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Background: Thyroid dysfunction induced by immune checkpoint inhibitors
(ICls) commonly manifests as destructive thyroiditis and hypothyroidism, while
hyperthyroidism (Graves' disease) is rare. However, the clinical characteristics of
thyroid dysfunction in patients with existing or prior Graves' disease treated with
ICls remain unclear.

Methods: A case-control study was performed using a prospective cohort of
patients treated with ICls between November 2015 and January 2024. At
baseline, cases had Graves' disease without overt thyroid dysfunction or prior
Graves' disease and were matched 1:5 with controls by age, gender, antithyroid
antibody status at baseline, and ICl type. The incidence of thyroid dysfunction
induced by ICls was compared between cases and controls. The incidence of
hyperthyroidism was compared with the exacerbation rate in ICl-untreated
outpatients with Graves' disease who were in remission or had no overt thyroid
dysfunction for >1 year without changes in low-dose antithyroid medication.
Results: Nineteen patients (13 in remission and 6 receiving thiamazole at baseline)
were included and matched with 95 controls. During follow-up, 5 cases negative
for thyroid-stimulating hormone receptor antibody (TRAb) at baseline developed
thyrotoxicosis: 3 were TRAb-positive (2 with increased uptake on thyroid
scintigraphy) suggesting hyperthyroidism, and 2 had destructive thyroiditis
(TRAb-negative). The incidence of hyperthyroidism was significantly higher in
cases than in controls (3/19 [15.8%] vs 0/95 [0%], p < 0.05), whereas the
incidence of destructive thyroiditis (2/19 [10.5%] vs. 15/95 [15.8%], p = 0.734) or
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isolated hypothyroidism (0/19 [0%] vs. 13/95 [13.7%], p = 0.121) did not differ
between groups. The incidence of hyperthyroidism was also higher in cases than in
outpatients with ICl-unrelated Graves' disease (3/19 [15.8%] vs 10/269 [3.7%],
respectively; p < 0.05).

Conclusion: Patients with existing or prior Graves' disease have an increased risk
of hyperthyroidism following ICI treatment, highlighting their need for careful
differential diagnosis of thyrotoxicosis.

hyperthyroidism, PD-1 inhibitor, CTLA-4 inhibitor, Graves’, recurrence

Introduction

Immune checkpoint inhibitors (ICIs), which block immune
checkpoints to enable T cells to attack cancer cells, are widely used
in the treatment of advanced malignancies. However, ICIs can also
cause immune-related adverse events (irAEs), which commonly
affect the lung, skin, gastrointestinal tract, liver, and endocrine
glands (1-3). Thyroid dysfunction is one of the most frequently
observed endocrine irAEs (4-8), and consists of thyrotoxicosis and
hypothyroidism. While destructive thyroiditis resulting from
immune-mediated thyroid tissue damage (9) is a common cause
of thyrotoxicosis, hyperthyroidism following ICI therapy is
rare, and its underlying mechanisms and risk factors remain
unclear (10).

In recent years, several studies have reported the risk of
exacerbation of pre-existing autoimmune diseases following ICI
therapy. A meta-analysis of observational studies reported that 219
of 619 patients (35%, 95% confidence interval [CI]: 29-41%)
experienced exacerbation of their autoimmune disease condition,
including 40 of 95 (42%) patients with pre-existing autoimmune
thyroiditis who experienced exacerbation (11). On the other hand,
reports on the exacerbation of Graves” disease in patients treated
with ICI are limited. In a previous retrospective study, one out of
eight (12.5%) patients with Graves’ disease was reported to have
experienced an exacerbation (12). However, the frequency of
hormone measurements to assess an exacerbation, as well as the
details of diagnostic evaluations performed at the time of the
exacerbation, were not clearly described. Furthermore, no
prospective studies have investigated whether patients with
existing or prior Graves disease are more likely to experience
disease exacerbation following ICI therapy. In addition, it remains
unclear whether these patients have a higher incidence of thyroid
irAEs other than hyperthyroidism following treatment with IClIs.

We conducted a matched case-control study using data from a
prospective cohort to clarify the clinical characteristics of ICI-
induced thyroid dysfunction in patients with existing or prior
Graves’ disease.

Frontiers in Endocrinology

Methods
Patient selection

This prospective study enrolled all patients with existing or
prior Graves’ disease who initiated nivolumab, pembrolizumab,
atezolizumab, durvalumab, or ipilimumab combined with
nivolumab therapy at Nagoya University Hospital between
November 2, 2015 and January 31, 2024 (UMIN000019024). To
compare the incidence of thyroid irAEs between patients with
existing or prior Graves’ disease (GD group) and those without,
the Control 1 cohort was established, which comprised patients
without a history of Graves’ disease who began the same ICI therapy
during the same period. Exclusion criteria were those with prior ICI
therapy, combination therapy with tyrosine kinase inhibitors
(TKIs), history of total or subtotal thyroidectomy, history of
radioiodine therapy, and a thyroid-function follow-up of less than
12 weeks in the GD group or less than 48 weeks in the Control 1
group. Follow-up was censored at death, loss to thyroid-function
monitoring, a switch to TKIs or other ICIs, or at the end of
observation on January 31, 2025. The study was approved by the
Ethics Committee of Nagoya University Hospital (Approval No.
2015-0273), conducted in accordance with the Declaration of
Helsinki, and all participants provided written informed consent.

The second control group (Control 2) was established
retrospectively to compare the incidence of hyperthyroidism in
the GD group with the one-year exacerbation rate in outpatients
with Graves’ disease without ICI therapy. Outpatients with a
registered diagnosis of “Graves’ disease” or “hyperthyroidism” at
Nagoya University Hospital between April 1, 2017 and March 26,
2025 were screened. Exclusion criteria were unconfirmed diagnostic
criteria of the Japan Thyroid Association (13) upon review of the
medical records, history of ICI therapy, thyroidectomy or
radioiodine treatment, or lack of thyroid function follow-up for at
least two years prior to the most recent evaluation. To ensure
comparability, outpatients with Graves’ disease who were in
remission or receiving low-dose thiamazole (<10 mg/day) were
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selected as Control 2 group members, matching the clinical status of
the ICI-treated group. The two-year follow-up period was divided
into two phases. The first year was a stability confirmation period;
patients who developed thyrotoxicosis or required changes in
antithyroid medication during this phase were excluded. The
second year served as the observation period, during which the
exacerbation rate of Graves’ disease was assessed. The analysis using
patients in the Control 2 group was conducted with institutional
approval, following disclosure in accordance with institutional
ethical guidelines.

Data collection

In both the GD and Control 1 groups, serum levels of free
triiodothyronine (FT3), free thyroxine (FT4), and thyroid-
stimulating hormone (TSH) were measured at baseline and 6, 12,
18, 24, 36, and 48 weeks after the first administration of ICIs, with
additional measurements taken as clinically indicated. Levels of
thyroglobulin antibody (TgAb) and thyroid peroxidase antibody
(TPOAD) were measured at baseline in all patients. Serum levels of
TRADb were measured at baseline in the GD group and at
thyrotoxicosis onset in all patients. In the Control 2 group,
thyroid function tests were administered based on the clinical
judgment of the attending physicians. If the baseline TRAb level
was unavailable, the most recent measurement obtained prior to the
observation period was used as a substitute. Serum levels of FT3,
FT4 and TSH were measured using chemiluminescence
immunoassay (Abbott Diagnostics, Santa Clara, CA), and normal
reference ranges were: FT3 1.71-3.71 pg/mL, FT4 0.70-1.48 ng/dL,
and TSH 0.35-4.94 uIU/mL, respectively. TPOAb, TgAb, and
TRAb were measured using electrochemiluminescence assays
(Roche Diagnostics, Mannheim, Germany), with normal ranges of
<16 TU/mL, <28 TU/mL, and <2.0 IU/mL, respectively. When the
baseline TRAb level was below the assay’s detection limit, a titer
equal to the lower limit of detection was assigned.

Definition of thyroid dysfunction

Thyroid irAEs were defined based on Japan Endocrine Society
guidelines (6) and categorized as thyrotoxicosis or isolated
hypothyroidism. Thyrotoxicosis was further subclassified into
hyperthyroidism (TRAb-positive) and destructive thyroiditis
(TRAb-negative). In accordance with the guidelines for the
diagnosis of Graves’ disease from the Japan Thyroid Association
(13), cases presenting with thyrotoxicosis and positive for TRAb
were diagnosed as probable hyperthyroidism, while those also
showing increased uptake on thyroid scintigraphy were diagnosed
as definitive hyperthyroidism.

In patients with existing or prior Graves’ disease, the
development of hyperthyroidism after remission was defined as a
relapse, while the development of hyperthyroidism during
antithyroid treatment was defined as a flare. In the Control 2
group, TRAD levels were not measured at the onset of
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thyrotoxicosis in some cases. In such instances, an exacerbation
of Graves’ disease was determined based on the attending
physician’s clinical judgment, as indicated by the resumption or
escalation of antithyroid medication.

Propensity score matching

We used logistic regression to estimate propensity scores,
including age, gender, baseline antithyroid antibody status, and
type of ICI. Patients in the GD group were matched in a 1:5 ratio
with those in the Control 1 group using nearest-neighbor matching
without replacement. The initial caliper width was set at 0.2
standard deviations of the logit of the propensity score, as
commonly recommended. However, to address the exclusion of
one patient from the GD group and to accommodate the overall
small sample size, the caliper width was increased to 0.3 standard
deviations to minimize further patient loss. Covariate balance
between the matched groups was assessed post-matching.

Statistical analysis

All statistical analyses were conducted using EZR (Jichi Medical
University, Tochigi, Japan). Continuous variables were tested for
normality via Shapiro-Wilk. Normally distributed data are
presented as mean + standard deviation, and non-normal as
median (interquartile range). Categorical variables are expressed
as frequencies and percentages, and 95% Cls are provided for group
comparisons. Group comparisons used t-tests or Mann-Whitney
U tests for continuous data and chi-square or Fisher’s exact tests
for categorical variables. A logistic regression model was
performed to identify potential explanatory factors for the
incidence of hyperthyroidism. Two-tailed p-values <0.05 were
considered significant.

Results
Baseline characteristics

Among the 1,445 registered cases included in the prospective
cohort during the study period, 802 cases were excluded according
to the exclusion criteria, as shown in Figure 1. As a result, 19
patients with existing or prior Graves disease and 624 patients
without a history of Graves’ disease were identified (Figure 1). The
baseline clinical characteristics of the GD group are shown in
Table 1. In the GD group, the median age at ICI initiation was 69
years (60-70), and 52.6% of the patients were male. Lung cancer
was the most common malignancy (n = 8, 42.1%). At baseline, 13
patients were in remission of Graves’ disease, and six were receiving
thiamazole; none exhibited overt thyroid dysfunction. One patient
was TRADb-positive. The ICI regimens included nivolumab (n = 5),
pembrolizumab (n = 8), atezolizumab (n = 4), durvalumab (n = 1),
and a combination of ipilimumab and nivolumab (n = 1). After
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Total (N = 1,445)

N = 21*, Patients with existing or prior GD
N = 1,424*, Patients without GD

~
N =2, Excluded cases with existing or prior GD
» Combination therapy with TKI (N = 1)
* Follow-up period <12 weeks (N = 1)

N =800, Excluded cases without GD
* Previous therapy with other types of ICIs (N = 50)
* Combination therapy with TKI (N = 22)
* History of total or subtotal thyroidectomy (N = 4)
* Follow-up period <48 weeks (N =724)

N = 191, Patients with existing or prior GD
N = 6247, Patients without GD

PR

Propensity score 1:5 matching
(age, gender, ATA status, ICIs)

N = 114, Patients included in this analysis
N =19, GD group (Patients with existing or prior GD)
N =95, Control 1 group (Patients without GD)

FIGURE 1

Enrollment of patients treated with immune checkpoint inhibitors. *Reflects registration entries rather than individual cases, as some patients were
enrolled multiple times for different treatments in our clinical study. 'Reflects the number of unique patients after removing duplicates. GD, Graves’
disease; TKI, tyrosine kinase inhibitor; ATA, antithyroid antibody; ICl, immune checkpoint inhibitor.

propensity score matching, 19 patients with existing or prior GD
were matched with 95 controls (Control 1), as shown in Figure 1.
The clinical characteristics of the two groups demonstrated balance
in age, gender, antithyroid antibody status at baseline and ICI
therapy, which retained a standardized difference of <0.20 (Table 2).
The median duration of thyroid function follow-up was
significantly longer in the matched control group than in the GD
group [490 (351-699) vs 308 (136-495) days, respectively; p =
0.001] (Table 2).

Thyroid irAEs

Thyroid irAEs occurred in 5 of 19 patients (26.3%) in the GD
group and in 28 of 95 patients (29.5%) in the matched control group
(Table 3). In the GD group, all five affected patients who were
TRAD-negative at initiation of ICI therapy presented with
thyrotoxicosis at the onset. Among them, three patients became
TRAD-positive at the onset of thyrotoxicosis and were diagnosed
with probable hyperthyroidism; in two cases, the diagnosis was
confirmed by the findings of *°™Tc-pertechnetate thyroid
scintigraphy. The remaining two patients in the GD group
developed TRAb-negative thyrotoxicosis that resolved without
intervention—one to euthyroidism and the other to
hypothyroidism—consistent with a clinical course of destructive

Frontiers in Endocrinology

thyroiditis. In the matched control group, 15 patients presented
with TRAb-negative thyrotoxicosis, all of which progressed without
treatment to either euthyroidism (n = 3) or hypothyroidism (n =
12), consistent with destructive thyroiditis. An additional 13
patients developed isolated hypothyroidism without a preceding
thyrotoxic phase. The incidence of hyperthyroidism was
significantly higher in the GD group compared with the matched
control group (3/19 [15.8%] vs. 0/95 [0%], respectively; p = 0.004)
(Table 3). Even when limited to definitive cases confirmed by
thyroid scintigraphy, the difference remained statistically
significant [2/19 (10.5%) vs. 0/95 (0%), respectively; p = 0.027]. In
contrast, there were no significant differences between the two
groups in the incidence of destructive thyroiditis [2/19 (10.5%) vs.
15/95 (15.8%), respectively; p = 0.734] or isolated hypothyroidism
[0/19 (0%) vs. 13/95 (13.7%), respectively; p = 0.121].

Comparison of the incidence of
hyperthyroidism in the GD group with that
in outpatients who were not treated with
ICls

The Control 2 group comprised 269 outpatients with stable
Graves” disease (Figure 2). Baseline clinical characteristics of the
ICI-treated GD group and the Control 2 group are shown in
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TABLE 1 Baseline clinical characteristics of patients with existing or
prior Graves’ disease treated with immune checkpoint inhibitors.

GD group, n = 19

No. (%) or Median (IQR)

Age (range), years 69 (60-70)

Gender
Female 9 (47.4%)
Male 10 (52.6%)

Cancer type
Lung 8 (42.1%)
Bladder 2 (10.5%)
Cervix 2 (10.5%)
Head and neck 2 (10.5%)
Biliary tract 1 (5.3%)
Breast 1 (5.3%)
Kidney 1 (5.3%)
Liver 1 (5.3%)
Stomach 1 (5.3%)

GD status at baseline
In remission 13 (68.4%)

Receiving MMI treatment 6 (31.6%)

TF at baseline

Euthyroid 16 (84.2%)

Subclinical hyperthyroidism 3 (15.8%)

Overt thyroid dysfunction 0 (0%)
TRAD at baseline

Positive 1 (5.3%)

Negative 18 (94.7%)

TgAb at baseline
Positive 7 (36.8%)
Negative 12 (63.2%)

TPOADb at baseline

Positive 7 (36.8%)
Negative 12 (63.2%)
ICI therapy

Nivolumab 5 (26.3%)
Pembrolizumab 8 (42.1%)
Atezolizumab 4 (21.1%)
Durvalumab 1 (5.3%)
Ipilimumab/Nivolumab 1 (5.3%)

GD, Graves’ disease; IQR, interquartile range; MMI, thiamazole; TF, thyroid function; TRAD,
thyroid-stimulating hormone receptor antibody; TgAb, thyroglobulin antibody; TPOAb,
thyroid peroxidase antibody; ICI, immune checkpoint inhibitor.
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Table 4. Compared with the ICI-treated GD group, the Control 2
group included a higher proportion of females (Table 4), whereas no
significant differences were observed in age, GD status at baseline or
TRAD levels at baseline between the two groups. The incidence of
hyperthyroidism in the ICI-treated GD group was significantly
higher than the exacerbation rate in the Control 2 group [3/19
(15.8%) vs. 10/269 (3.7%), respectively; p = 0.046] (Table 5). Since
there was a gender imbalance between the two groups, a logistic
regression analysis was performed to assess the effects of gender and
ICI treatment on the incidence of hyperthyroidism (Supplementary
Table S1). In the univariate analysis, ICI treatment was significantly
associated with hyperthyroidism (odds ratio 4.86, 95% CI 1.22-
19.4, p = 0.025), and this association remained significant in the
multivariate analysis, which included gender as a covariate (odds
ratio 4.40, 95% CI 1.06-18.3, p = 0.041).

Clinical summaries of three patients in the
GD group who developed hyperthyroidism
during ICl therapy

Case 1l

Case 1 was diagnosed with Graves’ disease at age 64 and
achieved remission after one year of thiamazole treatment. At age
76, he began adjuvant nivolumab therapy after surgical resection of
bladder cancer. At nivolumab initiation, thyroid function was
normal, with negative TRAD. After the eighth cycle of nivolumab
on day 151, the patient began to present with palpitations, sweating
and fatigue. On day 179, laboratory tests revealed overt
thyrotoxicosis (TSH: 0.0090 uIU/mL, FT3: 5.33 pg/mL, FT4: 1.86
ng/dL), along with seroconversion to TRAb positivity (3.7 IU/mL).
Thyroid ultrasonography showed decreased internal echogenicity
without diffuse enlargement or apparent increased vascularity. As
thyrotoxicosis persisted for one month, **™Tc-pertechnetate
thyroid scintigraphy was performed. Although the uptake rate
was 1.2%, which falls within the normal range, diffuse tracer
accumulation was observed in both thyroid lobes despite TSH
suppression. Based on these findings, a relapse of Graves’ disease
was diagnosed, and thiamazole (10 mg/day) was initiated. While
thyroid hormone levels normalized promptly, the patient remained
TRAD-positive with persistently suppressed TSH, and thiamazole
was continued. After 14 cycles, nivolumab was discontinued due to
pulmonary toxicity. Eighteen months after the initiation of ICI
therapy, the patient remains progression-free, with well-controlled
Graves’ disease on thiamazole (5 mg/day).

Case 2

Case 2 was diagnosed with Graves’ disease at age 58, and she
achieved remission by age 64 following treatment with thiamazole.
Pembrolizumab was initiated at age 70 due to the recurrence of lung
cancer. Baseline thyroid function was normal, and TRAb was
negative. On day 166, after five cycles of pembrolizumab, routine
laboratory tests revealed thyrotoxicosis (FT3: 5.24 pg/mL, FT4: 2.33
ng/mL, TSH: 0.0069 puIU/mL) with seroconversion to TRAb
positivity (2.3 TU/mL). Thyroid ultrasound showed diffuse
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TABLE 2 Baseline characteristics of patients treated with immune checkpoint inhibitors with existing or prior Graves’ disease and without Graves’
disease after propensity score matching.

Characteristics

GD group, n = 19

Control 1, n = 95

No. (%, 95% Cl) or median (IQR)

Age (range), years 69 (60-70) 69 (64-71) 0.547 0.172
Gender
Female 9 (47.4%, 24.4-71.1) 43 (45.3%, 35.0-55.8) 1.000 0.042
Male 10 (52.6%, 28.9-75.6) 52 (54.7%, 44.2-65.0)
ATA status at baseline
Positive* 11 (57.9%, 33.5-79.7) 55 (57.9%, 47.3-68.0) 1.000 <0.001
Negative 8 (42.1%, 20.3-66.5) 40 (42.1%, 32.0-52.7)
ICI therapy
PD-1 13 (68.4%, 43.4-87.4) 66 (69.5%, 59.2-78.5) 0.800 0.106
PD-L1 5 (26.3%, 9.1-51.2) 26 (27.4%, 18.7-37.5)
PD-1/CTLA4 1 (5.3%, 0.1-26.0) 3 (3.2%, 0.7-9.0)
TF follow-up, days 308 (136-495) 490 (351-699) 0.001 0.462

*Baseline TgAb and/or TPOAb positive

GD, Graves’ disease; IQR, interquartile range; SD, standardized differences; CI, confidence interval; ATA, antithyroid antibody; ICI, immune checkpoint inhibitor; PD-1, anti-programmed cell
death-1; PD-L1, anti-programmed cell death-1 ligand 1; CTLA-4, anti-cytotoxic T-lymphocyte antigen 4; TF, thyroid function; TgAb, thyroglobulin antibody; TPOAD, thyroid peroxidase
antibody.

enlargement, increased parenchymal heterogeneity and mild  TPOAb was positive (18.9 IU/mL), and TgAb was negative. Baseline
thyroglobulin was mildly elevated at 79.1 ng/mL. On day 46, after one
cycle of nivolumab, routine laboratory tests showed thyrotoxicosis
(FT3:1.97 pg/mL, FT4: 1.64 ng/dL, TSH: 0.2669 uIU/mL) with TRAb
positivity (2.1 IU/mL). At the onset of thyrotoxicosis, TPOAb became

normalized spontaneously, and TRAb became negative by day  negative, and TgAb remained negative. The thyroglobulin level

hypervascularity. *™Tc-pertechnetate scintigraphy demonstrated
increased radioactive iodine uptake (7.1%), and the patient was
diagnosed with a relapse of Graves’ disease. Following
discontinuation of ICI therapy, thyroid hormone levels

208. Subsequently, ICI therapy was resumed. After 13 cycles,
pembrolizumab was discontinued due to skin toxicity. As of six

decreased to 57.9 ng/mL. Based on these findings, the patient was
diagnosed with a flare of Graves’ disease. Thyroid function normalized
years after initiation of therapy, she remains free from disease  within six weeks without any changes to the thiamazole regimen, and
TRAD status returned to negative (1.1 IU/mL). After one additional

cycle of nivolumab, the patient’s lung cancer progressed, resulting in

progression, with stable, euthyroid function. A part of the clinical
course of this case has already been reported previously (14).
discontinuation of ICI therapy. He died of lung cancer at age 70.

Case 3

Case 3 was diagnosed with Graves’™ disease at age 63, and he
started thiamazole therapy. Due to recurrence of lung cancer at age Discussion
69, nivolumab therapy was initiated. At the time, his Graves’ disease
was stable on thiamazole (5 mg every other day), with normal

baseline thyroid function and negative TRADb (1.8 IU/mL). Baseline

This case-control study is, to our knowledge, the first to
demonstrate that patients with existing or prior Graves disease have

TABLE 3 Thyroid irAEs observed following immune checkpoint inhibitor therapy.

Control 1, n = 95

GD group, n = 19

No. (%, 95% Cl)

Overall thyroid irAEs 5(26.3%, 9.1-51.2) 28 (29.5%, 20.6-39.7) 1.000
Hyperthyroidism 3 (15.8%, 3.4-39.6) 0 (0%, 0-3.8) 0.004
Destructive thyroiditis 2 (10.5%, 1.3-33.1) 15 (15.8%, 9.1-24.7) 0.734
Isolated hypothyroidism 0 (0%, 0-17.6) 13 (13.7%, 7.5-22.3) 0.121
GD, Graves’ disease; CI, confidence interval; irAE, immune-related adverse event.
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N =269, Patients included in this analysis
FIGURE 2

Enrollment of outpatients with Graves' disease who had not received immune checkpoint inhibitor therapy. ICI, immune checkpoint inhibitor; ATD,

antithyroid drug.

an increased risk of developing hyperthyroidism following ICI
treatment compared with those without a history of Graves™ disease.
Furthermore, the incidence of hyperthyroidism in these patients is
higher than the exacerbation rate observed in patients with Graves’
disease that had been in remission without antithyroid medication or in
a long-term stable state with low doses of antithyroid medication.
Thyroid dysfunction induced by ICIs is a common
endocrine irAE, mainly manifested as destructive thyroiditis or
hypothyroidism, while hyperthyroidism is rare (10, 14-20). In our
previous prospective study involving 209 patients treated with anti-
programmed cell death-1 (PD-1) antibodies, only one case (0.5%)
was diagnosed with hyperthyroidism, based on thyroid scintigraphy
(14). A recent review identified only 19 reported cases of
hyperthyroidism induced by ICIs, eight of which were confirmed
based on thyroid scintigraphy (21). None of the 19 patients had a
history of autoimmune thyroid disease, and the risk factors for
developing hyperthyroidism after ICI treatment remain unclear.

The findings of this study suggest that existing or prior Graves’
disease is a risk factor for ICI-induced hyperthyroidism. In one of
our cases (Case 3), thyroid scintigraphy was not performed, leaving
a possibility of destructive thyroiditis as the cause of thyrotoxicosis.
Nevertheless, even after excluding this case, the incidence of
hyperthyroidism remained significantly higher in patients with
existing or prior Graves’ disease than in those without.

Graves’ disease is known to relapse frequently after
discontinuation of antithyroid medication (22-24), and three of
19 (15.8%) patients experienced an exacerbation of Graves’ disease
following the initiation of ICI in the present study. However, this
rate was significantly higher than that observed in a matched cohort
of outpatients with Graves” disease who were not treated with ICIs,
suggesting that ICI administration increases the risk of disease
exacerbation in patients with existing or prior Graves’ disease. In
contrast, the incidence of thyroid irAEs other than hyperthyroidism
did not differ between patients with existing or prior Grave’s disease

TABLE 4 Baseline clinical characteristics of patients with existing or prior Graves’ disease with or without immune checkpoint inhibitor therapy.

GD group, n = 19

Characteristics

Control 2, n = 269

No. (%, 95% Cl) or Median (IQR)

Age (range), years 69 (60-70) 64 (52-74) 0.453
Gender
Female 9 (47.4%, 24.4-71.1) 202 (75.1%, 69.5-80.1) 0.014
Male 10 (52.6%, 28.9-75.6) 67 (24.9%, 19.9-30.5)
GD status at baseline
In remission 13 (68.4%, 43.4-87.4) 137 (50.9%, 44.8-57.1) 0.160
Receiving MMI treatment 6 (31.6%, 12.6-56.6) 132 (49.1%, 42.9-55.2)
TRAD at baseline (IU/mL) 0.80 (0.80-0.90) 0.80 (0.80-1.40) 0.195

GD, Graves’ disease; CI, confidence interval; IQR, interquartile range; MMI, thiamazole; TRAb, thyroid-stimulating hormone receptor antibody.
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TABLE 5 One-year incidence of hyperthyroidism in patients with
existing or prior Graves' disease with or without immune checkpoint
inhibitor therapy.

Control 2,
n = 269

GD group,
n =19

p value

No. (%, 95% ClI)

Hyperthyroidism 3 (15.8%, 3.4-39.6) = 10 (3.7%, 1.8-6.7) = 0.046

GD, Graves’ disease; CI, confidence interval.

and without Graves’ disease, suggesting that a history or current
diagnosis of Graves’ disease does not confer a particularly increased
risk for developing destructive thyroiditis or hypothyroidism.

The exact mechanisms by which ICIs induce hyperthyroidism
remain unclear. Humoral immunity plays a critical role in the
pathogenesis of Graves’ disease unrelated to ICI (25). It is known
that impaired immune tolerance leads to T cell infiltration in the
thyroid and activation of B cells, as well as increased synthesis and
secretion of functional autoantibodies directed against the TSH
receptor (26). While the use of ICIs causes activation of CD8"
cytotoxic T cells (cellular immunity), it may also activate
autoreactive CD4" T cells, which are known to express PD-1 and
cytotoxic T-lymphocyte antigen 4 (CTLA-4) (27, 28), which
modulate humoral immunity (29), increasing preexisting
autoantibodies or inducing de novo development of autoantibodies.
Some irAEs are thought to be mediated by humoral immunity
through a functional effect of autoantibodies. For example, anti-
acetylcholine receptor antibodies have been reported to increase in
patients with ICI-associated myasthenia gravis (30, 31), and anti-
calcium-sensing receptor antibodies to increase in patients with ICI-
associated hypoparathyroidism (32). These findings suggest that ICIs
may amplify an underlying predisposition to produce TRAb,
resulting in the development of hyperthyroidism. Supporting this,
Wang et al. reported a case of transient hyperthyroidism after
atezolizumab administration followed by persistent hypothyroidism
(33). Further studies are needed to clarify the pathogenesis of ICI-
induced hyperthyroidism.

Our study has several limitations. First, the sample size in the
GD group was relatively small. Further studies involving larger
cohorts and longer observation periods will be essential to confirm
the generalization and clinical relevance of our findings. Second, the
safety of ICIs in patients with unstable Graves’ disease requires
further investigation, as this study included only patients with
Graves’ disease in which thyroid function was stable on low doses
of thiamazole. Third, propensity score matching was not performed
in the comparison with the outpatients with Graves’ disease
unrelated to ICI (Control 2 group), resulting in a gender
imbalance between groups. Moreover, the Control 2 group was
retrospectively recruited, which may have served as potential
confounding factors in the comparison. However, a multivariate
logistic regression analysis including gender as a covariate showed
the association of ICI treatment with the exacerbation of the Graves’
disease. Finally, it could not be completely ruled out that the
hyperthyroidism observed in the ICI-treated GD group was due
to a spontaneous exacerbation rather than an irAE. The strengths of

Frontiers in Endocrinology

10.3389/fendo.2025.1701500

our study are the prospective collection of data and the case-control
design, which enabled a more accurate estimation of the risk of
thyroid irAEs depending on the history of Graves’ disease.

In conclusion, patients with existing or prior Graves’ disease
have an increased risk of developing hyperthyroidism following ICI
treatment, highlighting the need for careful differential diagnosis of
thyrotoxicosis in these patients.

Data availability statement

The raw data supporting the conclusions of this article will be made
available by the authors upon reasonable and appropriate request.

Ethics statement

The studies involving humans were approved by The Ethics
Committee of Nagoya University Hospital. The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed consent
to participate in this study. The analysis using outpatients with ICI-
unrelated Graves' disease was conducted with institutional approval,
following disclosure in accordance with institutional ethical guidelines.

Author contributions

KS: Data curation, Formal Analysis, Investigation,
Methodology, Software, Validation, Visualization, Writing -
original draft, Writing - review & editing. TK: Data curation,
Formal Analysis, Investigation, Methodology, Project
administration, Supervision, Validation, Visualization, Writing -
original draft, Writing - review & editing. TI: Data curation,
Writing - review & editing. TMu: Data curation, Writing -
review & editing. MA: Formal Analysis, Investigation,
Methodology, Software, Supervision, Validation, Writing — review
& editing. TH: Data curation, Writing - review & editing. TO: Data
curation, Writing — review & editing. TMi: Data curation, Writing -
review & editing. MS: Data curation, Writing — review & editing.
DH: Data curation, Writing - review & editing. HS: Data curation,
Writing - review & editing. RB: Data curation, Writing — review &
editing. HA: Conceptualization, Data curation, Formal Analysis,
Investigation, Methodology, Project administration, Resources,
Supervision, Validation, Visualization, Writing — original draft,
Writing - review & editing. SI: Supervision, Validation,
Visualization, Writing - original draft, Writing - review &
editing, Conceptualization, Data curation, Formal Analysis,
Investigation, Methodology, Project administration, Resources.

Funding

The author(s) declare that no financial support was received for
the research, and/or publication of this article.

frontiersin.org


https://doi.org/10.3389/fendo.2025.1701500
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Suzuki et al.

Conflict of interest

MA received a research grant from Kyowa Kirin Co. Ltd., outside
the submitted work. HA received grants from Ono Pharmaceutical
Co., Ltd,, MSD KK, and Chugai Pharmaceutical Co., Ltd., and
personal fees from Ono Pharmaceutical Co., Ltd., Bristol-Myers
Squibb and MSD K.XK. outside of this study. SI received personal
fees from Ono Pharmaceutical Co. Ltd., Bristol-Myers Squibb,
Chugai Pharmaceutical Co., Ltd. and MSD K.K. outside of this study.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial

References

1. Brahmer JR, Lacchetti C, Schneider BJ, Atkins MB, Brassil KJ, Caterino JM, et al.
Management of immune-related adverse events in patients treated with immune
checkpoint inhibitor therapy: american society of clinical oncology clinical practice
guideline. J Clin Oncol. (2018) 36:1714-68. doi: 10.1200/JC0.2017.77.6385

2. Haanen J, Obeid M, Spain L, Carbonnel F, Wang Y, Robert C, et al. Management of
toxicities from immunotherapy: ESMO Clinical Practice Guideline for diagnosis, treatment
and follow-up. Ann Oncol. (2022) 33:1217-38. doi: 10.1016/j.annonc.2022.10.001

3. Brahmer JR, Abu-Sbeih H, Ascierto PA, Brufsky J, Cappelli LC, Cortazar FB, et al.
Society for Immunotherapy of Cancer (SITC) clinical practice guideline on immune
checkpoint inhibitor-related adverse events. ] Immunother Cancer. (2021) 9:¢002435.
doi: 10.1136/jitc-2021-002435

4. Zhai Y, Ye X, Hu F, Xu J, Guo X, Zhuang Y, et al. Endocrine toxicity of immune
checkpoint inhibitors: a real-world study leveraging US Food and Drug Administration
adverse events reporting system. J Immunother Cancer. (2019) 7:286. doi: 10.1186/
540425-019-0754-2

5. Iwama S, Kobayashi T, Arima H. Clinical characteristics, management, and
potential biomarkers of endocrine dysfunction induced by immune checkpoint
inhibitors. Endocrinol Metab (Seoul). (2021) 36:312-21. doi: 10.3803/EnM.2021.1007

6. Arima H, Iwama S, Inaba H, Ariyasu H, Makita N, Otsuki M, et al. Management
of immune-related adverse events in endocrine organs induced by immune checkpoint
inhibitors: clinical guidelines of the Japan Endocrine Society. Endocr J. (2019) 66:581-6.
doi: 10.1507/endocrj.EJ19-0163

7. Kobayashi T, Iwama S, Arima H. Clinical characteristics and potential biomarkers
of thyroid and pituitary immune-related adverse events. Endocr J. (2024) 71:23-9.
doi: 10.1507/endocrj.EJ23-0524

8. Iwama S, Kobayashi T, Yasuda Y, Arima H. Immune checkpoint inhibitor-related
thyroid dysfunction. Best Pract Res Clin Endocrinol Metab. (2022) 36:101660.
doi: 10.1016/j.beem.2022.101660

9. Yasuda Y, Iwama S, Sugiyama D, Okuji T, Kobayashi T, Ito M, et al. CD4(+) T
cells are essential for the development of destructive thyroiditis induced by anti-PD-1
antibody in thyroglobulin-immunized mice. Sci Transl Med. (2021) 13:eabb7495.
doi: 10.1126/scitranslmed.abb7495

10. Iwama S, Kobayashi T, Arima H. Management, biomarkers and prognosis in
people developing endocrinopathies associated with immune checkpoint inhibitors.
Nat Rev Endocrinol. (2025) 21:289-300. doi: 10.1038/s41574-024-01077-6

11. Xie W, Huang H, Xiao S, Fan Y, Deng X, Zhang Z. Immune checkpoint
inhibitors therapies in patients with cancer and preexisting autoimmune diseases: A
meta-analysis of observational studies. Autoimmun Rev. (2020) 19:102687.
doi: 10.1016/j.autrev.2020.102687

Frontiers in Endocrinology

10.3389/fendo.2025.1701500

intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fend0.2025.1701500/
full#supplementary-material

12. Brown LJ, Weppler A, Bhave P, Allayous C, Patrinely JR Jr., Ott P, et al
Combination anti-PD1 and ipilimumab therapy in patients with advanced melanoma
and pre-existing autoimmune disorders. J Immunother Cancer. (2021) 9:¢002121.
doi: 10.1136/jitc-2020-002121

13. Japan Thyroid Association. Guideline for the diagnosis of Graves’ disease (2022).
Available online at: https://www.Japanthyroid.jp/en/guidelines.htmlGra (Accessed
October 7, 2025).

14. Okada N, Iwama S, Okuji T, Kobayashi T, Yasuda Y, Wada E, et al. Anti-thyroid
antibodies and thyroid echo pattern at baseline as risk factors for thyroid dysfunction
induced by anti-programmed cell death-1 antibodies: a prospective study. Br ] Cancer.
(2020) 122:771-7. doi: 10.1038/s41416-020-0736-7

15. Kobayashi T, Iwama S, Yasuda Y, Okada N, Tsunekawa T, Onoue T, et al. Patients
with antithyroid antibodies are prone to develop destructive thyroiditis by nivolumab: A
prospective study. ] Endocrine Society. (2018) 2:241-51. doi: 10.1210/js5.2017-00432

16. Kobayashi T, Iwama S, Yamagami A, Yasuda Y, Okuji T, Ito M, et al. Elevated
TSH level, tgAb, and prior use of ramucirumab or TKIs as risk factors for thyroid
dysfunction in PD-L1 blockade. ] Clin Endocrinol Metab. (2022) 107:e4115-€23.
doi: 10.1210/clinem/dgac467

17. Iwama S, Kobayashi T, Yasuda Y, Okuji T, Ito M, Ando M, et al. Increased risk of
thyroid dysfunction by PD-1 and CTLA-4 blockade in patients without thyroid
autoantibodies at baseline. J Clin Endocrinol Metab. (2022) 107:e1620-e30.
doi: 10.1210/clinem/dgab829

18. Zhou X, Iwama S, Kobayashi T, Ando M, Arima H. Risk of thyroid dysfunction
in PD-1 blockade is stratified by the pattern of tgAb and TPOAD positivity at baseline. |
Clin Endocrinol Metab. (2023) 108:¢1056-¢62. doi: 10.1210/clinem/dgad231

19. Kobayashi T, Iwama S, Yamagami A, Izuchi T, Suzuki K, Otake K, et al
Combined use of tyrosine kinase inhibitors with PD-(L)1 blockade increased the risk
of thyroid dysfunction in PD-(L)1 blockade: a prospective study. Cancer Immunol
Immunother. (2024) 73:146. doi: 10.1007/s00262-024-03733-2

20. Yamagami A, Iwama S, Kobayashi T, Zhou X, Yasuda Y, Okuji T, et al. Changes in
TgAb and TPOAD titers are greater in thyrotoxicosis than isolated hypothyroidism
induced by PD-1 blockade. Endocr J. (2024) 71:515-26. doi: 10.1507/endocrj.EJ23-0480

21. Hidaka R, Hiromatsu Y, Tatsumoto N, Fukuyama T, Sagara Y, Uchida A, et al.
Development of thyrotoxicosis with positive TSH receptor antibody and transition to
hypothyroidism in a patient with unresect able hepatocellular carcinoma during
combined atezolizumab and bevacizumab therapy: A case report and review of the
literature. Kurume Med J. (2025) 71:167-73. doi: 10.2739/kurumemed;.MS7134008

22. Wiersinga WM. Graves’ Disease: can it be cured? Endocrinol Metab (Seoul).
(2019) 34:29-38. doi: 10.3803/EnM.2019.34.1.29

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2025.1701500/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2025.1701500/full#supplementary-material
https://doi.org/10.1200/JCO.2017.77.6385
https://doi.org/10.1016/j.annonc.2022.10.001
https://doi.org/10.1136/jitc-2021-002435
https://doi.org/10.1186/s40425-019-0754-2
https://doi.org/10.1186/s40425-019-0754-2
https://doi.org/10.3803/EnM.2021.1007
https://doi.org/10.1507/endocrj.EJ19-0163
https://doi.org/10.1507/endocrj.EJ23-0524
https://doi.org/10.1016/j.beem.2022.101660
https://doi.org/10.1126/scitranslmed.abb7495
https://doi.org/10.1038/s41574-024-01077-6
https://doi.org/10.1016/j.autrev.2020.102687
https://doi.org/10.1136/jitc-2020-002121
https://www.japanthyroid.jp/en/guidelines.htmlGra
https://doi.org/10.1038/s41416-020-0736-7
https://doi.org/10.1210/js.2017-00432
https://doi.org/10.1210/clinem/dgac467
https://doi.org/10.1210/clinem/dgab829
https://doi.org/10.1210/clinem/dgad231
https://doi.org/10.1007/s00262-024-03733-2
https://doi.org/10.1507/endocrj.EJ23-0480
https://doi.org/10.2739/kurumemedj.MS7134008
https://doi.org/10.3803/EnM.2019.34.1.29
https://doi.org/10.3389/fendo.2025.1701500
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Suzuki et al.

23. Smith TJ, Hegediis L. Graves’ Disease. N Engl ] Med. (2016) 375:1552-65.
doi: 10.1056/NEJMral510030

24. Park SY, Kim BH, Kim M, Hong AR, Park J, Park H, et al. The longer the antithyroid
drug is used, the lower the relapse rate in Graves’ disease: a retrospective multicenter cohort
study in Korea. Endocrine. (2021) 74:120-7. doi: 10.1007/s12020-021-02725-x

25. Wiersinga WM. Thyroid autoimmunity. Endocr Dev. (2014) 26:139-57.
doi: 10.1159/000363161

26. Vargas-Uricoechea H. Molecular mechanisms in autoimmune thyroid disease.
Cells. (2023) 12:918. doi: 10.3390/cells12060918

27. Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy.
Nat Rev Cancer. (2012) 12:252-64. doi: 10.1038/nrc3239

28. Chow A, Perica K, Klebanoff CA, Wolchok JD. Clinical implications of T cell
exhaustion for cancer immunotherapy. Nat Rev Clin Oncol. (2022) 19:775-90.
doi: 10.1038/541571-022-00689-z

Frontiers in Endocrinology

10

10.3389/fendo.2025.1701500

29. Postow MA, Sidlow R, Hellmann MD. Immune-related adverse events
associated with immune checkpoint blockade. N Engl ] Med. (2018) 378:158-68.
doi: 10.1056/NEJMral703481

30. Seki M, Kitano S, Suzuki S. Neurological disorders associated with immune
checkpoint inhibitors: an association with autoantibodies. Cancer Immunol
Immunother. (2022) 71:769-75. doi: 10.1007/s00262-021-03053-9

31. Suzuki S, Ishikawa N, Konoeda F, Seki N, Fukushima S, Takahashi K, et al.
Nivolumab-related myasthenia gravis with myositis and myocarditis in Japan.
Neurology. (2017) 89:1127-34. doi: 10.1212/WNL.0000000000004359

32. Kazanas S, Anastasopoulou A, Ziogas D, Gogas H, Angelousi A. An extremely
rare case of immune checkpoint inhibitors-related hypoparathyroidism and a critical
literature review. JCEM Case Rep. (2025) 3:luaf097. doi: 10.1210/jcemcr/luaf097

33. Wang X, Chen D, Shi Y, Yang T, Zheng X. ICPi-induced graves’ Disease with pre-
existing autoimmune thyroid disorders: A case report and literature review. Endocr Metab
Immune Disord Drug Targets. (2025) 10. doi: 10.2174/0118715303317264250116095028

frontiersin.org


https://doi.org/10.1056/NEJMra1510030
https://doi.org/10.1007/s12020-021-02725-x
https://doi.org/10.1159/000363161
https://doi.org/10.3390/cells12060918
https://doi.org/10.1038/nrc3239
https://doi.org/10.1038/s41571-022-00689-z
https://doi.org/10.1056/NEJMra1703481
https://doi.org/10.1007/s00262-021-03053-9
https://doi.org/10.1212/WNL.0000000000004359
https://doi.org/10.1210/jcemcr/luaf097
https://doi.org/10.2174/0118715303317264250116095028
https://doi.org/10.3389/fendo.2025.1701500
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Increased risk of hyperthyroidism induced by immune checkpoint inhibitors in patients with existing or prior Graves’ disease: a nested prospective cohort study with propensity score matching
	Introduction
	Methods
	Patient selection
	Data collection
	Definition of thyroid dysfunction
	Propensity score matching
	Statistical analysis

	Results
	Baseline characteristics
	Thyroid irAEs
	Comparison of the incidence of hyperthyroidism in the GD group with that in outpatients who were not treated with ICIs
	Clinical summaries of three patients in the GD group who developed hyperthyroidism during ICI therapy
	Case 1
	Case 2
	Case 3


	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


