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Abstract
Aim. To assess the association between immune-related thyroid dysfunction (irTD) and overall survival or progression-
free survival in patients with malignant neoplasms receiving immune checkpoint inhibitor therapy.

Materials and methods. This multicenter prospective cohort study comprised 235 patients (156 men; mean age
approximately 60 years) with histologically or cytologically confirmed malignancies of various localizations who were
treated with programmed cell death protein 1/programmed death-ligand 1 (PD-1/PD-L1) inhibitors. Thyroid function
was assessed before the treatment and every 4 weeks thereafter. irTD was diagnosed based on standardized
biochemical and ultrasound criteria. Adverse events were graded according to CTCAE (Common Terminology Criteria
for Adverse Events). Survival was analyzed using the Kaplan-Meier method, with comparisons performed using
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the log-rank test, and univariable Cox proportional hazards models, with hazard ratios (HRs) and 95% confidence
intervals (Cls), were applied.

Results. irTD occurred in 52 patients (22.1%). In all cases, destructive thyroiditis with a transient thyrotoxic phase
followed by hypothyroidism (CTCAE grade 1-2) was observed and did not require discontinuation of immune
checkpoint inhibitors. The median time to irTD onset was 7.9 weeks. Patients with and without irTD were comparable
in terms of sex, age, disease stage, previous cancer therapy, and type of PD-1/PD-L1 inhibitors. The development of
irTD was associated with better progression-free survival (median 126.2 vs 40.0 weeks; HR 0.37; 95% Cl: 0.25-0.55;
p < 0.001) and better overall survival (211.6 vs 147.0 weeks; HR 0.43; 95% Cl: 0.25-0.73; p = 0.002).

Conclusion. In this prospective multicenter cohort study, irTD occurred in approximately one-fifth of patients treated
with PD-1/PD-L1 inhibitors, mainly during the first weeks of therapy, was generally mild, and was associated with
improved survival. These findings suggest that irTD may be considered as a potential surrogate marker of treatment
efficacy and support the need for regular monitoring of thyroid function during immunotherapy.
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Lenb. OUeHUTb accoumaLmnio Mexay pasBuTneM UMMyHoonocpeoBaHHo Tupeonatiu (MT) u nokasatensMu 06-
Lied BbIXXMBAEMOCTY U BbKMBAEMOCTU 63 NPOrpeccnpoBaHuns y nauneHToB Co 310Ka4eCTBEHHbIMI HOBOOHPA30-
BaHWSIMK, NOMYYaLOLLMX TEPANMIO UHTMOUTOPAMU KOHTPOSTbHbBIX TOYEK UMMYHHOrO OTBETA.

Matepuanbi n MmeToabl. B MHOroLeHTPOBOE NPOCNEKTUBHOE KOrOPTHOE HabMtoAaTeNlbHOe UCCNej0BaHNE BKITHO-
YeHbl 235 naumneHToB (156 MyXXUuH, cpefHniA Bo3pacT okono 60 NeT) ¢ MMCTONOTMYECKU AU LMTONOTNYECKN
NOATBEPXAEHHbIMY 3/10Ka4eCTBEHHbIMIU HOBOOOPA30BaHNAMY PA3NINYHOI NIOKannU3aLny, BNepBble HaunHaBLLNX
TEpanuio MHrMBUTOPaMK peLienTopa NPorpamMMmUpyemoit KneTouHoi rnéenun 1 v ero nuraHaa (programmed cell
death protein 1/programmed death-ligand 1, PD-1/PD-L1). ®yHKUMIO WATOBUAHOM Xenesbl OLUEHMBANN UCXOAHO
W fanee Kaxable 4 Hepenu, AT anarHocTMpOBanu No CTaHAAPTU3UPOBAHHLIM GUOXUMUYECKMM 1 YNbTPa3BYKO-
BbIM KpuTepusmM. CTeneHb TAXECTW HexenaTesbHbIX ABNEHUA Onpefensnm no wkane obLwux TepMUHOIOornye-
CKUX KpPUTEPWEB OLIEHKM HexXenaTenbHblx aBneHuii (Common Terminology Criteria for Adverse Events, CTCAE).
[TokasaTenu BbXXWBaeMOCTV aHanu3uposanu MeTogom Kannana—Meiiepa ¢ UCno/ib30BaHWEM 1I0r-PaHroBOrO Te-
CTa v oHoMaKTOpHbIX Moaeneit Kokca ¢ pacueTom oTHowleHus puckos (hazard ratio, HR) 1 95% noBepuTenbHbIX
nHTepBanos (AN).

Pesynbratbl. /T passunach y 52 nauneHTos (22,1%); BO BCEX CyYasnx OTMeYeH AECTPYKTUBHbINA TUPEOUANT C TpaH-
3WUTOPHO TUPEOTOKCUYECKOM Basoii M nocneaytoLmMM runoTupeo3om 1-2-in ctenenm no wkane CTCAE, He noTpe6o-
BaBLLUWIA OTMEHbI UHTMBUTOPOB KOHTPOJIbHBIX TOYEK MMMYHHOTO OTBeTa. MeanaHa BpemeHu [0 MaHudectauyun AT
coctaBuna 7,9 Hegenw. Fpynnbl nauneHToB ¢ UT 1 6e3 AT 6bian conocTaByMbl MO NOAY, BO3PACTY, CTaaum 3abone-
BaHWs, NPeALLECTBYOLEMY NIEYEHMIO U NPUMEHsIEMbIM UHTbTopamM PD-1/PD-L1. Pagsutne /T accounmpoBanoch
CO 3HaYMMbIM YBEINYEHNEM BbIKMBAEMOCTHN 6e3 NPOrpeccnpoBaHus (Meanana 126,2 npotus 40,0 Hepenu; HR 0,37;
95% A1 0,25-0,55; p < 0,001) n obuieit BbxusaemocTu (211,6 npotne 147,0 Hepenu; HR 0,43; 95% [N 0,25-0,73;
p=0,002).

3aknioyeHne. B npocnekTUBHOM MHOrOLEHTPOBO KoropTe T BbIABNANACh MPUMEPHO Y MATOW YacTu MauneH-
TOB, MPeVMYLLECTBEHHO B MepBble Hefeny Tepanuu, NpoTekana B BUAE NETKMX MMMYHOOMOCPeS0BaHHbIX HexXena-
TeSIbHbIX ABNEHUI U COMPOBOXAANACh YNyYLEeHUEM BbKMBAEMOCTU. ITU AaHHbIE NO3BONAKOT paccMaTpusaTb UT
KaK NoTeHUManbHbIi CypporaTHbIi Mapkep a@GeKTUBHOCTY Tepanumn uHruoutopamu PD-1/PD-L1 1 nogyepkusatoT
HE06X04MMOCTb PEryNPHOrOo MOHUTOPUHIA QYHKLWW LUMTOBUAHOW Xenesbl Npu MMMYHOTEpanuu.

KnioueBblie cnoBa: LYTOBUAHAS XKENe3a; TMPEOUANT; HexenaTeNbHble ABNEHUS; UMMYHHAs TOKCUYHOCTb; MHIMGU-
Topbl PD-1/PD-L1

Py6pukn MeSH:

HOBOOBPA30BAHMSA - NEKAPCTBEHHASA TEPATNS

NHTUBUTOPBI UMMYHHbBIX KOHTPOJIbHbBIX TOYEK = UMMYHOMOM A

NHTMBUTOPBI UMMYHHbBIX KOHTPOJIbHbBIX TOYEK — TEPAMEBTUYECKOE NMPUMEHEHUE
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Abbreviations:

Cl - confidence interval

fT3 - free triiodothyronine

fT4 - free thyroxine

ICls — immune checkpoint inhibitors
irAEs — immune-related adverse events

irTD — immune-related thyroid dysfunction

MN - malignant neoplasms

PD-1/PD-LT - programmed cell death protein 1/
programmed death-ligand 1

TSH - thyroid-stimulating hormone

HIGHLIGHTS

In a prospective multicenter cohort receiving programmed cell death protein 1/programmed death-ligand 1 inhibitors, immune-related
thyroid dysfunction is common and rarely requires treatment discontinuation.

The most typical clinical course is thyroiditis with a transient thyrotoxic phase followed by persistent hypothyroidism; no cases of Graves’
disease are observed.

The development of thyroid dysfunction is associated with improved overall survival and progression-free survival in the overall cohort.

Malignant neoplasms remain one of the leading
medical and social challenges worldwide, ranking
among the top causes of morbidity, disability, and
mortality. According to the International Agency for
Research on Cancer (IARC), approximately 20 million
new cases of malignant neoplasms (MN) and more than
9.7 million cancer-related deaths were recorded globally
in 2022 [1]. It is projected that by 2050, the number of

newly diagnosed cases may exceed 35 million, largely
due to population aging, lifestyle changes, and exposure
to environmental carcinogens [2].

A breakthrough in the systemic treatment of
malignant neoplasms has been achieved with the
introduction of immune checkpoint inhibitors (ICIs).
Unlike cytotoxic and targeted therapies, these agents
do not directly affect tumor cells but instead restore the
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ability of the immune system to recognize and eliminate
them. Monoclonal antibodies targeting programmed
cell death protein 1 (PD-1) and its ligand, programmed
death-ligand 1 (PD-L1), have demonstrated substantial
efficacy across a wide range of MN, including
both localized and metastatic disease, significantly
improving patient survival outcomes [1, 3-5].

However, by enhancing immune activation, ICIs
may also induce immune-related adverse events
(irAEs) affecting various organs and systems. Thyroid
dysfunction represents one of the most common irAEs
associated with cancer immunotherapy [6]. The most
frequent immune-related thyroid dysfunction (irTD)
is destructive thyroiditis, typically characterized by an
initial thyrotoxic phase followed by the development
of persistent hypothyroidism requiring long-term
hormone replacement therapy [7-9]. The pathogenesis
of this complication remains incompletely understood;
proposed mechanisms include immune-mediated
destruction of thyroid follicular cells, activation of
thyroid-specific autoantibodies, and cross-reactivity
between tumor antigens and thyroid tissue [10, 11].

Recent studies suggest that the development of
irAEs, including thyroid dysfunction, may be associated
with improved clinical outcomes in patients receiving
ICI therapy [12-14].

The objective of this study was to evaluate the
association between the development of irTD and
overall survival as well as progression-free survival
in patients with malignant neoplasms of various
localizations treated with ICls.

MATERIALS AND METHODS

Study design

A multicenter prospective cohort observational
study was conducted. Consecutive patients referred
for scheduled systemic anticancer therapy for solid
MN were enrolled at the following institutions:
Sechenov First Moscow State Medical University
(Sechenov University), Clinical Hospital of MEDSI
Group JSC, University Clinic of Lomonosov Moscow
State University, and multidisciplinary medical center
VitaMed LLC. Patient recruitment was carried out
between October 7, 2019, and December 27, 2024.

Sample size calculation

The sample size (n = 235) was determined at the
study planning stage. It was based on the expected
incidence of irTD of approximately 20-25%, according to
published data on PD-1/PD-L1 inhibitor therapy, with an
acceptable precision of the estimate (95% margin of error
of approximately * (5-6) percentage points). In addition,
the planned sample provided a sufficient number of events
for survival analysis: with 91 events, the study had 80%
power to detect a moderate effect size (hazard ratio of
approximately 0.5) at a two-sided significance level of 0.05.

Patient enroliment

The patient inclusion flowchart is presented in
Figure 1. A total of 258 patients were screened for
eligibility.

Inclusion criteria:

e age > 18 years;

e histologically or cytologically confirmed solid
malignant tumor requiring ICI therapy according to
clinical guidelines applicable during the study period;

e euthyroid status at baseline;

e signed informed consent for study participation.

A total of 254 patients met the inclusion criteria.

Non-inclusion criteria:

e prior treatment with ICIs (n = 4);

e history of thyroid dysfunction (n = 10);

e estimated glomerular filtration rate < 30 mL/min/
1.73 m? calculated using the CKD-EPI 2021 equation
(n=0);

e Child-Pugh class B or C liver cirrhosis (n = 0);

e psychiatric disorders (n = 0);

e amiodarone therapy (n = 0);

e pregnancy or lactation (n = 0).

Exclusion criteria:

o withdrawal of informed consent / refusal to continue
participation (n = 0);

* loss to follow-up (n = 4);

e absence of laboratory data required for analysis
(n=1).

Non-inclusion criteria were identified in 14 patients.
Five patients were excluded from the final analysis: four
due to loss to follow-up and one because of missing
laboratory data. A total of 235 patients (156 men and
79 women) who received PD-1/PD-L1 inhibitor therapy
for the first time were included in the study.

Primary disease characteristics

MN staging was performed according to the
8" edition of the TNM Classification of the American
Joint Committee on Cancer (AJCC), applicable during
the study period [15].

Diagnosis of ICI-associated thyroid dysfunction

Thyroid hormone levels were assessed at baseline,
as part of mandatory toxicity screening every 4 weeks
after initiation of ICI therapy, and additionally whenever
clinical symptoms suggestive of thyroid dysfunction
occurred. Laboratory testing was centralized and
performed at the independent laboratory INVITRO
LLC. Serum thyroid-stimulating hormone (TSH),
free thyroxine (fT4), and free triiodothyronine
(fT3) concentrations were measured using a
chemiluminescent immunoassay on the automated
Alinity i analyzer (Abbott, USA) with manufacturer-
provided reagents. Reference ranges were as follows:
TSH, 0.4-4.0 plU/mL; fT4, 9.0-19.05 pmol/L; fT3,
3.0-5.6 pmol/L.
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Patients with malignant
solid tumors

N =258
Inclusion criteria:
e age >18 years
¢ indication for ICI therapy
* euthyroid status

Non-inclusion criteria:
» * prior ICI therapy (n = 4)
* history of thyroid dysfunction (n = 10)

A 4

n =240

Received >1 dose of ICI therapy

v

Thyroid function monitoring:
» TSH, fT4, fT3

(in the presence of symptoms)

e every 4 weeks or as clinically indicated

Exclusion criteria:
¢ loss to follow-up (n = 4)
 absence of laboratory data required for
analysis (n = 1)

A 4
Included in the analysis
n =235
irTD group Non-irTD group
(n=52) (n=183)

FIG. 1. Patient enrollment flowchart.

Note: fT3 - free triiodothyronine; fT4 - free thyroxine; ICI - immune checkpoint inhibitor; irTD = immune-related thyroid dysfunction; TSH -

thyroid-stimulating hormone.

Thyroid ultrasound was performed centrally at
University Clinical Hospital No. 2 of I.M. Sechenov
First Moscow State Medical University (Sechenov
University) using a Voluson-i ultrasound system
(General Electric, USA) with a 12-MHz linear
transducer.

Hypothyroidism was diagnosed when TSH exceeded
4.0 pIU/mL in combination with normal or decreased
fT4 levels.

Thyroiditis was diagnosed in the thyrotoxic phase
when TSH was decreased with elevated or normal fT4
and/or fT3 levels, and in the hypothyroid phase when
TSH was elevated with decreased or normal fT4 and/
or fT3 levels!.

According to the
National Comprehensive

recommendations of the
Cancer Network,

destructive thyrotoxicosis was presumed when
transient thyrotoxicosis spontaneously progressed to
hypothyroidism during follow-up thyroid function
assessment [16]. To exclude Graves’ disease, the absence
of a characteristic clinical presentation (including
orbitopathy), the absence of increased intrathyroidal
vascularity on color Doppler ultrasonography, and the
absence of increased blood flow velocity in the inferior
thyroid artery >40 cm/s were additionally taken into
account.

Outcome assessment

Progression-free survival was defined as the interval
from initiation of ICI therapy to disease progression
according to RECIST (Response Evaluation Criteria
in Solid Tumors) version 1.1 criteria [17] or death

! Ministry of Health of the Russian Federation. Hypothyroidism: clinical guidelines. 2024. https://cr.minzdrav.gov.ru/view-cr/531 4 (access

date: 05.08.2025).
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from any cause, whichever occurred first. Overall
survival was defined as the interval from initiation of
ICI therapy to death from any cause or the date of last
patient contact (censored observation). Tumor response
assessment using computed tomography (CT) was
performed every 12 weeks.

The severity of irAEs was graded according to the
Common Terminology Criteria for Adverse Events
(CTCAE) [18]. Follow-up was terminated upon
progression of MN, death, or patient withdrawal from
the study.

Statistical analysis

Continuous variables were assessed for normality
using the Kolmogorov-Smirnov test. Variables with a
normal distribution are presented as mean and standard
deviation, whereas non-normally distributed variables
are presented as median and interquartile range (25th-
75th percentiles).

Categorical variables are reported as absolute counts
and percentages. Comparisons between two groups
for continuous variables with normal distribution
and homogeneity of variances were performed using
Student’s t-test. When the distribution deviated from
normality, the nonparametric Mann-Whitney U test
was applied.

Categorical variables were compared using
Pearson’s chi-square test when expected frequencies
exceeded 10; otherwise, the two-sided Fisher’s exact
test was used. Survival analysis was performed using
the Kaplan-Meier method. Differences between groups
in time to death and disease progression were assessed
using the log-rank test. Event risk was evaluated using
univariable Cox proportional hazards models with
calculation of hazard ratios (HRs) and 95% confidence
intervals (CIs). A two-sided p value <0.05 was
considered statistically significant.

Statistical analyses were performed using R software
version 4.5.1 (R Foundation for Statistical Computing,
Vienna, Austria) and StatTech version 4.6.1 (StatTech
LLC, Russia).

RESULTS

Incidence of immune-related thyroid dysfunction

During the entire follow-up period, irTD was
identified in 52 patients (22.1%). At initial presentation,
thyrotoxicosis and hypothyroidism occurred with
equal frequency (26 cases each). Graves’ disease was
excluded in all cases of thyrotoxicosis.

In all cases, thyrotoxicosis was transient and
attributable to destructive thyroiditis. In one patient,
hypothyroidism developed as part of autoimmune
polyglandular syndrome, in combination with
primary adrenal insufficiency and diabetes mellitus.
The median time to onset of immune-related thyroid

dysfunction from initiation of ICI therapy was 7.9
(6.0-9.1) weeks.

All  patients with hypothyroidism received
levothyroxine replacement therapy at doses of 75-150
ug/day, resulting in achievement and maintenance
of TSH levels within the reference range. During the
thyrotoxic phase of destructive thyroiditis, nine patients
received beta-blockers for tachycardia control.

All thyroid dysfunction events were classified
as grade 1 or 2 adverse events according to CTCAE
and did not require treatment discontinuation or dose
modification of ICI therapy.

Baseline characteristics of patients with and

without immune-related thyroid dysfunction

In both groups, the majority of patients were
men, with a mean age of approximately 60 years,
and no significant differences were observed in these
parameters. In nearly half of the patients in both
groups, the primary tumor site was the lung (42-50%).
Gastrointestinal malignancies (esophageal, gastric, and
hepatic cancers) were observed in approximately 19-
25% of patients, while cutaneous melanoma accounted
for 12-19%. More than half of the patients had stage IV
MN (Table).

No between-group differences were found regarding
prior treatment history. A substantial proportion
of patients in both groups had previously received
systemic anticancer therapy (54-66%). Prior surgery
had been performed in half of the patients in the first
group and in 40% of those in the second group. Previous
radiotherapy was reported in approximately one quarter
of patients in both groups.

Most patients in both groups received PD-1
inhibitors. The most frequently prescribed agent was
nivolumab, followed by pembrolizumab, whereas
tislelizumab was used less often. The proportion of
patients treated with PD-L1 inhibitors (atezolizumab
or avelumab) was considerably lower, accounting for
approximately 9-10% in each group.

Progression-free survival

Comparative analysis demonstrated that the
development of irTD was significantly associated
with a lower risk of disease progression compared
with patients without thyroid dysfunction. The median
progression-free survival in patients without thyroid
dysfunction was 40.0 weeks from treatment initiation
(95% CI: 34.0-50.8), whereas in patients who
developed thyroid dysfunction it was 126.2 weeks
(95% CI: 109.0-259.2).

In the univariable Cox proportional hazards model,
the presence of irTD was associated with a statistically
significant reduction in the risk of disease progression
(HR 0.37;95% CI:0.25-0.55; p < 0.001), corresponding
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Table. Baseline characteristics of patients with and without immune-related thyroid dysfunction

Variable "(Tan;‘;‘)"’ "°'2;"'=T'1’893')°“p p value

Male / female 30/22(57.7/42.3) 126 /57 (68.9 /31.1) 0.181
Age, years 60.1+12.0 60.5+11.5 0.886
Primary tumor site

lung 22 (42.3) 92 (50.3)

gastrointestinal tract 13 (25.0) 34 (18.6) 0.220

melanoma 10(19.3) 22 (12.0) '

other 7(13.5) 35(19.1)
Tumor stage

| 1(1.9) 7(3.8)

I 9(17.3) 25 (13.7)

I 13 (25.0) 35(19.1) 0.722

\ 29 (55.8) 116 (63.4)
Previous treatment

systemic anticancer therapy 28 (53.9) 120 (65.6) 0.055

surgery 26 (50.0) 73 (39.9) 0.253

radiotherapy 15(28.9) 46 (25.1) 0.719
PD-1/PD-L1 inhibitors

nivolumab 27 (51.9) 98 (53.4)

pembrolizumab 17 (32.7) 52 (28.4)

tislelizumab 3(5.8) 17 (9.3) 0.901

atezolizumab 3(5.8) 8(4.4)

avelumab 2(3.9) 8 (4.4)

Notes: quantitative variables are presented as mean with standard deviation (M + SD), categorical variables are presented as the absolute
number of patients with the characteristic and the proportion within the group, expressed as a percentage (in parentheses).
irTD - immune-related thyroid dysfunction; PD-1/PD-L1 - programmed cell death protein 1/programmed death-ligand 1.

to an approximately 2.7-fold lower relative risk of the
event (Fig. 2).

Overall survival

By the end of follow-up, 91 deaths (38.7%) had
been recorded. Comparative analysis demonstrated
a statistically significant association between the
development of irTD and a lower risk of death.

The median overall survival in patients without
thyroid dysfunction was 147.0 weeks from treatment
initiation (95% CI: 101.0-172.5), whereas in patients
who developed thyroid dysfunction it was 211.6 weeks
(95% CI: 161.1-259.2).

In the wunivariable Cox proportional hazards
model, the development of irTD was associated with
a statistically significant reduction in the risk of death
(HR 0.43;95% CI:0.25-0.73; p = 0.002), corresponding
to an approximately 2.3-fold lower relative risk of the
event.

The 1-year and 3-year overall survival rates in
the irTD group were 91.9% (95% CI: 79.9-96.9) and
69.9% (95% CI: 52.4-82.0), respectively, whereas
in patients without thyroid dysfunction they were
69.0% (95% CI: 60.6-76.0) and 43.9% (95% CI:

33.3-53.9), respectively (log-rank test, p = 0.002;

Fig. 3).

DISCUSSION

The present study, which is the first prospective

multicenter study conducted in the Russian
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FIG. 2. Kaplan-Meier curve for progression-free survival.

Note: irTD — immune-related thyroid dysfunction.
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FIG. 3. Kaplan-Meier curve for overall survival.

Note: irTD — immune-related thyroid dysfunction.

Federation, demonstrated an association between the
development of irTD and improved overall survival
as well as progression-free survival in patients
with various MN receiving PD-1/PD-L1 inhibitor
therapy.

Our findings are consistent with the meta-analysis by
Y.M. Cheung et al. [19], in which thyroid irAEs during
ICI therapy were associated with an approximately
48% lower risk of death and a 42% lower risk of
disease progression. In our cohort, the association with
progression-free survival was even more pronounced: the
presence of irTD was associated with a threefold increase
in median progression-free survival and a 63% reduction
in the risk of progression in the univariable Cox model.
In addition, 1-year and 3-year overall survival in patients
with thyroid dysfunction exceeded the corresponding
values in patients without thyroid dysfunction by 22.9
and 26 percentage points, respectively.

It should be emphasized that our study included
a heterogeneous population with different MN. In
both groups, the lung was the most common primary
tumor site, accounting for nearly half of all cases,
followed by gastrointestinal malignancies (gastric,
esophageal, and hepatic cancers), and cutaneous
melanoma. Studies by S. Ceri¢ et al. [13], M. Xiao
et al. [20], and A. Dawidowska et al. [14] in separate
cohorts of patients with non-small cell lung cancer,
gastric cancer, and melanoma, as well as several
studies including mixed cancer populations [21, 22],
have shown that the development of irAEs, including
thyroid events, is associated with improved efficacy
of ICI therapy and better survival outcomes. In
several studies, Cox models with time-dependent
covariates treating thyroid dysfunction as an event
occurring during follow-up were used to minimize
immortal time bias and confirmed the robustness of
this association [13, 23].

Taken together, these findings support the notion
that the association observed in the present study is
reproducible across different patient populations,
including both homogeneous disease-specific cohorts
and heterogeneous cancer populations. Collectively,
these data suggest that thyroid irAEs may serve as a
potential surrogate marker of PD-1/PD-L1 inhibitor
efficacy in patients with different MN. Although
the exact biological mechanisms underlying this
association remain under discussion, it has been
proposed that the development of thyroid dysfunction
reflects systemic immune activation induced by ICI
therapy. In this context, thyroid dysfunction should
not be viewed as an independent factor improving
survival, but rather as a clinical marker of a more
pronounced antitumor immune response, which may
explain its association with more favorable oncologic
outcomes [24, 25].

Immune checkpoint inhibitors are believed to disrupt
mechanisms of peripheral immune tolerance, leading
to activation of autoreactive T-cell clones, T-cell-
mediated injury of thyroid follicular epithelium, and the
development of destructive thyroiditis. The serological
profile of ICI-associated thyroid dysfunction differs
from that of classical Hashimoto thyroiditis: thyroid
autoantibodies are detected less frequently and usually
at lower titers, suggesting only partial overlap of the
immunopathogenesis with spontaneous autoimmune
thyroid disease [24, 26].

In our cohort, the overall incidence of irTD was
22.1%, which is comparable to the meta-analysis by
J. de Filette et al. [10], where thyroid dysfunction was
reported in approximately 20-30% of patients receiving
PD-1/PD-L1 inhibitors. Thyroiditis most commonly
developed within the first 8 weeks after initiation of
ICI therapy, in agreement with previous studies by
E.M. Presotto et al. [27] and R.M. Ruggeri et al. [28], in
which the mean time to onset of thyroid adverse events
was approximately 6-10 weeks.

In our cohort, the frequencies of thyrotoxic and
hypothyroid phases were comparable, reflecting
the heterogeneous clinical course of ICI-related
thyroiditis described by C.A. Muir et al. [26]. All cases
of thyrotoxicosis were transient and did not require
antithyroid drug therapy. The absence of Graves’
disease is consistent with observations by H.]. Lee et
al. [29], and ].C. Osorio et al. [11], who reported this
condition to be a very rare complication of PD-1/PD-
L1 inhibitor therapy. All thyroid dysfunction events
were classified as grade 1-2 according to CTCAE
and required neither treatment discontinuation nor
dose modification. This is in line with international
data showing that thyroid irAEs are usually mild
to moderate and rarely necessitate cessation of ICI
therapy.
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Study limitations and future directions

Survival analysis was performed in the pooled cohort
without detailed stratification by individual tumor
types; therefore, our findings do not reflect potential
differences across specific malignancies. In addition,
we deliberately did not apply more complex time-
bias adjustment methods because, given the available
number of events, such approaches could have resulted
in unstable and difficult-to-interpret estimates.

Future studies should focus on individual MN types,
include longer follow-up periods, and formally account
for time-related biases. Another promising development
is the integration of clinical, immunological, and
molecular-genetic markers to develop prognostic
models in which irTD is considered within the broader
context of the overall immune response to therapy.
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