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Abstract

Thyroid disorders have emerged as one of the most common immune-related adverse events
(irAEs), yet optimum management and biomarkers to predict vulnerable individuals remain to be
explored. High-dose glucocorticoid (HDG) therapy is routinely recommended for irAEs. However,
systematic analysis of the impact of glucocorticoid therapy on the outcome of immune checkpoint
inhibitor (ICI)—induced thyroid disorders is lacking. We analyzed 151 patients with or without ICI-
related thyroid disorders. We divided the patients with -1Cl-related thyroid disorders into two
subgroups: those with and without HDG treatment. Our results showed no significant differences
between HDG and no-HDG groups in terms of the median duration of thyrotoxicosis: 28 (range:
7-85) and 42 (range: 14-273) days, the median time to conversion from thyrotoxicosis to
hypothyroidism: 39 days (range: 14-169) and 42 days (range: 14-315) days, the median time to
onset of hypothyroidism: 63 (range: 21-190) and 63 (range: 14-489) days, and the median
maintenance dose of levothyroxine: 1.5 (range: 0.4-2.3) ug/kg/day, and 1.3 (range: 0.3-2.5) ug/kg/
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day. The median pretreatment TSH was 2.3 (range: 0.3-5.2) mIU/L and 1.7 (range: 0.5-4.5)
mlU/L in patients with and without ICl-related thyroid disorders, respectively. Baseline TSH was
significantly higher in patients who developed ICl-related thyroid disorders (P = 0.05). Subgroup
analysis revealed significantly higher baseline TSH in male but not female patients with 1CI-
induced thyroid dysfunction. Our results show that HDG treatment did not improve the outcome of
ICl-related thyroid disorders.
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Introduction

Methods

Unleashing the immune response through the use of immune checkpoint inhibitors has
demonstrated significant improvement in overall survival in a broad spectrum of advanced
solid as well as liquid malignancies (1-6), but this treatment increases autoimmunity and
causes immune-related adverse events (irAEs) (7,8). Thyroid disorders have emerged to be
very common irAEs (9). Early identification and proper management of immune checkpoint
inhibitor (ICI)-induced thyroid disorders will help to prevent severe consequences such as
thyroid storm or myxedema coma, and improve quality of life. High dose glucocorticoid
therapy (HDG) is routinely recommended for moderate-severe irAEs (10,11). However,
systematic analysis of the impact of HDG on the outcome of ICI-induced thyroid disorders
is lacking. In the context of management of hypothyroidism, initiation with 1.6 ug/kg/day
was recommended by the American Society of Clinical Oncology (ASCO) clinical practice
guideline (11), but no study has evaluated the replacement dose of levothyroxine in ICI-
induced hypothyroidism. Additionally, there is no biomarker reported to identify individuals
susceptible to ICl-related thyroid disorders. The purpose of this study was to evaluate
optimum management of ICI-induced thyroid disorders and to explore the role of baseline
TSH as a predictive biomarker of ICI-induced thyroid disorders.

Study design and patient cohorts

This cohort analysis was performed retrospectively by collecting data from chart reviews
with removal of individual identifiers. The patients were identified through a Research
Patient Data Registry (RPDR), a program developed at our institution to search patients in
the electronic database by diagnosis, laboratory values, medication, and/or keyword. Some
of the patients with ICl-related thyroid disorders were evaluated clinically in the outpatient
endocrinology clinic of Brigham and Women’s Hospital and received continued longitudinal
clinical care. The period for this study was from 12/4/2009 to 8/14/2017. Institutional
Review Board approval was obtained for the study. We identified 65 patients with I1CI-
induced thyroid disorders and 98 individuals who were exposed to ICls but did not develop
thyroid disorders as a control group (Fig. 1). Patients were excluded if they did not have pre-
treatment TSH measurements, if pretreatment TSH was greater than up limit of normal
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range (5.5 mIU/L) by assays in our institutions, if dates of HDG treatment were missing, or
if they received HDG prior to the onset of thyrotoxicosis. After exclusions, 53 and 98
patients with and without ICI-induced thyroid disorders, respectively, were analyzed.

Definition of thyrotoxicosis and hypothyroidism

Serum TSH, thyroxine (T4), free T4 (FT4), and/or free triiodothyronine (FT3) were
measured prior to initiation of ICI treatment, and then every 2—4 weeks as mandated by
clinical trial protocols or clinical practice. Thyrotoxicosis was defined as a decreased TSH
with an elevated T4, FT4, or FT3. Hypothyroidism was defined as an elevated TSH with a
decreased T4, FT4 or FT3. Subclinical hypothyroidism and hyperthyroidism were defined as
normal T4, FT4, and FT3 with elevated or decreased TSH, respectively. Reference ranges of
normal laboratory values in our institutions were: TSH, 0.5-5.5 mIU/L; T4, 5.0-11.0 pg/dL;
FT4,0.9-1.7 ng/dL; FT3, 2.8-4.4 pg/ml; thyroperoxidase antibodies (TPOADb), < 35 IU/ml;
thyroid-stimulating immunoglobulin index (TSII), < 1.3.

Definitions of time to onset of thyroid disorders

Time to onset of thyrotoxicosis was defined as the number of days between the
administration of the first dose of ICI and the date of the first documented biochemical
evidence of thyrotoxicosis. Duration of thyrotoxicosis was defined as the number of the days
between the initial biochemical evidence of thyrotoxicosis and the first subsequent
documented biochemical evidence of euthyroidism or hypothyroidism. Time to conversion
from thyrotoxicosis to hypothyroidism was defined as the number of days between the initial
biochemical evidence of thyrotoxicosis and the first documented biochemical evidence of
hypothyroidism. Time to onset of hypothyroidism was defined as the number of days
between the administration of the first dose of ICI and the date of the first biochemical
documentation of hypothyroidism.

Patient regimens

The patients were divided into subgroups based on the regimens of ICls received. We
analyzed time to onset of thyrotoxicosis and hypothyroidism by different treatments. We
evaluated the association of baseline TSH with the development of ICI-induced thyroid
disorders. We further divided the patients into two groups: those with and without HDG
treatment. Systemic HDG treatment was defined as the administration of glucocorticoids at a
dose of more than 7.5 mg prednisone or equivalent daily for more than one week. HDG
treatment was given to 15 patients: before the onset of thyrotoxicosis (n=1), after the onset
of thyrotoxicosis (n=7), before the onset of hypothyroidism (n=1), or after the onset of
hypothyroidism (n=6). Among these 15 patients, 3 patients received HDG treatment for
thyrotoxicosis, 10 for other immune-related adverse events (IrAEs), 1 for brain metastasis,
and 1 for headache. The patients in the HDG group received prednisone (n=4, at 30-60 mg
daily, for 2—6 weeks), dexamethasone (n=2, at 2-6 mg daily for 9 days to 55 weeks),
methylprednisolone followed by prednisone (n=5, methylprednisolone at 40-260 mg daily
for 1-3 days; then prednisone at 60-120 mg daily for 2-15 weeks), methylprednisolone
followed by dexamethasone and prednisone (n=1, methylprednisolone at 180 mg daily for 8
days, then dexamethasone at 36 mg tapered over 4 weeks, then prednisone at 200 mg tapered
over 9 weeks), methylprednisolone followed by hydrocortisone (n=1, methylprednisolone at
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50 mg daily for 1 day, then hydrocortisone at 50-150 mg daily for 2 weeks), hydrocortisone
followed by prednisone (n=1, hydrocortisone at 50 mg daily for 1 day, then prednisone at 80
mg tapered over 2 weeks), or dexamethasone followed by prednisone (n=1, dexamethasone
at 8 mg daily for 24 days, prednisone at 80 mg tapered for 46 weeks). We analyzed the
impact of HDG on the duration of thyrotoxicosis and the time to conversion from
thyrotoxicosis to hypothyroidism, including the patients (n = 8). We also analyzed the time
to onset of hypothyroidism (patients treated with HDG before or after the onset of
thyrotoxicosis and before the onset of hypothyroidism were included, n=9). We did not
analyze the impact of HDG on the time to onset of thyrotoxicosis, because no patients
received HDG prior to initiating ICI treatment and only 1 patient received HDG before the
onset of thyrotoxicosis. We analyzed the impact of HDG on the duration of thyrotoxicosis,
the time to conversion from thyrotoxicosis to hypothyroidism, and the time to onset of
hypothyroidism. We evaluated the impact of HDG on the maintenance dose of
levothyroxine.

Statistical analysis

Results

Summaries of patient characteristics are primarily descriptive. Comparisons between groups
of characteristics measured on a continuous scale are based on Wilcoxon rank-sum or
Kruskal-Wallis tests. Comparisons of characteristics measured categorically are based on
Fisher’s exact tests. The distributions of time to thyrotoxicosis or hypothyroidism are
described using the method of Kaplan-Meier; median times are presented with 95%
confidence intervals. A Cox proportional hazards regression model was used to identify
predictors of time to develop thyrotoxicosis. Statistical analyses were performed using SAS
9.4 (SAS Institute Inc., Cary, NC, USA). Statistical significance is defined as p < 0.05; there
were no corrections for multiple comparisons.

Study population

Among 53 patients who developed thyroid disorders, 18 (34%) patients received
pembrolizumab (pembro), 9 (17%) patients received nivolumab (nivo), and 26 (49%)
patients received ipilimumab (ipi) + nivo therapy (Fig. 1). The demographic data are
summarized in Table 1.

Time to onset of thyrotoxicosis and hypothyroidism

ICl-related thyroid disorders presented as hypothyroidism only (21%), thyrotoxicosis only
(4%), or thyrotoxicosis followed by hypothyroidism (75%) (Supplementary Table S1). Onset
of thyrotoxicosis and hypothyroidism was analyzed by the method of Kaplan-Meier survival
analysis. The follow-up of patients who did not develop thyrotoxicosis is censored at the
time of hypothyroidism development. Median time to onset of thyrotoxicosis after initiation
of ICIs was 44 days (range: 19-447), 56 days (range: 13-126), and 21 days (range: 7-64), in
the pembro, nivo, and nivo+ipi groups, respectively (Fig. 2A, p=0.018). The p values were
0.593, 0.004, and 0.158 between pembro and nivo, pembro and ipi+nivo, and nivo and ipi
+nivo, respectively. Median time to onset of hypothyroidism after initiation of ICIs was 84
days (range: 43-544), 84 days (range: 14-154), and 62 days (range: 21-141) in the pembro,
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nivo, and nivo+ipi groups, respectively (Fig. 2B, p= 0.003). The pvalues were 0.333, 0.002,
and 0.057 between pembro and nivo, pembro and ipi+nivo, and nivo and ipi+nivo,
respectively. Patients in the combination nivo+ipi group had significantly shorter times to
develop both thyrotoxicosis and hypothyroidism than those in pembro and nivo monotherapy
groups (Fig. 2A and B). Forty of 42 patients (95%) who had thyrotoxicosis converted to
hypothyroidism (Supplementary Table S1). There was no difference in the time to onset of
hypothyroidism in patients with or without preceding thyrotoxicosis (Supplementary Fig.
S1).

Effect of HDG on the outcome of thyroid disorders

There were 11, 2, and 40 patients in this analysis who manifested with hypothyroidism only,
thyrotoxicosis only, and thyrotoxicosis followed by hypothyroidism respectively
(Supplementary Table S1). Of the 42 patients with thyrotoxicosis (thyrotoxicosis only +
thyrotoxicosis followed by hypothyroidism), 8 received HDG (19%) before or after the onset
of thyrotoxicosis. The median number of days from initiation of immunotherapy to initiation
of HDG treatment was 26 days. Among 40 patients who developed hypothyroidism
following thyrotoxicosis, 8 patients received HDG before the onset of hypothyroidism.
Among 51 patients who developed hypothyroidism (hypothyroidism only + thyrotoxicosis
followed by hypothyroidism), 9 patients received HDG prior to the development of
hypothyroidism. Most of the patients in this study did not receive HDG for their thyroid
disorders because thyroid-related symptoms were usually mild, even if thyroid function tests
showed markedly abnormal TSH, free T4, and free T3. HDG was generally used to treat
other irAEs, except in 3 patients who were treated for severe symptomatic thyrotoxicosis.

Figure 3 illustrates the impact of HDG on the outcome of thyroid disorders. The median
duration of thyrotoxicosis in the HDG and no HDG groups was 28 days (range: 7-85) and
42 days (range: 14-273), respectively. There was no significant difference in the median
duration of thyrotoxicosis between the two groups (Fig. 3A, Wilcoxon rank-sum P = 0.26).
The median time to conversion from thyrotoxicosis to hypothyroidism was 39 days (range:
14-169) and 42 days (range: 14-315) in the HDG and no HDG groups, respectively, which
were not significantly different (Fig. 3B, Wilcoxon rank-sum P=0.92). The median time to
onset of hypothyroidism was 63 days (range: 21-190) and 63 days (range: 14-489) in the
HDG and no HDG groups, with no significant difference (Fig. 3C, Wilcoxon rank-sum P=
0.50). None of the patients had an identified remission of their hypothyroidism during the
study period.

Effect of HDG on the maintenance dose of levothyroxine

We defined the maintenance dose of levothyroxine (LT4) as the dose needed to reach
biochemical euthyroidism, i.e., normal TSH with normal T4 or FT4. We calculated the dose
of LT4 (ug) relative to body weight (kg). We typically started LT4 at a dose of 0.8-1.0
ug/kg/day if patients were younger than 60 years and had no known cardiac disorders. In
patients older than 60 years or those with known cardiac disease, we started with a lower
dose of LT4 (25-50 ug daily) and increased the dose more slowly, usually taking 2—3
months to reach euthyroidism. In this analysis of levothyroxine maintenance dose, we
excluded patients whose thyroid function tests did not reach euthyroidism during the study
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period. Among 38 patients who had data for levothyroxine dose and reached euthyroidism,
the median dose of LT4 was 1.4 (range: 0.3-2.5) pg/kg/day. There was no significant
difference in levothyroxine maintenance dose among nivo-, pembro-, or combination nivo +
ipi-induced hypothyroidism (Fig. 3D, Kruskal-Wallis Test, 2= 0.64). We evaluated the
impact of HDG on the dose of LT4 needed to achieve euthyroidism. The doses of LT4 were
1.5 (range: 0.4-2.3) pg/kg/day and 1.3 (range: 0.3-2.5) pg/kg/day in patients with and
without HDG treatment, which were not significantly different (Fig. 3E, Wilcoxon rank-sum
P=0.46).

Baseline TSH concentrationin patients with ICl-related thyroid disorders

The median pretreatment TSH for patients who developed ICI-induced thyroid disorders was
2.3 (range: 0.3-5.2 mIU/L) compared with 1.7 (range: 0.5-4.5 mIU/L) for those who did
not. Patients who developed ICI-related thyroid disorders had significantly higher baseline
TSH than patients who did not (p= 0.05) (Table 2). Male patients with ICI-induced thyroid
disorders had significantly higher pre-treatment TSH than the remaining three subgroups of
patients (0 = 0.02) (Table 2). When we performed further analyses in subgroups of patients
whose initial presentation was with hypothyroidism or thyrotoxicosis, significantly higher
pretreatment TSH was observed in only the group whose initial presentation was with
hypothyroidism but not in those who presented with thyrotoxicosis (Supplementary Fig. S2).
Among males, baseline TSH values were significantly higher in those with initial
manifestations of either hypothyroidism or thyrotoxicosis. In contrast, in females, there was
no significant difference in baseline TSH among any of the groups (Table 2 and
Supplementary Fig. S2). In patients with 1CI-induced thyroid disorders, there was no
difference in pretreatment TSH according to ICI regimen or HDG treatment (Supplementary
Table S2). To validate the findings, we analyzed baseline TSH from 44 patients (all female)
enrolled in a prospective randomized phase 2 open label study of eribulin mesylate +
pembrolizumab for patients with metastatic hormone receptor (HR) positive breast cancer.
Seven patients were excluded from the analysis, because 6 had pretreatment abnormal TSH
and 1 did not have a pretreatment TSH performed. Nine patients developed thyroid
disorders. The median pretreatment TSH was 1.64 (range: 0.58-3.40 mIU/L) and 1.64
(range: 0.63-4.60 mIU/L) in patients with or without pembrolizumab-induced thyroid
disorders (Supplementary Table S3). There was no significant difference in pretreatment
TSH values between the patients with or without pembrolizumab-induced thyroid toxicity.
There were no thyroid disorders observed in the arm with eribulin mesylate monotherapy.

Thyroid antibodies and FT3/FT4 ratio

Nineteen patients in this study were tested for TPOAb, of which eight patients (42%) were
positive. Among those tested, 60% (3/5), 50% (1/2), and 33% (4/12) had positive TPOAD in
the pembro, nivo, and ipi+nivo groups, respectively. Seventeen patients were tested for TSII
during thyrotoxicosis. Only 1 (6%) had detectable TSII, and this patient subsequently
developed hypothyroidism. The calculated FT3/FT4 ratio was 1.8 (range: 0.6-2.7) in 21
patients during the thyrotoxicosis phase.
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Discussion

Thyroid disorders have emerged as one of the most common adverse events associated with
anti-PD-1 monotherapy and with combination anti—-PD-1 and anti-CTLA-4 therapy (2,12—
14). To explore the proper management of ICl-related thyroid disorders and to identify
predictive biomarkers, we investigated the nature of ICI-induced thyroid disorders, the role
of HDG on the outcome of thyroid disorder, the maintenance dose of levothyroxine, and the
pretreatment TSH in patients with or without ICI-induced thyroid disorders.

Thyroid disorders associated with I1CI therapy have been described as hyperthyroidism,
hypothyroidism, and thyroiditis in previous reports (2,3,15). Consistent with previous work
(16), the findings in the current study demonstrated that most immune checkpoint blockade—
related thyroid disorders are the result of thyroiditis. This conclusion is supported by the
findings that 96% of the patients with I1CI-related thyroid disorders developed
hypothyroidism at the end of this study. The evolution of ICI-induced thyroid disorders
follows the typical time course of thyroiditis (17). The onset time of thyrotoxicosis and
hypothyroidism between pembro and nivo was not statistically significant. The median
FT3/FT4 ratio during thyrotoxicosis was 1.8 (range: 0.6-2.7), consistent with thyroiditis
(18). Although 1 patient in this study had positive TSI, this patient eventually developed
hypothyroidism, indicating she developed thyroiditis as well.

The role of HDG in the management of ICl-related thyroid disorders remains unclear. High
dose steroid treatment is very effective in shortening the period of thyrotoxicosis in naturally
occurring autoimmune thyroiditis (19). HDG is recommended by American Thyroid
Association guidelines for management of thyrotoxicosis induced by destructive thyroiditis
(20). Although ICI-induced thyroiditis typically manifests with less severe symptoms, the
thyroid function test results can be extremely abnormal. It is therefore relevant to investigate
the role of HDG in the management of ICI-induced thyroiditis. We evaluated the impact of
HDG treatment on the outcome of ICl-related thyroid disorders. We found that HDG did not
significantly alter the duration of thyrotoxicosis or the time to conversion from
thyrotoxicosis to hypothyroidism, suggesting that HDG did not alter the evolution of ICI-
induced thyroid disorders. There was no significant difference in pre-1Cl-treatment TSH
between the HDG and no HDG groups. The severity of thyroid disorders was therefore not a
confounding factor in determining the impact of HDG on the outcome of thyroid disorders.
Our results suggest that HDG did not improve the outcome of ICl-related thyroid disorders.
We therefore do not recommend routine use of HDG in patients who develop ICl-related
thyroid disorders such as thyrotoxicosis.

The average maintenance dose of levothyroxine in this study was 1.29 pg/kg/day, which is
lower than the maintenance dose needed in the athyroid patients (1.6-1.8 pg/kg/day) (21—
25). The current recommendation for the starting dose of levothyroxine is 1.6 pg/kg/day
(11); based on our findings, we suggest revising the guidelines to start with a lower dose,
0.8-1.0 pg/kg/day. The maintenance dose of LT4 in HDG and non-HDG groups was not
significantly different, suggesting that HDG did not prevent or reduce ICI-induced thyroid
damage.
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Our findings that the pretreatment median TSH value was significantly higher in patients
who developed IClI-related thyroid disorders than in patients without ICI-related thyroid
disorders are unexpected. In subgroup analysis, only male patients who developed ICI-
related thyroid disorders had significantly higher pretreatment TSH than control male
patients, but there was no significant difference between female patients with or without ICI-
related thyroid disorders. In our validation cohort of female patients with breast cancer, there
was no significant difference in pre-pembrolizumab—treatment TSH between the patients
with or without pembrolizumab-induced thyroid toxicity. Pending prospective studies in
both male and female patients, the role of baseline TSH as a predictive biomarker for the
development of ICl-related thyroid dysfunction remains to be determined.

Thyroid autoantibodies have been suggested as biomarkers to predict development of ICI-
related thyroiditis, but some studies do not support this suggestion (26-36). In the current
study, we found that 42% of tested patients had positive TPOAb. Our study showed a trend
of a higher incidence of TPOAD in anti—-PD-1 monotherapy—induced thyroid disorders than
in combination therapy, but the difference did not reach statistical significance. The role of
thyroid autoantibodies in ICI-induced thyroid disorders remains uncertain. Future
prospective, randomized clinical studies may help to clarify the uncertainty.

The symptoms of ICl-related thyrotoxicosis and hypothyroidism at first presentation were
usually mild and non-specific. Despite their mild symptoms, the biochemical tests usually
showed a very high TSH of 31.5 (range: 2.4-187.8) mIU/L in hypothyroidism, and a very
high FT4 of 2.8 (range: 1.0-7.7) ng/dL in thyrotoxicosis. As the thyroid receptor is a nuclear
receptor that regulates gene expression by binding to hormone response elements(37), acute
changes in thyroid hormone may take time to induce genomic change. Indeed, it takes more
than a week for patients with hypothyroidism to feel better after initiating levothyroxine
(38). During the acute period of rapid and marked changes in thyroid hormone, patients with
ICI-induced thyroid disorders might not become symptomatic for a period of time if left
uncorrected. If attention is not given to these patients early in the course of their thyroid
disorder because of mild symptomatology, serious consequences such as life-threatening
thyroid storm (39) or myxedema coma (40) can occur. Close monitoring and treatment with
a beta-blocker in patients with thyrotoxicosis, as well as timely replacement with
levothyroxine in patients with hypothyroidism will help to prevent these serious
consequences.

In summary, with increasing use of ICI therapy in a broad spectrum of malignancies, it is
advantageous for clinicians to learn the diagnosis and management of ICI-induced
thyroiditis, one of the most common irAEs. Based on this and previous studies
(16,26,28,31,32,34,35), we recommend measuring TSH and FT4 before the initiation of ICI
treatment and repeating them before each cycle of ICI, for at least 5 cycles. In our practice,
supportive care with or without a beta blocker is sufficient in most patients in thyrotoxicotic
phase. We do not routinely use HDG treatment for thyrotoxicosis. We use HDG in patients
who present with symptoms suggestive of thyroid storm such as tachycardia, fever, and
mental status change, or in patients with cardiac disease. When patients develop
hypothyroidism, we initiate levothyroxine replacement, usually starting with 0.8-1
ug/kg/day in young patients without cardiac disease, or with a lower dose of 25-50 pg/day in
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elderly patients (> 60 years) or patients with cardiac disease, titrating the levothyroxine dose
every 3—4 weeks based on the TSH and FT4. Finally, the role of pre-treatment TSH as a
useful biomarker to predict ICl-induced thyroiditis remains to be determined.

This study has limitations due to its retrospective design. To confirm our findings of the
impact of high dose corticosteroids on the outcome of ICl-induced thyroiditis, the
maintenance dose of levothyroxine in the phase of hypothyroidism, as well as the
association between pretreatment TSH and development of ICI-induced thyroiditis, future
randomized prospective clinical trials will be necessary. Furthermore, the recommendations
based on this retrospective study could be strengthened or revised by the future randomized
prospective studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Flow chart of study design and subjects. HDG: High dose glucocorticoids.
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Figure 2. Timeto onset of thyrotoxicosis and hypothyroidism by different treatment regimens.
Onset of thyrotoxicosis and hypothyroidism was analyzed by the method of Kaplan-Meier.

A, Onset of thyrotoxicosis after first treatment with ICI. The follow-up of patients who did
not develop thyrotoxicosis is censored at the time of development of hypothyroidism.
Median Onset Time of thyrotoxicosis (Median with range, days): pembro: 44, (range: 19—
447); nivo: 56 (range: 13-126); ipi + nivo: 21 (range: 7-64). B, Onset of hypothyroidism
after first treatment with ICI. Median onset time of hypothyroidism (Median with range,
Days): pembro: 84 (range: 43-544); nivo: 84 (range: 14 — 154); ipi + nivo: 62 (range: 21—
141). Significant difference is defined as P < 0.05.
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Figure 3. The effect of systemic high-dose glucocorticoid (HDG) treatment on | Cl-related thyroid
disorders.

A, Duration of thyrotoxicosis. Lines represent median with range; grey dots represent
individual values. The difference between the two groups was not statistically significant
(Wilcoxon rank-sum A= 0.26). B, Time to conversion from thyrotoxicosis to
hypothyroidism in patients with or without HDG treatment. The difference between two
groups was not statistically significant (Wilcoxon rank-sum P=0.92). C, The time to onset
of hypothyroidism after the initial treatment with ICI in patients with or without treatment
with HDG. The difference between the two groups was not statistically significant
(Wilcoxon rank-sum P=0.50). D, Dose of levothyroxine (LT4) needed to achieve
euthyroidism (ug/kg body weight/day). There was no significant difference among the
groups (pembro, nivo, ipi+nivo) (Kruskal-Wallis Test = 0.64.). E, Impact of HDG on the
dose of LT4 needed to achieve euthyroidism. There was no significant difference between
the patients with or without HDG treatment (Wilcoxon rank-sum P = 0.46). For each panel,
lines represent median with range; grey dots represent individual values.
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Table 1.

Clinical characteristics of patients with ICl-related thyroid disorders.

Characteristic Pembro Nivo Ipi+ Nivo  Total
Number 18 9 26 53
Age, years
Median (range) 62 (32-82) 60 (42-81) 58 (34-78) 60 (32-82)
Gender, n(%)
Female 10(56) 9(100) 15(58) 34(64)
Male 8(44) 0(0) 11(42) 19(36)
Malignancy, n(%)
Melanoma 12(67) 3(33) 21(81) 36(68)
Leiomyosarcoma 1(6) 0(0) 0(0) 1(2)
Breast cancer 3(17) 0(0) 0(0) 3(6)
Lung cancer 1(6) 0(0) 0(0) 1(2)
Glioblastoma 1(6) 2(22) 0(0) 3(6)
Renal cell carcinoma 0(0) 0(0) 1(4) 1(2)
Meningioma 0(0) 3(33) 0(0) 3(6)
Bladder cancer 0(0) 1(11) 1(0) 2(4)
Ovarian cancer 0(0) 0(0) 2(0) 2(4)
Malignant neoplasm of esophagus  0(0) 0(0) 1(4) 1(2)
Preexisting thyroid disorder, n(%)
Yes 4(22) 3(33) 1(4) 8(15)
No 14(78) 6(67) 25(96) 45(85)
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Table 2.

Baseline (pre-treatment) TSH concentrations (mIU/L) in patients with or without ICI-induced thyroid
disorders.

Thyroid disorders N Min Median Max
TSH (MIUIL)

Yes# 53 0.28 2.30 5.21

No 98 0.50 1.70 4.45

Overall 151 0.28 1.76 521
Sex

Yes F 34 028 1.66 521
M## 19 051 2.98 4.83

No F 32 0.78 1.49 4.45

M 66 0.50 1.74 3.90

All: All patients. Yes: Patients developed ICI-induced thyroid disorders. No: Patient did not develop ICI-induced thyroiditis. F: Female. M: Male.

#"Patients who developed ICl-related disorders had significantly higher baseline TSH compared with patients who did not (Wilcoxon rank-sum P=
0.05).

##"Males with ICI disorders had significantly higher pre-treatment TSH than the remaining three subgroups of patients (Kruskal-Wallis 2= 0.02).
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