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Abstract
Purpose Immune-related thyroid adverse events (irTAEs) occur frequently following immune checkpoint inhibitor (ICI) 
therapy. The purpose of this study is to provide knowledge about the incidence, clinical timeline characteristics, associated 
factors of irTAEs, and potential impact on treatment efficacy in patients with melanoma receiving adjuvant ICI therapy.
Methods A national multicenter retrospective cohort study of patients with resected stage III/IV melanoma treated with 
adjuvant PD-1 inhibitors between November 2018 and December 2020. Data were extracted from the Danish Metastatic 
Melanoma Database. The irTAEs were defined as two consecutive abnormal TSH values and subdivided into transient or 
persistent.
Results Of 454 patients, 99 developed an irTAE (21.8%), of these were 46 transient (46.5%) and 53 persistent (53.5%). 
Median time to transient and persistent irTAE was 55 and 44 days, respectively (p = 0.57). A hyperthyroid phase followed 
by hypothyroidism was seen in 73.6% of persistent irTAEs, whereas 87% of transient irTAEs developed an isolated hypo- or 
hyperthyroid phase. Multiple variable analysis demonstrated an association between irTAE and female sex (HR 2.45; 95% 
CI 1.63–3.70; p < 0.001), but no association with recurrence-free survival (HR 0.86; 95% CI 0.50–1.48; p = 0.587) or overall 
survival (HR 1.05; 95% CI 0.52–2.12, p = 0.891).
Conclusions IrTAE is a common side effect to PD-1 inhibitors primarily occurring within the first 3 months, with a high risk 
of persistency. Female sex is a strong predictive factor. IrTAE was not associated with improved clinical outcome.
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Background

Immune checkpoint inhibitors (ICIs) have revolutionized 
cancer therapy and improved the treatment of patients with 
melanoma [1]. The most important immune checkpoint tar-
gets are cytotoxic T-lymphocyte antigen 4 (CTLA-4) and 
programmed cell death 1 (PD-1) or its ligand, programmed 
cell death ligand 1 (PD-L1). ICIs are designed to block 
the function of these, thereby promoting T-cell–medi-
ated anti-tumor responses [2]. Nevertheless, as a result 
of immune activation, ICIs can lead to a distinct constel-
lation of inflammatory side effects known as immune-
related adverse events (irAEs) [3]. IrAEs can affect any 
organ but typically involve the skin, gastrointestinal tract, 
and endocrine systems [2, 4]. Most irAEs appear within 
the first weeks to 3 months after initiation of ICIs [5, 6], 
and female sex and younger age seem to be associated 
with higher rates of irAEs [7, 8]. Previous studies have 
shown that irAEs predict improved tumor response and 
overall survival in metastatic cancer patients treated with 
ICIs [1, 5, 9].

Immune-related thyroid adverse events (irTAEs) are the 
most common endocrine irAEs [2, 3]. Significantly higher 
rates of irTAEs are observed with PD-1 inhibitors relative 
to CTLA-4 inhibitors [10–12]. PD-1 inhibitors are suc-
cessfully used in the treatment of patients with advanced 
melanoma, and it has been shown that the occurrence of 
ICI-induced irTAEs appears to be related to improved anti-
neoplastic efficacy [13–15]. The irTAEs are often asymp-
tomatic and consequently detected by routine laboratory 
tests, including thyroid stimulating hormone (TSH) and 
free thyroid hormones (FT3/FT4) [4]. The pathogenesis of 
irTAEs is widely unknown, and attempts have been made 
to characterize the clinical presentation [2]. The onset and 
pattern of irTAEs can vary; some irTAEs are characterized 
by a transient impact on the thyroid gland, whereas oth-
ers are characterized by a persistent reduced function of 
the thyroid gland, requiring thyroid hormone replacement 
with levothyroxine [15]. In the latter, the most common 
clinical presentation is an initial thyrotoxic phase which 
subsequently, during weeks, converts into hypothyroid-
ism [12, 16]. However, the frequency and predictors of 
the transient and persistent irTAEs remain unclear in an 
adjuvant treatment setting.

Since many patients experience irAEs and because thy-
roid complications occur frequently also in the adjuvant 
setting, it is important to provide clinicians with informa-
tion to identify and understand factors that predispose to 
the development of irTAE as well as the impact of irTAEs 
on the clinical outcome.

Therefore, the aim of this retrospective national cohort 
study was (i) to determine the frequency and clinical 

timeline characteristics of transient and persistent irTAEs, 
(ii) to test if age and sex were associated with the risk 
of developing irTAEs, and (iii) to investigate associations 
between irTAEs with both recurrence-free survival (RFS) 
and overall survival (OS).

Methods

Study design

This is a national retrospective cohort study at the Depart-
ment of Oncology of Aalborg University Hospital (AAUH), 
Aarhus University Hospital (AUH), Copenhagen University 
Hospital, Herlev (Herlev), and Odense University Hospital 
(OUH). Demographic information, treatment characteristics, 
laboratory findings, and FDG-PET/CT scan results were 
extracted from the Danish Metastatic Melanoma Database 
(DAMMED; a national database capturing oncological data 
on patients with melanoma in both the adjuvant and meta-
static settings) [17]. Data management was completed in 
November 2022. The Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) guideline was 
followed.

Setting and treatment

Patients receiving the first treatment dose of adjuvant PD-
1-inhibitor between November 28, 2018, and December 21, 
2020, were included in the study. Treatment was given every 
fourth week in 1–13 treatment cycles. The measurement of 
TSH values was performed in all patients prior to the com-
mencement of the ICI and repeated before the administration 
of the consecutive dose. The treatment was discontinued if 
the patient experienced moderate to severe (Common Ter-
minology Criteria for Adverse Events grades 3–4) immune-
related (ir)-toxicity, or due to other causes (e.g., disease 
recurrence) according to patient’s and/or physician’s choice. 
All patients were followed in the study until last seen alive 
or dead from any cause until March 31, 2022.

Study participants

Patients aged ≥ 15 years with resected melanoma stage III/
IV treated with an adjuvant PD-1 inhibitor were included in 
the study. Exclusion criteria were treatment with two differ-
ent PD-1 inhibitors in the adjuvant setting, history of known 
thyroid illness before initiation of ICI, ir-hypophysitis, fewer 
than two reported TSH values, and abnormal or no available 
baseline TSH value. Informed consent was obtained from all 
participants included in the database.
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Data measurement

All laboratory values were assessed based on the respective 
TSH reference range (RefR) for each laboratory center; AAUH 
used Roche, Cobas 8000 e602, and RefR 0.3–4.5 mIU/L; AUH 
used Siemens ADVIA Centaur XPT and RefR 0.3–4.5 mIU/L; 
OUH used Roche, Cobas 8000 e602/e801, and RefR 0.3–4.0 
mIU/L; Herlev used Siemens, ADVIA Centaur XP, and RefR 
0.35–4.0 mIU/L, and after June 17, 2019, Herlev used Siemens 
Atellica IM Analyze and RefR of 0.4–4.8 mIU/L.

Definitions

Immune‑related thyroid adverse event

Patients were categorized into two outcome groups with a fur-
ther subdivision in the irTAE group inspired by previous stud-
ies [16, 18–20]: (i) no irTAE: normal TSH values or no con-
secutive abnormal TSH values and (ii) irTAEs: (a) transient 
irTAE with at least two consecutive abnormal TSH values 
not requiring hormone replacement or (b) persistent irTAE 
with at least two consecutive abnormal TSH values requiring 
hormone replacement, assuming that hormone replacement 
indicates an irreversible state of hypothyroidism. Abnormal 
TSH values, defined as below or above RefR depending on the 
respective location site, were used to detect an irTAE.

The time to develop an irTAE was defined by the time inter-
val between the first PD-1 inhibitor dose and the first abnormal 
TSH value. The time to develop a hyperthyroid phase (i.e., at 
least one TSH value below RefR) or a hypothyroid phase (i.e., 
at least one TSH value above RefR) was analyzed as separate 
endpoints. The duration of the transient irTAE was defined 
as the date of the first documented abnormal TSH value until 
the date of the first normal TSH value without any subsequent 
abnormal values or until the last abnormal value. The time to 
start levothyroxine was defined as the date of the first abnormal 
TSH value until the start date of levothyroxine treatment.

Clinical outcome

FDG-PET/CT scans were performed every 3 months during 
treatment. RFS was defined as the time span between the 
date of the first PD-1 inhibitor treatment and until recurrence 
of melanoma, or last scan without recurrence, determined 
by FDG-PET/CT scans using Response Evaluation Criteria 
in Solid Tumors (RECIST) [21].

OS was defined as the date of the first PD-1 inhibitor 
treatment until last date seen alive or date of death from any 
cause. A severe ir-toxicity was defined as any irAE lead-
ing to discontinuation of PD-1 inhibitor treatment. These 
were categorized into specific irAEs, and it was noted if the 
patient discontinued treatment due to one or more irAEs.

Statistical methods

Descriptive variables were analyzed and summarized with 
frequency and percentage for categorical variables or as 
median and range/interquartile range (IQR) for continuous 
variables. The total incidence of irTAEs was measured 
during the study period, as well as the specific incidence 
of transient and persistent irTAEs. The time to develop 
an irTAE was illustrated by a Kaplan–Meier curve where 
patients were censored at the date of their last available TSH 
value. Test of difference between irTAE versus no irTAE 
for continuous variables was performed by Mann–Whitney 
U test, while Pearson’s chi-squared test or Fisher’s exact 
test was used for categorical variables. Univariate Cox 
proportional hazards regression analyses were performed 
to estimate the hazard ratio (HR) and 95% confidence 
interval (95% CI) for age and sex. The proportional hazard 
assumption was examined to check for proportionality. 
The significant variable from the univariate analyses was 
included in a multivariate analysis. A Kaplan–Meier curve 
with a log-rank test was used to illustrate time to an irTAE 
and the association with sex.

To avoid an overestimation of the RFS and OS measures 
in the irTAE cohort (immortal time bias), the time zero for 
the survival time was set equal to 6 months, thus only includ-
ing patients that had survived for more than 6 months [22]. 
StataCorp. 2021, STATA Release 17, Statistical Software 
was used for all statistical analyses, and the significance 
level was p < 0.05.

A swimmer plot was created to graphically illustrate a 
timeline of each patient who developed an irTAE in the 
study.

Results

Baseline characteristics

A total of 554 patients were initially available for the study 
whereof 100 were excluded (a flow chart of patient inclusion 
is available in Supplementary Information, Figure SI1). 
Thus, 454 patients were included in the final analysis. The 
baseline characteristics of included patients are presented in 
Table 1. A total of 453 patients received nivolumab, and a 
single patient received pembrolizumab. Of the 454 patients, 
56.6% were men, and 43.4% were women. Patients with an 
irTAE had a median age of 59.9 years (range 17.6–86.1) 
and without irTAE 62.2 years (range 21.1–86.3). A total 
of 63.6% of the patients with irTAE were female, whereas 
females only accounted for 37.7% in the group without an 
irTAE. No numerical differences were found in baseline 
characteristics between transient and persistent irTAEs.
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Frequency and characteristics of the irTAEs

A total of 99 patients (21.8%) developed an irTAE during 
the study period. Of these, 46 were transient irTAEs (46.5%) 
and 53 were persistent irTAEs (53.5%).

For patients with an irTAE event, the median time to 
develop transient and persistent irTAEs was 55 days and 
44, respectively (p = 0.57; Table  2). IrTAEs reached a 

plateau after 6 months (Fig. 1A, B), and no significant dif-
ference over time was found between transient and persis-
tent (Fig. 1C). There was no statistical significant difference 
between transient and persistent irTAEs in time to develop 
hyper- and hypothyroid phases. Of persistent irTAEs, 39 
(73.6%) developed a hyperthyroid phase followed by a hypo-
thyroid phase, whereas 40 (87%) transient irTAEs had either 
an isolated hyper- or hypothyroid phase. Persistent irTAEs 

Table 1  Baseline characteristics stratified by immune-related thyroid adverse event

irTAE immune-related thyroid adverse event, PD-1 programmed cell death 1, TNM tumor, node, metastasis, IQR interquartile range (25–75% 
percentiles), TSH thyroid stimulating hormone

All patients All irTAE

No irTAE All irTAE Transient irTAE Persistent irTAE

N = 355 N = 99 N = 46 N = 53

Age (years), median (range) 62.2 (21.1–86.3) 59.9 (17.6–86.1) 59.7 (17.6–86.1) 62.0 (22.2–81.0)
Sex, n (%)
Male 221 (62.3) 36 (36.4) 19 (41) 17 (32)
Female 134 (37.7) 63 (63.6) 27 (59) 36 (68)
PD-1 inhibitor, n (%)
Nivolumab 354 (99.7) 99 (100) 46 (100) 53 (100)
Pembrolizumab 1 (0.3) 0 (0) 0 (0) 0 (0)
TNM stage, n (%)
Stage III 301 (84.8) 86 (86.9) 40 (87) 46 (87)
Stage IV 54 (15.2) 13 (13.1) 6 (13) 7 (13)
Melanoma diagnosis, n (%)
Cutaneous 322 (90.7) 88 (88.9) 39 (85) 49 (92)
Unknown primary 29 (8.2) 10 (10.1) 6 (13) 4 (8)
Mucosal 4 (1.1) 1 (1) 1 (2) 0 (0)
Baseline TSH (mIU/L), median (IQR) 1.4 (1.0–1.9) 1.4 (0.9–2.3) 1.2 (0.8–2.2) 1.6 (1.1–2.6)

Table 2  Comparison of 
clinical timeline characteristics 
between transient and persistent 
immune-related thyroid adverse 
event

Statistically significant p-values are highlighted in bold
irTAE immune-related thyroid adverse event, IQR interquartile range (25–75% percentiles), TSH thyroid 
stimulating hormone
* 10 patients with transient irTAE remained with abnormal TSH values at the end of the study period

All irTAE p-value

Transient irTAE
N = 46

Persistent irTAE
N = 53

Time to irTAE (days), median (range) 55 (13–280) 44 (19–427) 0.57
Levothyroxine treatment, n (%) 0 (0%) 53 (100%)
Time to start levothyroxine after first abnormal 

TSH value (days), median (IQR)
57 (29–63)

Duration of irTAE* (days), median (IQR) 84 (57–140)
Time to hyperthyroid (days), median (range) 53 (13–280) 28 (19–349) 0.16
Time to hypothyroid (days), median (range) 109 (26–336) 84 (36–447) 0.48
The phases of the irTAE, n (%)
Hyperthyroid + hypothyroid 6 (13) 39 (73.6)  < 0.001
Hypothyroid + hyperthyroid 0 (0) 1 (1.9)
Isolated hyperthyroid 29 (63) 2 (3.8)  < 0.001
Isolated hypothyroid 11 (24) 11 (20.7) 0.81
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had a median of 57 days to start hormone replacement. The 
duration of the transient irTAE had a median of 84 days 
(Table 2). The swimmer plot illustrates the clinical differ-
ences of each patient with an irTAE divided into transient 
and persistent (Fig. 2).

The follow-up time in days until last seen alive was statisti-
cally significantly shorter for patients without an irTAE com-
pared to those with an irTAE (p = 0.014); however, the numerical 
difference was small (Table 3). Furthermore, there was a statisti-
cally significant difference in days until the last available TSH 
value with a median of 317 days in patients with an irTAE and 
a median of 250 days in patients without an irTAE (p < 0.001).

Few differences were seen between the outcome groups 
with respect to dose delay of the PD-1 inhibitor, or any toxic-
ities during the treatment period (Table 4). The same propor-
tion of patients with and without an irTAE, approximately 

30%, discontinued treatment due to toxicity. The outcome 
groups showed no difference in relation to specific toxicities.

Predictors for developing an irTAE

The female sex was statistically significantly associated 
with a greater risk of developing an irTAE (HR 2.52; 95% 
CI 1.67–3.80; p < 0.001) (Fig. 1D). Age was statistically 
significantly associated with a lower risk of developing 
irTAEs (HR per 10 years increase 0.86; 95% CI 0.75–0.98; 
p = 0.024). Performing a multivariate Cox proportional haz-
ard regression with sex and age, sex proved to be an inde-
pendent variable (HR 2.45; 95% CI 1.63–3.70; p < 0.001), 
whereas age was borderline significant (HR 0.88; 95% CI 
0.77–1.001; p = 0.050).

Fig. 1  Immune-related thyroid adverse events in the study popula-
tion after treatment with an adjuvant PD-1 inhibitor. A All irTAEs 
in the study population. B Persistent irTAEs in the study popula-
tion. C Time to develop transient and persistent irTAEs. D Associa-

tion between sex and irTAEs in the study population. Abbreviations: 
irTAE, immune-related thyroid adverse event; PD-1, programmed 
cell death 1
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Clinical outcome associations

There was no statistically significant association between 
irTAE and RFS (HR 0.86; 95% CI 0.50–1.48; p = 0.587) and 
no statistically significant association with OS (HR 1.05; 
95% CI 0.52–2.12, p = 0.891) (Fig. 3A, B). A numerical dif-
ference in time to recurrence of melanoma between transient 
and persistent was found with a median of 171 and 375 days, 
respectively.

Missing TSH values

There were no statistically significant differences in baseline 
characteristics and number of treatment cycles when com-
paring patients excluded due to missing TSH values with 
patients included in the study. There was a statistically sig-
nificant difference in the follow-up number of days until last 
seen alive, inherent to the fact that the majority of patients 
excluded due to missing TSH values started adjuvant 

treatment close to the cutoff date of the study (Supplemen-
tary Information, Table SI1-2).

Discussion

To our knowledge, this is the first study to report on the clin-
ical timeline and associated factors for developing irTAEs 
in patients with resected stage III/IV melanoma treated with 
adjuvant PD-1 inhibitors.

Previous research has demonstrated a wide range in the 
incidence of irTAEs among cancer patients treated with 
ICIs, probably given the variable assessment methods in 
detecting the irTAEs [12–15, 20]. We found that the devel-
opment of irTAEs in patients with stage III/IV melanoma 
treated with adjuvant PD-1 inhibitors was common during 
the first 3 months, which is comparable to other studies in 
a metastatic setting [13, 15, 20]. Our findings are in line 
with the current understanding of the development of irTAE, 

Fig. 2  Swimmer plot of the 99 
patients with an immune-related 
thyroid adverse event. The 
purple bars represent transient 
irTAEs, and the blue bars repre-
sent persistent irTAEs. Each bar 
represents an irTAE patient with 
symbols along each bar: time 
to death, time to recurrence of 
MM, time to first hypothyroid 
TSH value, time to first hyper-
thyroid TSH value, and time to 
start hormone replacement with 
levothyroxine after first PD-1 
treatment cycle. Abbreviations: 
irTAE, immune-related thyroid 
adverse event; MM, malignant 
melanoma; PD-1, programmed 
cell death 1

Table 3  Clinical differences between patients with and without immune-related thyroid adverse event and further between transient and persis-
tent immune-related thyroid adverse event

irTAE immune-related thyroid adverse event, irAE immune-related adverse event, IQR interquartile range (25–75% percentiles), MM malignant 
melanoma

All patients p-value All irTAE p-value

No irTAE All irTAE Transient irTAE Persistent irTAE

N = 355 N = 99 N = 46 N = 53

Number of treatment cycles, median (range) 10 (1–13) 12 (1–13) 0.650 9 (1–13) 12 (2–13) 0.057
Time to recurrence of MM, days from 1 

cycle, median (IQR)
244 (130–394) 253 (150–476) 0.346 171 (136–467) 375 (165–605) 0.326

Follow-up days, median (range)
Until last seen alive or death 730 (60–1214) 802 (280–1165) 0.014 763 (280–1130) 841 (355–1165) 0.632
Follow-up days, median (range)
Until last laboratory value 250 (23–588) 317 (56–598)  < 0.001 296 (56–598) 328 (75–532) 0.311
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starting with a hyperthyroid phase, which either recovers or 
progresses to persistent hypothyroidism [2, 12]. The current 
study detected 22 patients with an irTAE with a hypothy-
roid phase without a prior hyperthyroid phase. This could be 
explained by the fact that TSH values were measured every 
4 weeks, and a potential hyperthyroid phase could have 
been missed, but factors such as degree/burden of thyroid 
inflammation and presence of underlying thyroid autoim-
munity may also play a role. Among the transient irTAEs, 29 
patients had no detected hypothyroid phase, which is simi-
lar to what others have reported [15, 20]. Overall, this sug-
gests different degrees of severity of the irTAEs according 

to reversibility [15, 20]. However, mechanisms involved in 
developing irTAEs have not been fully elucidated [14].

The present study identified female sex and younger age as 
predictors of developing an irTAE, which is in accordance with 
the result of Muir et al., although both monotherapy and com-
bination therapy with ICIs were included in their study [15]. 
The higher risk of irTAEs for females is likely to be due to a 
preponderance of autoimmune diseases in females compared 
to males [15] and the borderline significance of younger age 
as an independent risk factor for irTAE in unknown, but it has 
been suggested that it could at least partly be explained by rela-
tionship between thyroid diseases and younger women [15].

Table 4  Differences in treatment and ir-toxicities between patients with and without immune-related thyroid adverse events and further between 
transient and persistent immune-related thyroid adverse events

irTAE immune-related thyroid adverse event, MM malignant melanoma
a Patients may have several causes for treatment delay
b Patients may have several toxicities

All patients All irTAE

No irTAE All irTAE Transient irTAE Persistent irTAE

N = 355 N = 99 N = 46 N = 53

 ≥ 1 reduction or delay in treatment, n (%)
No 264 (74.4) 66 (66.7) 29 (63) 37 (70)
Yes 91 (25.6) 33 (33.3) 17 (37) 16 (30)
Reason for reduction or delay in  treatmenta, n (%)
Doctor wish 23 (6.5) 5 (5.1) 2 (4.3) 3 (5.7)
Patient wish 0 (0) 1 (1.0) 0 (0) 1 (1.9)
Toxicity 37 (10.4) 14 (14.1) 7 (15.2) 7 (13.2)
Infusion-related toxicity 7 (2.0) 2 (2.0) 1 (2.2) 1 (1.9)
Other cause 37 (10.4) 15 (15.2) 8 (17.4) 7 (13.2)
Reason stopping treatment, n (%)
Treatment finalized 153 (43.1) 52 (52.5) 21 (46) 31 (58)
Death 1 (0.3) 0 (0.0) 0 (0) 0 (0)
Recurrence of MM 74 (20.8) 15 (15.2) 8 (17) 7 (13)
Severe overall ir-toxicity 110 (31.0) 30 (30.3) 17 (37) 13 (25)
Other cause 17 (4.8) 2 (2.0) 0 (0) 2 (4)
Reason stopping treatment if due to specific  toxicitiesb, n (%)
Thyroiditis 0 (0) 7 (7.1) 2 (4.3) 5 (9.4)
Hepatitis 15 (4.2) 5 (5.1) 5 (10.9) 0 (0)
Colitis 16 (4.5) 3 (3.0) 1 (2.2) 2 (3.8)
Meningitis 1 (0.3) 0 (0) 0 (0) 0 (0)
Myocarditis 1 (0.3) 3 (3.0) 2 (4.3) 1 (1.9)
Pneumonitis 7 (2.0) 0 (0) 0 (0) 0 (0)
Nephritis 7 (2.0) 0 (0) 0 (0) 0 (0)
Arthritis 8 (2.3) 1 (1.0) 1 (2.2) 0 (0)
Pancreatitis 0 (0) 1 (1.0) 1 (2.2) 0 (0)
Skin toxicity 10 (2.8) 2 (2.0) 1 (2.2) 1 (1.9)
Neuropathy 6 (1.7) 1 (1.0) 1 (2.2) 0 (0)
Myositis 3 (0.8) 3 (3.0) 2 (4.3) 1 (1.9)
Infusion-related toxicity 0 (0) 1 (1.0) 1 (2.2) 0 (0)
Stopping treatment due to > 1 specific toxicities, n (%) 8 (2.3) 6 (6.1) 2 (4.3) 4 (7.5)
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Two large systematic reviews and meta-analyses con-
cluded that the occurrence of ICI-induced irAEs overall 
was significantly associated with longer progression-free 
survival (PFS) and OS in the metastatic setting [1, 5]. How-
ever, Sun et al. clarify in the summary analysis that specifi-
cally irTAEs were not associated with a favorable PFS and 
OS outcome [1]. This is consistent with the results of the 
current study and other research [23]. Eggermont et al. found 
that occurrence of an irAE was associated with a longer 
RFS in patients receiving pembrolizumab in the adjuvant 
setting (HR, 0.61; 95% CI, 0.39–0.95; p = 0.03) in both men 
and women, and comparable results were found when only 

endocrine irAEs were considered [24]. Additionally, other 
studies have reported better OS among patients with mela-
noma who developed an irTAE [13–15]. Furthermore, Muir 
et al. showed that overt thyrotoxicosis was associated with 
longer PFS [15]. In the current study, the time to recurrence 
of melanoma, albeit not statistically significant, was shorter 
in transient compared to persistent irTAEs. More studies are 
needed to investigate whether persistent irTAEs could be a 
surrogate marker of a more robust immune response to ICIs. 
Furthermore, patients with irTAEs were not more likely to 
discontinue treatment due to toxicity, thus indicating that 
irTAEs are not correlated with a higher toxicity profile.

A strength of this multicenter study was the use of a 
national sample size with blood samples collected prospec-
tively. This allowed us to characterize a clinical timeline of 
the irTAE. The detection of the irTAE was based on abnor-
mal TSH values since the development of irTAE in many 
cases does not result in clinical symptoms or signs of thyroid 
dysfunction [2, 4, 10].

Measurement of TSH values was analyzed with differ-
ent assays. Despite this, the study managed to investigate 
the specific TSH RefR at the different hospitals during the 
given study period. This increases the precision in the detec-
tion of abnormal TSH values and, therefore, the accuracy of 
detected irTAEs.

To prevent misclassification and a possible overestima-
tion in the number of detected irTAEs in the cohort, patients 
with known thyroid risk factors and ir-hypophysitis were 
excluded. Furthermore, patients excluded due to missing 
TSH values were not demographically or clinically differ-
ent from patients included, which reduces the risk of selec-
tion bias.

Importantly, the present study controlled for time-depend-
ent variables by taking immortality bias into account.

The current study has limitations inherent to the retro-
spective design. Follow-up data was inconsistent between 
the outcome groups. Patients with irTAEs were followed 
with blood samples more frequently, most likely due to the 
need for close monitoring of patients with irTAEs.

Relevant risk factors such as thyroid peroxidase antibod-
ies (TPOAb), TSH receptor antibodies (TRAb), thyroglob-
ulin antibodies (TgAb), and pre-existing autoimmune dis-
eases were not collected. Studies have reported a positive 
association between TPOAb and/or TgAb and the incidence 
of irTAEs [15, 18]. Other studies have hypothesized that 
patients with pre-existing autoimmune diseases have a dif-
ferent immune response and consequently an enhanced risk 
of developing irAEs [6, 7, 25]. Overall, this limits the exter-
nal validity of the study. Furthermore, information on the 
corresponding serum levels of the thyroid hormones FT3/
FT4 could have provided a greater insight into the clinical 
impact of the irTAE.

Fig. 3  Associations between immune-related thyroid adverse events 
in the study population with both recurrence-free survival and over-
all survival after treatment with an adjuvant PD-1 inhibitor. A Recur-
rence-free survival among patients with and without immune-related 
thyroid adverse events. B Overall survival among patients with or 
without immune-related thyroid adverse events. The survival curves 
are set to start after 6-month follow-up to avoid immortality bias. 
Abbreviations: irTAE immune-related thyroid adverse event, RFS 
recurrence-free survival, OS overall survival
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Conclusion

This multicenter cohort study is the first to provide a unique 
description of the clinical timeline and associated factors 
for the development of irTAE induced by adjuvant PD-1 
inhibition in patients with melanoma. The irTAE is a com-
mon side effect most frequently occurring during the first 
3 months of treatment, and the risk is higher for female and 
younger patients. Furthermore, this study suggests different 
degrees of severity according to reversibility with the divi-
sion in transient and persistent irTAEs. The study did not 
find an association between irTAE and improved RFS or 
OS. Future prospective studies are needed to understand the 
pathogenesis, additional predictors, and potential preventive 
measures for the development of irTAEs and further investi-
gate competing risk factors in relation to clinical outcome in 
the adjuvant setting of patients with melanoma.
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