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Immune-Related Adverse Events (irAEs)

• Side effects caused by the overactivation of the immune system due to immune 
checkpoint inhibitors (ICIs) or other immunotherapies.

• These events occur when the immune system mistakenly attacks normal tissues 
and organs, leading to autoimmune-like reactions.

구분 일반적인 부작용(AEs) 면역 관련 부작용(irAEs)

발생 원인 약물 자체의 독성 (예: 세포독성 항암제) 면역체계의 과활성화 (자가면역 반응)

주요 증상 오심, 구토, 혈액 독성(골수 억제), 간독성 등
피부염, 장염, 간염, 내분비 질환(갑상선염, 당뇨병
등), 폐렴 등

발생 시점 약물 투여 직후 또는 일정 기간 후 투여 후 수주~수개월 이후에도 발생 가능

치료 방법 용량 조절, 약물 중단 등
스테로이드 및 면역억제제 사용이 필요할 수 있
음

By ChatGTP



Front Immunol. 2024 Aug 23:15:1447021.

Cellular and molecular players involved in ICI-induced irAEs

Immune check point blockade(ICB) may break the peripheral tolerance.



Rare immune-related adverse events (irAEs) 

Pharmaceut Med. 2024 Jan;38(1):25-38.



N Engl J Med. 2016 Nov 10;375(19):1823-1833.



Incidence of immune-related adverse events – Severe grade
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PD-1/PD-L1 Immune Checkpoint Inhibitor Adverse Events 
- Analysis of the FDA Adverse Events Database
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RARE IMMUNE-RELATED ADVERSE EVENTS – CASE (1)



M/52

SCLC-ES. mets/Rt pleura, ant. diaphragmatic 
area LN, Liver, Lt adrenal gland 
1L Palliative atezolizumab, etoposide, and 
carboplatin #1(2021.6.18)~



M/52

SCLC-ES. mets/Rt pleura, ant. diaphragmatic 
area LN, Liver, Lt adrenal gland 
1L Palliative atezolizumab, etoposide, and 
carboplatin #1(2021.6.18)~ (2022.6)

Shortness of breath for 2 weeks



Ferritin 16,500ng/mL

Bronchial washing sample
- Pneumonia FilmArray(-)
- Gram stain(-)
- AFB stain/Culture(-/-)



Hemophagocytosis



M/52

SCLC-ES. mets/Rt pleura, ant. diaphragmatic 
area LN, Liver, Lt adrenal gland 
1L Palliative atezolizumab, etoposide, and 
carboplatin #1(2021.6.18)~ (2022.6)

Shortness of breath for 2 weeks
→ Hemophagocytic lymphohistiocytosis(HLH) 
– methyl-PD 1g for 5 days



• Fever, organomegaly, pancytopenia

• Significantly elevated ferritin and low fibrinogen

• Hemophagocytosis - bone marrow aspiration



Diagnosis of HLH

Blood. 2019 Jun 6;133(23):2465-2477.
JTO Clin Res Rep. 2021 Dec 9;3(1):100263.



Diagnosis of HLH

Arthritis Rheumatol. 2014 Sep;66(9):2613-20.



Immune checkpoint inhibitor-associated HLH

• Disorder involving inappropriate macrophage activation
– T cell and macrophage hyper-activation, 

subsequent uncontrolled release of pro-inflammatory cytokines 
resulting in tissue injury and multi-organ dysfunction

• Rare and potentially fatal toxicity

• More commonly associated with PD-1 than CTLA-4 inhibitors 
– But, not universal Oncologist 2019;24:584–8.

• Affect men more than women 

• Timing of onset from ICI initiation - ranging from 6 to 18 weeks
– Median of 26 days Oncologist 2019;24:584–8.

Pharmaceut Med. 2024 Jan;38(1):25-38.



NCCN Guidelines - Management of Immunotherapy Related Toxicities.  Version 1.2025

The diagnosis of HLH is often delayed due to lack of clinician awareness of the 
condition as well as overlapping differential diagnoses with similar symptoms 
and laboratory abnormalities. 



Management of ICI-associated HLH

• Early recognition and aggressive management of ICI-associated HLH 
is critical, due to associated mortality of up to one-fourth of patients.

• Complex and not ‘one size fits all’

• High-dose corticosteroids

• Cytokine modulation - IL-6 antagonist tocilizumab

• Cytotoxic chemotherapies - Etoposide (if no response)



RARE IMMUNE-RELATED ADVERSE EVENTS – CASE (2)



2024.6.19

M/68

NSCLC in RLL, SqCC, IVA
1L Palliative Pembrolizumab, paclitaxel, 
and carboplatin #1(2024.7.3) 

Skin problems (2024.7.23)



M/68

NSCLC in RLL, SqCC, IVA
1L Palliative Pembrolizumab, paclitaxel, 
and carboplatin #1(2024.7.3) 

Skin problems (2024.7.23)



M/68

NSCLC in RLL, SqCC, IVA
1L Palliative Pembrolizumab, paclitaxel, and carboplatin #1(2024.7.3) 

Skin/mucosal  problems → Stevens-Johnson syndrome (SJS) or early Toxic epidermal necrolysis (TEN)  
- Consultation(dermatology, Ophthalmology, and ENT), methyl-PD 0.5mg/kg 



2024.6.19 2024.9.25 2024.12.18

M/68

NSCLC in RLL, SqCC, IVA
1L Palliative Pembrolizumab, paclitaxel, and carboplatin #1(2024.7.3) 

SJS or early TEN (2024.7)



ICI-associated dermatologic toxicity

• Most common complication observed in up to 30-50% of ICI-patients
– Incidence of severe skin reactions 2.0% (PD-1 and PD-L1 inhibitors in NSCLC) 

Transl Lung Cancer Res. 2017 Dec;6(Suppl 1):S8-S20.

• Generally mild and typically do not require discontinuation of ICI 

• Inflammatory dermatoses, blistering dermatoses, and severe adverse skin 
reactions 

• Average time to onset: approximately 4 weeks after the 1st treatment 
(it can vary from 2 to 150 weeks)

• Anti-CTLA-4 therapy (60%), anti-PD-1 or anti-PD-L1 (20%), but combination 
therapy (59-72%)

Front Immunol. 2024 Aug 23:15:1447021.



Stevens-Johnson syndrome/ Toxic epidermal necrolysis

• Rare and can be life-threatening

• Reported in patients treated with anti-PD-1 and anti-CTLA-4 inhibitors

• Accompanied by mucosal involvement (ocular, oral, or anogenital)

• Rapid and acute, or may appear progressively from a less severe skin toxicity



SJS, TEN, and SJS/TEN overlap

Common Terminology Criteria for Adverse Events (CTCAE) Version 5.0 



Management of Immune-Related Adverse Events in Patients Treated With Immune Checkpoint Inhibitor Therapy: 
ASCO Guideline Update. J Clin Oncol. 2021 Dec 20;39(36):4073-4126. 

Severe 
Cutaneous 
Adverse 
Reaction

SJS, TEN, 
AGEP, DRESS

AGEP, acute generalized exanthematous pustulosis
DRESS, drug reaction with eosinophilia and systemic symptoms 





BIOMARKERS FOR IMMUNE-RELATED ADVERSE EVENTS
PREDICTION



Cellular
Absolute lymphocyte count, Neutrophil/lymphocyte ratio, Platelet to lymphocyte ratio, Absolute 
eosinophil count, CD4+cells, Regulatory T cells, T-cell repertoire, CD8+ cells

Endocrine TSH

Antibody Anti-thyroglobulin antibody, Anti-BP180 IgG, Anti-GAD65, IA-2, ZnT8, islet cell antibodies, ANA

Cytokines/
chemokines

IFN-γ, CXCL9, CXCL10, CXCL11, CXCL19, CCL5, G-CSF, GM-CSF, fractalkine, FGF-2, IFN-α2, IL-12p70, 
IL-1a, IL-1b, IL-RA, IL-2, IL-13, IL-6, IL-8, soluble CD25, IL-17, Leptin, Soluble CD163, TNF-α, CRP

Tissue Tumor gene mutations

Microbiome Firmicutes/ Faecalibacterium, Bacteroidetes, Metabolic products

Genetics HLA-DR4, Gene expression panel, CD177 and CEACAM1

Imaging CT chest radiomics

Biomarkers for irAE prediction and diagnosis

Clin Chem. 2020 Jun 1;66(6):779-793.
Front Oncol. 2021 Feb 11:10:585311.



IMPACT OF IMMUNE-RELATED ADVERSE EVENTS ON 
CLINICAL OUTCOMES



Nivolumab(2nd~ line) 
- Prospective Cohort Study

Early irAEs and Clinical outcome in Advanced NSCLC

J Thorac Oncol. 2017 Dec;12(12):1798-1805. 



Early irAEs and Clinical outcome in Advanced NSCLC

Nivolumab(2nd~ line) 
- Prospective Cohort Study

Clin Lung Cancer. 2020 Jul;21(4):e315-e328.

Median PFS (p = 0.046)
• With irAEs within 2 wks: 5.0 months 

[2.1-8.6 months] 
• Without irAEs within 2 wks: 2.0 months   

[1.9-2.5 months]



Early irAEs and Clinical outcome in Advanced NSCLC

Pembrolizumab(1st line, PD-L1 TPS ≥50%) 
- retrospective multicenter cohort

Clin Lung Cancer. 2020 Jul;21(4):e315-e328.

Median PFS (p = 0.04)
• With early irAEs: not reached  
• Without early irAEs: 6.9 months 

[4.2-9.7 months]



Correlations between irAEs and Efficacy 

• “Real-life” multicenter 
retrospective observational 
study 

• Advanced NSCLC
• 559 patients

Clin Lung Cancer. 2019 Jul;20(4):237-247.e1.



Meta-Analysis - 26 cohorts, including 8,452 patients with NSCLC receiving anti-PD-1 antibodies

irAE associated with outcomes in NSCLC

Overall survival Progression-free survival

Front Oncol. 2021 Sep 15:11:708195.



JAMA Oncol. 2023 Apr 1;9(4):527-535.

• Pooled Analyses of the Phase 3 IMpower130, IMpower132, and IMpower150 – Randomized Clinical Trials
• Stage IV non-squamous NSCLC - 2,503 patients
• Chemoimmunotherapy combinations involving atezolizumab

Association of irAE with efficacy of Atezolizumab

median OS 25.7 vs. 13.0 mo median OS 20.2 vs. 12.8 mo



BMC Cancer. 2022 Oct 6;22(1):1047. 

• Retrospective study
• Chemo-naïve advanced NSCLC
• 148 patients 
• Pembrolizumab and platinum-based chemotherapy// Pembrolizumab monotherapy  

Association between the efficacy and irAEs

Pembrolizumab + platinum-based 
chemotherapy 

Pembrolizumab 
monotherapy  

Pembrolizumab + platinum-based 
chemotherapy 

Pembrolizumab 
monotherapy  

12-week landmark analysis 



Summary (1)

• Currently, no single marker has been established to predict immune-
related adverse events (irAE). 

• However, it is clear that immune-related adverse events are associated 
with improved outcomes, including overall response rate (ORR), 
progression-free survival (PFS), and overall survival (OS), in patients with 
non-small cell lung cancer (NSCLC).



MANAGEMENT OF IMMUNE-RELATED ADVERSE EVENTS



Steroid treatment

• Grade 1: Continue ICI therapy with clinical monitoring.

• Grade 2: Temporarily stop ICI therapy and administer prednisone (0.5 
mg/kg/day), tapering off as symptoms improve.

• Grade 3 and 4: Permanently discontinue ICIs. High-dose systemic steroids 
(1-2 mg/kg/day) are used, often requiring hospitalization for intravenous 
methylprednisolone (over 4-6 weeks).

ESMO Guideline. Ann Oncol. 2022 Dec;33(12):1217-1238.
ASCO Guideline Update. J Clin Oncol. 2021 Dec 20;39(36):4073-4126. 



Management of immune-related adverse events

BBC Healthy patient
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Principles of Steroid use

NCCN Guidelines - Management of Immunotherapy Related Toxicities.  Version 1.2025



Am Fam Physician. 2021; 103(6):337-343.

Topical steroid



Topical steroid

By copilot

By ChatGTP



Management of Immune-Related Adverse Events in Patients Treated With Immune Checkpoint Inhibitor Therapy: 
ASCO Guideline Update. J Clin Oncol. 2021 Dec 20;39(36):4073-4126. 

Adverse effects related to Steroid use



Management of Steroid Resistance

• Alternatives include rituximab (anti-CD20), infliximab (anti-TNF-α), 
tocilizumab (anti-IL-6R), tailored to the affected organ systems.

• Organ-Specific Treatments:
– Liver and Kidney toxicities: mycophenolate-based immunosuppressants

– Pulmonary and Neurological toxicities: cyclophosphamide, IV Ig, plasma exchange 

– Severe Cardiotoxicity: abatacept (anti-CD80/86), alemtuzumab (anti-CD52)

• Additional Considerations:
– Careful balancing is necessary to prevent organ damage while maintaining cancer 

treatment efficacy.

– Steroid-sparing agents can lead to new adverse effects, requiring close monitoring.

Front Immunol. 2024 Aug 23:15:1447021.



IMPACT OF STEROID ON CLINICAL OUTCOMES



J Clin Oncol. 2018 Oct 1;36(28):2872-2878.

• Retrospective study

• 640 patients with advanced NSCLC 

• Single-agent

• Pembrolizumab

• Nivolumab

• Atezolizumab

• Durvalumab

Impact of baseline steroids on efficacy 



• Retrospective study
• 210 patients with advanced NSCLC 
• During  the first 30 days of Nivolumab therapy
• Systemic corticosteroids (equivalent to >10 mg of prednisone/d)

Early use of systemic corticosteroid

J Thorac Oncol. 2018 Nov;13(11):1771-1775.



Cancer Control. 2021 Jan-Dec:28:1073274820985790.

• Retrospective study
• 109 patients with advanced NSCLC (stage III and IV) 
• Nivolumab
• Corticosteroids before the first cycle of nivolumab (pre-CS) vs. after the first cycle of nivolumab (post-CS)

Effect of systemic corticosteroid before vs. after the 1st cycle

◀

◀



Baseline Corticosteroids 
for cancer-related palliative vs. Non-palliative Indications

J Clin Oncol. 2019 Aug 1;37(22):1927-1934.

• Retrospective study
• 650 patients with advanced NSCLC 
• PD-1 or PD-L1 inhibition as 

monotherapy or in combination 
with anti–CTLA-4 inhibition

◀

◀



Summary (2)

• Early steroid intervention is important for the general management of 
immune-related adverse effects.

• The use of steroids during the early stages of immunotherapy is associated 
with poor clinical outcomes. 

• Steroids prescribed for palliative purposes in cancer patients tend to result 
in a worse prognosis, whereas their use for non-cancer-related reasons 
may have varying effects on the outcome.



IMMUNOTHERAPY RECHALLENGE



Principles of Immunotherapy Rechallenge

NCCN Guidelines - Management of Immunotherapy Related Toxicities.  Version 1.2025



Safety and Efficacy of the rechallenge of ICIs after irAE 

Total of 789 ICI rechallenge cases from 18 cohort, 5 case series, and 54 case reports 
→ Meta-Analysis

Front Immunol. 2021 Sep 27:12:730320.

ORR

DCR

All grade irAE

High-grade irAE



15 studies including 442 patients (NSCLC)
between 2018 and 2022 → meta-analysis 

JTO Clin Res Rep. 2022 Mar 19;3(4):100309.

Efficacy comparison based on different initial ICIs discontinuation reasons 

ORR (p = 0.003) DCR (p = 0.002)

46.2

20.0
11.4

84.6 90.0

55.0

• 34.7% of 69 patients with individual response to ICI 
and PFS experienced the same or better response to 
ICI rechallenge in comparison with initial ICI

• PFS in initial ICI was longer than that in ICI rechallenge 
(median: 8.90 vs. 3.67 months, HR 0.44)

Different initial ICI discontinuation reasons 
1. PD after stopping ICI
2. irAE
3. PD during ICI



Efficacy of ICIs retreatment and the reason for interruption of initial ICIs

1. Retreatment: Re-administration of immune checkpoint inhibitors (ICIs) after initial treatment was 
stopped for any reason, following a period of break.

2. ICIs Rechallenge: A specific type of retreatment for patients whose disease progressed either during 
the initial treatment or within 12 weeks after stopping immunotherapy.

3. ICIs Resumption: A retreatment approach for patients who had stopped ICIs because of immune-
related adverse events (irAEs) or after completing a fixed treatment course, provided there was no 
disease progression at the time.

Transl Lung Cancer Res. 2022 Aug;11(8):1555-1566. 

18 studies (NSCLC) → meta-analysis 



Transl Lung Cancer Res. 2022 Aug;11(8):1555-1566. 

18 studies (NSCLC) → meta-analysis 

Efficacy of ICIs retreatment and the reason for interruption of initial ICIs

Rechallenge 
after PD

Resumption after irAEs
and clinical decision

ORR

DCR



Cancer Med. 2024 Oct;13(20):e70324. 

Seven studies with 513 patients for survival analysis revealed a nonsignificant 
difference in OS between the ICIs rechallenge and discontinuation cohorts 
(hazard ratio [HR]: 0.68, 95% confidence interval (CI): 0.35 to 1.35, p = 0.27).

Efficacy of Rechallenge With ICIs in Advanced Solid Tumor

RCC
NSCLC
NSCLC
Multiple
Melanoma
Lung cancer
NSCLC



Summary (3)

• The decision to rechallenge therapy should involve a careful evaluation of 
the associated risks and benefits.

• If an immune checkpoint inhibitor that was previously stopped due to 
immune-related adverse events is reused, some level of therapeutic 
response may be anticipated. However, this does not ensure an 
improvement in overall survival (OS).
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