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Background: Although immune-related thyroiditis (irT) with immune checkpoint inhibitors (ICI) is a common
consequence, its natural course and management recommendations are not well characterized in existing
guidelines. This study sought to investigate the evolution of irT and describe its course and sequelae.
Methods: This was a retrospective study of cancer patients treated with ICI between November 2014 and July
2016 at MD Anderson Cancer Center and referred for endocrinology evaluation for suspected irT. Patients
included had normal baseline thyroid function tests prior to starting ICI and developed thyrotoxicosis due to irT.
Results: Of 657 patients treated with ICI during the study period, 43(6.5%) met the inclusion criteria. ICI
included: ipilimumab + nivolumab (40%), nivolumab (33%), pembrolizumab (21%), and other (7%). Cancer
diagnoses observed were melanoma (23%), renal-cell carcinoma (21%), lung cancer (19%), bladder cancer (12%),
colon cancer (9%), and other cancers (15%). Median time from ICI start to thyrotoxicosis was 5.3 weeks (range
0.6-19.6 weeks). Clinically, patients presented with painless thyroiditis, and 67% were asymptomatic during the
thyrotoxicosis phase. Thyrotoxicosis lasted a median of six weeks (range 2.6-39.7 weeks). Hypothyroidism
developed in 37 (84%) patients at a median of 10.4 weeks (range 3.4-48.7 weeks) after starting ICI. These patients
remained on levothyroxine and ICI at a median follow-up of 57.4 weeks (range 1-156.7 weeks) from hypo-
thyroidism onset. Four patients recovered without initiating levothyroxine and remained euthyroid at a median
follow-up of 11.35 months (range 4.43-14.43 months). Subgroup analysis of ipilimumab + nivolumab versus
nivolumab alone showed a median time to thyrotoxicosis of two weeks [confidence interval (CI) 3.5-8.4] versus
six weeks ([CI 1.2-2.8]; p=0.26) and time to hypothyroidism of 10 weeks [CI 8.1-11.9] versus 17 weeks ([CI
8.8-25.2]; p=0.029) after starting ICI. Thyroid peroxidase and thyroglobulin antibodies were present in 45% and
33% at the time of irT diagnosis.

Conclusions: I'T manifests as an early onset of thyrotoxicosis, which is largely asymptomatic, followed by rapid
transition to hypothyroidism requiring long-term levothyroxine substitution. The evolution of irT is more rapid
with combination ICI. Frequent monitoring of thyroid function tests during ICI is warranted. Future guidelines
need to recognize this entity and incorporate their management.
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Introduction

MMUNE CHECKPOINT INHIBITORS (ICIs) are cancer thera-
pies that provide impressive clinical benefit in many ad-
vanced malignancies. These immunotherapies block the
function of immune checkpoints, thereby promoting T cell—
mediated antitumor responses. Optimal T-cell activation
requires two signals. The first signal involves the interaction

between the T-cell receptor (TCR) with its cognate peptide—
major histocompatibility complex molecule expressed on
antigen presenting cells (APCs). The second costimulatory
signal comprises CD28, which is constitutively expressed on
T cells, binding to B7 ligands expressed on professional
APCs. Cytotoxic T lymphocyte antigen 4 (CTLA-4) is an
immune checkpoint that bears structural similarity to the
CD28, and it is upregulated on activated T cells and

'Department of Endocrine Neoplasia and Hormonal Disorders, Division of Internal Medicine; Departments of *Genitourinary Medical
Oncology and *Melanoma Medical Oncology, Division of Cancer Medicine; The University of Texas MD Anderson Cancer Center,

Houston, Texas.

Department of Endocrinology, Diabetes and Metabolism, Baylor College of Medicine, Houston, Texas.

1243



1244

constitutively expressed on regulatory T cells. CTLA-4
competes with CD28 for binding to the B7 ligands, and it
inhibits T cell-mediated immune responses (1). Other im-
mune checkpoints belonging to the CD28/B7 superfamily
have been identified, and they include programmed cell
death protein 1 (PD-1) and its ligand, PD-L1. Monoclonal
antibodies targeting CTLA-4 (ipilimumab, tremelimumab),
PD-1 (nivolumab, pembrolizumab), and PD-L1 (durvalu-
mab, atezolizumab, avelumab) have been designed to block
the function of these immune checkpoint, resulting in en-
hanced antitumoral responses (2,3).

The limitations of ICIs include the development of a unique
set of inflammatory side effects referred to as immune-related
adverse events (irAEs). More commonly, they arise as a result
of deregulated immune balance or immune equilibrium. Ir-
AEs can affect any organ system, but they typically involve
the skin and gastrointestinal (colon and liver) and endocrine
systems (4). The most common endocrine irAEs include hy-
pophysitis (with attendant hypopituitarism) and thyroid dys-
function (5). The reported prevalence of thyroid dysfunction
varies greatly, ranging from 6% to 20% in large Phase III
clinical trials of drugs targeting CTLA-4, PD-1, and PD-L1
(6-8). Thyroiditis is very infrequently reported as a sole irAE.
In most studies examining ICI-mediated thyroiditis, a dis-
tinction is made between hypothyroidism, hyperthyroidism,
and thyroiditis cases when in reality these are likely part of the
same disease process. Several case series have attempted to
characterize the clinical presentation, natural course, and
pathophysiology of ICI-mediated thyroiditis (8—13). How-
ever, the small sample size and the lack of long-term follow-
up precluded the development of specific recommendations
for its management. With the rapidly expanding indication of
the use of ICI, there is a pressing need to establish a standard
of care in regards to the diagnosis, management, and long-
term follow-up of ICI-mediated thyroiditis. The American
Thyroid Association (ATA) guidelines describe several drugs
responsible for drug-induced painless thyroiditis, such as
amiodarone, lithium, interferon alfa, interleukin (IL)-2, and
tyrosine kinase inhibitors (14). However, ICI is not included
as a potential cause. In this study, which represents the largest
cohort of patients with ICI-mediated thyroiditis to the au-
thors’ knowledge, the natural course of ICI-mediated thy-
roiditis is described, with the goal of providing guidelines for
diagnosis and management.

Methods
Study population

Under an Institutional Review Board—approved protocol,
medical records were retrospectively reviewed of patients on
ICI treated at The University of Texas MD Anderson Cancer
Center and referred for endocrinology evaluation of abnor-
mal thyroid function tests (TFTs) between November 2014
and July 2016. In order to be studied further, patients had to
meet the following inclusion criteria: the absence of pre-
existing thyroid disease, normal baseline TFTs within one
year prior of starting ICI, and the presence of documented
thyrotoxicosis due to thyroiditis. Patients who were hypo-
thyroid without a documented thyrotoxic phase were ex-
cluded, with the goal of being able to describe the entire
thyroiditis course. Patients who developed thyrotoxicosis
from Graves’ disease or toxic nodular goiter were excluded.
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Definitions

Thyrotoxicosis was defined by a low serum thyrotropin
(TSH) in the presence of a high or a normal free thyroxine (fT4)
level. Peak fT4 was defined as the highest level of fT4 during
ICI. Hypothyroidism was defined by the presence of either: (i) a
low fT4, regardless of TSH, which occurred after thyrotoxi-
cosis; or (ii) a high TSH (above the upper limit of normal), with
a low or normal fT4. Reference ranges in the center’s labora-
tory are 0.27-4.2 pIU/mL for TSH and 0.93-1.7 ng/dL for fT4.

The time to thyrotoxicosis was defined as the time from ICI
start to the first documented laboratory evaluation consistent
with thyrotoxicosis. The time to hypothyroidism was defined
as the time from ICI start to the first documented laboratory
evaluation consistent with hypothyroidism. The thyrotoxicosic
phase was defined as the time from the first documented thy-
rotoxicosis event to the time of hypothyroidism. The hypo-
thyroid phase was defined as the time from first documented
hypothyroidism to last follow-up.

Outcomes

The primary outcome was to describe the evolution of
thyroiditis with respect to its clinical presentation, time to
thyrotoxicosis, time to hypothyroidism, and duration of each
phase. Subgroup analyses were done for individual drugs to
compare the timeline of thyroiditis among them to see if there
was any difference in its evolution and presentation.

Statistics

IBM SPSS Statistics for Windows v21 (IBM Corp., Ar-
monk, NY) was used to obtain Kaplan—Meier curves to de-
scribe the time to thyrotoxicosis and time to hypothyroidism.
Descriptive statistics were used to report duration of thyr-
otoxic and hypothyroid phases, as well as laboratory values
and dosages of levothyroxine replacement.

Results
Study population

A total of 657 patients were treated with an ICI during the
study period. Of these, 56 (8.5%) patients were referred to
endocrinology for evaluation of thyroid dysfunction poten-
tially related to ICI therapy. Thirteen patients were excluded
due to pre-existing hypothyroidism on levothyroxine re-
placement (n=2), baseline TFTs more than a year before
starting immunotherapy (n=1), pre-existing Graves’ disease
(n=1), hypothyroidism without documented thyrotoxicosis
(n=4), Graves’ disease while on anti-CTLA-4 therapy (n=2),
and thyrotoxicosis due to co-existing toxic nodules (n=3).

Forty-three (6.5%) patients were included in the final anal-
ysis. The baseline characteristics of the study population are
described in Table 1. The median age at ICI start was 57 years
(range 21-81 years). There was a similar representation of men
and women, and 84% were Caucasian. The most common
cancer diagnoses were melanoma (23%) and renal-cell carci-
noma (21%), followed by lung cancer (19%), bladder cancer
(12%), colon cancer (9%), central nervous system tumors
(7%), ovarian cancer (4.5%), pancreatic cancer (2.25%), and
non-Hodgkin’s lymphoma (2.25%). Combination therapy with
ipilimumab and nivolumab was the most commonly used ICI
regimen in 17 (39.5%) patients followed by single-agent
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TABLE 1. BASELINE CHARACTERISTICS

Patient characteristics n=43
Age (years) at treatment start, 57 (21-81)
median (range)
Sex, n (%)
Male 22 (51)
Female 21 (49)
Ethnicity, n (%)
Caucasian 36 (84)
Black 3 (6)
Hispanic 2 (5
Asian 2 (5)
Type of cancer, n (%)
Melanoma 10 (23)
Renal-cell carcinoma 9 (21)
Lung cancer 8 (19)
Urothelial carcinoma 5(12)
Colon cancer 409
Glioblastoma multiforme 3(7)
Ovarian cancer 2 (4.5)
Others?® 2 (4.5)
Type of immunotherapy, n (%)
Ipilimumab + nivolumab 17 (39.5)
Nivolumab 14 (32.5)
Pembrolizumab 9 (21)
Durvalumab + tremelimumab 2 (4.65)
Tremelimumab 1(2.35)

Follow-up time (months),
median (range)

17.63 (1-41.25)

“Other cancer diagnoses included pancreatic adenocarcinoma in
one patient and non-Hodgkin’s lymphoma in one patient.

nivolumab in 14 (32.5%) patients and single-agent pem-
brolizumab in nine (21%) patients. Patients were followed for a
median of 17.6 months (range 1-41.3 months) from the initi-
ation of ICI. At the time of the data analysis, eight patients were
still receiving ICI therapy.

Evolution of thyroiditis

Thyroid hormone levels.  All 43 patients had normal TFTs
drawn at baseline before starting ICI. The median time be-
tween baseline TFTs and the start of ICI was one day (range
0-269 days). At the time of thyrotoxicosis diagnosis, the
median fT4 was 2.46 ng/dL (range 1.2-6.32ng/dL), and the
median TSH was 0.02 uIU/mL (range 0.01-0.23 pIU/mL).
All patients had repeat laboratory testing at a median of 3.3
weeks (range 0.3—12.5 weeks) after the onset of the thyro-
toxicosis phase, and 18 had an upward trend in fT4 to a me-
dian peak fT4 of 3.76 ng/dL (range 2.07 to >7.77 ng/dL).
Hypothyroidism was marked by the presence of a median fT4
of 0.74 ng/dL (range 0.34—1.72 ng/dL) and a median TSH of
7.93 pWlU/mL (range 0.37-168 uIU/mL).

Timeline of thyroiditis. The thyroiditis timeline is de-
scribed in Figure 1. Median time to thyrotoxicosis was 5.3
weeks (range 0.57-19.57 weeks). Median time to hypothy-
roidism was 10.4 weeks (range 3.4-48.71 weeks). The me-
dian thyrotoxicosis phase was six weeks (2.6-39.7 weeks).
Thyrotoxicosis was seen after a median of two ICI doses
(range 1-12 doses). In the patients whose peak T4 levels
were available, this peak occurred a median of 13 days (range
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2-28 days) after the onset of first documented thyrotoxicosis.
Of 43 patients, 37 (84%) developed hypothyroidism, and they
were subsequently started on thyroid hormone replacement.
Four (9%) patients recovered from transient hypothyroidism
without requiring levothyroxine, and two patients died before
they could develop hypothyroidism. The median hypothyroid
phase was 57.4 weeks (range 1-156.7 weeks). At the time of
hypothyroidism, four patients had both a low fT4 and low
TSH that occurred after the thyrotoxic phase. None of these
patients had clinical suspicion of central hypothyroidism. Of
these, three were started on thyroid hormone before their TSH
rose. In one patient, thyroid hormone was started when the
TSH rose to 34 ulU/mL, two weeks after the first documented
low fT4. Four patients (two on nivolumab, one on pem-
brolizumab, and one on tremelimumab) were initially moni-
tored with observation for mild hypothyroidism (TSH of
4.45 plU/mL and 4.8 pIU/mL with normal fT4 in two pa-
tients, TSH of 4.7 ulU/mL with fT4 of 0.86ng/dL in one
patient, and fT4 of 0.86 ng/dL with a normal TSH of 1.13 uIU/
mL in one patient) recovered thyroid function at 15, 6, 5, and 4
weeks, respectively, without starting levothyroxine. They
remain euthyroid at a median follow-up of 11.35 months
(range 4.43-14.43 months) from the date of diagnosis of
hypothyroidism. Two patients died from their cancer before
becoming hypothyroid. All 37 hypothyroid patients remained
on levothyroxine at a median follow-up time of 17.63 months
(range 1-41.4 months) from the start of ICI. The median dose
of levothyroxine required to achieve euthyroid status was
1.2 ug/kg (range 0.25-3 ug/kg). Ten (28%) patients required a
final levothyroxine dose of <1 ug/kg, 17 (47%) patients be-
tween 1 and 1.6 ug/kg, and nine (25%) patients >1.6 ug/kg to
remain euthyroid. At the time of last follow-up, the median
TSH was 1.81 plU/mL (range 0.07—4.09 pIU/mL) and the
median fT4 was 1.38 ng/dL (range 1-1.8 ng/dL). Due to other
irAEs, 21 patients received doses of steroids >0.5 mg/kg of
prednisone or its equivalent during the course of thyroiditis.
Of these, four (19%) patients also developed hypophysitis in
addition to thyroiditis. Table 2 describes the effect of steroid
exposure during ICI therapy on the dose of levothyroxine. All
four patients who recovered thyroid function without thyroid
hormone supplementation were exposed to steroids for other
irAEs during the time of the irT event: dexamethasone 2—
4 mg as a part of chemotherapy regimen in two patients, in-
travenous (i.v.) methylprednisolone 1 mg/kg q12H for colitis
in one patient, and physiological hydrocortisone replacement
in one patient who also had concomitant hypophysitis.

A subgroup analysis describing the timeline differences
based on type of therapy is shown in Table 3 and Figure 2.
Figure 2 depicts the differences between combination nivo-
lumab with ipilimumab versus single-agent nivolumab. Med-
ian time to thyrotoxicosis was two weeks [CI 1.19-2.8] with
the combination versus six weeks with nivolumab alone ([CI
3.6-8.4], p=0.26). The median frequency of laboratory eval-
uation from the initiation of ICI to the onset of thyrotoxicosis
was of 0.35 per week in the former group versus 0.41 per week
in the latter group (p=0.82). The duration of the thyrotoxic
phase with the combination of ipilimumab and nivolumab was
a median of six weeks [CI 4.07-7.92] versus a median of 10
weeks [CI 8.18-11.81] with nivolumab. During this phase, the
frequency of laboratory evaluation was 0.35 per week in the
former group versus 0.35 evaluations per week in the latter
group (p=0.12). The time to hypothyroidism was 10 weeks
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FIG. 1.

Timeline of thyroiditis. The graph depicts the timeline of thyroiditis from the start of ICI until the last follow up.

Median time to thyrotoxicosis was 5.3 weeks (range 0.57-19.57 weeks). Median time to hypothyroidism was 10.4 weeks
(range 3.4-48.71 weeks). Median thyrotoxicosis phase was 6 weeks (2.6-39.7 weeks). Median hypothyroid phase was 57.4
weeks (range 1-156.7 weeks). There was no recovery in thyroid function seen in the patients who were started on levo-
thyroxine, when followed until the date of last follow up at the time of data analysis. ICI, immune checkpoint inhibitors.

with the combination of ipilimumab and nivolumab [CI 8.1-
11.9] versus 17 weeks [CI 8.82-25.18] with nivolumab alone
(p=0.029). With pembrolizumab, the median time to thyro-
toxicosis from the start of ICI was five weeks [CI 3.15-6.84],
and the thyrotoxic phase lasted a median of five weeks [CI
3.61-6.38]. Hypothyroidism developed at median of 10 weeks
[CI 8.61-11.38] after starting pembrolizumab. In the two pa-
tients treated with durvalumab and tremelimumab, the median
time to thyrotoxicosis from the start of ICI was six weeks
(range 6-6.14 weeks), and the thyrotoxic phase lasted a me-
dian of nine weeks (range 6-12 weeks). Hypothyroidism de-
veloped at a median of 15 weeks (range 12—-18 weeks) after
starting the ICL. In the patient who received tremelimumab,
thyrotoxicosis developed five weeks after starting ICI. This
patient developed transient hypothyroidism with fT4 of
0.86 ng/dL. without elevation of TSH, which soon improved
without any evidence of hypothyroidism after six months of
follow-up.

Clinical presentation

All patients experienced painless thyroiditis. During the
thyrotoxic phase, 14/43 patients (33 %) were symptomatic, with

TABLE 2. EFFECT OF STEROID EXPOSURE AND ELEVATED
THYROID ANTIBODIES ON LEVOTHYROXINE DOSE

Antibody and steroid <I ug/kg 1-1.6 ug/kg >1.6 ug/kg

exposure versus dose  (n/10) n/17) (n/9)
Ab+/steroid+, (n) 1 4 0
Ab+/steroid—, (n) 1 4 4
Ab—/steroid+, (n) 6 3 2
Ab—/steroid—, (n) 2 3 1

Any steroid exposure either intravenous or oral physiological or
supraphysiological, anytime during the course of thyroiditis was
documented as positive. Antibodies (Ab) detected were antithyroid
peroxidase antibodies and/or antithyroglobulin antibodies.

palpitations being the most common symptom, followed by
tremors, heat intolerance, weight loss, and fatigue. Among the
individual therapies, 7/9 (78%) patients in the pembrolizumab
group, 5/17 (29%) patients in the ipilimumab + nivolumab
group, and 2/14 (14%) patients in the nivolumab group expe-
rienced symptoms of thyrotoxicosis. Two patients—one pa-
tient on pembrolizumab and one patient on a combination of
ipilimumab and nivolumab—developed atrial fibrillation with
rapid ventricular rate, which required holding immunother-
apy. However, ICI treatment was not discontinued in any pa-
tient. For all symptomatic patients, conservative management
with beta blockers was sufficient. Five (12%) patients were
symptomatic during the hypothyroid phase, with weight gain,
constipation, excessive hair loss, and/or cold intolerance or
fatigue.

Thyroid autoantibody testing and imaging

Baseline autoimmune thyroid status was not known in any
of these patients, as it is not standard care to evaluate for this in
patients with normal thyroid function. During the thyrotoxic
phase, serologic tests were performed in 38 patients and im-
aging in 11 patients. Out of 38 patients tested, 17 (44.7%) had
elevated thyroid peroxidase (TPO) antibodies (>35IU/mL),
and of 21 tested, nine (33%) had elevated thyroglobulin anti-
bodies (>401U/mL). Thirty-two patients were checked for
thyroid-stimulating immunoglobulins or thyrotropin receptor
antibodies, and all were negative. Anti-TPO antibodies were
present in 8/15 (53%) patients in the nivolumab + ipilimumab
group, 4/14 (29%) patients in the nivolumab group, and 1/7
(14.3%) patients in the pembrolizumab group. The presence of
these antibodies did not have a statistical significant impact on
the evolution timeline of thyroiditis.

Of the 11 patients who underwent thyroid ultrasound, 7
(62%) exhibited heterogeneity and low vascularity consistent
with thyroiditis. Of the 43 patients, 7 (16%) had nuclear
imaging. All of them revealed low uptake consistent with
thyroiditis.
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TABLE 3. TIMELINE OF THYROIDITIS DEPENDING ON INDIVIDUAL DRUG REGIMEN

Timeline (weeks) Pembrolizumab (n=9) Nivolumab (n=14) Ipilimumab + nivolumab (n=17) P
Time to thyrotoxicosis 5[3.15-6.84] 6 [3.58-8.41] 2 [1.19-2.8] 0.423
Thyrotoxicosis phase 5 [3.61-6.38] 10 [8.18-11.81] 6 [4.07-7.92] 0.05
Time to hypothyroidism 10 [8.61-11.38] 17 [8.82-25.18] 10 [8.11-11.90] 0.09

Data shown are median [confidence interval].

Discussion

The natural course of ICI-mediated thyroiditis was studied
in a large cohort of cancer patients receiving different im-
munotherapies. The results demonstrate that ICI induces a
rapidly destructive phenomenon comprising a largely asymp-
tomatic thyrotoxic phase followed by precipitous transition to
hypothyroidism that is likely permanent. ICI-mediated thy-
roiditis has not yet been included as an etiology in the existing
hyperthyroidism and thyrotoxicosis guidelines (14). Com-
pared to other drugs, treatment with ICI results in a different
thyroiditis course that should be approached differently. Drugs
commonly recognized as being associated with thyroiditis are
amiodarone, lithium, interferon alfa, IL-2, and tyrosine kinase
inhibitors. Painless thyroiditis described in the literature en-
compasses a thyrotoxic phase in a minority of patients (5-20%)
followed by a hypothyroid phase that lasts around six months,
and there is recovery of normal function in most patients, with
about 10-20% developing permanent hypothyroidism (14).

The true prevalence of ICI-mediated thyroiditis is not clearly
reported and is likely under-reported. ICI-mediated hyperthy-
roidism and hypothyroidism have been reported as individual
events with anti-CTLA-4 and anti-PD-1 therapy, but the natural

course of destructive thyroiditis has not yet been described
(15,16). European studies have reported hyperthyroid events
ranging from 1% to 10% and hypothyroid events ranging from
1% to 15% in cancer patients treated with pembrolizumab or
with nivolumab alone or combined with ipilimumab (16). The
present study found that 6.5% of patients receiving ICI and
referred to endocrinology were diagnosed with ICI-mediated
thyroiditis, suggesting a prevalence of 6.5% or more if one takes
into account the cases not referred for endocrine evaluation.
Smaller case series have reported ICI-mediated thyroiditis in
patients with melanoma and non—small cell lung cancer who
were treated with either anti-CTLA4 or anti-PD1 therapy
(8,12,17). Very few cases of thyroiditis have been described as a
separate entity. In a large institutional case series of endocrine
irAEs in patients on ipilimumab for the treatment of advanced
melanoma, 6/246 patients developed thyroiditis followed by
hypothyroidism (8). Two separate case series of patients on anti-
PD1 therapy have described six and three patients, respectively,
who developed thyroiditis followed by hypothyroidism re-
quiring hormone replacement (11,12). In another study, 17/99
patients with advanced melanoma who were started on pem-
brolizumab developed thyroid AEs. Of these, nine patients
progressed to hypothyroidism from thyrotoxicosis, suggesting
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FIG. 2. Comparison of timeline of thyroiditis with nivolumab versus combination of ipilimumab + nivolumab. The time to
thyrotoxicosis with nivolumab was six weeks [confidence interval (CI) 3.6-8.4] versus two weeks [CI 1.19-2.8] with the
combination of ipilimumab + nivolumab (p=0.26). The time to hypothyroidism from the start of ICI was 10 weeks with the
combination of ipilimumab and nivolumab [CI 8.1-11.9] versus 17 weeks [CI 8.82-25.18] with nivolumab alone (p=0.029).
Two patients on ipilimumab and nivolumab died prior to developing hypothyroidism.
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that these might be parts of the spectrum of thyroiditis (10).
Another study described 13 patients with pembrolizumab-
induced thyroiditis, wherein three patients developed hypo-
thyroidism, four patients recovered thyroid function, and six
remained thyrotoxic at the time of last follow-up (9).

This study found that ICI-mediated thyroiditis appears to
be more commonly associated with anti-PD1 drugs used
alone or in combination with anti-CTLA-4 agents. About
40% of patients who developed thyroiditis were on a com-
bination of anti-CTLA-4 and anti-PD-1 therapy. No patient
developed thyroiditis leading to permanent hypothyroidism
on anti-CTLA-4 monotherapy. This finding is consistent with
previously reported higher prevalence of thyroid dysfunction
in patients receiving anti PD-1 agents alone or combined with
anti-CTLA-4 agents in large clinical trials (18).

In the present cohort, first documentation of thyrotoxicosis
was observed at an average of five weeks after starting ICI, but
also occurred as early as four days or as late as 20 weeks from
initiation of ICI. More than 40% of patients had an upward
trend in fT4 levels, with the next laboratory evaluation oc-
curring at a median of two weeks after the onset of first
documented thyrotoxicosis. This finding may be due to a
more proactive hormonal evaluation in these patients. Hy-
pothyroidism occurred at a median of six weeks from the first
documented thyrotoxicosis event and 10 weeks after the first
dose of ICI. There was no statistically significant difference in
the timeline of thyroiditis when comparing all individual
therapies. However, the time to thyrotoxicosis, albeit not sta-
tistically significant, was shorter in the group receiving com-
bination therapy with ipilimumab and nivolumab (two weeks)
compared to nivolumab alone (six weeks). Additionally, sig-
nificantly more rapid onset of hypothyroidism was found with
combined ipilimumab and nivolumab (10 weeks) than with
single-agent nivolumab (17 weeks). The frequency of TFT
monitoring was similar in both groups, suggesting that the
combination is likely to cause a more abrupt clinical course.
The time to thyrotoxicosis with pembrolizumab (five weeks)
was similar to that reported earlier (9,10). While the timeline of
thyroiditis with combination of ipilimumab and nivolumab has
not been previously described, the timeline for the onset of the
thyrotoxic phase with single-agent nivolumab in this study was
more indolent at a median of six weeks compared to the three
weeks reported in other studies (12,13). The patients in the
present study were followed for a prolonged time after devel-
opment of hypothyroidism (>14 months), and all patients who
were started on levothyroxine remained on thyroid hormone
replacement with normal TFTs at their last follow-up. These
results suggest that hypothyroidism may require lifelong
treatment. The median dose of levothyroxine was 1.2 ug/kg,
lower than 1.6 ug/kg daily, which is the usual replacement dose
of levothyroxine for those with surgical hypothyroidism for
nonthyroidal cancer-related causes (19). While the effect of
high-dose steroid exposure on thyroiditis course was not
studied, patients who were exposed to glucocorticoids during
the course of thyroiditis were observed to require lower doses
of levothyroxine than those who did not. Only a small pro-
portion of patients (4/43) did not develop hypothyroidism re-
quiring levothyroxine replacement. All four of these patients
who recovered normal thyroid function after thyrotoxicosis
received courses of high-dose systemic glucocorticoids either
as a part of chemotherapy regimen or for other irAEs at some
point in their thyroiditis course. The majority of patients ex-
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perienced painless thyroiditis and were asymptomatic. In the
14 (33 %) patients who were symptomatic during the thyrotoxic
phase, the commonly encountered symptoms of palpitations
and tremors were managed conservatively with beta-blockers,
and all patients were able to continue ICI. The fact that more
patients in the combination group were symptomatic with
thyrotoxicosis than with single-agent nivolumab is consis-
tent with the results of the melanoma study, which reported
that the incidence of grade 3 or 4 events was 54% in the
combination group versus 24% in the nivolumab group
alone (20). Interestingly, the majority of patients on pem-
brolizumab in the present study were symptomatic during
the thyrotoxicosis phase. The results are different from the
existing literature, which reported that most patients are
largely asymptomatic (9,10). Those patients who underwent
nuclear imaging studies showed low uptake of iodine or
9MT¢ pertechnetate, suggesting a destructive thyroiditis.

The role of antibodies in the pathophysiology of immune-
related thyroiditis has not yet been prospectively studied or
elucidated. Autoimmunity is believed to play a role in the
pathogenesis of other causes of painless thyroiditis, with
about 50% of patients having anti-TPO antibodies (14). The
frequency of antibody positivity at the time of immune-
related thyroiditis diagnosis in this study is similar to what
has been previously reported. As described in the literature,
patients with pre-existing thyroid autoimmunity were more at
risk of developing thyroiditis with use of interleukin, amio-
darone, and lithium (14). Though antibodies were measured
in most patients in this study, it remains unclear if they had a
role in the development of thyroiditis or eventual hypothy-
roidism due to lack of baseline values. However, it was ob-
served that the patients who had elevated anti-TPO or
antithyroglobulin antibodies required a higher dose of le-
vothyroxine than those who did not have elevated antibodies.
The higher prevalence antibody positivity in the combination
group with ipilimumab and nivolumab (53%) versus nivolu-
mab alone (29%) may suggest a more robust immune response
in the former, leading to a faster destruction of the thyroid. As
described above, the combination ICI therapy resulted in a
more rapid thyroiditis evolution, and more patients were
symptomatic compared to monotherapy. In one reported study,
the mechanism of pembrolizumab-induced thyroiditis was
thought to be mediated by circulating CD56, CD16, and natural
killer cells, a different phenotype from autoimmune thyroid
disease (9). Another study described the association of PD-L1
and PD-L2 expression on thyroid surface and destructive thy-
roiditis (13). Other studies have described the worsening of
pre-existing Hashimoto’s disease and subclinical hypothy-
roidism in patients treated with immunotherapy (13,21). These
reports suggest possible synergistic roles of autoimmune and
inflammatory mechanisms in the destruction of the thyroid
gland, which needs to be evaluated further. Furthermore, some
studies have described the role of CTLA-4 and its polymor-
phisms in the development of autoimmune thyroid disease
(22,23). ICI-mediated Graves’ disease has been reported in the
literature (24,25). Testing for antibodies supported by appro-
priate imaging might help diagnose ICI-mediated Graves’
disease, for which the management is different using antithy-
roid medications or radioactive iodine (4,25).

Existing guidelines recommend that thyroid hormone levels
be checked at least every six months for patients with drug-
induced thyroiditis (14). However, based on this study, it is
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[ Baseline TFTs (TSH and free T4) prior to starting ICI

-

[ Thyrotoxicosis due to immune-related thyroiditis suspected ]

[ Symptoms
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anxiety, diarrhea, etc. |OR
| *  may be masked if on beta blockers

monitoring before each ICI cycle

Routine TFTs (TSH and free T4) ‘
(typically 2-4 weeks intervals)

A

n

Check TSH, free T4

»

FIG. 3. Proposed algorithm for manage-
ment of immune checkpoint inhibitor (ICI)-
mediated thyroiditis. The figure below out-

lines a proposed algorithm for evaluation in

patient on ICI therapy in whom thyroiditis is
suspected. Common Terminology Criteria

[ Low TSH with normal or high free T4
4 ENDOCRINOLOGY CONSULTATION

* Check for preexisting hypothyroidism adjust thyroid hormone doses

* Rule out other causes of thyrotoxicosis
* Additional labs: total T3, TPO, TSI, TRAb
\*» Additional images: US thyroid/RAIUS/Tc scan

| for Adverse Events (CTCAE) v.4 criteria:
grade 1—asymptomatic; clinical or diag-
nostic observations only; intervention not
indicated; grade 2—symptomatic; thyroid

/ suppression therapy indicated; limiting in-

¥

strumental activities of daily living (ADL);

[ Thyrotoxicosis due to immune-related thyroiditis confirmed ]

grade 3: severe symptoms limiting self-care
ADL and hospitalization indicated; grade

.

4—life-threatening consequences; urgent
intervention indicated; grade 5: death.

TREATMENT
* Beta blockers if symptomatic

+ Immunotherapy hold if = CTACAE grade 3 and restart when < grade 1

* Immunotherapy discontinuation not recommended
\.»_Steroids not routinely recommended

>

FOLLOW UP
* Close monitoring for symptoms
* Thyroid function testing every 2 weeks

* Start thyroid hormone when hypothyroid (low free T4, even if TSH is not high)

and then follow per standard hypothyroidism guidelines

concluded that checking at six-month intervals would miss not
just the thyrotoxic phase but also the onset of hypothyroidism
in patients receiving ICI, potentially leading to worsening pa-
tient morbidity associated with untreated hypothyroidism.
More frequent testing, either prior to each dose of ICI or at
two- to three-week intervals, will help facilitate timely inter-
vention. Although rare, coexisting endocrinopathies such as
hypophysitis leading to central adrenal insufficiency and
central hypothyroidism can occur, making the diagnosis chal-
lenging. In agreement with the current findings, more recent
oncology guidelines recommend routine thyroid function
monitoring before each dose for all patients treated with ICI
(26,27). For patients who develop thyrotoxicosis, close moni-
toring with regular symptom evaluation and fT4 testing every 2
weeks is recommended. Once patients develop hypothyroid-
ism (low fT4 after a documented thyrotoxic phase, even if the
TSH is not elevated), initiation of thyroid hormone replace-
ment per standard guidelines is recommended (26). The goal of
this study was to focus on patients with both a thyrotoxicosis
and hypothyroid phase in order to describe the entire thyroiditis
course. It is acknowledged that there are patients who may
develop primary hypothyroidism without a documented thyr-

otoxic phase. This can occur for two reasons: (i) the thyrotoxic
phase was missed due to its rapid asymptomatic evolution, or (ii)
patients develop hypothyroidism without a thyrotoxicosis phase.

A proposed algorithm for the evaluation and treatment of
ICI-mediated thyroiditis is shown in Figure 3.

Due to the retrospective nature of the study, its limitations
are related to possible referral bias. As no patients were taken
off thyroid hormone at the time of last follow-up, recovery
cannot be clearly assessed, and therefore the duration of the
hypothyroid phase is simply dependent upon follow-up. The
retrospective analysis and limited samples size mean that
strong inferences regarding the roles of autoimmunity or
steroids in the natural history of thyroiditis cannot be made.
Prospective large-scale studies are needed to evaluate these
questions further.

Conclusion

With the rapidly expanding indication for the use of ICI in
cancer, the prevalence of ICI-mediated thyroiditis of at least
6.5% translates into a new endocrine abnormality that affects
many patients. ICI-mediated thyroiditis is characterized by
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the rapid development of a predominantly asymptomatic
thyrotoxic phase followed by a quick transition to hypo-
thyroidism that may require lifelong thyroid hormone re-
placement. The evolution of thyroiditis appears to be more
rapid in patients treated with combination anti-CTLA-4 and
anti-PD1 therapy. Early and frequent monitoring of TFTs in
patients on ICI is warranted. The role of antibodies in the
pathophysiology of immune-related thyroiditis is yet to be
elucidated.
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