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Abstract

Background: Immune checkpoint inhibitors (ICIs) have revolutionized cancer therapy by promoting durable
tumor responses across multiple malignancies. However, by unleashing immune activation, these agents can
trigger a broad spectrum of immune-related adverse events (irAEs) that may affect virtually any organ system.
Objective: This review summarizes the current understanding of the mechanisms, clinical manifestations,
diagnostic approaches, and management strategies of irAEs, and discusses emerging directions in research aimed
at improving patient safety and treatment personalization. Methods: A comprehensive literature search was
performed using PubMed and major oncology journals for studies published between 2018 and 2025. Keywords
included immune-related adverse events, immune checkpoint inhibitors, management, pathophysiology, and
clinical outcomes. Priority was given to randomized trials, systematic reviews, and international clinical practice
guidelines (ASCO, ESMO, SITC). Results: irAEs arise from loss of immune self-tolerance and cytokine-mediated
inflammation following ICI therapy. Commonly affected systems include dermatologic, gastrointestinal, hepatic,
pulmonary, endocrine, and, less frequently, cardiac or neurologic organs. Severity ranges from mild, self-limiting
reactions to life-threatening complications such as myocarditis or pneumonitis. Management is guided by
toxicity grade, typically involving corticosteroids and, for refractory cases, biologic immunosuppressants such
as infliximab, mycophenolate, or tocilizumab. Multidisciplinary management and patient education are vital
for reducing morbidity. Emerging research focuses on predictive biomarkers, microbiome modulation, and
the integration of artificial intelligence for early detection and monitoring. Conclusions: irAEs represent a
mechanistically predictable but clinically complex consequence of immune activation. Prompt diagnosis and
individualized management are essential to optimize safety without compromising therapeutic benefit.
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1. Introduction

Immune checkpoint inhibitors (ICIs) have transformed
the therapeutic landscape of oncology by enabling
durable tumor control through activation of the host
immune system. Agents targeting cytotoxic T-lymphocyte
antigen-4 (CTLA-4), programmed death-1 (PD-1), and
programmed death ligand-1 (PD-L1) have demonstrated
remarkable efficacy across multiple malignancies,
including melanoma, lung cancer, renal cell carcinoma,

and others, leading to substantial improvements in survival
outcomes [1, 2].

However, the same immune activation responsible
for tumor regression can also cause autoimmune-like
toxicities, known as immune-related adverse events
(irAEs). These can affect virtually any organ system,
ranging from mild cutaneous reactions and thyroiditis
to life-threatening pneumonitis, myocarditis, and
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neurologic syndromes [3, 4]. The incidence, severity, and
timing of irAEs vary depending on the drug class, dose,
and combination regimens [5, 6].

As the use of ICIs expands to earlier disease stages
and new combination therapies, clinicians are increasingly
challenged to recognize, grade, and manage these
toxicities promptly to prevent severe complications and
maintain treatment efficacy [7, §].

Given the continuously growing evidence base and
evolving management guidelines, a comprehensive
clinical review summarizing the mechanisms, diagnostic
approaches, and management strategies of irAEs is
warranted. This review aims to provide an up-to-date
overview of immune-related adverse events in cancer
immunotherapy, focusing on their clinical manifestations,
management principles, and future directions [9, 10].

In contrast to prior reviews, this narrative synthesis
emphasizes a clinically integrated approach by combining
updated international guidelines with emerging evidence
on biomarkers, microbiome modulation, and artificial
intelligence—based monitoring, aiming to support
real-world decision-making.

2. Methods / Literature Search Strategy

This narrative review was designed to provide a
comprehensive and clinically oriented synthesis of current
knowledge regarding the mechanisms, clinical spectrum,
diagnosis, and management of immune-related adverse
events (irAEs) associated with immune checkpoint
inhibitors (ICIs).

A systematic but non-quantitative literature search
was conducted across PubMed/MEDLINE, Scopus, and
Web of Science databases to identify relevant English-
language studies published between January 2018 and
September 2025.

The following search terms and Boolean combinations
were used:

(“immune-related adverse events” OR “irAEs”) AND
(“immune checkpoint inhibitors” OR “PD-1 inhibitors”
OR “PD-L1 inhibitors” OR “CTLA-4 blockade”) AND
(“management” OR “diagnosis” OR “clinical features”
OR “treatment”).

Additional filters were applied to include only
human studies, clinical trials, observational studies,
systematic reviews, and practice guidelines from leading
organizations such as the American Society of Clinical
Oncology (ASCO), European Society for Medical
Oncology (ESMO), and the Society for Immunotherapy of
Cancer (SITC).

Reference lists of major review articles and
guideline documents were manually screened to identify
supplementary studies not captured by the electronic
search.

Given the narrative design of this review, no formal
meta-analysis or quantitative synthesis was performed.
Instead, emphasis was placed on studies providing
clinically relevant insights, practical management
algorithms, and up-to-date consensus recommendations.

The included literature was critically appraised
for methodological quality, recency, and applicability
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to real-world oncology practice. The evidence was
then integrated and discussed under thematic sections
pathophysiology, clinical spectrum, diagnosis,
management strategies, and future directions to offer
a cohesive, practice-focused perspective for clinicians
managing irAEs in daily practice.

As this review was designed as a narrative rather than
a systematic review, a PRISMA flow diagram was not
applied. Study selection was based on clinical relevance,
methodological quality, and alignment with the review
objectives, with particular emphasis on recent high-impact
studies and international guideline documents. Exclusion
criteria included non—English-language publications, case
reports with limited generalizability, and studies lacking
clear clinical applicability.

3. Pathophysiology of Immune-Related Adverse Events

The pathophysiology of immune-related adverse
events (irAEs) is multifactorial and remains an area
of active investigation. Immune checkpoint inhibitors
(ICIs) such as anti-CTLA-4, anti—-PD-1, and anti—PD-
L1 antibodies enhance T-cell activation by removing
inhibitory signals that normally maintain self-tolerance
[11, 12]. While this promotes potent antitumor immunity,
it also increases the risk of off-target immune activation
and subsequent tissue injury [13].

Loss of peripheral tolerance is a major mechanism
underlying irAEs. Activation of autoreactive T-cell clones
and increased production of pro-inflammatory cytokines
such as interferon-y, tumor necrosis factor-a, and
interleukin-17 drive inflammatory processes resembling
autoimmune diseases [14]. In addition, cross-reactivity
between tumor and self-antigens has been demonstrated,
leading to organ-specific toxicity when T cells recognize
structurally similar epitopes in healthy tissues [15].

The gut microbiome also plays a significant modulatory
role. Variations in gut microbial composition can influence
both the efficacy and toxicity of ICIs, with certain bacterial
species such as Akkermansia muciniphila and Bacteroides
fragilis associated with reduced risk of colitis [16].
Similarly, activation of B cells and autoantibody formation
contributes to endocrine and dermatologic irAEs, such as
autoimmune thyroiditis and hypophysitis [17].

Differences in the type of checkpoint inhibition affect
the pattern and timing of irAEs. CTLA-4 blockade tends
to cause earlier and more frequent gastrointestinal and
dermatologic toxicities, whereas PD-1/PD-L1 inhibitors
are more commonly associated with pneumonitis,
thyroiditis, and hepatic injury [18, 19]. Combined
inhibition (e.g., ipilimumab plus nivolumab) amplifies
immune activation and significantly increases the
frequency and severity of irAEs [20].

Emerging evidence suggests that genetic susceptibility
and preexisting immune milieu influence the risk of
irAEs. Host factors such as HLA polymorphisms,
baseline cytokine profiles, and subclinical autoimmunity
may predispose certain patients to exaggerated immune
responses following ICI therapy [21]. Collectively,
these findings highlight that irAEs are an unintended yet
mechanistically predictable extension of the same immune

696 Asian Pacific Journal of Cancer Biologys Vol 11+ Issue 2



apjcb.waocp.com

activation that underlies the therapeutic success of
immunotherapy.

4. Clinical Spectrum and Organ-Specific Manifestations

Immune-related adverse events may affect virtually
any organ system, reflecting the systemic activation
of immune pathways [22]. Although most are mild,
approximately 10-20% of patients experience severe
(grade 3—4) toxicities requiring high-dose corticosteroids
or treatment interruption [23]. The median time to onset
varies by organ system, ranging from 2 to 12 weeks
after therapy initiation, though delayed presentations are
increasingly recognized [24].

4.1 Dermatologic Toxicities

Cutaneous manifestations are the most frequent
irAEs, reported in up to 40% of patients treated with ICIs
[25]. These range from maculopapular rash and pruritus
to vitiligo, particularly in melanoma. Severe reactions
such as Stevens—Johnson syndrome or toxic epidermal
necrolysis are rare but potentially fatal [26]. Most cases
respond to topical corticosteroids, while systemic steroids
are reserved for higher-grade reactions [27].

4.2 Gastrointestinal and Hepatic irAEs

Gastrointestinal irAEs, particularly colitis, are most
often associated with CTLA-4 inhibition or combination
therapy [28]. Symptoms include diarrhea, abdominal
pain, and occasionally hematochezia. Colonoscopy
typically shows mucosal erythema or ulcerations with
lymphocytic and neutrophilic infiltration on biopsy
[29]. Immune-mediated hepatitis usually presents as
asymptomatic transaminase elevation but can progress
to liver failure if untreated [30].

4.3 Pulmonary Toxicities

Pneumonitis, though less common, represents
one of the most serious irAEs and a leading cause of
treatment-related mortality [31]. It is more frequent
with PD-1/PD-L1 inhibitors and combination regimens.
Radiologically, ground-glass opacities and interstitial
infiltrates predominate. Prompt recognition and initiation
of high-dose corticosteroids are critical to prevent
irreversible damage [32].

4.4 Endocrine Disorders

Endocrine irAEs are unique in that they are often
irreversible and require lifelong hormone replacement
rather than immunosuppression [33]. The most frequent
manifestations include hypothyroidism, thyroiditis, and
hypophysitis, while insulin-dependent diabetes mellitus
and adrenal insufficiency occur less commonly [34].
These events may present insidiously, underscoring
the importance of routine hormonal monitoring during
therapy [35].

4.5 Cardiovascular and Neurologic irAEs

Although rare (<1%), myocarditis and neurologic
irAEs such as myasthenia gravis, Guillain—Barré
syndrome, and encephalitis are associated with high
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morbidity and mortality [36]. Myocarditis often manifests
within the first 6 weeks of therapy, and combined
checkpoint blockade further increases risk. Early detection
using troponin testing and cardiac MRI, followed by rapid
corticosteroid administration, is essential [37].

4.6 Renal and Hematologic Toxicities

Renal involvement, typically as acute interstitial
nephritis, occurs in approximately 2—-5% of patients and
may lead to reversible or chronic kidney injury [38].
Hematologic irAEs, including autoimmune hemolytic
anemia, immune thrombocytopenia, and aplastic anemia,
are extremely rare but require high clinical vigilance due
to their rapid progression [39].

4.7 Temporal Patterns and Severity

The temporal pattern of irAEs varies by affected
organ. Dermatologic and gastrointestinal toxicities usually
appear early, whereas endocrine, renal, and neurologic
events may manifest later or even after discontinuation
of therapy [40]. Severity grading, typically based on
the Common Terminology Criteria for Adverse Events
(CTCAE), guides therapeutic decisions from temporary
treatment holds to permanent discontinuation and
immunosuppression [41].

Early recognition and multidisciplinary management
remain essential to minimize morbidity and ensure that
the benefits of immunotherapy outweigh its risks [42].

5. Diagnosis and Grading of Immune-Related Adverse
Events

Accurate diagnosis and appropriate grading of
immune-related adverse events (irAEs) are critical for safe
management and optimal continuation of immunotherapy
[43]. The diagnostic process is often challenging
because irAEs can mimic infectious, neoplastic, or
metabolic complications of cancer and its treatments
[44]. A systematic, organ-based approach that integrates
clinical, laboratory, and imaging findings is therefore
essential.

5.1 General Diagnostic Approach

Evaluation begins with a detailed history and physical
examination focused on the timing of symptoms relative
to initiation of immune checkpoint inhibitor (ICI) therapy
[45]. Laboratory testing should include a complete blood
count, metabolic panel, liver and renal function tests,
thyroid profile, and inflammatory markers [46].

Radiologic imaging such as CT or MRI is often indicated
for pulmonary, hepatic, or neurologic symptoms, while
tissue biopsy may be required to confirm the inflammatory
nature of the lesion and rule out tumor progression [47].
Infectious causes must always be excluded, particularly
before initiating immunosuppressive therapy [48].

5.2 Biomarkers and Predictive Tools

To date, no validated biomarkers can reliably predict
the occurrence or severity of irAEs. However, several
potential indicators have been explored. Baseline
autoantibody positivity, elevated IL-6 and CRP levels,
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and specific HLA genotypes have been associated with
increased risk in some studies [49]. The role of the gut
microbiome and circulating cytokine profiles as predictive
tools is under active investigation [50].

Emerging data suggest that patients who develop
irAEs may also have improved antitumor responses,
indicating that immune activation intensity correlates
with both efficacy and toxicity [51].

5.3 Grading of irdEs

Severity grading follows the Common Terminology
Criteria for Adverse Events (CTCAE), currently version
5.0 [52].

 Grade 1 (mild): Asymptomatic or mild symptoms;
laboratory abnormalities only; continue ICI with close
monitoring.

* Grade 2 (moderate): Symptomatic but not life-
threatening; temporary treatment hold and initiation of
low- to moderate-dose corticosteroids.

* Grade 3 (severe): Marked symptoms limiting
self-care; high-dose corticosteroids and permanent
discontinuation of the offending agent are often indicated.

* Grade 4 (life-threatening): Urgent medical
intervention required; intensive immunosuppression.

e Grade 5: Death related to irAE.

This standardized grading framework allows for
consistent reporting and facilitates comparison across
clinical trials [53]. Importantly, grading should be adapted
to the specific organ involved for example, modest enzyme
elevations may be critical in myocarditis or hepatitis but
clinically tolerable in endocrine irAEs [54].

Multidisciplinary collaboration particularly with
gastroenterologists, endocrinologists, pulmonologists,
and cardiologists is essential for accurate diagnosis and
grading, ensuring prompt and evidence-based treatment
decisions [55].

6. Management Strategies for Immune-Related Adverse
Events

The cornerstone of managing immune-related
adverse events (irAEs) lies in early recognition, timely
immunosuppression, and multidisciplinary care [56].
Prompt intervention prevents progression to severe
toxicity and often allows patients to safely resume immune
checkpoint inhibitor (ICI) therapy after resolution [57].

6.1 General Management Principles

Management is guided by the severity (grade) of
toxicity, as outlined by the CTCAE system [58].

* Grade 1 (Mild): Continue ICI therapy with close
monitoring, except for certain neurologic, cardiac, or
hematologic events where even mild symptoms may
warrant discontinuation [59].

* Grade 2 (Moderate): Hold ICI and initiate
corticosteroids such as prednisone 0.5-1 mg/kg/day (or
equivalent). Gradual tapering over at least 4 weeks is
recommended once improvement occurs [60].

* Grade 3—4 (Severe or Life-threatening): Discontinue
ICI permanently and start high-dose corticosteroids
(methylprednisolone 1-2 mg/kg/day) intravenously. If
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no improvement within 48—72 hours, add a second-line
immunosuppressant such as infliximab (5 mg/kg),
mycophenolate mofetil, or IVIG depending on the organ
involved [61, 62].

The general principle is to balance toxicity control
without compromising antitumor immunity [63]. A steroid
taper that is too rapid increases the risk of recurrence,
while prolonged suppression may reduce treatment
efficacy and increase infection risk [64].

6.2 Organ-Specific Management

6.2.1 Dermatologic Toxicities

Most cutaneous irAEs (e.g., maculopapular rash,
pruritus) respond to topical corticosteroids and oral
antihistamines [65]. For grade >3 dermatitis, systemic
steroids are indicated, and dermatology consultation
is advised. Severe reactions such as Stevens—Johnson
syndrome require hospitalization and permanent
discontinuation of ICI therapy [66].

6.2.2 Gastrointestinal and Hepatic Toxicities

For immune-mediated colitis, initiate oral or IV
corticosteroids depending on severity. If refractory after
3 days of high-dose steroids, infliximab or vedolizumab
is recommended [67].

Immune-mediated hepatitis requires prednisone 1-2
mg/kg/day, with mycophenolate mofetil as the preferred
second-line agent; infliximab is contraindicated due
to hepatotoxicity [68]. Liver function tests should be
monitored weekly until normalization [69].

6.2.3 Pulmonary Toxicities

ICI-induced pneumonitis mandates immediate
discontinuation of therapy and high-dose IV
methylprednisolone [70]. Nonresponders within 48 hours
should receive infliximab or IVIG, and empiric antibiotics
are often used to exclude infectious pneumonia [71].
Rechallenge with ICI may be considered cautiously after
complete resolution of grade <2 events [72].

6.2.4 Endocrine irAEs

Endocrine toxicities (thyroiditis, hypophysitis,
adrenal insufficiency) are usually managed with
hormone replacement rather than immunosuppression
[73]. High-dose corticosteroids are reserved for acute
hypophysitis with mass effect or severe adrenal crisis.
Long-term follow-up with endocrinology is essential since
many of these conditions are permanent [74].

6.2.5 Cardiac and Neurologic irAEs

Myocarditis and severe neurologic irAEs (e.g.,
myasthenia gravis, Guillain—Barré—like syndromes)
require immediate hospitalization and pulse-dose
methylprednisolone (1 g/day for 3 days) followed by
slow taper [75].

Adjunctive therapies include IVIG or plasmapheresis
for neurologic involvement. Early cardiology and
neurology consultations are mandatory.

A summary of the most common organ-specific
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Table 1. Summary of Organ-Specific Immune-Related Adverse Events (irAEs) and Recommended Management

Organ System Common Clinical Typical Severity / First-Line Management Second-Line /
Manifestations Onset Grading Refractory Management
(CTCAE)
Skin Maculopapular rash, Early G1-G3 Topical corticosteroids; Oral prednisone 0.5-1 mg/kg/day
pruritus, vitiligo (weeks 2-6) antihistamines; continue ICI if mild for >G2; consider ICI hold
Gastrointestinal Diarrhea, 6-8 weeks G1-G4 Hold ICT; prednisone If refractory: infliximab 5 mg/kg or
(Colitis) abdominal pain, 1-2 mg/kg/day vedolizumab; avoid infliximab in hepa-
bleeding titis
Liver Elevated AST/ALT, 8—12 weeks G1-G4 Prednisone 1-2 mg/kg/day; Mycophenolate mofetil;
fatigue, jaundice hold ICT avoid infliximab
Lung Cough, dyspnea, fever, 6-24 weeks G2-G4 Hold ICT; IV Infliximab, IVIG, or mycophenolate;
(Pneumonitis) infiltrates on CT methylprednisolone 1-2 mg/kg/day prolonged taper >6 weeks
Endocrine Thyroiditis, 8-20 weeks Variable Hormone replacement; High-dose corticosteroids only for
hypothyroidism, continue ICI if stable acute mass effect or crisis
hypophysitis, adrenal
insufficiency
Renal Elevated creatinine, 10-20 weeks ~ G2-G4 Hold ICI; prednisone Mycophenolate or
interstitial nephritis 1-2 mg/kg/day azathioprine if refractory
Cardiac Myocarditis, 2-8 weeks G3-G4 Immediate ICI discontinuation; IV Abatacept, tocilizumab, or IVIG;
arrhythmia, methylprednisolone 1 g/day x3 days cardiac monitoring mandatory
heart failure
Neurologic Myasthenia gravis, Early or late G3-G4 High-dose IV methylprednisolone IVIG or plasmapheresis;
Guillain—Barré-like avoid ICI rechallenge
syndrome, encephalitis
Hematologic Hemolytic anemia, Variable G3-G4 High-dose corticosteroids IVIG or rituximab for
thrombocytopenia, refractory cases
aplastic anemia
Musculoskeletal / Arthralgia, arthritis, 12-24 weeks G1-G3 NSAIDs, low-dose corticosteroids Methotrexate or TNF inhibitors

Rheumatic polymyalgia-like

symptoms

for persistent cases

Abbreviations: irAE, immune-related adverse event; ICI, immune checkpoint inhibitor; CTCAE, Common Terminology Criteria for Adverse
Events; IV, intravenous; IVIG, intravenous immunoglobulin; NSAIDs, nonsteroidal anti-inflammatory drugs.

immune-related adverse events, their clinical features, and
recommended management strategies according to current
ASCO and ESMO guidelines is presented in Table 1.

In recent years, emerging targeted immunomodulatory
therapies have shown promise in steroid-refractory cardiac
and neurologic irAEs. Abatacept, a CTLA-4 agonist
that suppresses T-cell co-stimulation, has demonstrated
encouraging results in severe immune checkpoint
inhibitor—associated myocarditis, particularly in fulminant
or refractory cases. Similarly, Janus kinase (JAK)
inhibitors have been explored as potential options for
refractory neurologic irAEs by modulating downstream
cytokine signaling pathways. Although evidence remains
limited to case series and early-phase studies, these agents
represent an evolving therapeutic paradigm aimed at more
precise immune modulation.

These emerging strategies are discussed further in the
Future Directions section.

6.3 Rechallenge After irAEs

Restarting ICI therapy after an irAE requires
individualized assessment of risk versus benefit [76].

* Rechallenge is considered safe for resolved grade 1-2
irAEs but contraindicated after grade 4 or life-threatening
toxicities [77].

* For moderate irAEs, careful monitoring and
lower-dose rechallenge may be attempted, particularly
when no alternative oncologic therapy exists [78].

Recent evidence indicates that approximately 40-60%
of rechallenged patients can tolerate therapy without

recurrence, although the risk of relapse is higher for colitis
and pneumonitis [79].

6.4 Supportive Care and Multidisciplinary Coordination

Comprehensive care involves patient education,
routine monitoring, and coordinated management across
specialties [80]. Patients should be counseled on early
symptom recognition, and care pathways should include
rapid access to oncologists and organ-specific specialists
[81].

Standardized institutional protocols and close
communication between oncology, internal medicine, and
emergency departments significantly reduce morbidity and
mortality associated with irAEs [82].

7. Future Directions and Research Perspectives

Despite major advances in understanding and
managing immune-related adverse events (irAEs),
several key challenges remain unresolved. Current
management primarily relies on broad immunosuppression
with corticosteroids, which, although effective, may
blunt antitumor immunity and predispose patients to
infection [83]. There is a pressing need for targeted
immunomodulatory strategies that selectively dampen
pathological immune activation without compromising
therapeutic efficacy [84].

7.1 Biomarkers for Prediction and Monitoring
The identification of reliable biomarkers predicting
irAE susceptibility and severity is a central research
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priority. Candidate biomarkers include baseline cytokine
profiles, autoantibody panels, HLA genotypes, and
gut microbiome composition [85]. Early changes in
circulating IL-6, CXCL9, and CXCL10 levels have been
correlated with the onset of irAEs in preliminary studies
[86]. Integration of multi-omics data combining genomics,
transcriptomics, and microbiomics may enable risk
stratification and personalized immunotherapy approaches
in the near future [87].

7.2 Novel Therapeutic Approaches

Ongoing research focuses on alternative second-line
immunosuppressants and biologic agents for steroid-
refractory irAEs, such as tocilizumab (IL-6 blockade),
abatacept (CTLA-4 agonist), and JAK inhibitors [88].
These agents offer potential for more precise immune
modulation and faster recovery. Prospective trials
evaluating their efficacy and safety are underway.

7.3 Digital Health and Al Integration

Artificial intelligence (AI) and machine learning (ML)
are emerging tools for early detection and prediction of
irAEs through analysis of electronic health records and
imaging data [89]. Al-driven models can help clinicians
identify subtle symptom patterns and flag high-risk
patients before severe toxicity occurs.

Wearable devices and digital symptom-tracking
platforms may further enhance real-time monitoring,
patient engagement, and remote management of irAEs
in clinical practice.

7.4 Personalized Immunotherapy and Rechallenge
Strategies

Future strategies aim to refine patient selection and
rechallenge protocols after resolution of irAEs. By
integrating biomarker-guided assessments and adaptive
dosing strategies, clinicians may be able to safely
reintroduce ICIs to maximize antitumor efficacy while
minimizing toxicity [90].

Overall, the next phase of research in irAEs will
likely focus on precision immunotoxicology leveraging
biological, digital, and clinical data to predict, prevent,
and personalize management. These advances promise
to transform irAEs from unpredictable complications into
manageable, data-informed aspects of modern cancer care.

In conclusion, beyond clinician-assessed toxicity
grading, patient-reported outcomes (PROs) and
quality-of-life (QoL) measures play an increasingly
important role in the comprehensive management of
immune-related adverse events. Symptoms such as
fatigue, diarrhea, dyspnea, and cognitive changes are
often first recognized by patients and may precede
objective clinical deterioration. Incorporating structured
PRO tools into routine oncology practice can facilitate
earlier detection of irAEs, improve symptom control,
and support shared decision-making regarding treatment
continuation or modification. Preserving quality of life
remains a critical goal, particularly in patients receiving
long-term immunotherapy.

Immune checkpoint inhibitors (ICIs) have transformed
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the landscape of cancer therapy, offering durable clinical
benefits across multiple malignancies. However, by
unleashing immune activation, these agents can trigger a
diverse range of immune-related adverse events (irAEs)
that present significant diagnostic and therapeutic
challenges.

Understanding the underlying mechanisms,
recognizing organ-specific manifestations, and applying
evidence-based management strategies are essential for
optimizing patient outcomes.

The integration of multidisciplinary care, routine
monitoring, and patient education remains central to the
safe administration of ICIs.

Future research should prioritize biomarker discovery,
precision immunomodulation, and digital surveillance
tools to enable early detection and personalized treatment
of irAEs.

Ultimately, the goal is to maintain the delicate
balance between maximizing antitumor efficacy and
minimizing immune toxicity ensuring that the promise
of immunotherapy continues to translate into long-term
benefit for patients with cancer.
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