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/ABSTRACT

In recent years, immune checkpoint inhibitors have emerged
as effective therapies for advanced neoplasias. As new
checkpoint target blockers become available and additional
tumor locations tested, their use is expected to increase within
a short time. Immune-related adverse events (irAEs) affect-
ing the endocrine system are among the most frequent
and complex toxicities. Some may be life-threatening if not
recognized; hence, appropriate guidance for oncologists is
needed. Despite their high incidence, endocrine irAEs have
not been fully described for all immunotherapy agents avail-
able. This article is a narrative review of endocrinopathies
associated with cytotoxic T lymphocyte-associated antigen-4,

blockade of programmed death receptor 1 and its ligand
inhibitors, and their combination. Thyroid dysfunction is the
most frequentirAE reported, and hypophysitis is characteristic
of ipilimumab. Incidence, timing patterns, and clinical pre-
sentation are discussed, and practical recommendations for
clinical management are suggested. Heterogeneous terminol-
ogy and lack of appropriate resolution criteria in clinical trials
make adequate evaluation of endocrine AEs difficult. It is
necessary to standardize definitions to contrast incidences
and characterize toxicity patterns. To provide optimal care, a
multidisciplinary team that includes endocrinology specialists
is recommended. The Oncologist 2016;21:804—816

Implications for Practice: Immune checkpoint inhibitors are already part of oncologists’ therapeutic arsenal as effective therapies
for otherwise untreatable neoplasias, such as metastatic melanoma or lung cancer. Their use is expected to increase exponentially
in the near future as additional agents become available and their approval is extended to different tumor types. Adverse events
affecting the endocrine system are among the most frequent and complex toxicities oncologists may face, and some may be life-
threatening if not recognized. This study reviews endocrinopathies associated to immune checkpoint inhibitors available to date.
Incidence, timing patterns, and clinical presentation are discussed, and practical recommendations for management are proposed.

INTRODUCTION

The response of the immune system to foreign antigens and
autoantigens requires precise and balanced reactions to
eliminate pathogenic microorganisms and cancerous cells,
while at the same time maintaining tolerance. In recent years,
anticancer therapies based on blocking of immune check-
points have emerged as promising options for otherwise
untreatable conditions. This new drug generation enhances
the immune system to combat cancer cells, resulting in sig-
nificant long-lasting responses.

However, the toxicities associated with these new
therapies differ from those seen with classic cytotoxics
because of their acting mechanism [1]. By using these new
drugs to aid the immune system to control neoplastic cells,

immunologic tolerance can be altered and a higher risk for
reactions mediated by self-directed antigens can be in-
curred. These reactions have been termed immune-related
adverse events (irAEs). Along with the skin and gastrointes-
tinal system, the endocrine system is one of the most
frequently affected. Endocrine irAEs may present with
serious or life-changing symptoms, as in the case of
hypophysitis [2]. Unlike with other irAEs, adequate hor-
mone replacement rapidly improves any symptoms, making
immune suppression generally unnecessary. This allows
patients to continue therapy, from which they may obtain
substantial clinical benefit. Therefore, identifying and correctly
managing endocrine irAEs are essential to provide optimal care
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and maximize the potential of these emerging drugs. Herein, we
present a narrative review of the endocrine toxicities associated
with this new cancer therapy, emphasizing clinical aspects and
their management.

SEARCH METHODS

We searched PubMed and MEDLINE for clinical trials published
before June 30, 2015. Electronic early-release publications
were also included. Only articles in English were included. The
search terms were “thyroid dysfunction,” “hypothyroidism,”
“thyroid toxicity,” “thyroiditis,” “endocrine adverse events,”
“Graves,” “hypophysitis,” “adrenal insufficiency,” and “diabetes
mellitus, type 1” in association with “immune checkpoint
inhibitors” and the names of the immune checkpoints inhibitors
available to date. Clinical trials combining agents other than
immune checkpoint inhibitors were excluded. Abstracts were
reviewed and relevant articles were assessed in full. We
searched the proceedings of the 2013-2015 conferences of
the American Society of Clinical Oncology for relevant abstracts.

CyroTtoxic T LYMPHOCYTE-ASSOCIATED ANTIGEN-
4 INHIBITORS
Cytotoxic T lymphocyte-associated antigen-4 (CTLA-4) is a key
receptor expressed on the surface of T lymphocytes that
transmits an inhibitory signal through its ligand B7-1/2,
downregulating T-cell activation [3]. By blocking of CTLA-4,
the inhibitory signal is removed and T-cell activation is enhanced.
Ipilimumab was the first CTLA-4 inhibitor to demonstrate an
overall improvement in survival [4, 5] in metastatic melanoma.
Frequency and severity of irAE with ipilimumab are dose-
dependent [6]; endocrine adverse events (AEs) have been
reported in 0%—29% of patients (supplemental online Table 1)
[7, 8]. Hypophysitis is the most frequent grade 3/4 and dose-
limiting endocrine AE, having emerged as a distinctive irAE of
ipilimumab; hypothyroidism and hyperthyroidism are next in
frequency (Table 1). Fewer data are available for tremelimumab,
which is associated with fewer reported endocrinopathies
overall (0%-8.3%) [9, 10].

Hypophysitisis the most frequent grade 3/4 and dose-
limiting endocrine AE, having emerged as a distinctive
irAE of ipilimumab; hypothyroidism and hyperthy-
roidism are next in frequency.

Timing Pattern

IrAEs related to ipilimumab occur in a well-defined character-
istic timing pattern. The first to appear are usually those
affecting the skin; they develop during the second to third
week after starting treatment and can occur up to the 10th
week. Digestive system AEs usually occur between weeks 5 and
10, and hepatic AEs from weeks 6 to 14. Endocrine AEs are
typically expected to appear after the sixth or seventh week,
with a median time to onset of 7-20 weeks (Fig. 1) [11].
Endocrinopathies are not resolved because the function of the
gland is often permanently damaged, although hormone
production can be successfully substituted. Time to resolution
has not been reported for ipilimumab because of the lack of a
valid definition in studies.
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Hypophysitis

The incidence with ipilimumab varies between 0% and 17.4%
[12,13], with a clear dose-dependent relationship [14, 15]. With
tremelimumab, the maximum incidence reported has been
2.6% [17]. Screening for central endocrine toxicity is not always
required in clinical trials, and therefore some oligosymptomatic
or transitory cases may have been missed. Unlike sporadic
hypophysitis, which is more common in women, CTLA-4
blockade-related hypophysitis is more frequently reported in
men. A retrospective systematic analysis identified an overall
incidence of 8% and described a similar incidence per gender
with a male/female ratio of 11:8 [18]; therefore, male pre-
disposition remainsto be confirmed.The median timetoonsetis
11 weeks [12], but onset has been reported as early as 4 weeks
after starting treatment [19]. Although the pathogenic mech-
anism is unknown, the clinical picture and imaging findings
resemble those seen with primary lymphocytic hypophysitis.
The concomitant use of a drug that triggers autoimmunity
suggests that an autoimmune mechanism is involved [20].
Pituitary autoantibodies in sporadic lymphocytic hypophysitis
remain to be fully identified. The study of immunotherapy-
induced cases can help to improve knowledge of this entity.

Melanocyte differentiation, melanogenesis, and the pitu-
itary gland share a common pathway. The melanocyte-
stimulating hormones (MSHs), which start the process, are
neuropeptides produced in the intermediate lobe of the
hypophysis [21]. The three forms of MSH are a-MSH, 3-MSH,
and y-MSH; a@-MSH is the most important melanocortin in
pigmentation. They are all derivatives of a large common
precursor: proopiomelanocortin (POMC). Interestingly, adre-
nocorticotropic hormone (ACTH) is also a derivative of POMC
and, in fact, MSH-« is a direct derivative of ACTH. ACTH and
a-MSH both bind to the melanocortin 2 receptor, triggering
melanocyte differentiation (Fig. 2).

Recent evidence suggests that various members of this
pathway may be acting as antigens to T cells activated by CTLA-4
blockade. In a patient who responded to ipilimumab for ad-
vanced melanoma, regressing tumor tissue and a skin rash were
infiltrated with CD8+ T cells specific for melan-A, also known as
MART-1, a melanocyte-differentiation specific antigen regulated
by microphthalmia-associated transcription factor (MITF) [22].
Tyrosinase-related protein 1 (TYRP1) is also regulated by MITF and
has also been reported in activated T cells in melanoma. Melan-A
and TRYP1 are both final steps in the melanocyte differentiation
pathway. The relationship between this pathway and tumors
that respond to CTLA-4 blockers is not exclusive to melanomas:
POMC is also expressed in lung cancer tissue [23]. Most cases of
hypophysitis present with ACTH deficiency; hence, there could be
a common peptide acting as an antigen for ipilimumab-induced
T cells that could help to identify autoantibodies to the pituitary
gland that are unknown to date. To date, no pathologic study of
CTLA4-induced hypophysitis is available because it is unnecessary
for diagnosis and thus would raise ethical issues.

Thyroid Disorders

Ipilimumab induces thyroid disorders in 0%—-7.4% of the
patients treated [24, 25]. Hypothyroidism (0%—9%) [8, 26] is
the most frequent, followed by hyperthyroidism (0%—2.8%)
[27, 28], whereas thyroiditis has not been reported. On the
other hand, thyroid disorders are the most frequent endocrine
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Table 1. Ranges of reported endocrine adverse events

Endocrine Adverse Events of Immune Checkpoint Inhibitors

Primary
Any Any adrenal
Agent endocrine (%)  thyroid (%) Hypothyroidism (%) Hyperthyroidism (%) Thyroiditis (%) Hypophysitis (%) insufficiency (%)
CTLA-4
Ipilimumab 0-29[7, 8] 0-7.4 [24, 25] 0-9 [8, 26] 0-2.8 [27, 28] 0[65] 0-17.4[15,25] 0-1.6[26, 36]
Tremelimumab 0-8.3[9, 10] 0-5.2[9, 17] 0-5 [94, 95] 0-2.9 [94, 95] 0-3.6[96,97] 0-2.6[16,17] 0-1[10, 16]
PD1
Pembrolizumab 0-19.2[44,98] 0-19.2[44,98] 0-11.5[44,99] 0-7.7 [38, 44] 0-5[40,100] 0-1.2[40,101] 0-4.3[42,61]
Nivolumab 0-40 [46, 59] 0-40 [46, 59] 0-40 [46, 59] 0-6.5 0-2.2 0-0.9 0-3.3[57,62]
Pidilizumab 0 0 0 0 0 0 0
[48-50]
PDL1
Avelumab 0-10[38, 102] 4.2-10[38,102] 0-6.5[38, 102] 0-10[38, 102] 0 0 0
Atezolizumab 0-6 0-6 0-6 0 0 0-1 0
[65,66,103-111]
Durvalumab 2.3-11 2.3-8.7 2.3-4.8 0-3.9 0-1.3 0 0-0.4
[58,112-115]
Combinations
Ipilimumab + 16.7-50 10-50 4-27 0-30 0-4 0-11.7 0-8
nivolumab [68, 69,
108-110, 116, 117]
Ipilimumab + 27.3-27.8 18.1-24 6-13.6 4.5-6 0-12 0-9.1 0-6
pembrolizumab
[70, 71]
Durvalumab + 5.9 5.9 5.9 0 0 0 0

tremelimumab [111]

Abbreviations: CTLA-4, cytotoxic T lymphocyte-associated antigen-4; PD-1, programmed death receptor-1; PD-L1, programmed death receptor 1 ligand.

irAE produced by tremelimumab (0%-5.2%), with a pattern
similar to that seen with ipilimumab [9, 17].

Rare Endocrinopathies

A rare AE is Graves’ ophthalmopathy. Different CTLA-4
polymorphisms are associated with Graves’ ophthalmopathy
[29, 30]. This condition is characterized by T-lymphocyte
infiltration of the retrobulbar tissue [31]. However, thyroid-
stimulating hormone (TSH) receptor antibodies (anti-TSIAbs)
playanimportant role through the activation of fibroblastsand
adipocytes [32].This could explain the low incidence described
with CTLA-4 inhibitors. Interestingly, reported cases have
developed in euthyroid patients, with dramatic clinical presen-
tations and positive anti-thyroid peroxidase (anti-TPOAbs),
thyroglobulin, and anti-TSIAbs [33—-35]. No ophthalmopathy
cases have been reported with other immune checkpoint
inhibitors. In addition, CTLA-4 blockade has been associated with
autoimmune adrenalitis in rare cases (0%—1.6%) [16, 36].

PROGRAMMED DEATH 1 RECEPTOR AND LIGAND INHIBITORS
These second-generation monoclonal antibodies target pro-
grammed death 1 receptor (PD1) or its ligand (PD-L1). PD1 is
another negative regulatory receptor expressed by T and B
lymphocytes and natural killer (NK) cells, whose role is limiting
their response, hence protecting healthy tissues [37]. Two of
these drugs, pembrolizumab and nivolumab, are approved in
metastatic melanoma and lung cancer [38-40]. They are being
tested in a variety of other solid tumors, including renal cell
cancer, ovarian cancer, Hodgkin’s lymphoma, esophageal carci-
noma, colorectal cancer, hepatocarcinoma, and head and neck
cancers [41-47]. Pidilizumab is an anti-PD1 that induces limited
response in solid tumors; only hyperglycemia has been reported
as an AE, with no information about autoimmunity [48-50].
Toxicities of this group do not seem to be dose-related [51, 52].

The incidence of endocrinopathies with PD-1/PD-L1 inhib-
itors may be different from that reported with anti-CTLA-4
agents (supplemental online Table 2), probably because of
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their distinct mechanism of action. The induction of CTLA-4 in
T cells occurs in the early stages of their response to antigens.
On the other hand, the PD1/PD-L1 pathway regulates inflam-
matory reaction both in peripheral tissues and neoplastic
microenvironment, being activated downstream of the im-
mune response and in a more peripheral scenario [53]. In
summary, blocking CTLA-4 pathway acts on the triggering stage
of the autoimmune process, whereas PD1/PD-L1 blockade
does it in the modulating phase.

Timing Pattern

Endocrinopathies due to pembrolizumab and nivolumab present
similar median times to onset: 10 and 11 weeks, respectively [54,
55].The main difference seemsto be the time to resolution of the
event, which is shorter for nivolumab (median time, 38 vs. 48
weeks). However, time to resolution is not defined in these
studies, and therefore times may not be comparable.

Hypophysitis
Hypophysitis is infrequent, with a maximum incidence of 1.2%
for pembrolizumab and 0.9% for nivolumab [56, 57].

Thyroid Disorders

Thyroid disorders appear to be particularly common in anti-
PD1trials, with arate of 0%—19.2% for pembrolizumab [44, 58].
Forty percent of thyroidopathies were reported in a phase |
study with nivolumab that involved 20 patients [59]. Besides
this early trial, the rate of thyroid disorders for nivolumab was
reported to be 0%—18.5% [46, 55], similar to the rate with
pembrolizumab. For both agents, hypothyroidism is the most
prevalent toxicity, followed by hyperthyroidism and thyroid-
itis; severity is rarely higher than grade 2. Thyroid disorders are
more frequent in women, which is consistent with the higher
incidence observed in the general population. In a nivolumab
series, 26% of the patients who presented thyroid dysfunc-
tion presented thyroid autoantibodies at baseline and 36%
developed them during treatment; these data support an
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Figure 1. Timing pattern of endocrine adverse events.

immune-mediated cause [55]. Hypothyroidism due to chronic
autoimmune thyroiditis (also known as Hashimoto’s thyroiditis)
and painless thyroiditis have an autoimmune basis; they involve
both cellularand humoralimmunity, which is not fully understood.
Histologic evaluation of autoimmune thyroiditis shows lympho-
cyticinfiltration by both B cells and cytotoxic T cells. Because PD1is
expressed by T and B lymphocytes and NK cells, these cells pro-
liferate when they are blocked. Therefore, anti-PD1 monoclonal
antibodies (mAbs) could induce more thyroidopathies than
CTLA4 mAbs, which induce only T-lymphocyte proliferation. To
our knowledge, neither PD-L1 expression in healthy thyroid
tissue nor pathologic thyroid lymphocytic infiltration in cases
induced by immune checkpoint inhibitors has been reported.

Histologic evaluation of autoimmune thyroiditis shows
lymphocytic infiltration by both B cells and cytotoxic T
cells. Because PD1 is expressed by T and B lymphocytes
and NK cells, these cells proliferate when they are
blocked. Therefore, anti-PD1 mAbs could induce more
thyroidopathies than CTLA4 mAbs, which induce only
T-lymphocyte proliferation.

Rare Endocrinopathies

Autoimmune adrenalitis is more frequent with the use of PD1/
PD-L1 antibodies than with CTLA-4 inhibitors, although the
incidences are low: 0%—4.3% with pembrolizumab [42, 61] and
0%-3.3% with nivolumab [57, 62]. Type 1 diabetes mellitus
(DM1) has been rarely reported, with only four cases known to
date [39, 63, 64]. Nevertheless, because most clinical trials
offer information about irAEs developed in a minimum
percentage of patients, the incidence could be higher.

PD-L1

Fewer endocrine AEs have been reported with PD-L1
inhibitors, with maximum reported incidence of 10% with
avelumab [65], 6% with atezolizumab [66], and 11% with
durvalumab [67]. Endocrinopathies due to PD-L1 antibodies are
almost exclusively thyroid-related (supplemental online Table 3).

CTLA-4 Anp PD1/PD-L1 COMBINED BLOCKADE
Experimental and clinical observations suggest that blocking
both the CTLA-4 and the PD1/PD-L1 pathways has a synergistic

www.TheOncologist.com

807

MSHa

A, Pty s
.
O

. ACTH
N

4 oo

G-protein a-s —
<~~~ MC2R

Adenylate
AMP cyclase
type 1

&>

™

N, &

Melanocyte
differentiation

AMPc

[ Kinase <> Transcription factor

Figure 2. Melanocyte differentiation pathway dependent on
MSHa and ACTH. MSHa and ACTH can both bind to MC2R. MC2R
is coupled to G-protein a-s, which stimulates adenylate cyclase
type |, increasing production of cAMP, hence activating PKA. PKA
phosphorylates CREB1, which in turn activates the expression of
MITF. MITF regulates transcription of genes coding mitochondrial
ribosomal proteins through interactions with TYRP1 and MLANA.

Abbreviations: ACTH, adrenocorticotropic hormone; AMP,
adenosine monophosphate; CREB1, cAMP response element-
binding protein 1; MC2R, melanocortin 2 receptor; MITF,
microphthalmia-associated transcription factor; MLANA, melan-A;
MSHea, melanocyte-stimulating hormone «; PKA, cAMP-dependent
protein kinase; TYRP1, tyrosinase-related protein 1.

) Enzyme

effect. Ipilimumab and nivolumab are the first combined
agents studied for treating patients with metastatic mela-
noma. Confirmed response was achieved in 59% of the pa-
tients, including 11.5% complete response, versus 2% in those
receiving ipilimumab monotherapy [68] (Table 2). These re-
sults imply a revolution in the treatment of metastatic mel-
anoma. However, as expected for the high response rates,
drug-related AEsin studies of combination treatment presenta
parallel exponential increase in toxicity prevalence and severity.
Endocrinopathies occur in 14%—-50% of patients treated with these
drug combinations, with thyroid AEs the most frequent (7%—28%),
followed by hypophysitis (0%—12.8%), with grade 3/4 events
occurring in 1%—20% of the cases (supplemental online Table 4).

Other combinations of CTLA-4 and PD1/PD-L1 pathways
are being looked at, as are other diseases, such as renal cell
cancer, glioblastoma, and lung cancer [69—71]. The combina-
tion of pembrolizumab and ipilimumab has been associated
with endocrine AEs in 28% of the patients treated [70, 71]; the
thyroid gland is the most affected organ (18.1%—24%), mostly
in the form of hypothyroidism (6%-13.6%). As other target
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Table 2. Endocrine adverse events in phase Il studies

Endocrine Adverse Events of Immune Checkpoint Inhibitors

Endocrine AE, Endocrine AE, grade
Agent Study [reference] Tumor type Pretreatment  Schedule any grade (%) 3-4 (%)
Ipilimumab?® Hodi et al. [4] mMM Pretreated 3 mg/kg Any endocrine AE: 4.9  Any endocrine AE: 1.8
=G gli\ﬁ/g%lggg Ipilimumab only: Ipilimumab only:
3.9+gp100: 7.6 1.1+gp100: 3.8
Hypothyroidism: 1.6 Hypothyroidism: 0.2
Ipilimumab only: Ipilimumab only:
1.6+gpl100: 1.5 0.3+gp100: 0
Hypopituitarism: 1.2 Hypopituitarism: 0.8
Ipilimumab only: Ipilimumab only:
0.8+gp100: 2.3 0.5+gp100: 1.5
Hypophysitis: 0.8 Hypophysitis: 0.8
Ipilimumab only: Ipilimumab only:
0.5+gp100: 1.5 0.5+gp100: 1.5
Adrenal insufficiency: 1.0 Adrenal insufficiency: 0.4
Ipilimumab only: Ipilimumab only:
0.8+gp100: 1.5 0.5+gp100: 0
Decrease in ACTH: 0.4  Decrease in ACTH: 0.2
Ipilimumab only: Ipilimumab only:
0+gp100: 1.5 0+gp100: 0.8
Eggermont et al. [8] StagelllMMas  Naive 3mg/kg Q3W  Anyendocrine AE: 29 Any endocrine AE: 5.5
=l ?gg;f:tzaﬂer \(/Z.;Igzesgo Hypothyroidism: 9.0 Hypothyroidism: 0.2
resection Hypophysitis: 13.0 Hypophysitis: 5.1
Kwon et al. [118] Castration- Radiotherapy 3 mg/kg Q3W Any endocrine AE: 5.3 Any endocrine AE: 1.5
= e ;rJerg:tt:tn; (n=399) Hypothyroidism: 2.3 Hypothyroidism: 0.5
cancer Hypopituitarism: 0.8 Hypopituitarism: 0.8
Hypophysitis: 1.0 Hypophysitis: 0.3
Adrenal insufficiency: 1.5  Adrenal insufficiency: 0.5
Chiarion Silenietal. [7] mMM Pretreated 3 mg/kg Q3W No endocrine AEs
n =188 reported
Tremelimumab?® Ribas et al. [10] mMM Naive 15mg/kg Q3M  Any endocrine AE: 8.3  Any endocrine AE: 3.0
n =65 \(/ZEI?/IZTS) Thyroid disorder: 5.0 Thyroid disorder: 1.0
Hypothalamus/ Hypothalamus/
pituitary disorder: 2.0 pituitary disorder: 1.0
Adrenal insufficiency: 1.0 Adrenal insufficiency: 1.0
Pembrolizumab®  Robert et al. [39] mMM Naive (66%), 10 mg/kg Q2W  Anyendocrine AE:15.1  Any endocrine AE: 0.9
= gg;:;’-ated g; 332\/68) Hypothyroidism: 9.4¢ Hypothyroidism: 0.1
(n = 277) 10 mg/kg Q2W: 10.1 10 mg/kg Q2W: 0.4
10 mg/kg Q3W: 8.7 10 mg/kg Q3W: 0
Hyperthyroidism: 4.9 Hyperthyroidism: 0
10 mg/kg Q2W: 6.5
10 mg/kg Q3W: 3.2
Hypophysitis: 0.5 Hypophysitis: 0.3
10 mg/kg Q2W: 0.4 10 mg/kg Q2W: 0.4
10 mg/kg Q3W: 0.7 10 mg/kg Q3W: 0.4
Diabetes mellitus: 0.4  Diabetes mellitus: 0.4
10 mg/kg Q2W: 0.4 10 mg/kg Q2W: 0.4
10 mg/kg Q3W: 0.4 10 mg/kg Q3W: 0.4
Ipilimumab 3 Hypothyroidism: 0.8 Hypothyroidism: 0
[E%%g%?w Hyperthyroidism: 2.3 Hyperthyroidism: 0.8
Hypophysitis: 1.6 Hypophysitis: 0.8
Garon et al. [40] NSCLC 10 mg/kg Q2W  Any endocrine AE: 8.7  Any endocrine AE: 0.2
=R g:, 332\1?/2) Hypothyroidism: 6.9 Hypothyroidism: 0.2
(n = 287) 10 mg/kg Q2W: 9.4
ggf,vr’zﬁ/ ige) 10 mg/kg Q3W: 4.9

2 mg/kg Q3W: 16.7
Hyperthyroidism: 1.8
10 mg/kg Q2W: 1.5
10 mg/kg Q3W: 2.1
2 mg/kg Q3W: 0
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Table 2. (continued)

Endocrine AE, Endocrine AE, grade
Agent Study [reference] Tumor type Pretreatment  Schedule any grade (%) 3-4 (%)
Nivolumab® Brahmer et al. [119] NSCLC Pretreated 3 mg/kg Q2W Any endocrine AE: 3.8 Any endocrine AE: 0
n=272 (n=135)vs. hbothyroidism: 3.8
docetaxel ypothy e
Robert et al. [54] mMM- Naive 3 mg/kg Q2W Any endocrine AE: 8.8  Any endocrine AE: 0.5
=418 ti = 206) vs. . -
n geRgAa:: lve E:Ir;carbaz?nvg Hypothyroidism: 4.4 Hypothyroidism: 0
Hyperthyroidism: 3.4 Hyperthyroidism: 0
Hypophysitis: 0.5 Hypophysitis: 0.5
Diabetes mellitus: 0.5 Diabetes mellitus: 0
Weber et al. [120] mMM Ipilimumab 3 mg/kg Q2W Any endocrine AE: 7.8 Any endocrine AE: 0
n =405 (n = 268) Hypothyroidism: 5.6
Hyperthyroidism: 1.9
Bauer et al. [121] NSCLC Pretreated 3 mg/kg Q2W Any endocrine AE: 4.6 Any endocrine AE: 0.2
n =824 Hypothyroidism: 3.5 Hypothyroidism: 0.1
Hyperthyroidism: 1.0 Hyperthyroidism: 0.1
Paz-Ares et al. [122] NSCLC Pretreated 3 mg/kg Q2W Hypothyroidism: 7.0
n =582 (n = 292) vs.
docetaxel
Nivolumab + Larkin et al. [68] mMM Naive Nivolumab Any endocrine AE: 30°  Any endocrine AE: 2.9
ipilimumab n = 945 1 mg/kg + N P
T | — ipilimumab Hypothyroidism: 15 Hypothyroidism: 0.3
=5% reported 3 mg/kg Hyperthyroidism: 9.9 Hyperthyroidism: 1.0
3W X4, then . .
%ilimumab Hypophysitis: 7.7 Hypophysitis: 1.6
3 mg/kg Q2W
Ipilimumab Hypothyroidism: 4.2 Hypothyroidism: 0
ag‘v%/f(g‘l Hyperthyroidism: 1.0 Hyperthyroidism: 0
Hypophysitis: 3.9 Hypophysitis: 1.9
Nivolumab Hypothyroidism: 8.6 Hypothyroidism: 0
3 mg/kg Q2W Hyperthyroidism: 4.2 Hyperthyroidism: 0
Hypophysitis: 0.6 Hypophysitis: 0.3
ACTLA-4.
bpD-1.

‘Datarelated to hypothyroidismand hyperthyroidism are differentin the tables supplied in the supplemental online Appendix of Larkin et al. [68]. We have

used the data in the article.
9CTLA-4 + PD-1.

Abbreviations: ACTH, adrenocorticotropic hormone; AE, adverse event; BRAF, irAE,immune-related adverse event; MMM, metastatic melanoma; NSCLC,

non-small cell lung cancer; Q2W, every 2 weeks; Q3W, every 3 weeks.

blockers become available, such as Lag-3 and Tim-3, new
combinations will become an interesting field of study.

CLINICAL PRESENTATION AND PRACTICAL MANAGEMENT
Management of endocrine-related AEs is independent of the
immune inhibitor type that produces the event. Routine
screening with thyroid function tests is recommended at
baseline, before each dose, and every 6—-12 weeks for the first 6
months after completion of treatment because of the high
incidence of thyroidopathies. Evaluating pituitary hormone
levels at baselineis useful, although periodic tests are probably
not necessary unless symptoms arise.

Hypophysitis

Symptoms derive from hormonal deficiencies and by the mass
effect due to the swelling of the gland. The most common
presentation includes headache, asthenia, fatigue, nausea,
weakness, lethargy, erectile dysfunction, and loss of libido [12,
72]. Visual disturbance is rare because swelling is not usually
large enough to affect the optic chiasma [2]. The main
differential diagnosis is the appearance of brain metastases;
therefore, a brain scan is mandatory. A selective pituitary mag-
netic resonance imaging scan with gadolinium contrast may
show an enlarged pituitary gland, enhancement of the stalk, and
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heterogeneous enhancement or may be strictly normal [19, 20]
(Fig. 3). Arare but crucial possibility to be considered is pituitary
metastasis: Such metastases appear in the posterior lobe in
69%—79% of cases, causing diabetes insipidus as a result of the
loss of antidiuretic hormone production [73]. Diabetes insipidus
in CTLA4-induced hypophysitis is extremely rare [12]; therefore,
the presence of a sellar mass in the posterior lobe or the onset of
diabetes insipidus should suggest pituitary metastasis and a
pituitary biopsy could be considered.

When hypophysitis is suspected, programmed dose should
be withheld (Fig. 4). It is necessary to measure both the pituitary
hormones and the target tissue hormones for an adequate
diagnosis: ACTH, cortisol, TSH, free triiodothyronine, free
thyroxine (T,), follicle-stimulating hormone, luteinizing hor-
mone, prolactin, testosteronein men, and estradiolinwomen. If
treatment with steroids is started before blood samples are
obtained, anaccurate diagnosis of all axes will not be possible,
complicating evaluation as to whether long-standing re-
placement therapy is needed. In order, affected axes are
typically the corticotroph, thyrotroph, and gonadotroph
axes; not all of them have to be affected simultaneously [19].

Acute treatment is based on high-dose glucocorticoids. A
suggested regimen is methylprednisolone, 1-2 mg/kg per day
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Figure3. Brainmagneticresonanceimage of a patient with CTLA4
mAb-induced hypophysitis. Sagital T1-weighted postcontrast
image showing an enlarged and intensely enhancing pituitary
gland as well as thickening of the stalk affecting the optic quiasm.

i.v. for 3—-5 days, followed by prednisone, 1-2 mg/kg per day
gradually tapered over 4 weeks. An alternative regimen is
dexamethasone, 4 mg every 6 hours for 1 week, gradually
taperedto 0.5 mg/d, with substitution to replacement doses of
hydrocortisone. Slow tapering is imperative because early
reduction of glucocorticoids may induce relapse or trigger an
adrenal crisis [74]. Treatment with checkpoint inhibitors may
be resumed once the corticosteroid dose has been reduced to
less than 10 mg prednisone or equivalent per day [75]. As
steroids are tapered, hormone replacement therapy should be
started when deficiency is present: Cortisol, thyroxine, and
testosterone/estradiol should be replaced. Growth hormone
replacement is contraindicated in patients with active
neoplasias. Hormone deficiencies frequently recover over
time, especially those of the thyrotroph and gonadotroph axes.
The corticotroph axis is permanently affected in a large
proportion of patients [76]. As weaning off steroid replacement
is rare [77], careful reassessment of this axis is necessary
before discontinuation of steroid substitution. At diagnosis,
which patients will develop permanent hypopituitarism
cannot be predicted.

Development of hypophysitis does not imply discontinu-
ation of cancer treatment: Replacing pituitary hormones is a
safe and common practice among endocrinologists. In addi-
tion, limited data suggest that the antitumor activity of CTLA-4
and PD1/PD-L1 mAbs does not seem to be affected by the
temporary use of high-dose glucocorticoids [6, 78].

Thyroid Dysfunction
In cancer patients, symptoms of thyroid dysfunction may be difficult
to recognize because they can be attributed to the underlying
disease or medications. Moreover, distinguishing central hypothy-
roidism, sick euthyroid syndrome, and thyrotropin suppression due
to previous exogenous steroids may be complicated.

In overt hypothyroidism, treatment is based on substitu-
tion with levothyroxine at the usual dose (1.6 ug/kg per day)
[34]. Symptoms may take several weeks to resolve, and TSH
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usually takes even longer. If hypothyroidism is subclinical,
treatmentis usually not necessary unless the patient becomes
symptomatic, anti-TPOAbs are positive, or the patient has a
history of cardiovascular disease or heart failure. In this setting,
lower doses of levothyroxine are needed to achieve normal TSH
(Fig. 5).TSH control is recommended 4—8 weeks after starting or
titrating treatment until the normal range is reached [79].

Hyperthyroidism usually presents with palpitations, increased
stool frequency, heat intolerance, sweating, and weight loss.
Laboratory investigations reveal a suppressed TSH with high or
normal free T,. Primary autoimmune hyperthyroidism or Graves’
disease is caused by anti-TSIAbs, which activate TSH receptors,
increasing thyroid hormone synthesis. A second cause of hyper-
thyroidism reported with immunotherapy is silent or painless
thyroiditis, also known as lymphocytic thyroiditis. It classically
develops with an initial transient hyperthyroid phase, followed by
hypothyroidism, and usually returns to euthyroidism. However, it
is not rare for patients with thyroiditis to finally develop per-
manent hypothyroidism. In painless thyroiditis, hyperthyroidism is
produced by destruction of follicular thyroid cells with consequent
liberation of thyroid hormone. In clinical trials with immune
checkpoint inhibitors, incidence of thyroiditis is as high as 10% with
a single agent [80] and 13% with combinations [81]. To distinguish
both forms of hyperfunction, radioactive iodine uptake scintigra-
phy may be performed: An increased uptake >25% indicates an
overstimulated gland, usually Graves’ disease; a low uptake
favors thyroiditis. Control computed tomography in these
patients must be done separately from scintigraphy because
i.v. iodine contrast agents saturate the thyroid gland and could
invalidate this test. Furthermore, anti-TSIAbs are elevated in
Graves’ hyperthyroidism but not in painless thyroiditis, in which
anti-TPOAbs may be present.

The treatment varies depending on the cause. In Graves’
disease, antithyroid drugs effectively block thyroid hormone
synthesis. Radioactive iodine could be exceptionally used in
selected patients with long survival who are symptomatic and
intolerant of oral treatment. These treatments have no role in
thyroiditis because synthesis does not increase. In symptom-
atic patients or those at risk for atrial fibrillation, 8-blockers
may be used.

Trained oncologists can diagnose and treat hypothyroid-
ism. Hyperthyroidism, however, presents diagnostic and man-
agement difficulties; thus, endocrinologist consultation is
recommended. For most thyroid dysfunctions, interruption of
anticancer treatment is not necessary. In rare cases of ex-
treme life-threatening dysfunctions (myxedematous coma
and thyrotoxic crisis), treatment should be withheld until the
episode is under control.

Graves’ Ophthalmopathy

The typical signs of Graves’ ophthalmopathy are proptosis
and periorbital edema. Symptomatic patients will report eye
irritation, intolerance to bright lights, eye or retro-orbital
pressure or pain, diplopia, and blurred vision. Treatment varies
depending on the severity of the condition. Mild symptoms
require only local measures (artificial tears, use of eye shades,
and raising the head of the bed). However, cases reported with
ipilimumab have developed dramatic and severe presenta-
tions; these cases have required high-dose glucocorticoid
treatment, which led to resolution of symptoms [34].
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Figure 4. Suggested management of serious endocrine adverse events.

Abbreviations: ACTH, adrenocorticotropic hormone; aGADAb, anti-glutamic acid decarboxilase antibodies; alA2Ab, anti-tyrosine
phosphatase IA2 antibodies; DKA, diabetic ketoacidosis; FSH, follicle-stimulating hormone; IGF-1, insulin-like growth factor-1; LH,
luteinizing hormone; MRI, magnetic resonance imaging; SS, saline solution 0.9%; T,, thyroxine; TSH, thyroid-stimulating hormone.

Primary Adrenal Insufficiency
Adrenal insufficiency can be classified as primary (PAl) if the
adrenal glands are impaired or as secondary if it is due to a
failure of the hypothalamic-pituitary axis [82]. If adrenal failure
dueto autoimmune adrenalitis is suspected, blood samples for
serum cortisol, ACTH, aldosterone, and renin must be obtained.
An early morning serum cortisol of less than 3 ug/dL (80 nmol/L)
strongly suggests adrenal insufficiency [83]. ACTH levels distinguish
between PAI, in which ACTH is high, and secondary Al due to
pituitary impairment, in which ACTH is low or inappropriately
normal for a low cortisol. Symptoms of PAI result from the lack of
glucocorticoids and mineralocorticoids and are often nonspecific,
such as nausea, weakness, fatigue, anorexia, abdominal pain, and
weight loss. This clinical presentation could be attributed to the
underlying neoplasia or the treatment itself, delaying diagnosis
and adequate hormone replacement, which would increase the
risk for adrenal crisis. Autoantibodies to the adrenal cortex and
21-hydroxylase are present in more than 90% of patients with
autoimmune adrenalitis [84]. There are no data available about the
presence of autoantibodies in cases associated with immunotherapy.
Treatment is based on glucocorticoid replacement in both
primary and secondary adrenal insufficiency. The most widely used
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regimen for glucocorticoid substitution is with oral hydrocortisone,
aiming to mimic the physiological circadian rhythm. The broadly
recommended dose is 10-12 mg/m? per day [85]. The adrenal
cortex produces not only glucocorticoids but also mineralocorti-
coids; therefore, in PAl mineralocorticoids must be substituted
as well.

Adrenal Crisis

The most life-threatening endocrinopathy is adrenal crisis,
which may be difficult to diagnose. In healthy persons, the
adrenal cortex responds to stressful events with an increase in
endogenous cortisol secretion, which is essential foran adequate
reactive response. In patients with adrenal insufficiency (primary
or secondary), this increase does not occur or is not potent
enough. Adrenal crisis usually presents as hypovolemic shock
and may be accompanied by fever and generalized abdominal
pain and tenderness. In addition, nonspecific symptoms may be
present, such as nausea, vomiting, fatigue, lethargy, confusion,
or coma [86]. Clinical suspicion is of vital importance given that
shock, abdominal pain, and fever could lead to an incorrect
diagnosis of acute surgical abdomen and the indication of a
potentially fatal surgical intervention.
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Figure 5. Suggested management of thyroid dysfunction.
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If suspected, blood samples for serum cortisol, ACTH,
electrolytes, and renal function tests should be obtained and
treatment initiated immediately thereafter, without waiting
for results. Management includes i.v. hydrocortisone, 100 mg
every 8 hours, and aggressive fluid replacement: 1-3 L of
physiologic saline solutioni.v. during the first 12—24 hours with
continuous cardiac monitoring and strict control of urine
output and volume status. It is also essential to evaluate for
infection or sepsis. Endocrinology consultation is highly rec-
ommended for acute management, differential diagnosis, and
evaluation for long-term replacement needs [87].

In cases of adrenal insufficiency, adequate education is
essential to avoid adrenal crisis [88]. Patients must learn essential
concepts: how to increase the steroid dose during illness or a
medical procedure, the need to obtain medical assistance if the
patient is not able to take oral medication, and the importance of
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wearing a medical alert necklace or bracelet. Patients and their
families must be provided with hydrocortisone emergency in-
jections and taught how and when to administer them.

Diabetes Mellitus

Autoimmune diabetes mellitus, known as type 1 (DM1), is
characterized by an absolute insulin deficiency caused by
autoimmune destruction of pancreatic 8 cells, implying de-
pendence on insulin therapy. Positivity for autoantibodies to
glutamic acid decarboxylase or to the tyrosine phosphatase IA-2 is
characteristic of DM1. DM1 patients usually present with ketotic
hyperglycemia, which, if left untreated, may develop in diabetic
ketoacidosis [89]. Insulinopenia and ketosis produce polyuria,
polydipsia, polyphagia, abdominal pain, and weight loss. However,
patients receiving immunotherapy are evaluated by health pro-
fessionals often and may present in a less evolved clinical picture,
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such as simple mild hyperglycemia. Because differential diagnosis
in oligosymptomatic patients may be complicated, we suggest
consulting an endocrinologist whenever hyperglycemia presents
in a patient who is not known to have diabetes, especially if
insulinopenic symptoms are present (Fig. 4).

Management of DM1 includes insulin in a basal-bolus
scheme, appropriate education on insulin use, and an approach
for hyperglycemia and hypoglycemia. This requires a team of
experienced endocrinologists and diabetes nurses for adequate
support. Therapeutic objectives in DM1 must be chosen in light
of the short life expectancy of these patients. For the same
reason, because screening for chronic complications typically
starts 5 years from diagnosis [90] in these patients, screening is
probably not necessary unless they reach this survival point.

DISCUSSION

The study of endocrine AEs is made difficult by inconsistent
terminologyin clinical trials. Forinstance, some trials use terms
such as “hypopituitarism,” “hypophysitis,” “pituitary disorder,”
and “decrease in serum corticotropin level” as separate entities
[4, 10]. Reporting terms separately results in confusion. In the
absence of exogenous steroids as assumed in this setting, a
decreased ACTH is the laboratory definition of secondary adrenal
insufficiency and, hence, of pituitary corticotroph dysfunction; in
this context, this dysfunction is probably due to hypophysitis.
Moreover, when referring to thyroid disorders, some studies
define “decreased blood TSH” [39] as a distinct irAE. These cases
probably represent transient thyroiditis or sick euthyroid syn-
dromes, considered a physiological response to illness with no
pathological relevance. In addition, the incidence of thyroiditis
could be substantially higher because cases reported as hyper-
or hypothyroidism could correspond to thyroiditis in the
temporary dysfunctional phases. Furthermore, some clinical
trials with no endocrine AEs reported offer information only
about toxicities occurring above a particular incidence as high
as 15% or even 17.5% [24, 91-93]. These aspects contribute to
over- and under-reporting of irAEs, limiting determination of
precise incidence.

Moreover, most studies addressing endocrinopathies do
not define what resolution criteria have been used. The
majority of endocrine AEs imply permanent impairment of the
function of a gland; therefore, restoration of the functionis not
applicable as a resolution criterion. An alternative definition
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could be the resolution of signs and symptoms or normaliza-
tion of hormone levels through hormone replacement.

CONCLUSION
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hypophysitis is more characteristic of ipilimumab. Combining
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laboratory interpretation, the use of specific diagnostic tests,
management of substitution medication, and the need for
thorough patient education increase the complexity of this
toxicity group. From the endocrinologist’s point of view, irAEs
offer a novel and unique model for the study of autoimmune
endocrine diseases. As the use of immunotherapy increases, the
endocrinologist will likely become a valuable member of the
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Implications for Practice:

Immunotherapy is an evolving treatment approach based on the role of the immune system in eradicating cancer. An
example of an immunotherapeutic is ipilimumab, an antibody that blocks cytotoxic T-lymphocyte antigen-4 (CTLA-4) to
augment antitumor immune responses. Ipilimumab is approved for advanced melanoma and induced long-term survival in
a proportion of patients. The programmed death-1 (PD-1) checkpoint inhibitors are promising immunotherapies with
demonstrated sustained antitumor responses in several tumors. Because they harness the patient’s own immune system,
immunotherapies have the potential to be a powerful weapon against cancer.
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