma) received
ipilimumab at doses of 3 or 10 mg/Kg, while all patients,
who received drug after marketing for metastatic melanoma,
were treated with the approved dose of 3 mg/Kg.

All patients received ipilimumab iv infusion every 3
weeks for a total of four doses. In 21 patients, additional
infusions as maintenance therapy were continued every 3
months for up to 3 years.

Thyroid function tests were performed in all patients at
screening and during follow-up (approximately each
21 days) as requested in clinical trials and in the package
insert. Cortisol, adrenocorticotropic hormone (ACTH),
follicle-stimulating hormone (FSH), luteinizing hormone
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(LH) and estradiol (for females) or testosterone (for males)
were measured in case of clinical suspicion; in these cases
serum samples stored in a bio-bank in our Institution were
used to test the entire panel of pituitary hormones.

All cases of hypophysitis were studied with a complete
hormonal and pituitary antibodies evaluation at baseline and
during follow-up.

Serum hormone measurements were performed by che-
miluminescence immune assays as follows: cortisol, free
thyroxine (fT4), free triiodothyronine (fT3), LH, prolactin
(PRL), growth hormone (GH), testosterone (T), FSH (Access,
Beckman Coulter, Fullerton, CA, USA); thyroid stimulating
hormone (TSH), ACTH and insulin-like growth factor 1
(IGF-1) (Immulite 2000, Siemens Medical Solution Diag-
nostics, Los Angeles, CA, USA). Pituitary antibodies were
detected by indirect immunofluorescence assay (Euroimmun,
Lubecca, Germany) using as substrate monkey pituitary
gland. [Procedure: apply 25ul of diluted sample to each
reaction field of the reagent tray, then incubate for 30 min at
room temperature (418 to +25°C). Rinse the BIOCHIP
slides with a flush of PBS-Tween using a beaker and immerse
them immediately afterwards in a cuvette containing PBS-
Tween for at least 5min and shake with a rotary shaker.
Apply 20 ul of fluorescein labeled anti-human globulin to
each reaction field of a clean reagent tray. Incubate for 30 min
at room temperature (418 to 425 °C). Rinse the BIOCHIP
slides with a flush of PBS-Tween using a beaker and put them
into the cuvette filled with the new PBS-Tween for at least 5
min. Play embedding medium onto a cover glass-drops of
max 10l per reaction field. Use a polystyrene embedding
template and read the fluorescence with the microscope].

Hypophysitis was defined as the presence of biochemical
evidence of anterior pituitary hormone deficiency with or
without evidence of pituitary enlargement associated with
mass-effect (i.e., headache, visual disturbances).

In particularly, secondary adrenal insufficiency was
defined by the presence of acute onset of symptoms of
adrenal insufficiency associated with biochemically proven
low (<30ng/ml) or suppressed morning serum cortisol
levels with inappropriately low ACTH levels in the absence
of exogenous steroid treatment.

Secondary hypothyroidism was defined by a low {T4
levels with inappropriately low or normal TSH level; when
fT3 and fT4 were normal in presence of suppressed TSH
level a thyrotropin releasing hormone (TRH) test was per-
formed to confirm the diagnosis.

Hypogonadotropic hypogonadism was diagnosed in
male patients by low testosterone levels with inappropri-
ately normal or low gonadropins (pituitary-gonadal axis in
patients with metastatic prostate cancer was not evaluable
because of hormonal blockage therapy). All females were in
the post-menopausal phase so the diagnosis was made based
on low gonadotropin levels.
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All the previous pituitary deficiencies were defined in
absence of confounding factors such as drugs and timing of
blood samples.

Dynamic stimulation tests (TRH, corticotropin releasing
hormone (CRH), gonadotrophin releasing hormone (GnRH),
GH releasing hormone (GHRH) plus arginine stimulation
tests) were performed when indicated in selected patients.

Magnetic resonance imaging (MRI) of the brain and
diencephalic-pituitary region were retrospectively collected,
because not all performed in the same institution. All
pituitary MR images had been obtained at a 1.5T magnet,
and were 5- to 3-mm-thick, before and after intravenous
gadolinium-based contrast medium injection. In most cases,
MR study did not include a dynamic contrast enhanced
sequence. Pituitary MR images were reviewed by a single
neuroradiologist (AC) blinded to both clinical and labor-
atoristic findings. This review included a qualitative eva-
luation assessing pituitary volume, pituitary stalk thickness
and bright spot of the posterior lobe on T1-weighted ima-
ges. A more detailed evaluation of pituitary MRI was
behind the scope of this retrospective review.

Epidemiological data are presented as the mean + SD
and median when appropriated. The ¢ test for independent
data were performed for normal variables. To evaluate
significant differences in data frequency we analyzed con-
tingency tables. We used StatView for Windows version
5.0.1 (SAS Institute, Cary, NC) for statistical analysis. We
considered p < 0.05 to be statistically significant.

Results

Hypophysitis was diagnosed in 9/273 patients (3.3%), 5/9
(55%) were females and 4/9 (45%) males; all patients had
metastatic melanoma; none of these patients had received
prior cranial radiotherapy. As shown in Table 1, ACTH
deficiency was found in all cases, isolated in 2/9 (22%) and
associated with multiple anterior pituitary hormone defi-
ciencies in 7/9. Specifically, gonadotropin and TSH defi-
ciencies were the most frequent failure associated to ACTH
deficit (seven and six patients, respectively), GH deficiency
was present in one patient and undetectable levels of PRL
were found in four patients while no case of hyperpro-
lactinemia were found. None presented posterior pituitary
deficiency. Pituitary antibodies were never documented.

The prevalence of hypophysitis was not significantly
different among patients treated with 3 or 10 mg/Kg (2.7 vs.
4.3%, respectively) and no gender predilection was
demonstrated [4/110 (3.6%) females vs. 5/163 (3.0%)
males].

Mean age at diagnosis was 64.13 +9.6 years. No age
difference was found between the cohort of patients with
and without hypophysitis.
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The most common presenting symptoms were sudden
onset of headache (78%), fatigue (44%) and general dis-
comfort (33%). The follow-up period ranged from 4 to
51 months, with a median length of 23 months.

The clinical and biochemical features of the nine patients
with hypophysitis are reported in Table 1. Dynamic hor-
monal tests were performed in patients 2, 4, 6 and 9, in
particular CRH test was performed in patients 4, 6 and 9;
TRH test in patients 2 and 4; GHRH + arginine test in
patient 3 and GnRH test in patient 2. All patients presented
a blunted response to these tests.

Hypophysitis was diagnosed after a median of 7.6 weeks
from the first cycle of Ipilimumab (range 5—40 weeks). In
particular 4/9 were diagnosed after 4 cycles, 3/9 after 3
cycles and 2/9 after 2 cycles.

In patients 6 the diagnosis of secondary adrenal insuffi-
ciency was delayed at 40 weeks from the beginning because
before that, he was treated with corticosteroid therapy for
brain metastases. However a review of previous MRI,
performed for brain metastases 6 months before the clinical
diagnosis, showed a pituitary enlargement suspicious for
hypophysitis. Follow-up brain MRIs displayed a pituitary
reduction with a possible diagnosis of “partial empty sella”.

Recovery of pituitary function was never documented for
ACTH. Four patients out of seven recovered normal
gonadotropin secretion and all patients with a secondary
hypothyroidism restored normal TSH secretion. One patient
with GH deficiency and low IGF-1 recovered very quickly
(1 month).

Brain and pituitary MRI was available in seven out of the
nine patients with hypophysitis, performed 11-105 days
after the clinical diagnosis. Two patients did not undergo
brain and pituitary MRI because it was not prescribed by the
treating physician. Brain MRI showed pituitary enlargement
in four patients without chiasm compression, pituitary
contraction in one patients, and no abnormalities in two
patients. At MRI follow-up, four patients with pituitary
enlargement turned into “empty sella” (Fig. 1). In particular
it was documented after 6 months in patient 1, 5 months in
patient 3 and 2 months in patients 4 and 6. MRI did not
detect intracranial metastases, except in patient # 6 where
brain metastases appeared at MRI during follow up and
treated with dexamethasone.

No patients required high-dose corticosteroids for
symptoms of intracranial mass-effect, but all patients with
secondary adrenal insufficiency received physiological
replacement therapy (cortone acetate 37.5 mg/die). Two
patients died during follow up, one due to disease pro-
gression and one probably due to misdiagnosed adrenal
crisis not correctly treated in emergency room.

As shown in Table 1, five patients presented other IRAEs
during ipilimumab treatment, namely colitis (grade 1-2
according to CTCAE v.3) in two patients, rash (grade 1-3)
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Fig. 1 Patient #4. Pituitary MRI
at unenhanced T1-weighted
sagittal images. a Before
Ipilimumab treatment (normal
morphology) b 40 days after the
diagnosis of hypophysitis
(pituitary enlargement) and ¢ 2
months later (partial empty sella)

in three patients, liver damage (grade 3) and itch (grade 1)
in one patient.

Discussion

In our series of ipilimumab treated patients, hypophysitis
developed in 3.3% compared to a range between 0.7 and
17% reported in previous studies [1-6]. This wide range of
variation is probably due to the lack of uniform criteria in
the definition of hypophysitis; this diagnosis may escape
recognition, mainly because patients are often treated with
corticosteroids (i.e., for AE or brain metastases) or because
classical symptoms of hypophysitis could be improperly
related to the neoplastic disease.

At variance with other studies which showed a pre-
dilection for males [2, 3, 5, 6], we did not observe any
gender difference in our series. Moreover, our patients with
hypophysitis were not significantly older than the entire
group, in contrast to previously reports [3, 6] and no dose-
dependency was documented as reported in one study [3]
but not in others [2, 6, 9].

The presenting symptoms were the sudden onset of
severe headache, fatigue or general discomfort. The median
time to disease onset was 7 weeks, similar to previously
reports [3, 5, 6].

No patients treated with more than four cycles of ipili-
mumab developed hypophysitis, suggesting that prolonging
the numbers of cycles (maintenance therapy) does not
confer a higher risk of developing hypophysitis as reported
in other studies [2, 10].

All patients with secondary hypothyroidism recovered a
normal TSH secretion during follow up and this observation
was in agreement with a recent study by Albarel et al. [6]
but not with two other studies [3, 4] where recovery was
present in less than 6% of the cases. The recovery of sec-
ondary hypothyroidism could be suspected on the basis of

-

TSH increase during the follow up (usually from value
below the normal range to normal value); in these cases, to
confirm the normalization of thyroid axis, I-thyroxine
withdrawal should be planned. On the contrary, in our
opinion, corticosteroid withdrawal in patients with second-
ary hypocorticism is not necessary when morning cortisol
levels are low before assuming replacement therapy as it has
happened in all our patients.

The pathogenesis of ipilumab-induced hypophysitis is
still unknown. A recent study demonstrated that pituitary
antibodies, developed in all case of hypophysitis, were
directed predominantly to TSH-secreting cells and less
frequently to FSH or ACTH-secreting cells [8]. Interest-
ingly, the expression of CTLA-4, the receptor target of
ipilimumab, on pituitary cell lines was demonstrated in this
study. Thus, the pituitary damage could be caused by a
direct effect on pituitary cells from the monoclonal antibody
and/or by the action of activated T cells directed toward
antigens shared by tumor cells and pituitary cells or by
cross-reacting antigens.

Moreover Caturegli et al. confirmed, in a autopsy series,
the presence of pituitary CTLA-4 expression in all patients
with ipilimumab-induced hypophysitis and its correlation
with the wide clinical and morphological heterogeneity; the
highest levels were found in the patient who had clinical
and pathological evidence of severe hypophysitis. The
administration of CTLA-4 blocking antibodies could cause
an aggressive form of hypophysitis through type IV (T-cell
dependent) and type II (IgG dependent) immune mechan-
isms [11]. So we are not fully surprised by the clinical
heterogeneity of our cases that could be probably due to a
different pituitary CTLA-4 expression.

We did not find pituitary antibodies in our cases of
hypophysitis, in spite of what was found by Caturegli [8];
maybe it could dependent by the two different pituitary
substrates used for the immunofluorescence method
(Macaca mulatta vs. human pituitary, respectively). As
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reported by Ricciuti et al. [12] the human substrate had
superior sensitivity and specificity but still now only animal
substrates are commercially available. Thus, in our experi-
ence the measurement of pituitary antibodies was not an
additional tool to establish the diagnosis.

As expected in a retrospective study, pituitary MR ima-
ges were collected at different times from the diagnosis of
hypophysitis and were acquired with different techniques.
Moreover a baseline brain or pituitary study was not
available for all patients, therefore we are not able to make a
comparison of the pituitary morphology with the baseline
(before starting Ipilimumab) in all cases. All these limita-
tions did not allow a thorough semiquantitative evaluation,
which was behind the scope of this paper. No other disease
potentially cause of hypopituitarism was documented in any
case.

Notably, pituitary morphology could change over time
(i.e. pituitary enlargement followed by empty sella), so it is
not surprising that a pituitary enlargement was found only
in few patients (4/7). Although our study is limited by the
small number of patients, as already proposed in recent
studies [3, 10], we suggest that MRI should be performed,
at disease onset and in all patients with symptoms and signs
clearly evoking mass-effects, such as severe headache or
visual field defects. On the contrary it could not be crucial in
itself to make diagnosis if the images were acquired later; it
may instead be useful in excluding pituitary metastases as a
differential diagnosis.

As far as treatment is concerned we believe that high
dose steroid therapy should be reserved only in cases of
persistent and severe mass-effect symptoms, in view of a
recent report in which high-dose corticosteroids did not
improve the outcome of hypophysitis and the overall
patients survival [5].

In conclusion, hypophysitis represents a rare, but
potentially life-threatening complication of ipilimumab
treatment, that requires a multidisciplinary management
crucial for a prompt diagnosis and appropriate treatment.

Considering that no patients in our series showed ACTH
recovery during follow-up, while all patients with a sec-
ondary hypothyroidism recovered a normal TSH secretion,
we believe that it is not necessary to re-evaluate adrenal axis
with dynamic test, but it is mandatory to re-evaluate TSH
secretion at some point during follow-up after withdrawal or
weaning of l-thyroxine replacement therapy, mainly in
patients with a TSH rising during follow up.

In view of the disease presentation observed in our ser-
ies, we suggest that screening for hypophysitis should be
done in any patients presenting with suspicious symptoms
and in all patients developing TSH deficiency.

Moreover, considering that some adverse event of Ipili-
mumab as asthenia and nausea are similar to initial symp-
toms of hypoadrenalism, apart the thyroid function that is
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routinely monitored, we suggest to evaluate cortisol and
ACTH levels before starting treatment and at least every
2-3 cycles to avoid underestimation of adrenal
insufficiency.

Lastly, also during follow-up pituitary function tests
should be evaluated in case of clinical suspicious because of
a possible, even if rare, later onset.
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