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Endocrine immune-related adverse events: a double-edged sword?
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Immune checkpoint inhibitors (ICIs) have transformed
cancer care over the last decade. Currently, ICIs targeting
the programmed cell death 1 (PD-1) axis are approved in
more than 15 cancer types and are considered cornerstones
of the management of advanced non-small cell lung
cancer, melanoma and head and neck cancers, among
others. Despite sometimes dramatic and durable responses,
treatment with ICIs can be complicated by severe and even
life-threatening immune related adverse events (IRAEs).
These IRAEs occur when the immune system, activated
by ICI treatment, attacks organ systems in a manner akin
to organ-specific autoimmunity. IRAEs occur in many
organs, including cardiovascular, pulmonary, GI, renal,
musculoskeletal, dermatologic and endocrine systems (1). In
severe cases, IRAEs may necessitate discontinuation of ICI
treatment, which may worsen control of a patient’s cancer;
as such IRAEs have been referred to as the Achilles heel of
immunotherapy (2).

In this issue of Translational Lung Cancer Research, Espafia
et al. perform a large retrospective analysis of endocrine
IRAEs in a cohort of 260 patients with solid tumors,
predominately NSCLC, who were treated with ICIs within
a single institution. They find that 18% of patients develop
one or more endocrine IRAEs, the majority of which are
thyroiditis (82% of endocrine IRAEs). Interestingly, 74%
of patients with thyroiditis in this series exhibited isolated
subclinical or clinical hypothyroidism, without a preceding
hyperthyroid phase. After correcting for differences in
the frequency of use across ICI agents, endocrine IRAEs
were most likely to develop in patients on combination
ipilimumab/nivolumab (64%), with lower rates observed
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among patients receiving PD-1 (16%) or PD-L1 (20%)
inhibitor monotherapy, consistent with observations from
earlier studies (3-5). Importantly, Espafia and colleagues also
suggest that the presence of an ICI-induced endocrinopathy
was associated with improved overall and progression-free
survival (OS: not calculable vs. 31.4 months and PFS: 56.7
vs. 27.7 months, respectively).

The findings by Espafia and colleagues raise several
important considerations. The first centers around the
observed improvements in PFS and OS. A major challenge
of dissecting the relationship between IRAEs and efficacy
outcomes is the potential for guarantee-time bias (6).
Guarantee-time bias occurs when an outcome is timed from
the start of study enrollment and is compared across groups,
but membership in a group is defined by an event that
occurs anytime during follow-up. In this case, the outcome,
PES or OS, is timed from initiation of ICI therapy and
is compared across patient groups, which are defined by
whether or not patients develop IRAEs at any time after ICI
initiation. Patients with favorable responses to ICIs may stay
on treatment for longer; thus, they are more likely to have
greater exposure to therapy (i.e., repeat administrations)
and also have more time to develop IRAEs compared to
patients who progressed through therapy and may not have
survived long enough to develop IRAEs (2). Espaia et al.
suggest that IRAEs that occur early after initial exposure
to a given therapy may be less subject to this bias, because
the guarantee time, defined as the time to developing an
IRAE, would be shorter relative to PFS or OS. In their
cohort, endocrine IRAEs generally occurred early after ICI
initiation—on average after 8 weeks. Nonetheless, it should
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be emphasized that a majority of patients in this series had
NSCLC and received PD-(L)1 inhibitors in the second-
line setting. In randomized studies, median PFS on PD-
(L)1 inhibitors in previously-treated patients has been only
2-4 months (7). Thus, despite the relatively early-onset of
endocrine IRAEs in the series by Espafia and colleagues,
guarantee-time bias likely still played a role in the above
observations.

Recently, several other groups have also tried to perform
early landmark analyses to tease apart relationships between
the presence of IRAEs and efficacy of ICIs. A retrospective
6-week landmark analysis of patients with advanced and
recurrent NSCLC, including only IRAEs occurring prior
to the landmark date, found that patients with IRAEs
exhibited prolonged PFS (9.2 vs. 4.8 months) and OS
(not reached vs. 11.1 months) relative to patients without
IRAEs (8). Similar prolongation of PFS and OS, along
with improved disease control, was found in a prospective
cohort study in which patients with advanced NSCLC were
evaluated for IRAEs between the initiation of ICI and the
first response evaluation (9). As more data has accumulated
on ICI-thyroiditis, it appears to typically present within
an early time window (3,4,10) and has been associated
with prolonged survival (3,5) in prior studies as well. It
is possible that early ICI-thyroiditis may be a marker of
systemic immunomodulatory effects that are correlated
with improved tumoral control; additional well-controlled
studies may help to clarify this relationship.

The potential relationship between endocrine IRAEs
and checkpoint inhibitor efficacy raises the possibility of
shared immune mechanisms driving tumoral control and
autoimmunity. Several mechanisms have been proposed
that might explain this relationship, including both antigen-
dependent mechanisms and mechanisms involving a
broader increase in T-cell activity (2). Antigen-dependent
mechanisms might link specific solid tumors to specific
IRAEs. For instance, the development of vitiligo after ICI
treatment is associated with prolonged survival in patients
with melanoma (11,12). Since melanoma cells and normal
melanocytes share common surface antigens (13,14), ICI
treatment may cause proliferation of T-cells that target
these shared antigens and contribute to both vitiligo and
tumor response. In contrast, no clear relationship between
endocrine IRAEs and particular tumor types has yet been
reported. Instead, it is possible that endocrine IRAEs
are a marker of decreased T-cell activation thresholds or
increased reinvigoration of exhausted T-cells. Both IRAEs
and improved tumoral control may result from increased
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activation of both self-reactive and tumor-reactive T-cells,
respectively. Mechanistic studies of immune cells from
patients treated with ICI with and without IRAEs are
necessary to elucidate cellular phenotypes that drive this
possible link between ICI efficacy and IRAEs.

One further challenge in deciphering the relationship
between endocrine IRAEs and tumoral control is that in
most studies, endocrine IRAEs are considered collectively;
however, the clinical features of each IRAE can be quite
distinct. For instance, ICI-hypophysitis occurs frequently
(11-13%) after treatment with the CTLA4 inhibitor
ipilimumab, but is rare (0.5%) following treatment with
PD1 inhibitors (15,16). Data from mouse models suggests
that this bias with ipilimumab is a direct consequence
of CTLA4 expression by hormone-producing pituitary
cells with glandular destruction resulting from antibody-
dependent, cell-mediated cytotoxicity (17). In contrast,
ICI-thyroiditis may be more common after treatment with
PD1 inhibitors (18) relative to ipilimumab; this may relate
to PD-L1 expression in the thyroid (19,20). Likewise,
the timing of onset of distinct endocrinopathies can vary
significantly: from an average of 37 days after ICI initiation
for thyroiditis (10), 65 days after initiation of ipilimumab
for hypophysitis (15), to 116 days after ICI initiation for
diabetes (21). Thus, whereas it is tempting to speculate that
a unifying mechanism drives immune-mediated destruction
of hormone-producing cells, in the absence of clear
evidence for such a shared mechanism, we favor considering
distinct endocrine IRAEs as distinct entities.

Clinically, one challenge in identifying endocrine IRAEs
is that the diagnostic tests used to define these entities—
such as thyroid stimulating hormone (TSH), free thyroxine
(free 'T4), cortisol, adrenocorticotropic hormone (ACTH),
blood glucose, C-peptide—tend to be markers of glandular
function rather than glandular integrity. For instance, a
patient treated with a PD1 inhibitor may have immune
infiltration of the thyroid gland, but ICI-thyroiditis is
generally not diagnosed clinically until the level of immune-
mediated destruction is sufficient to alter thyroid function
by changing TSH or free T4 levels. This contrasts with
non-endocrine IRAEs such as hepatitis, for which AST
and ALT may reflect organ damage independent of
function. Glandular function is the output of a balance
between immune-mediated glandular destruction as well
as glandular regeneration. Thus, it is possible that the ICI-
driven destructive process differs across endocrinopathies.
Alternatively, clinical differences may reflect differences in
regenerative capacity of the pituitary, pancreas, and thyroid.
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Additionally, many cases of “subclinical” endocrine IRAEs,
in which patients have immune-mediated glandular damage
but retain normal glandular function, may be missed. While
these cases may not have significant clinical consequences,
they may be important to understand the underlying basis
of endocrine IRAEs.

Notably, for ICI-thyroiditis in particular, a number
of different functional phenotypes have been reported:
(I) the classic pattern of thyroiditis, with an initial
thyrotoxic phase transitioning to hypothyroidism, (II)
self-limited thyrotoxicosis, (III) isolated hypothyroidism,
(IV) subclinical thyrotoxicosis, and (V) subclinical
hypothyroidism. Presumably, these represent a spectrum of
a single disease entity with a shared underlying mechanism,
but this has not yet been shown. Because the thyrotoxicosis
associated with ICI thyroiditis is attributed to damage-
induced release of preformed hormone, it is possible that
the presence of a thyrotoxic phase reflects more rapidly
aggressive glandular destruction, particularly in patients
with the classic pattern. Clinically, dual checkpoint blockade
(e.g., PD-1 plus CTLA-4 inhibition) is associated with
more IRAEs than monotherapy, perhaps due to broader
and more robust reinvigoration of the immune system.
Notably, a recently published meta-analysis suggested
that in patients treated with combination nivolumab plus
ipilimumab, almost all patients with ICI thyroiditis (93.1%)
had the classic presentation (1), compared to a smaller
percentage of patients with ICI thyroiditis after nivolumab
or pembrolizumab monotherapy (63.3% and 73.5%,
respectively) (22).

Thyroid-specific autoantibodies are another marker of
autoimmunity and offer an opportunity to further probe the
mechanistic basis of ICI thyroiditis as well as differences
among functional phenotypes. Interestingly, Espafia ez al.
report positive antithyroid antibodies in 5/7 patients who
present with the classic pattern, though the details of
whether these antibodies target thyroid peroxidase (TPO)
or thyroglobulin (Tg) are elided, as is the prevalence of
these antithyroid antibodies in patients with other functional
phenotypes of ICI thyroiditis. Anti-TPO and anti-Tg
antibodies are strongly associated with a spontaneous
autoimmune thyroiditis, Hashimoto’s thyroiditis; in
particular, >90% of patients with Hashimoto’s thyroiditis
have elevated anti-TPO antibodies. A high prevalence
of anti-TPO and anti-Tg antibodies in patients with ICI
thyroiditis might suggest a mechanistic link between IRAEs
(ICI-thyroiditis) and spontaneous autoimmune disease
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(Hashimoto’s thyroiditis). In the general population, anti-
TPO and anti-Tg antibodies are present in approximately
11-13% of individuals without thyroid dysfunction (23,24).
These antibodies are associated with immune infiltration of
the thyroid gland (25), and these individuals are at increased
risk of developing hypothyroidism (26). Thus, anti-TPO
and anti-Tg antibodies may be markers of glandular
integrity that are independent of glandular function.

If anti-TPO and anti-Tg antibodies predict ICI
thyroiditis, they might prospectively identify patients at
high risk of developing ICI thyroiditis and might also
suggest a shared immune mechanism with Hashimoto’s
thyroiditis. When anti-TPO and anti-Tg antibodies were
prospectively followed in patients enrolled at one institution
in the KEYNOTE-001 trial, 8% (4/48) of patients
with normal thyroid function had anti-TPO or anti-T'g
antibodies prior to the start of immunotherapy, and 3 of
these 4 patients developed ICI thyroiditis; in comparison,
only 16% of patients without antibodies at the start of
therapy developed ICI thyroiditis (5). During the course
of the KEYNOTE-001 trial, another 7 patients developed
autoantibodies; including these patients, 80% of patients
with ICI thyroiditis had positive autoantibodies, compared
with only 8% of patients without ICI thyroiditis (5).
Collectively, these observations suggest that anti-TPO
and anti-Tg antibodies are enriched among patients who
develop ICI thyroiditis, suggesting a possible link to
Hashimoto’s thyroiditis. Furthermore, while far more data
is necessary, the increased prevalence of ICI-thyroiditis
among patients with pre-existing anti-TPO and anti-Tg
antibodies suggest that ICIs may drive pre-existing immune
infiltration of the thyroid gland toward a functional deficit.

In summary, endocrine IRAEs are a common
complication of ICI treatment, and close monitoring of
endocrine function should accompany ICI administration
to ensure rapid diagnosis and treatment if these IRAEs
develop. Despite the frequency of these events, the
mechanism underlying endocrine IRAEs remains
unclear and likely involves a complex interplay of T-cell
activation and glandular regeneration that may be related
to spontaneous organ-specific autoimmunity. Given the
intriguing possibility that IRAEs are correlated with
improved disease outcomes, PFS and OS, understanding
the mechanistic basis of endocrine IRAEs may also reveal
insights into antitumor efficacy of ICIs and facilitate
further optimization of immunomodulatory therapy in

cancer.
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