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Purpose: This study aimed to characterize the clinical profile, risk factors, and management of immune-related adverse events
(irAEs) in patients with gynecologic cancers treated with immune checkpoint inhibitors (ICIs).

Methods: In this single-center retrospective study, we analyzed data from 626 gynecologic cancer patients who received ICIs at our
institution between January 2019 and July 2024. Data on the occurrence, grading, organ involvement, management, and potential risk
factors of irAEs were collected and analyzed using binary logistic regression.

Results: Of the 626 patients, 136 (21.7%) developed irAEs. The most commonly affected systems were endocrine (11.7%), cardiac
(3.2%), and skin (2.6%). The incidence of grade 1-2 and grade 3—4 irAEs was 17.7% and 3.99%, respectively. The median time to
irAE onset was 9 weeks (after 3 treatment cycles). Binary logistic regression analysis revealed that anti-PD-1/CTLA-4 bispecific
antibody was a significant risk factor for irAEs (OR = 2.874, p < 0.0001), whereas a higher number of treatment cycles and
combination immunotherapy regimens were protective factors. Most irAEs were managed with intravenous methylprednisolone
daily. No irAE-related deaths occurred.

Conclusion: In this cohort of gynecologic cancer patients receiving ICIs, our findings suggest a considerable prevalence of endocrine
and cardiac irAEs and identify several treatment-related factors associated with irAE risk. The results may underscore the potential
importance of timely glucocorticoid initiation, and could support the consideration of empirical steroid therapy in critically ill patients
when diagnostic confirmation is difficult. These findings point to the potential importance of organ-specific monitoring and provide
insights that could inform the development of management strategies for this population.

Keywords: immunotherapy, immune-related adverse events, cardiac toxicity, gynecologic cancer, glucocorticoids,
methylprednisolone

Introduction
Immune checkpoint inhibitors (ICIs) have revolutionized cancer therapy,' > inducing durable responses across various

solid tumors by enhancing antitumor T-cell activity.® These agents primarily target CTLA-4 and PD-1/PD-L1 pathways,
with their applications expanding from initial success in melanoma® to now encompass gynecologic malignancies.>’'°
The unique mechanism of ICI-mediated T-cell activation leads to a distinct spectrum of immune-related adverse

events (irAEs)'"'? that differ fundamentally from conventional chemotherapy toxicities. Since T-cell are ubiquitous,

12-15

irAEs can affect virtually any organ system, with incidence and severity influenced by both drug class and tumor
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type. Epidemiological data show that CTLA-4 inhibitors are associated with higher rates of severe (grade 3/4) irAEs than
PD-1/PD-L1 agents (31% vs 10%).'® In contrast, PD-1 blockade is more frequently linked to pneumonitis and endocrine
dysfunction.

Despite established knowledge of irAE patterns in melanoma and lung cancers, a significant gap exists in gynecologic
oncology. Current literature lacks comprehensive, real-world characterization of irAE profiles specific to endometrial and
cervical cancer patients receiving ICIs. This is particularly relevant given the unique tumor microenvironment and
antigenic landscape of gynecologic malignancies.

To address this gap, we conducted a detailed analysis of irAE characteristics in gynecologic cancer patients treated
with ICIs at our institution. This study aims to: (1) define the incidence, spectrum, and timing of irAEs in this population;
(2) identify organ-specific patterns distinct from those observed in other tumor types; (3) explore risk factors associated
with the development of irAEs; and (4) synthesize management experience to inform clinical practice. Our findings
provide novel insights into irAE manifestations in gynecologic cancers and support the development of tailored
monitoring and management strategies.

Materials and Methods

Study Design and Patient Characteristics

We conducted a retrospective cohort study at the Department of Gynecologic Oncology, Shengjing Hospital of China
Medical University. We enrolled 626 patients with gynecologic cancers who received immune checkpoint inhibitors
(ICIs) between January 2019 and July 2024.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows:

1. Histologically confirmed cervical, ovarian, vulvar, or vaginal cancer, uterine malignancies, or gestational tropho-
blastic neoplasia;

2. Receipt of at least one cycle of ICI therapy;

3. Availability of complete medical records for review.

Patients were excluded from the analysis if they:

1. Had a diagnosis of another active malignancy;
2. Had inadequate follow-up data;
3. Were lost to follow-up within the first month after ICI initiation.

Data Collection Procedures

Data were systematically extracted from electronic medical records through a structured abstraction process. Two
independent researchers reviewed all patient records using a standardized data collection form. Collected variables
included: (1) demographic and clinical characteristics; (2) ICI treatment details (agent, dosage, frequency, combination
therapies); (3) laboratory parameters (complete blood count, liver and renal function tests, thyroid function, cardiac
biomarkers, and other organ-specific parameters as clinically indicated); (4) radiological findings; (5) irAE occurrence,
including type, severity, and timing; and (6) management strategies and outcomes. Any discrepancies in data abstraction
were resolved through consensus with a third senior investigator.

The cohort included patients diagnosed with cervical cancer, uterine malignancies, vulvar cancer, vaginal cancer, and
gestational trophoblastic neoplasia. ICI treatment was administered either as monotherapy or in combination with
chemotherapy, radiotherapy, or targeted therapy. All patients received at least one cycle of intravenous ICI, with
a median follow-up of 19 months (range: 1-52).
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Sample Size Consideration

Given the comprehensive nature of our institutional database and the study’s exploratory aim to characterize irAE
patterns in gynecologic cancers, we included all eligible patients treated during the specified period rather than
conducting a pre-specified power calculation. This approach allowed for maximal capture of irAE events, though we
acknowledge that the modest number of irAE cases may limit subgroup analyses. The immunotherapeutic agents
included in this study included the following three classes of immune checkpoint inhibitors, namely anti-PD-1 mono-
clonal antibodies, anti-PD-L1 monoclonal antibodies, and anti-PD-1/anti-CTLA-4 bispecific antibodies.

The collected clinical data encompassed the types of ICIs administered, the incidence and severity of irAEs, the
median time to irAE onset, and the median number of treatment cycles. irAEs were categorized based on the affected
organ systems and graded according to the Common Terminology Criteria for Adverse Events (CTCAE, version 5.0).
Analysis focused on the spectrum, frequency, and severity of irAEs, along with the median time to onset and median
number of treatment cycles prior to occurrence. Additionally, we evaluated the management strategies employed for
irAEs, their clinical outcomes, and the feasibility of rechallenging with ICIs.

Diagnosis of Immune-Related Adverse Events
The diagnosis of irAEs was based on established clinical guidelines and required a comprehensive assessment to exclude
alternative causes before attributing manifestations to immunotherapy. It is crucial to note that clinical diagnosis does not
rely on a single immunological biomarker. Detailed diagnostic criteria for specific irAEs are provided in Supplementary
Table 1.

The diagnostic assessment incorporated the following key components:

A temporal association with ICI initiation.

Exclusion of alternative causes (eg, disease progression, infection, or other drug-related effects).

A clinical presentation consistent with known irAE phenotypes.

Supportive diagnostic findings (eg, from laboratory tests, imaging, or histopathology).
e Response to immunosuppressive treatment when applicable.

These criteria were applied in an organ-specific manner. For instance:

¢ Endocrine irAEs were diagnosed based on characteristic symptom profiles and hormone abnormalities (eg, TSH,
free T4, cortisol), after excluding metastases and other causes.

e Cardiac irAEs (eg, myocarditis) required a combination of suggestive symptoms, elevated cardiac biomarkers
(troponin, CK-MB), electrocardiographic (ECG) abnormalities, and supportive echocardiographic findings.

For all other irAEs, diagnosis rested upon the consistent application of these core principles: evaluation of organ-
specific clinical features, utilization of relevant diagnostic tests, and rigorous exclusion of competing etiologies.

Statistical Analysis

Statistical analyses were performed using SPSS (version 28.0) and GraphPad Prism (version 5.01). Descriptive statistics
were used to summarize patient characteristics, with continuous variables presented as median (range) and categorical
variables as frequency (percentage).

Independent factors associated with irAE development were identified by multivariable binary logistic regression.
The model incorporated age, number of treatment cycles, class of ICI, treatment regimen (monotherapy vs combination),
treatment stage, and tumor type as covariates. Categorical variables were appropriately dummy-coded for analysis (eg,
with the most common category serving as the reference). The results are presented as adjusted odds ratios (ORs) with
corresponding 95% confidence intervals (CIs). Model fit was evaluated by the Likelihood Ratio Test, pseudo-R*
statistics, and the Hosmer-Lemeshow test. Statistical significance was defined as a two-sided p-value < 0.05.
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Results

Epidemiology and Clinical Characteristics of irAEs

Incidence Spectrum of irAEs

Among the 626 patients with gynecologic cancers treated with ICIs, the overall incidence of irAEs was 21.7% (136/626).
The median age of the entire cohort was 55 years (range: 20—83), and there was no significant difference in age between
patients who developed irAEs (58 years; range: 30-80) and those who did not (56 years; range: 20-83; p = 0.348).

IrAEs involved ten organ systems, with the endocrine system being the most frequently affected (11.66%, 73/626).
Among endocrine irAEs, hypothyroidism was predominant (61 cases, 83.6%), followed by thyroiditis (n=5), hyperthyr-
oidism (n=3), immune-related diabetes mellitus (n=2, one presenting with ketoacidosis), and adrenal insufficiency (n=2).
Notably, two patients with pre-existing autoimmune thyroiditis and normal baseline function developed acute thyroiditis
as an irAE.

Cardiac events were the second most common (3.19%, 20/626), with all cases diagnosed as myocarditis. Three of
these patients had pre-existing cardiac conditions, including a history of myocardial infarction with stenting (n=2) or
atrial arrhythmias (n=1).

The incidence and manifestations of irAEs in other organ systems are summarized in Table 1 and Figure 1:

e Dermatologic: 2.55% (16/626), primarily presenting as cutaneous capillary hyperplasia (n=10) and other cutaneous
manifestations (n=6).

e Pulmonary: 1.76% (11/626) with pneumonitis.

e Gastrointestinal: 1.28% (8/626) with colitis.

e Musculoskeletal: 1.12% (7/626) with myositis.

Table | Spectrum and Characteristics of Inmune-Related Adverse Events (irAEs)

Affected System irAE Type [n] Among Overall Grade | Grade Onset After ICI
(n) irAE Incidence, 1-2 3-4 Initiation
. b
Pato/:e:nts, % n] n] Median Median
Cycles Weeks
[Range] [Range]
Cardiac (20) Myocarditis [20] 14.7 3.19 15 5 2 [1-11] | 5.5 [1-52]
Dermatologic (16) Rash [6], Cutaneous Capillary 1.8 2.55 15 | 5[1-23] | 12 [3-24]
Hyperplasia [10]
Endocrine (73) Hypothyroidism [61], Thyroiditis [5], 53.7 11.66 70 3 3[1-23] | 10[I-52]
Hyperthyroidism [3], Adrenal
insufficiency [2], Immune-related
diabetes mellitus [2 ]
Pulmonary (I1) Pneumonitis [11] 8.1 1.76 8 3 6 [2-23] | 20 [5-64]
Gastrointestinal (8) Gastroenteritis [4], Gastritis [2], 59 1.28 5 3 5[2-9] 15.5 [3-28]
Enteritis [2]
Musculoskeletal (7) Myositis [7] 5.1 1.12 3 4 2[1-16] | 5[1-48]
Hepatic (5) Hepatitis [5] 37 0.80 [ 4 2 [1-8] 5 [3-28]
Neurologic (3) Peripheral Neuropathy [3] 22 0.48 2 | 4 [2-6] 8 [4-20]
Hematologic (2) Thrombocytopenia [2] 1.5 0.32 [ | 451[4-5] | 14 [12-16]
Pancreatic (1) Pancreatitis [I] 0.7 0.16 | 0 9 28
Multiple irAEs (8) Various Combinations ¢ 5.9 1.28 -© -€ -© -©
Total 136 21.73 11 25 3[1-23] | 9 [I-64]

Notes: *Percentage of patients with the specific irAE among all irAE patients (N=136). ®Incidence of the specific irAE among all ICI-treated patients (N=626). “One of these
two patients presented with ketoacidosis. “Specific combinations: Myocarditis + Hepatitis (1), Myocarditis + Hypothyroidism (2), Myocarditis + Hepatitis + Pneumonitis +
Myositis (1), Myositis + Peripheral Neuropathy (1), Myositis + Myocarditis + Pneumonitis (1), Myocarditis + Myositis (1), Gastroenteritis + Pancreatitis (1). °Not applicable,
as timing and grading are organ-specific.
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Figure | Organ-Specific Distribution of irAEs.

e Hepatic: 0.80% (5/626) with hepatitis.

e Neurological: 0.48% (3/626) with peripheral neuritis.
Hematological: 0.32% (2/626) with thrombocytopenia.
e Pancreatic: 0.16% (1/626) with pancreatitis.

Multi-organ irAEs occurred in eight patients. Representative clinical images, including CT scans and physical findings
for pneumonitis, thyroiditis, and dermatological irAEs, are provided in Supplementary Figures 1-6.

Factors Associated with irAE Risk
A total of 626 patients were included in the analysis. Of these, 136 (21.73%) developed immune-related adverse events
(irAEs), while 490 (78.27%) did not. Supplementary Table 2 summarizes the incidence of irAEs across different patient

subgroups.

To identify factors associated with the risk of irAEs, a binary logistic regression was performed. The overall model
was statistically significant (3> = 51.440, df = 12, p < 0.0001). The Cox & Snell R? and Nagelkerke R? values were 0.079
and 0.122, respectively, indicating that the model explained a partial but limited proportion of the variance. The Hosmer-
Lemeshow test indicated a good model fit (x> = 13.051, df = 8, p = 0.110). Detailed results of the regression analysis,

including coefficients, odds ratios, and confidence intervals for all variables, are presented in Table 2.

Table 2 Multivariable Logistic Regression Analysis of Factors Associated with Immune-Related Adverse Event

(irAE) Risk
Variable Odds Ratio | 95% Confidence Interval | P-value
Age (per year increase) 1.013 0.995-1.032 0.158
ICI Class (Reference: Anti-PD-1)
Anti-PD-L1I 1.109 0.287-4.279 0.881
Anti-PD-1/CTLA-4 bispecific antibody 2.874 1.706—4.841 < 0.001
Treatment cycles (per cycle increase) 0.934 0.896-0.974 0.002

(Continued)
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Table 2 (Continued).

Variable Odds Ratio | 95% Confidence Interval | P-value
Treatment Regimen (Reference: Monotherapy)
Immunotherapy + Chemotherapy 0.282 0.147-0.541 < 0.001
Immunotherapy + Other (Radiotherapy or Targeted Therapy) | 0.250 0.114-0.550 0.001
Treatment Stage (Reference: Initial)
Recurrent 0.744 0.481-1.151 0.183
Tumor Type (Reference: Cervical Cancer)
Vaginal Cancer 0.666 0.173-2.564 0.554
Ovarian Cancer 0.879 0.443-1.743 0.711
Vulvar Cancer 0.596 0.163-2.184 0.435
Uterine Malignancy 0.515 0.242-1.094 0.084
Gestational Trophoblastic Neoplasm 0.239 0.031-1.848 0.170

In summary, the analysis identified several significant predictors. The use of an anti-PD-1/CTLA-4 bispecific anti-
body was associated with a significantly increased risk of irAEs (OR = 2.874, 95% CI: 1.706-4.841, p <0.001) compared
to PD-1 inhibitors. Conversely, an increased number of treatment cycles (OR = 0.934, 95% CI: 0.896-0.974, p = 0.002)
and treatment with immunotherapy combination regimens—either Immunotherapy + Chemotherapy (OR = 0.282, 95%
CI: 0.147-0.541, p < 0.001) or Immunotherapy + Other (OR = 0.250, 95% CI: 0.114-0.550, p = 0.001)—were significant
protective factors. No significant associations were found for age, treatment stage, or specific tumor types.

Severity and Time to Onset of irAEs

Among the 626 gynecologic cancer patients treated with ICIs, the overall incidence of irAEs was 21.73%. Grade 1-2 irAEs
occurred in 17.73% (111/626) of patients, while grade 3—4 irAEs were observed in 3.99% (25/626). No grade 5 irAE-related
fatalities were reported. Of the 136 patients who developed irAEs, 81.62% (111/136) experienced grade 1-2 events, and
18.38% (25/136) had grade 3—4 events. The organ-specific severity distribution of irAEs is detailed in Table 1.

The time to irAE onset varied widely. The median time to irAE onset was 9 weeks (range: 1-64), which corresponded
to a median of 3 treatment cycles (range: 1-23), as summarized in Table 1. The longest interval was 64 weeks, observed
in a case of pneumonitis. Among the various types of irAEs reported, muscular and hepatic irAEs had the shortest
median time to onset, at 5 weeks.

Spectrum and Risk Factors of Cardiac irAEs

Cardiac events represented the second most common category of irAEs, occurring in 3.19% (20/626) of patients, with all
cases diagnosed as myocarditis. Of the 20 patients with cardiac events, 15 (75%) were in the combination therapy group
(ICT plus chemotherapy). Notably, all 15 of these patients received a taxane-based chemotherapeutic regimen.
A subgroup analysis based on ICI type showed a higher incidence of cardiac events in patients receiving anti-PD-1
and anti-CTLA-4 antibodies (5/81, 6.17%) compared to those on anti-PD-1 monotherapy (15/530, 2.83%). Furthermore,
the onset of these cardiac events was notably early (median of 2 cycles), preceding the median onset for all irAEs in our
cohort (3 cycles). Additionally, 6 of the 20 patients with myocarditis experienced a recurrence of symptoms during
corticosteroid taper. Among the 20 patients with myocarditis, three patients had pre-existing cardiac conditions: two with
a history of myocardial infarction and stenting, and one with frequent atrial premature contractions and brief episodes of
atrial tachycardia.

Management Strategies for irAEs

Apart from specific endocrine immune-related adverse events (such as thyroid hormone replacement therapy for
hypothyroidism), all other types of immune-related adverse events (irAEs) are primarily managed with glucocorticoids
as first-line treatment (Table 3). Among glucocorticoid agents, methylprednisolone is the preferred clinical choice.

6 https: ImmunoTargets and Therapy 2026:15



Xia et al

Table 3 Management Strategies for Immune-Related Adverse Events

(N=136)

Management Strategy Specific Agent Cases, n (%)

Systemic Corticosteroids 66 (48.5)
Methylprednisolone 64 (47.1)
Hydrocortisone 4 (2.9)
Dexamethasone 1 (0.7)

Endocrine Replacement Therapy 71 (52.2)
Levothyroxine 68 (50.0)
Insulin 2 (1.5)
Methimazole 1 (0.7)

Topical Corticosteroids 6 (4.4)
Topical Hydrocortisone | 6 (4.4)

Immunosuppressive Agents 3(2.2)
Mycophenolate Mofetil | 3 (2.2)

Biologic Agents 1 (0.7)
Infliximab 1 (0.7)

Dosage regimens are strictly determined in accordance with authoritative domestic and international guidelines, includ-
ing relevant management consensus and guidelines issued by the Toxicity Management Working Group of the Society for
Immunotherapy of Cancer (SITC).

Outcomes of irAEs and ICI Rechallenge
Among the 136 patients who developed irAEs, 126 achieved complete recovery after treatment, including 20 who experienced
transient clinical worsening during therapy but eventually attained complete resolution. Seven patients were still undergoing
active treatment for their irAEs at the time of analysis. Three patients discontinued treatment and were discharged from the
hospital after the onset of irAEs. Five patients required admission to the intensive care unit (ICU) due to severe irAEs; all were
successfully treated with high-dose intravenous methylprednisolone and discharged. All five of these ICU patients had
myocarditis, with one case presenting as part of a multi-organ involvement syndrome (which also included pneumonia, myositis,
and hepatitis). A detailed analysis of the five patients with myocarditis who required ICU admission revealed a distinct and severe
clinical phenotype. These events occurred early in the treatment course, after a median of 2 cycles of immunotherapy. All patients
presented with a dramatic elevation in cardiac biomarkers. All five cases were high-grade (Grade 3—4) adverse events, and all
exhibited hemodynamic involvement, including arrhythmias or impaired left ventricular function. No deaths were observed in
this study.

ICI rechallenge was performed in nine patients (6.62%), all of whom had experienced initial irAEs of grade 1-2
severity. Upon rechallenge, one patient experienced a recurrence of myocarditis.

Discussion
The expanding indications for immune checkpoint inhibitors (ICIs) have firmly established their role in the first-line
treatment of gynecologic cancers, particularly cervical and endometrial cancer. This increasing utilization has conse-
quently heightened the clinical focus on the management of irAEs, making their identification, management, and
monitoring a critical aspect of clinical practice. As a retrospective observational study, we aimed to characterize the
clinical landscape and management of irAEs in a real-world cohort of gynecologic cancer patients, thereby generating
hypotheses for future research.

IrAEs are notably characterized by their highly individualized manifestations, clinical complexity, and unpredict-
ability. To address the challenges these features pose and to optimize patient outcomes, we conducted a detailed
retrospective analysis of patients who developed irAEs at our institution.
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The Landscape of irAEs in Gynecologic Cancers

Incidence and Associated Factors of irAEs in Gynecologic Cancer

Previous studies have reported a broad spectrum of incidence rates for irAEs associated with immune checkpoint
inhibitors (ICIs). The overall incidence of irAEs ranges from 29% to 43.3%.'7 2! Specifically, irAEs related to PD-1
antibodies occur in approximately 18.49% to 20% of cases, whereas CTLA-4 antibodies are associated with a higher
incidence—exceeding 75% in some studies.”> Moreover, the incidence of severe irAEs (grade 3—4) is significantly
greater with CTLA-4 antibodies (ranging from 34% to 41.6%) compared to PD-1/PD-L1 inhibitors (less than
20%).'7-182325 These variations in reported incidence rates may arise from differences in ICI regimens, tumor types,
patient characteristics, and study designs. These factors collectively complicate the accurate estimation of irAE incidence
and epidemiological profiles in clinical trials.”® The observed variations in reported incidence rates may be attributed to
differences in the types of ICIs administered, tumor types, patient demographics, and study designs. These factors
collectively pose challenges for deriving accurate incidence rates and reliable epidemiological data on irAEs from
clinical trials. In this study, the overall incidence of irAEs among gynecologic cancer patients was 21.73%, which is
comparatively lower than certain previously reported figures. Specifically, the incidence of grade 1-2 irAEs in this study
was 17.73%, which is lower than the approximately 40.0% reported in the literature, while the incidence of grade 3—4
events was 3.99%, consistent with the reported grade 3—5 incidence of approximately 3.0% in existing literature.'®*¢2*
Overall, the total incidence of irAEs identified in this study remains lower than that documented in several other studies.

This study serves as a preliminary exploratory analysis aimed at identifying clinical factors potentially associated with
the risk of irAEs. Using binary logistic regression, we observed several suggestive associations. These descriptive
findings provide initial clues and direction for further investigation but do not establish definitive causal relationships.
The most pronounced finding was the strong association between the use of an anti-PD-1/CTLA-4 bispecific antibody
and an elevated risk of irAEs (OR=2.874). We speculate that this observation aligns with the pharmacological rationale
for immune checkpoint inhibitors, whereby simultaneous blockade of both PD-1 and CTLA-4 pathways is likely to
induce more robust T-cell activation. This finding places our results in the context of prior knowledge, as substantial
evidence has established that combination therapy with separate PD-1 and CTLA-4 inhibitory antibodies carries a higher
toxicity profile than PD-1 inhibitor monotherapy.**°' However, as an exploratory analysis, this study cannot defini-
tively establish causality, and unmeasured confounding factors (eg, differences in patient selection, tumor burden, or pre-
existing conditions) may have influenced the results. Nonetheless, this key finding provides an important descriptive
signal for clinicians, highlighting the need for heightened vigilance and proactive management when using this potent
class of therapeutics.

Conversely, our analysis suggested potential protective associations that warrant careful scrutiny. The observed
inverse relationship between the number of treatment cycles and irAE risk (OR=0.934) aligns with reports from large
studies indicating that most irAEs occur during the initial phases of treatment.>**> A plausible explanation for this is the
“survivor cohort” effect, whereby patients who are less tolerant of therapy or prone to irAEs discontinue treatment early,
leaving a population receiving more cycles that is inherently at lower risk for subsequent irAEs.>® Alternatively, this
phenomenon might reflect dynamic adaptations of the immune system, where persistent antigen exposure could
potentially lead to immune tolerance, reducing the propensity to attack normal tissues.** Thus, this association likely
reflects the combined effect of a selected patient population and potential immune adaptation.

Similarly, the notably lower irAE risk associated with immunotherapy combination regimens—both with chemother-
apy (OR=0.282) and with radiotherapy/targeted therapy (OR=0.250)—is a compelling finding. This counterintuitive
observation may stem from multiple factors. From a biological perspective, certain chemotherapeutic agents are not
merely immunosuppressive but can “remodel” the tumor immune microenvironment, for instance by depleting immu-
nosuppressive cells, potentially directing immune attack more specifically toward the tumor rather than normal tissues.
Likewise, radiotherapy, as a localized modality, might help guide the immune response more specifically against the
tumor.>® However, when interpreting these results, potential confounding must be rigorously considered. Large retro-
spective analyses have confirmed that poorer baseline performance status (ECOG PS) is an independent risk factor for
severe irAEs.'® In clinical practice, patients with better performance status and potentially lower tumor burden are
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typically selected for aggressive combination therapies. Therefore, the observed associations are likely significantly
influenced by this “patient selection bias”'® Future prospective studies or meticulously designed analyses using
propensity score matching are needed to discern whether this protective effect truly stems from the treatment modality
itself or from the characteristics of the selected patient population.

It is noteworthy that factors such as age, treatment stage, and specific tumor types did not show significant
associations with irAE risk in our dataset. This might suggest that the specific therapeutic agents and regimens
themselves are more influential determinants, but it could also reflect limitations of our study, such as sample size,
population heterogeneity, or other unmeasured variables.

Our model identified several meaningful and significant influencing factors, but it falls short of encompassing all
causes contributing to the occurrence of irAEs. The limited explanatory variance (as indicated by the R? values) is
a common characteristic of exploratory studies in this field and helps define the current boundaries of our understanding.
In summary, the value of this study lies in its preliminary description of potential factors associated with irAE risk using
existing clinical data, identifying several signals worthy of attention. These findings do not provide conclusive answers
but lay the groundwork for subsequent, more targeted prospective studies or research integrating multi-omics data to

more comprehensively elucidate the mechanisms underlying irAEs.

Types of irAEs in Gynecologic Cancer

The mechanism of immune checkpoint inhibitors (ICIs) involves activating T cells to target and eliminate tumor cells.
However, this activation can also trigger irAEs due to off-target bystander effects or the presence of antigens shared
between tumor and normal tissues.>’** Since T cells are distributed throughout all tissues and organs, irAEs have the
potential to affect virtually any organ system. irAEs are generally classified into two categories: common toxicities—
affecting the skin, gastrointestinal tract, endocrine system, lungs, and musculoskeletal system—and less frequent
toxicities involving the cardiovascular system, liver, blood, kidneys, nervous system, and eyes.'>>° The specific T cell
subsets (CD4+/CD8+) targeted by different ICIs can influence both the incidence and organ distribution of irAEs. For
example, a large meta-analysis revealed that colitis and hypophysitis occur more frequently with CTLA-4 inhibitors,
while diabetes and pneumonia are more commonly associated with anti-PD-1/PD-L1 agents.'® In melanoma patients,
gastrointestinal and cutaneous toxicities are more prevalent, whereas pneumonia is relatively uncommon. However,
reports specifically addressing irAEs in gynecologic cancers remain limited.

In this study, we analyzed 136 gynecologic cancer patients who developed irAEs. The most frequently affected organ
system was the endocrine system (11.66%), which is consistent with existing guidelines. Among endocrine irAEs,
thyroid dysfunction was the most common, primarily presenting as hypothyroidism. Thyroiditis and hyperthyroidism
frequently progress to hypothyroidism over time, which aligns with previous literature reports.******* This distinctive
susceptibility is determined by a confluence of unique anatomical, molecular, and immunological features specific to the
thyroid. Firstly, the thyroid is one of the most highly vascularized organs in the human body per unit mass. This rich
blood supply provides an efficient conduit for the trafficking and infiltration of activated T cells into the thyroid
parenchyma, facilitating immune attack. Secondly, the constitutive expression of relatively high levels of PD-L1 on
thyroid cells serves as a key molecular basis for its targeting.** Finally, the thyroid possesses highly specific autoantigens,
primarily thyroid peroxidase and thyroglobulin. The exposure of these antigens to the immune system, followed by their
recognition by activated T cells, leads to a destructive thyroiditis.**

In this study, two patients diagnosed with thyroiditis tested positive for anti-thyroid antibodies prior to ICI
initiation. Pre-existing anti-thyroid antibodies prior to ICI treatment have been linked to an increased risk of
developing thyroid irAEs.****® Other frequently observed endocrine irAEs included secondary adrenal insufficiency
and diabetes.>**° Notably, ICI-induced diabetes may present as diabetic ketoacidosis. Although endocrine irAEs can
generally be managed with hormone replacement and symptomatic therapy, baseline screening for endocrine abnorm-
alities—beyond thyroid function tests—is not routinely performed in all patients. Moreover, empirical glucocorticoid
treatment for suspected irAEs may confound subsequent endocrine test results, thereby complicating the diagnostic
process.
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In this study, we also observed irAEs involving critical organs, including multi-organ dysfunction, myocarditis,
pneumonia, colitis, hepatitis, and rare instances of pancreatitis. No fatal outcomes were reported. Through ongoing
clinical reflection, we have identified several critical aspects for managing patients and irAEs during ICI treatment.

Detailed Analysis of Cardiac irAEs

In our cohort, cardiac irAEs emerged as the second most common type (3.19%) in our cohort, accounting for 14.70% of
all irAE cases (20/136). This incidence, with a mean time to onset of 5.5 weeks, notably diverges from guideline-based
expectations which estimate such events to be relatively uncommon (less than 1%).*’ This finding underscores the
significant clinical burden of cardiac irAEs in the gynecologic oncology population. Several key observations from our
analysis merit emphasis. First, the association observed between myocarditis and combination immunochemotherapy,
particularly taxane-based regimens, suggests a potential synergistic toxicity; taxanes are known to have cardiovascular
effects, and their combination with ICIs may potentially precipitate an exaggerated inflammatory response in the
myocardium. Second, the markedly higher incidence with anti-PD-1/CTLA-4 bispecific antibodies compared to anti-
PD-1 monotherapy aligns with the established paradigm that enhanced T-cell activation from combined immune
checkpoint blockade increases the risk of severe irAEs.*

Furthermore, our data highlight substantial clinical challenges. The recurrence of myocarditis in a subset of patients
(6/20) despite standard corticosteroid treatment is particularly concerning. The challenge of recurrence calls for further
investigation into the mechanisms of irAE persistence and more robust treatment protocols. Additionally, the onset of
these severe cardiac events was notably early (median of 2 cycles). This early onset (median of 2 cycles) is consistent

with previous reports of ICI-related myocarditis***’

and highlights the initial treatment period as being of particular risk
for cardiotoxicity. Given that cardiac toxicity represents the second most common cause of fatal irAEs, maintaining
a high level of clinical vigilance is imperative. Early symptoms may be nonspecific, yet significant elevations in cardiac
enzymes and troponin I levels are often detectable Consistent with the observational design of our study, the relationships
discussed here indicate association rather than causation.

In our limited cohort of severe myocarditis cases requiring ICU admission, the observed clinical presentation
generally included early onset following immunotherapy initiation, markedly elevated cardiac biomarkers, high-grade
severity, and hemodynamic compromise. Drawing from our experience and supported by existing literature on high-risk
ICI-myocarditis,*® this constellation of features could potentially be regarded as clinically significant indicators warrant-
ing enhanced suspicion. We suggest that the emergence of such features might reasonably prompt consideration of
intensified monitoring and earlier implementation of interventional measures, which could contribute to mitigating the
risk of adverse outcomes.

Management of irAEs: Insights from a Descriptive Study

The following management recommendations are derived from our retrospective clinical experience and descriptive
analysis. They represent practical approaches formulated in response to the irAE patterns observed in our cohort, rather
than protocols validated by prospective or controlled studies.

Patient and Healthcare Provider Education

The unpredictable nature and potential severity of irAEs present considerable challenges in clinical practice. Since irAEs
can involve virtually any tissue or organ, many healthcare providers—including internists and emergency physicians—
may lack sufficient experience or knowledge to promptly recognize and manage these complications. Strict adherence to
conventional examination and diagnostic pathways may delay the timely initiation of appropriate irAE-directed therapy,
which can in turn lead to serious clinical outcomes.

Literature reports emphasize that the time interval between symptom onset and the initiation of treatment for irAEs is
critical for patient outcomes. Studies have shown that patients who receive glucocorticoid therapy within 5 days of
symptom onset exhibit improved prognosis. It is recommended that the time from emergency department presentation to
glucocorticoid administration should not exceed 12 hours. Delays in treatment—particularly when the interval from

symptom onset to glucocorticoid initiation exceeds 5 days—may significantly compromise final treatment efficacy.”*"’
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Therefore, enhancing awareness of irAEs among medical staff is critically important.>> Oncology teams should
receive targeted training to improve their ability to recognize and manage these adverse events, including identifying
early signs and symptoms of irAEs and initiating timely treatment. Equally essential is patient education. Patients and
their families should be advised that any new or worsening symptoms occurring during immune checkpoint inhibitor
(ICI) therapy must be reported promptly to their primary oncology team, rather than first seeking evaluation in other
specialty clinics. The treating oncologist can then assess whether the symptoms are irAE-related and coordinate multi-
disciplinary consultations as needed. This strategy helps prevent treatment delays caused by a lack of familiarity with
irAEs among non-oncology specialists.

Baseline Assessment Before ICls Administration

A comprehensive evaluation of the patient’s medical history and biochemical profile is essential prior to initiating
immune checkpoint inhibitor (ICI) therapy. This assessment should include a detailed review of any subclinical immune-
related abnormalities observed in biochemical tests—such as thyroiditis, rheumatoid arthritis, and other autoimmune
disorders—as these conditions have been reported in the literature to potentially increase the risk of immune-related
adverse events (irAEs) during ICI treatment.

Clear and thorough communication with the patient and their family is imperative. They should be adequately
informed about the potential risks of complications or irAEs associated with pre-existing conditions. Obtaining informed
consent from both the patient and their family is mandatory before commencing ICI treatment. This process ensures that
healthcare providers and patients share a clear understanding of the potential benefits and risks involved in ICI therapy.

Standardized Monitoring and Timely Glucocorticoid Intervention
Standardized biochemical monitoring should be performed before each administration of immune checkpoint inhibitors
(ICIs), especially when ICIs are used in combination with chemotherapy or targeted therapies. Any new or atypical
symptoms that differ from those typically observed in previous treatment cycles should be promptly evaluated as
potential immune-related adverse events (irAEs). Given the diverse and nonspecific clinical manifestations of irAEs,
maintaining a high level of vigilance is essential to facilitate early detection and intervention.

In cases of severe involvement of critical organs—such as the heart or lungs—where the diagnosis remains uncertain,
empirical glucocorticoid therapy at an appropriate dose should be initiated without delay. This strategy serves two key
purposes:

Halting Immune-Mediated Organ Damage
If the manifestations are confirmed to be irAEs, early glucocorticoid intervention can promptly suppress immune-
mediated injury, thereby reducing the risk of irreversible organ damage.

Supporting Diagnostic Confirmation
If clinical symptoms improve rapidly following glucocorticoid administration, this response can serve as an important
diagnostic indicator, supporting the recognition of irAEs.

Institutional Experience with Glucocorticoid Management of irAEs

In this study, intravenous methylprednisolone served as the cornerstone of irAE management, and no irAE-related
fatalities were observed. Based on our descriptive findings, our clinical experience with glucocorticoid therapy is
summarized as follows:

Adequate Initial Dosing

The initial glucocorticoid dose must be sufficient to effectively control the irAE. Dosing should be individualized
according to the severity (grade) of the irAE and the organ system involved, in accordance with established domestic and
international guidelines, such as those provided by the Society for Immunotherapy of Cancer (SITC) Toxicity
Management Working Group. Glucocorticoids are typically administered once daily. For grade 3 or 4 irAEs affecting
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critical organs—such as the heart, lungs, or liver—high-dose methylprednisolone pulse therapy (500-1000 mg) for 3
days is essential to rapidly mitigate immune-mediated damage and prevent clinical deterioration.

Gradual Tapering Regimen

Unlike conventional autoimmune disorders, irAEs often involve more intense and sustained inflammatory responses.
Therefore, glucocorticoid tapering should be gradual, with longer maintenance periods at each reduced dosage. The total
treatment duration may extend from 4 to 8 weeks or longer. Abrupt or rapid dose reduction increases the risk of irAE
recurrence, underscoring the importance of a carefully managed and prolonged tapering schedule.

Management of ICl-Induced Endocrine Dysfunction (Diabetes)
ICI-induced diabetes results from immune-mediated destruction of insulin-secreting beta cells. Therefore, contrary to the
management of conventional diabetes, the cornerstone of treatment for this specific irAE is prompt immunosuppression
with glucocorticoids to halt the autoimmune attack on pancreatic islets. The goal is to preserve residual beta-cell function
and potentially reduce long-term insulin dependence. This approach aims to preserve and recover endogenous insulin
secretion, potentially reducing long-term dependence on exogenous insulin. Given the hyperglycemic effects of methyl-
prednisolone and dexamethasone, hydrocortisone may be considered as a preferable alternative in such scenarios due to
its milder impact on blood glucose and electrolyte balance.

In summary, the management strategies outlined above are merely a descriptive summary of our institutional practice,
stemming from the irAE profile observed in this study. While they suggest potential clinical relevance, their efficacy
requires further validation in prospective studies.

Limitations
Although our study offers valuable insights and practical guidance for clinical practice, several limitations should be
acknowledged:

1. First, the retrospective and observational design of this study is inherently suited for characterizing the real-world
spectrum of irAEs, not for investigating their mechanistic basis. Therefore, the associations between treatment factors
and irAEs uncovered here must be interpreted as suggestive and necessitate confirmation through prospective research.

2. Population Specificity: This study was conducted exclusively in a gynecologic cancer population, which may
restrict the generalizability of our findings to other cancer types or demographic groups. Future research should evaluate
similar interventions in broader and more diverse cohorts to enhance the external validity of the results.

3. Need for Further Research on Cardiac Toxicity: Cardiac toxicity emerged as a notable concern in our analysis.
More extensive studies are warranted to refine the identification, diagnosis, and detailed management strategies for this
particular irAE. A deeper understanding of its mechanisms and clinical course may lead to improved patient outcomes.

4. Follow-Up Duration: Although the follow-up period was sufficient for assessing primary outcomes, a longer
observation time could yield further insights into the long-term effects of both irAEs and their treatments. Extended
longitudinal monitoring may help elucidate the sustained impact of immune-related toxicities and the durability of
management approaches.

Conclusions

In conclusion, by applying a consistent clinical framework for diagnosis, our study confirms the diverse spectrum of
irAEs and underscores that cardiac events represent a more prevalent challenge in our real-world gynecologic oncology
cohort than previously documented. Our study preliminarily links irAE risk to specific treatments, such as bispecific
antibodies (higher risk) and combination regimens (lower risk). However, these non-causal, exploratory findings require
confirmation in future investigations. While most irAEs in this cohort were controlled with guideline-directed gluco-
corticoid therapy, we noted that refractory cases occasionally required combination with additional immunosuppressive
agents—an anomaly that warrants further investigation. The association observed between prompt glucocorticoid
intervention and favorable outcomes suggests that vigilant monitoring and early treatment are critical; however, given
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the observational nature of our data, these therapeutic strategies should be viewed as supportive evidence for established
protocols rather than as definitive causal proof.

Therefore, future prospective studies with standardized monitoring are needed to validate these findings, elucidate the
underlying biology of irAEs, and inform long-term survivor care.
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