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Abstract 

Context: Thyroid dysfunction occurs commonly following immune checkpoint inhibition. 
The etiology of thyroid immune-related adverse events (irAEs) remains unclear and 
clinical presentation can be variable.
Objective: This study sought to define thyroid irAEs following immune checkpoint 
inhibitor (ICI) treatment and describe their clinical and biochemical associations.
Methods: We performed a retrospective cohort study of thyroid dysfunction in 
patients with melanoma undergoing cytotoxic T-lymphocyte antigen-4 (CTLA-4) and/or 
programmed cell death protein-1 (PD-1) based ICI treatment from November 1, 2009, to 
December 31, 2019. Thyroid function was measured at baseline and at regular intervals 
following the start of ICI treatment. Clinical and biochemical features were evaluated for 
associations with ICI-associated thyroid irAEs. The prevalence of thyroid autoantibodies 
and the effect of thyroid irAEs on survival were analyzed.

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/106/9/e3704/6242255 by H
ellenic Endocrine Society user on 25 January 2022

https://orcid.org/0000-0002-1430-0499
https://orcid.org/0000-0002-1430-0499


The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 106, No. 9� e3705

Results:  A total of 1246 patients were included with a median follow-up of 11.3 months. 
Five hundred and eighteen (42%) patients developed an ICI-associated thyroid irAE. 
Subclinical thyrotoxicosis (n = 234) was the most common thyroid irAE, followed by overt 
thyrotoxicosis (n = 154), subclinical hypothyroidism (n = 61), and overt hypothyroidism 
(n = 39). Onset of overt thyrotoxicosis occurred a median of 5 weeks (interquartile range 
[IQR] 2-8) after receipt of a first dose of ICI. Combination immunotherapy was strongly 
associated with development of overt thyrotoxicosis (odds ratio [OR] 10.8, 95% CI 4.51-25.6 
vs CTLA-4 monotherapy; P < .001), as was female sex (OR 2.02, 95% CI 1.37-2.95; P < .001) 
and younger age (OR 0.83 per 10  years, 95% CI 0.72-0.95; P = .007). By comparison, 
median onset of overt hypothyroidism was 14 weeks (IQR 8-25). The frequency of overt 
hypothyroidism did not differ between different ICI types. The strongest associations for 
hypothyroidism were higher baseline thyroid-stimulating hormone (OR 2.33 per mIU/L, 
95% CI 1.61-3.33; P < .001) and female sex (OR 3.31, 95% CI 1.67-6.56; P = .01). Overt 
thyrotoxicosis was associated with longer progression free survival (hazard ratio [HR] 
0.68, 95% CI 0.49-0.94; P = .02) and overall survival (HR 0.57, 95% CI 0.39-0.84; P = .005). 
There was no association between hypothyroidism and cancer outcomes.
Conclusion: Thyroid irAEs are common and there are multiple distinct phenotypes. 
Different thyroid irAE subtypes have unique clinical and biochemical associations, 
suggesting potentially distinct etiologies for thyrotoxicosis and hypothyroidism arising 
in this context.

Key Words: Hyperthyroidism, hypothyroidism, thyroiditis, immune-related adverse event, immune checkpoint 
inhibitor

Immune checkpoint inhibitors (ICIs) are the standard of 
care in the management of melanoma and many other 
cancer types (1). Through antagonism of the cytotoxic 
T-lymphocyte antigen-4 (CTLA-4) and programmed cell 
death protein-1 (PD-1) pathways, ICIs increase T-cell activa-
tion and anticancer immune responses (2). Enhancements in 
antitumor immunity related to ICI treatment have improved 
patient survival, but are associated with wide-ranging 
immune-related adverse events (irAEs) (3, 4). Thyroid dys-
function is the most commonly occurring endocrine irAE, 
affecting more than 10% of exposed patients (5). PD-1 in-
hibitors are associated with higher rates of thyroid dysfunc-
tion relative to CTLA-4 inhibitors, with the highest rates 
observed in patients undergoing combination treatment 
with both anti-CTLA-4 and anti-PD-1 ICIs (5).

The etiology of thyroid irAEs has generally been as-
sumed to be secondary to destructive, immune-mediated 
thyroiditis. However, onset of thyroid dysfunction is highly 
variable and not all patients develop the classic thyroiditis-
like presentation of transient thyrotoxicosis followed 
by a hypothyroid phase (5). Isolated thyrotoxicosis and 
hypothyroidism have both been reported, as well as sub-
clinical disease that is often short-lived and transient (5). 
Some studies have reported thyroid irAEs to be associated 
with improvements in progression-free survival (PFS) and 
overall survival (OS) (6-9). Thyroid autoantibody positivity 

rates vary widely between studies with prevalence rates of 
17% to 100% reported (10-14). Low-level thyroid anti-
body positivity has been associated with improvement in 
PFS and OS; however, the role of antithyroid antibodies 
in the pathogenesis and susceptibility to thyroid irAEs re-
mains unknown (5, 15).

Given the heterogeneity and lack of large studies exam-
ining thyroid dysfunction following ICI treatment, the aim 
of the present study was to comprehensively characterize 
thyroid irAEs in a large cohort of patients with advanced 
or metastatic melanoma.

Materials and Methods

Study Design and Participants

We reviewed outcomes in a cohort of adult patients under-
going ICI treatment for advanced or metastatic melanoma 
between November 1, 2009, and December 31, 2019. 
Demographic, treatment, and cancer outcome informa-
tion was extracted from a prospectively maintained cen-
tral database. Measurement of serum thyroid-stimulating 
hormone (TSH) was performed in all subjects prior to 
commencement of immunotherapy and thyroid function 
was repeated at subsequent ICI doses every 3 to 4 weeks 
during the first 6  months of follow-up. In patients with 
documented thyroid dysfunction or symptoms of thyroid 
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dysfunction, testing was performed at increased frequency 
on an individualized basis. After the first 6 months of ICI 
treatment, the testing interval was extended to every 6 to 
8 weeks and then to every 12 weeks after 1 year. Patients 
with normal thyroid function at baseline and at least 1 fur-
ther measurement of thyroid function following the first 
dose of ICI were included. Patients with pre-existing thy-
roid disease (defined as abnormal thyroid function at base-
line or treatment with thyroxine at baseline and patients 
who developed hypophysitis with central hypothyroidism 
were excluded.

Definitions

Thyroid irAEs were defined by detection of new thyroid 
dysfunction developing after treatment with an ICI and 
were subcategorized by the biochemical pattern of thyroid 
dysfunction. Overt thyrotoxicosis was defined by a TSH 
level below the lower reference interval with concomi-
tant elevation of free thyroxine (FT4) above the upper 
reference interval. Subclinical thyrotoxicosis was defined 
by a TSH level below the lower reference interval in the 
presence of normal serum concentrations of FT4. Overt 
hypothyroidism was defined by a TSH level above the 
upper reference limit with concomitant FT4 levels below 
the lower reference interval or by TSH >10.0 mIU/L irre-
spective of FT4. Subclinical hypothyroidism was defined 
as normal FT4 level in the presence of TSH elevation 
above the upper limit of the normal reference range 
and <10.0  mIU/L. Euthyroid hyperthyroxinemia and 
hypothyroxinemia were defined as a normal TSH with 
FT4 concentrations above or below the normal reference 
interval, respectively.

Time to thyroid dysfunction was measured as the time 
to first documented thyroid function test abnormality fol-
lowing receipt of the initial dose of ICI. Duration of thyro-
toxicosis or hypothyroidism was defined as the time to 
restoration of normal TSH following the first laboratory 
documented episode of abnormal thyroid function.

Assay Characteristics

Serum concentration of thyroid hormones and anti-
bodies were made using commercially available kits from 
Abbott Diagnostics. TSH had a measuring range of 0.01 
to 127  mIU/L with precision (coefficient of variation, 
CV) of 1.9% to 5.3% across a wide range of TSH values. 
FT4 had a measuring range of 0.0 to 77.2 pmol/L with 
precision (CV) of 3.6% to 7.8% across a wide range of 
FT4 values. Full assay characteristics are available on-
line via Abbott Diagnostics package insert instructions. 

Local reference intervals for TSH and FT4 were set at 
0.40 to 4.20  mIU/L and 9.0 to 19.0  pmol/L respect-
ively. Thyroid peroxidase antibody (TPOAb) and thyro-
globulin antibody (TgAb) titers were measured using the 
Abbott Architect platform with values of >5.61  IU/mL 
and >4.11 IU/mL considered positive, respectively.

Procedures and Outcomes

The primary outcome was to describe the prevalence, 
clinical phenotypes, and factors associated with thyroid 
irAEs in a large cohort of melanoma patients undergoing 
ICI treatment. Biobank serum specimens were retrieved 
to measure TPOAb and TgAb titers in a subset of patients 
using samples collected and stored at baseline (prior to 
receipt of first ICI dose). Additional analyses were per-
formed to assess the association of thyroid irAEs with 
cancer survival.

Statistical Analysis

Continuous variables were summarized as median and 
interquartile range (IQR) or frequencies and percentages 
reported for categorical variables. Baseline characteristics 
of patients with thyroid irAEs are compared with those 
of patients without thyroid irAEs in Table 1 using the 
Mann–Whitney U-test for continuous outcome variables 
and Pearson’s chi-squared test for categorical outcome 
variables. Associations between demographic factors and 
thyroid irAEs were assessed using multivariable logistic 
regression that included all factors with P < .20 from a 
univariate analysis. Results of multivariable logistic re-
gression are presented as odds ratio (OR) and associated 
95% CI. Survival differences between patients with thyroid 
irAEs and patients without thyroid irAEs were compared 
using Kaplan–Meier log-rank analysis. The effect of thy-
roid irAEs on OS and PFS was estimated using Cox regres-
sion adjusted with age, sex, brain metastases, and ICI type. 
All statistical tests were 2-tailed with the 2-sided statistic-
ally significant level set at P = .05. Prespecified subgroup 
analyses were performed in patients with overt thyrotoxi-
cosis and overt hypothyroidism compared with patients 
with euthyroidism. Statistical analyses were conducted 
using Statistical Package for Social Sciences (SPSS) ver-
sion 26 (SPSS Inc, IL, USA) and figures were created using 
GraphPad Prism, version 8. All patients consented for their 
data to be recorded in the Melanoma Institute Australia 
central database, and for that information to be used for 
research purposes. Ethics approval was provided by the 
Sydney Local Health District human research and ethics 
committee.
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Results

Study Population

One thousand two hundred forty-six patients met in-
clusion criteria. The median age was 65  years (IQR 
54-74) and 824 (66%) participants were male, consistent 
with a typical melanoma population. Immune check-
point inhibitor treatment consisted of the anti-CTLA-4 
antibody ipilimumab (13%), anti-PD-1 antibodies 
nivolumab (19%) or pembrolizumab (36%), combin-
ation ipilimumab and nivolumab (23%), combination 
ipilimumab and pembrolizumab (7%), or the anti-PD-L1 
antibodies atezolizumab/avelumab (2%). Baseline char-
acteristics are presented in Table 1.

Incidence of Thyroid Dysfunction

The entire cohort (n = 1246) had a median follow-up of 
11.3 (IQR 5-24) months. During follow-up, ICI-associated 
thyroid irAEs occurred in 518 (42%) patients. The highest 
incidence of thyroid irAEs occurred with combination 
CTLA-4 and PD-1 inhibitor treatment (56%), followed by 
anti-PD-1 (38%) and anti-CTLA-4 (25%) monotherapies 
(Fig. 1A).

Multiple patterns of thyroid irAEs were observed. 
Primary thyrotoxicosis was the most common thyroid 
irAE, affecting 388 (31%) patients. Of primary hyperthy-
roid irAEs, thyrotoxicosis was subclinical in 234 patients 
and overt in 154 patients (Fig. 1B). In patients with overt 
thyrotoxicosis, the median maximum FT4 concentration 
was 25.6 pmol/L (IQR 21.9-35.1). Primary hypothyroidism 
at onset (ie, without a preceding hyperthyroid phase) oc-
curred in 100 (8%) patients and, again, most cases were 
subclinical (Fig. 1B). Euthyroid hyperthyroxinemia and 
hypothyroxinemia developed in 10 (<1%) and 6 (<1%) pa-
tients, respectively. Nonthyroidal illness (isolated low tri-
iodothyronine) occurred in 14 (1%) patients (Fig. 1B). As a 
proportion of total thyroid irAEs, overt thyroid dysfunction 
occurred more commonly following combination CTLA-4 
and PD-1 inhibitor treatment (47%) than after anti-PD-1 
(37%) or anti-CTLA-4 (19%) based monotherapy.

Kinetics of Thyroid Dysfunction

There were kinetic differences in the temporal course of 
TSH and FT4 in patients with thyrotoxicosis compared 
with those who developed hypothyroidism from onset (Fig. 

Table 1.  Baseline characteristics

All patients Thyroid irAE No thyroid irAE P value

Patients; n (%) 1246 (100) 518 (42) 728 (58)  
Age (years); median (IQR) 65 (54-74) 63 (51-71) 67 (56-75) <.001
Male; n (%) 824 (66) 306 (59) 518 (71) <.001
Checkpoint inhibitor; n (%)    <.001
  CTLA-4 165 (13) 41 (8) 124 (17)
  PD-1/PD-L1 705 (57) 266 (51) 439 (60)
  Combination CTLA-4 + PD-1 376 (30) 211 (41) 165 (23)
AJCC stage (28); n (%)    .70
  IIIa 17 (1) 6 (1) 11 (1)
  IIIb 63 (5) 29 (6) 34 (5)
  IIIc 150 (12) 55 (11) 95 (13)
  IV M1a 83 (7) 35 (7) 48 (7)
  IV M1b 167 (13) 69 (13) 98 (14)
  IV M1c 726 (58) 314 (61) 412 (57)
ECOG status; n (%)    .14
  0 744 (60) 330 (64) 414 (57)
  1 365 (29) 138 (27) 227 (31)
  2 37 (3) 14 (3) 23 (3)
  3 8 (1) 2 (<1) 6 (1)
Brain metastases; n (%) 258 (21) 131 (25) 127 (17) .001
Elevated LDH; n (%) 336 (27) 133 (26) 203 (28) .29
TSH (mIU/L); median (IQR) 1.32 (0.93-1.94) 1.24 (0.81-1.90) 1.38 (0.98-1.99) .003
FT4 (pmol/L); median (IQR) 13.1 (12.0-14.3) 13.1 (12.0-14.7) 13.0 (12.0-14.1) .32
TPOAb positive; n (%) 27/163 (17) 27/128 (21) 0/35 (0) <.001
TgAb positive; n (%) 42/163 (26) 41/128 (32) 1/35 (3) <.001

Abbreviations: irAE, immune-related adverse event; AJCC, American Joint Committee on Cancer; ECOG, Eastern Cooperative Oncology Group; LDH, lactate 
dehydrogenase; TSH, thyroid stimulating hormone; FT4, thyroxine; TPOAb, thyroid peroxidase antibody; TgAb, thyroglobulin antibody; IQR, interquartile range.
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2). Time to thyroid dysfunction was significantly shorter 
for patients with thyrotoxicosis than those with hypo-
thyroidism (median 41 vs 90 days, P < .001). Of patients 
with thyrotoxicosis, a classical thyroiditis-like pattern of 
thyrotoxicosis immediately followed by a hypothyroid 
phase occurred in 111/388 (29%) patients. Progression 
to hypothyroidism was more common following overt 
thyrotoxicosis, with 91/154 (59%) patients progressing 
compared with 20/234 (9%) patients following an ini-
tial presentation with subclinical thyrotoxicosis (Table 2). 
Permanent hypothyroidism requiring thyroid hormone 
replacement was highest in patients with overt hypothy-
roidism at onset (74%). In patients with subclinical thyro-
toxicosis, 227 (97%) returned to a euthyroid state during 
follow-up, whereas in patients with overt thyrotoxicosis, 
only 88 (57%) recovered normal thyroid function during 
follow-up and 66 patients (43%) progressed to permanent 
hypothyroidism requiring thyroid hormone replacement 
(Table 2).

Immune-related adverse events in extrathyroidal organ 
systems were common, affecting 865 (69%) patients. Rates 
of extrathyroidal irAEs were significantly increased in pa-
tients with overt thyrotoxicosis relative to hypothyroid and 
euthyroid patients (87 vs 67 vs 65%, P < .001). Similarly, 
overt thyrotoxicosis was associated with higher rates of 
multi-system irAEs and Common Terminology Criteria for 
Adverse Events (CTCAE) grade 3 or higher (more severe) 
irAEs compared with hypothyroid and euthyroid patients 
(Table 2).

Clinical and Biochemical Associations

Combination immunotherapy with anti-CTLA-4 and 
anti-PD-1 ICIs was associated with higher rates of thy-
roid irAE relative to either CTLA-4 (OR 3.76; 95% CI 

2.49-5.75; P < .001) or PD-1 (OR 1.90; 95% CI 1.45-2.49; 
P < .001) based monotherapy. Thyroid irAEs were signifi-
cantly more frequent in women (OR 1.62; 95% CI 1.27-
2.08; P < .001) and were negatively associated with age 
(OR 0.88 per 10 years; 95% CI 0.81-0.96; P = .005) and 
brain metastases (OR 0.71; 95% CI 0.53-0.94; P < .02). 
The incidence of overt thyrotoxicosis was higher following 
combination ICI treatment compared with anti-CTLA-4 
(OR 10.8; 95% CI 4.51-25.6; P < .001) or anti-PD-1 (OR 
3.30; 95% CI 2.23-4.90; P < .001) monotherapy (Table 3). 
Overt thyrotoxicosis was more common in women (OR 
2.02; 95% CI 1.37-2.95; P < .001) and in younger pa-
tients (OR 0.83 per 10 years; 95% CI 0.72-0.95; P = .007). 
Combination ICI treatment did not significantly influence 
odds of overt hypothyroidism compared to CTLA-4 (OR 
7.28; 95% CI 0.89-59.4; P = .06) and PD-1 (OR 0.70; 
95% CI 0.31-1.59; P = .40) based monotherapy. Baseline 
TSH did not predict thyroid irAEs overall. However, base-
line TSH levels were significantly higher in patients with 
overt hypothyroidism from onset (OR 2.33 per mIU/L; 
95% CI 1.61-3.33; P < .001). Using receiver operating 
characteristic curve analysis, baseline TSH values greater 
than 2.47 mIU/L were 90% specific and 40% sensitive for 
prediction of subsequent primary overt hypothyroidism.

Thyroid Autoantibodies

TPOAb and TgAb were measured in a subset of 163 patients 
with available biobank serum specimens collected prior to ICI 
treatment initiation. Overall, TPOAb, TgAb, or both were ele-
vated in 46 patients (28%). Antithyroid antibody positivity 
rates were low in patients who did not develop a thyroid irAE, 
with only 1 patient (3%) affected by a positive TPOAb (Table 
1). TPOAb and TgAb positivity rates were higher in patients 
who ultimately developed a thyroid irAE, affecting 21% and 
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Figure 1.  Incidence and biochemical subtypes of thyroid immune related adverse events following immune checkpoint inhibitor treatment. (A) 
Proportion of patients experiencing a thyroid immune-related adverse event by immune checkpoint inhibitor exposure. (B) Patterns and incidence 
rates of thyroid dysfunction developing after immune checkpoint inhibitor treatment.
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Table 2.  Clinical phenotypes of thyroid dysfunction in patients with thyroid immune-related adverse events

Thyrotoxicosis Hypothyroidism P value

Subclinical Overt Subclinical Overt  

Patients; n 234 154 61 39  
Age (years); median (IQR) 63 (49-71) 60 (49-69) 68 (55-74) 62 (51-73) <.001
Male; n (%) 147 (63) 83 (54) 42 (69) 16 (41) <.001
Checkpoint inhibitor; n (%)     <.001
  CTLA-4 23 (10) 6 (4) 6 (10) 1 (3)
  PD-1/PD-L1 110 (47) 62 (40) 48 (79) 29 (74)
  Combined CTLA-4 + PD-1 101 (43) 86 (56) 7 (11) 9 (23)
Baseline TSH (mIU/L); median (IQR) 0.95 (0.63-1.41) 1.29 (0.89-1.88) 2.32 (1.43-3.03) 1.94 (1.20-3.07) <.001
Baseline FT4 (pmol/L); median (IQR) 12.8 (11.9-13.7) 13.6 (12.2-15.1) 12.5 (11.7-14.1) 14.1 (12.5-15.6) .23
TPOAb positive; n (%) 3/58 (5) 18/53 (34) 2/4 (50) 4/13 (31)  
TgAb positive; n (%) 8/58 (14) 26/53 (49) 1/4 (25) 6/13 (46)  
Time to onset of thyroid dysfunction (weeks); me-

dian (IQR)
8 (4-14) 5 (2-8) 10 (3-26) 14 (8-25) <.001

Time to normalization of TSH after onset of thy-
roid dysfunction (weeks); median (IQR)

4 (1-8) 12 (7-24) 3 (1-8) 10 (1-24) .37

Progression to hypothyroidism; n (%) 20 (9) 91 (59) n/a n/a n/a
Permanent hypothyroidism requiring thyroxine; n (%) 7 (3) 66 (43) n/a 29 (74) .13
Extra-thyroidal irAEs; n (%) 173 (74) 134 (87) 38 (62) 29 (74) .01
Multi-system extrathyroidal irAEs; n (%) 13 (6) 24 (16) 0 (0) 2 (5) .01
Severe (CTCAE grade 3-4) extrathyroidal irAEs; 

n (%)
56 (24) 37 (24) 9 (15) 5 (15) .03

Abbreviations: TSH, thyroid-stimulating hormone; FT4, thyroxine; TPOAb, thyroid peroxidase antibody; TgAb, thyroglobulin antibody; IQR, interquartile range; 
irAE, immune related adverse event; CTCAE, Common Terminology Criteria for Adverse Events.
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32% of patients, respectively. In patients with thyroid irAEs 
and positive antibodies, 22/45 (49%) were positive for both 
TPOAb and TgAb, whereas no euthyroid patients were posi-
tive for both antibodies. The prevalence of antithyroid anti-
body positivity, including dual antibody positivity, was higher 
in patients with overt thyroid irAEs (thyrotoxicosis or hypo-
thyroidism) compared with those with subclinical thyroid 
irAEs (Table 2).

Prognostic Significance

Median follow-up was not different between patients with 
thyroid irAEs (11.5  months; IQR 5.0-23.9) and patients 
without thyroid irAEs (11.1  months; IQR 4.8-25.3). No 
difference in treatment response (iRECIST criteria (16)) 
was observed in patients with ICI-associated thyroid irAEs 
relative to patients that remained euthyroid (58% vs 56%; 
P = .55). Similarly, mortality did not differ between patients 
with and patients without thyroid irAEs (33% vs 37%; 
P = .14). After adjustment for age, sex, brain metastases, 
and ICI type, OS and PFS did not differ between patients 
with thyroid irAEs and patients that remained euthyroid. 
In thyroid irAE patients, hazard ratios (HR) for OS and 
PFS were 0.95 (95% CI 0.77-1.16; P = .59) and 0.97 (95% 
CI 0.81-1.16; P = .74) respectively.

Survival analyses were performed separately for pa-
tients with overt thyrotoxicosis or overt hypothyroidism. 
Patients who developed overt thyrotoxicosis had longer OS 
(log-rank test; P = .001) and PFS (log-rank test; P = .001) 
than patients who did not experience a thyroid irAE. These 
results were confirmed by multivariable Cox regression 
analysis (adjusted for age, sex, brain metastases, and ICI 
type), with a HR of 0.57 (95% CI 0.39-0.84; P = .005) for 
OS and a HR of 0.68 (95% CI 0.49-0.94; P = .02) for PFS 

(Fig. 3). No improvement in PFS or OS was observed in 
association with overt hypothyroidism.

Discussion

We report clinical and biochemical characteristics of ICI-
associated thyroid irAEs in the largest cohort of patients 
studied to date. The incidence of thyroid dysfunction in 
our study was substantially higher than reported in other 
cohorts, with sufficient patient numbers to examine this 
condition (12, 15, 17). We confirmed that combined ICI 
treatment resulted in more frequent and severe thyroid 
irAEs (5, 18). Notably, with the power of our large dataset 
we were able to clearly delineate subsets of thyroid dysfunc-
tion and describe new clinical and biochemical associations. 
Our findings suggest that ICI-associated overt thyrotoxi-
cosis (with or without subsequent hypothyroidism) and 
hypothyroidism (without preceding thyrotoxicosis) may be 
etiologically distinct, rather than different presentations of 
the same disease process.

Whereas previous studies have failed to identify clin-
ical factors related to thyroid irAEs, our study identified 
multiple new demographic characteristics that were asso-
ciated with incident thyroid irAEs. In our cohort, female 
sex was a strong predictor of thyroid irAEs. An association 
between sex and thyroid irAE risk had not previously been 
reported, possibly due to small sample sizes and lack of 
statistical power (13, 19). A predilection of thyroid irAEs 
toward women is similar to the female preponderance of 
autoimmune thyroid disease observed in the general popu-
lation (20). Age also acted as an independent risk factor for 
thyroid irAEs, with younger patients experiencing higher 
rates of thyrotoxicosis, but not hypothyroidism. These find-
ings are consistent with other forms of thyroiditis, such as 

Table 3.  Demographic associations with ICI-associated thyroid immune related adverse events (including subgroup analyses 

of overt thyroid irAEs) compared with patients that remained euthyroid during follow-up

Factor Any thyroid irAE 
OR (95% CI)

P 
value

Overt thyrotoxi-
cosis OR (95% CI)

P 
value

Overt hypothyroidism 
OR (95% CI)

P 
value

Age (per 10-years) 0.88 (0.81-0.96) .005 0.83 (0.72-0.95) .007 0.87 (0.68-1.10) .23
Sex (female vs male) 1.62 (1.27-2.08) <.001 2.02 (1.37-2.95) <.001 3.31 (1.67-6.56) .001
Immune checkpoint inhibitor       
  CTLA-4+PD-1 combination vs 

CTLA-4
3.76 (2.49-5.75) <.001 10.8 (4.51-25.6) <.001 7.28 (0.89-59.4) .06

  CTLA-4+PD-1 combination 
vs PD-1

1.90 (1.45-2.49) <.001 3.30 (2.23-4.90) <.001 0.70 (0.31-1.59) .40

Baseline TSH (per 1.0 mIU/L) 1.05 (0.91-1.22) .48 1.08 (0.84-1.38) .55 2.33 (1.61-3.33) <.001
Brain metastases (absent vs pre-

sent)
0.71 (0.53-0.94) .02 0.78 (0.50-1.22) .27 0.70 (0.31-1.59) .39

Abbreviations: irAE, immune-related adverse event; OR, odds ratio; ICI, immune checkpoint inhibitor; CTLA-4, cytotoxic T-lymphocyte antigen-4; PD-1, pro-
grammed cell death-1.
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subacute thyroiditis, which typically develop between the 
third and fifth decades (21, 22).

Kinetic changes of TSH and FT4 that occurred fol-
lowing ICI treatment demonstrated several distinct pat-
terns. In patients with overt thyrotoxicosis, 93% presented 
with abnormal thyroid function within 3  months of ICI 
treatment initiation compared to only 38% of patients pre-
senting with overt hypothyroidism as the primary mani-
festation of ICI-associated thyroid irAE. Whereas the time 
to onset of thyrotoxicosis was generally uniform, there 
was marked heterogeneity in the time to onset of hypo-
thyroidism, ranging from 1 week to 70 weeks after the 
start of ICI treatment. The mechanisms underpinning late-
onset hypothyroidism are poorly characterized. However, 
antithyroid antibody positivity rates in hypothyroid pa-
tients approached 50%, suggesting that late onset hypo-
thyroidism may be secondary to ICI-mediated acceleration 
of lymphocytic infiltration of the thyroid in the context 
of a subclinical Hashimoto’s thyroiditis that predated ICI 
treatment.

The role of antithyroid antibodies in the pathogenesis 
of ICI-associated thyroid irAEs remains controversial and 
poorly characterized (5). We measured baseline TPOAb 
and TgAb status using stored serum samples in 163 ICI-
treated patients using a single assay and within a single run. 
Our results clearly demonstrated an association between 
TPOAb and/or TgAb positivity at baseline and the inci-
dence of ICI-associated thyroid irAEs. Interestingly, these 
findings share similarity to other causes of thyroiditis (ie, 
postpartum), where antithyroid antibodies are present in 
up to 50% of affected patients but may not be pathogno-
monic (23). TPOAb and TgAb positivity was particularly 

prominent in patients who developed overt thyroid dys-
function, suggesting that pre-existing thyroid autoimmunity 
may be a potent risk factor for future development of ICI-
associated thyroid toxicity. This hypothesis is strengthened 
by our additional findings that TPOAb and TgAb titers and 
dual antibody positivity rates were higher in patients with 
overt thyroid irAEs than patients with subclinical or no 
thyroid irAE.

As expected, thyrotoxicosis was significantly associ-
ated with the type of ICI treatment received. Combination 
therapy resulted in significantly higher rates of both overt 
and subclinical thyrotoxicosis relative to CTLA-4 and PD-1 
inhibitors used alone. However, no such association was 
observed with respect to overt hypothyroidism, where the 
incidence of thyroid irAEs was similar across all ICI types. 
Baseline TSH concentrations were significantly higher in 
patients who developed overt hypothyroidism as their ini-
tial thyroid irAE. The association of hypothyroidism and 
baseline TSH had been observed previously and again 
may suggest progression of a pre-existing, subclinical 
Hashimoto’s thyroiditis accelerated by ICI treatment, ra-
ther than a de novo ICI-mediated thyroiditis (19, 24, 25). 
Our data are consistent with this hypothesis, although our 
finding of differential thyroid irAE sensitivity to ICI type 
and high prevalence of antithyroid antibodies needs to be 
validated in other large ICI patient cohorts.

Overall, thyroid irAEs were associated with in-
creased rates of extrathyroidal irAEs (hepatitis, col-
itis, etc.) including multisystem and CTCAE grade 3 
or higher (more severe) irAEs relative to euthyroid 
patients. Increased rates of nonthyroidal irAEs were 
driven mainly by patients with overt thyrotoxicosis. 
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Figure 3.  Overall survival and progression-free survival in patients with thyroid immune related adverse events. (A) Overall survival in patients with 
overt primary thyrotoxicosis relative the patients who remained euthyroid. (B) Progression-free survival in patients with overt primary thyrotoxicosis 
relative the patients who remained euthyroid.
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Primary hypothyroidism alone was not associated with 
extrathyroidal, multisystem, or severe irAEs, which in 
this group of patients occurred at similar rates to that 
observed in patients who remained euthyroid. Taken to-
gether, our data suggest that overt thyrotoxicosis could 
be a surrogate marker of more robust immune response 
to ICI treatment. Overt thyrotoxicosis was associ-
ated with high rates of extrathyroidal immune toxicity, 
but also improved cancer survival outcomes. Similar 
autoinflammatory sequalae and survival improvements 
were not observed in association with other thyroid irAE 
subtypes. Previous studies have inconsistently reported 
benefit in PFS and OS associated with thyroid irAEs (7, 9, 
26, 27). Improvements in PFS and OS have been reported 
with overt relative to subclinical thyroid irAEs, but no 
studies had examined the differential effect of thyrotoxi-
cosis and hypothyroidism with respect to cancer survival 
(6, 15). Differences in clinical and biochemical presenta-
tion of ICI-associated thyroid irAEs in our study support 
the hypothesis that ICI-associated thyrotoxicosis and 
hypothyroidism represent distinct clinical entities with 
differing underlying pathogenesis—thyrotoxicosis as 
an acute destructive thyroiditis and hypothyroidism as 
a progression of pre-existing autoimmune lymphocytic 
thyroiditis.

Our study had limitations inherent to the retrospective 
study design. Although patients were followed prospect-
ively, and thyroid function tests were usually performed 
on a 3- to 4-weekly schedule, not all patients had tests 
performed at uniform time points, and it is possible that 
some cases of thyroid dysfunction may have been missed. 
We did not routinely test for TSH receptor antibodies in 
hyperthyroid patients and therefore Graves’ disease cannot 
be excluded. However, all patients in our study developed 
transient thyrotoxicosis which was self-limited and resolved 
without treatment. We believe this makes Graves’ disease 
highly unlikely. Stored serum at baseline was not available 
for all patients. As such, antithyroid antibodies were meas-
ured in a subset of patients only. However, we believe these 
results can be generalized to the larger cohort, as patients 
were sampled from all subgroups of thyroid dysfunction 
and demographically were not significantly different from 
untested patients of their respective thyroid irAE subtypes.

In summary, this study comprehensively details the 
clinical and biochemical features of ICI-associated thy-
roid irAEs. As the use of ICIs continue to increase, irAEs 
(thyroid and nonthyroid) will become an increasingly im-
portant component of endocrine and oncology practice. 
Our study reports new associations of thyroid irAEs with 
age, sex, TPOAb/TgAb, extrathyroidal irAEs, and other 
factors, which in totality suggest there are multiple mech-
anisms underpinning development of thyroid dysfunction 
following ICI treatment.
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