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The spectrum of immune related adverse events

Adverse effects of immune-checkpoint  inhibitors: epidemiology, management and surveillance

Nat Rev Clin Oncol. 2019 Sep;16(9):563-580.

ASCO : There should always be a high level of suspicion.



Time of onset

Adverse effects of immune-checkpoint  inhibitors: epidemiology, management and surveillance

Nat Rev Clin Oncol. 2019 Sep;16(9):563-580.



Time of onset

Late-Onset Immune-Related Adverse Events After Immune Checkpoint Inhibitor Therapy

JAMA Network Open. 2025;8(3):e252668.

- Retrospective observational cohort study : 2021~2025, 795 patients (Lung cancer 21.0%)



Late IRAEs after ≥2 Years of ICI

Brief Report: Late Immune-Related Adverse Events (IRAEs) After ≥2 Years of Immune Checkpoint Inhibitor (ICI) Therapy: Incidence and Association 

with Survival in Patients with Advanced Non-Small-Cell Lung Cancer (NSCLC)

Articles in Press100851 May 25, 2025.

- Single center retrospective study (N=76) : Median duration of treatment was 41.9m.

- After 2 years on ICI, 38/76 (50%) of patients experienced a late IRAE, many of whom (39%) had no prior early IRAE.

- Higher rates of late IRAEs was seen in patients with prior grade≥2 IRAE (p=0.020).



Incidence rates of immune related adverse events

Cancer and treatment specific incidence rates of immune related adverse events induced by immune checkpoint inhibitors: a systematic review

British Journal of Cancer (2025) 132:51–57.

- Systematic review : 272 studies (2017-2021),  305,879 total patients on ICI.

- General irAE occurrence across any grade was 40.0% (37.3–42.7%), and high grade was 19.7% (15.8–23.7%)

- ICI monotherapy was 30.5% (28.1–32.9%), and ICI combination therapy 45.7% (29.6–61.7%).

Clinical trial : 25.5% (2,496/9783)

Pharmacovigilance or surveillance : 43.3% (23,705/54,767) 



Incidence rates of immune related adverse events

Cancer and treatment specific incidence rates of immune related adverse events induced by immune checkpoint inhibitors: a systematic review

British Journal of Cancer (2025) 132:51–57.

Skin (28.7%), Pulmonary (18.9%), Cardiac (18.0%) 



Incidence rates of immune related adverse events

Comparisons of adverse events associated with immune checkpoint inhibitors in the treatment of non-small cell lung cancer: a real world 

disproportionality analysis based on the FDA adverse event reporting system

Gao et al. BMC Cancer (2025) 25:216 .

- 13,580 reports of AEs associated with five ICIs. (2013-2022)

In terms of respiratory AEs, pembrolizumab exhibited a higher risk

In terms of endocrine and metabolic AEs, durvalumab and nivolumab exhibited a higher risk



Association between irAEs and efficacy

Association between immune-related adverse events and immunotherapy efficacy in non-small-cell lung cancer: a meta-analysis

Front. Pharmacol., 22 May 2023.

- Meta-analysis : 54 Retrospective studies (N= 35~2,503)

- IrAEs was a strong predictor of survival efficacy in patients with NSCLC treated with ICIs.

① higher ORR (P<0.001), longer PFS (P<0.001), longer OS (P<0.001)

② Grade ≥2 irAEs had better PFS

③ Better PFS, OS : thyroid dysfunction, gastrointestinal, skin, or endocrine irAEs

(No significant differences were observed in pneumonitis or hepatobiliary irAEs.)

Immune-related adverse events as potential surrogates of immune checkpoint inhibitors’ efficacy: a systematic review and meta-analysis of

randomized studies

ESMO Open. 2023 Apr;8(2):100787.

- Meta-analysis : 62 RCTs (N= 42,247); 18 NSCLC, 7 SCLC

- The analyses found no significant association between the treatment effects for overall grade 1-2 or grade 3-4 irAE rates or specific 

(skin, gastrointestinal, endocrine) irAE rates.



What happens if we just observe it without any additional treatment?

Clinical Outcomes of Patients With Metastatic NSCLC After Discontinuation of Immunotherapy Because of Immune-Related Adverse Effects

JTO Clin Res Rep. 2022 Nov 25;4(1):100441.

- Small sample!!!, single-center retrospective observational study (N=30)

- NSCLC in whom ICI had to be discontinued owing to a serious irAEs.

A watchful waiting approach is justified after discontinuation of ICI owing to irAEs.



ICI rechallenge / restarting

Immune Checkpoint Inhibitor Rechallenge Safety and Efficacy in Stage IV Non-Small Cell Lung Cancer Patients After Immune-Related Adverse Events

Clinical Lung Cancer, Vol. 23, No. 8, 686–693.

- Retrospective single center study (N=99/1051 (9.4%)), grade ≥2 irAEs, rechallenged group (N=40)

① After rechallenging, 24 of 40 (60%) patients had recurrence of the same or de-novo irAEs.

② Twenty (50%) developed second grade ≥2 irAEs.

③ No grade 4 irAE or irAE-related death occurred after rechallenging.



ICI rechallenge / restarting

Immune Checkpoint Inhibitor Rechallenge Safety and Efficacy in Stage IV Non-Small Cell Lung Cancer Patients After Immune-Related Adverse Events

Clinical Lung Cancer, Vol. 23, No. 8, 686–693.

Permanent ICI discontinuation is an appropriate strategy after grade ≥2 irAEs, especially severe irAEs.



Moving Immunotherapy Into the Treatment of 
Resectable Non–Small Cell Lung Cancer



Adverse events in Neo-adj/adj

Treatment-related adverse events, including fatal toxicities, in patients with solid tumours receiving neoadjuvant and adjuvant immune checkpoint 

blockade: a systematic review and meta-analysis of randomised controlled trials

Lancet Oncol 2024; 25: 62–75.

- Meta-analysis : 28 RCTs (16,976 patients), Lung cancer RCTs (N=5)

- The addition of ICIs was not significantly associated with increased treatment-related deaths (OR 1·76, 95% CI 0·95–3·25; p=0·073).

① 40 fatal toxicities (0.4%) were identified in ICIs group (N=9,864)

② 13 fatal toxicities (0.2%) were identified in non-ICIs group (N=7,112)



Adverse events in Neo-adj/adj

Treatment-related adverse events, including fatal toxicities, in patients with solid tumours receiving neoadjuvant and adjuvant immune checkpoint 

blockade: a systematic review and meta-analysis of randomised controlled trials

Lancet Oncol 2024; 25: 62–75.

- The addition of ICIs increased the incidence of grade 3–4 treatment-related adverse events (OR 2·73, 95% CI 1·98–3·76; p<0·0001), adverse events

leading to treatment discontinuation (3·67, 2·45–5·51; p<0·0001), and treatment-related adverse events of any grade (2·60 [1·88–3·61], p<0·0001).

- Grade 3-4 trAEs (sub-group analysis)

Clinicians should closely monitor patients for treatment-related adverse events to prevent treatment 
discontinuations and morbidity from these therapies in earlier-stage settings



Side effects that may be dangerous during surgery

ICI-induced adrenal insufficiency

① Occurs in 1-2% (Stage IV)

② Adrenal insufficiency is a rare but potentially serious complication 

that can occur after major surgery.

③ Mimicked prolonged postoperative fatigue : nonspecific, anorexia, 

fatigue, hyponatremia.

④ 8AM cortisol : 3ug/dL (AI), 15uld/L (r/o)

ICI-induced hypothyroidism

① The most commonly affected endocrine organ is the thyroid

② Wound healing

Surg Case Rep. 2025 Feb 1;11(1):24-0044.

Oncol Lett. 2023 Sep 29;26(5):496.





Routine monitoring (NCCN)



CMP : Glucose (4 weeks – 6/12 weeks)
TSH, free T4 : (4-6 weeks – 12 weeks) + T3 -> AM cortisol levels

Amylase, lipase : no routine monitoring 



Consider AM cortisol levels
Consider PFT with DLCO

Consider ECG, troponin, pro-BNP



Management : ASCO, ESMO, NCCN



Management

ESMO Clinical Practice Guideline

1. Diagnosis and grading of irAEs

2. Ruling out differential diagnoses (consultation specialist, biopsy)

3. Selecting the appropriate immunosuppression strategy for grade 2 events

4. Active evaluation at 72r h to adapt treatment

ASCO Guideline

Grade I : ICI is to be continued with close monitoring (Except for some neurological, hematological and cardiac toxicities, such as myocarditis.)

Grade 2 : ICIs are temporarily discontinued + Corticosteroids (0.5–1 mg/kg prednisone or equivalent) can be administered

Grade 3 : ICI suspension + Administration of high-dose corticosteroids (1–2 mg/kg prednisone or methylprednisolone, tapered over 4–6 weeks)

Grade 4 : Permanent discontinuation of ICI is recommended.

For grades 1–3, if symptoms and/or lab values revert to grade 1 or less, an ICI rechallenge can be done



Mechanism-based therapeutic managements

Immune-related adverse events in non-small cell lung cancer: Occurrence, mechanisms and therapeutic strategies

Clin. Transl. Med. 2024;14:e1613.

Mycophenolate

Cyclophosphamide

Rituximab

Infliximab

Tocilizumab



ESMO Clinical Practice Guideline



ESMO Clinical Practice Guideline



Case report

Early development of pembrolizumab-induced fulminant myositis and cardiotoxicity in a patient with metastatic thymoma

Respirol Case Rep. 2022 Aug 24;10(9):e01025.



Tarlatamab (DLL3 × CD3 T cell engager)



Bispecific T-cell Engager therapy (BiTE)

Tarlatamab

면역세포 암세포



Delta-Like Ligand 3 (DLL3) 

Leonetti A, et al. Cell Oncol (Dordr). 2019;42:261-273

Lung Cancer. 2020 Sep:147:237-243.
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Journal for ImmunoTherapy of Cancer volume 6, Article number: 56 (2018)



Cytokine Release Syndrome

While there have been a variety of grading scales used across different clinical trials prior to 2019
, the ASTCT grading scale aims to standardize definitions and grading system

CRS Parameter Grade 1 Grade 2 Grade 3 Grade 4

Fever† ≥ 38°C ≥ 38°C‡ ≥ 38°C‡ ≥ 38°C‡

With

Hypotension
None Not requiring vasopressors 

Requiring vasopressor§ with 
or without vasopressin

Requiring multiple 
vasopressors (excluding 
vasopressin)

And/or††

Hypoxia None
Requiring low-flow nasal 
cannula** or blow-by

Requiring high-flow nasal 
cannula**, facemask, 
nonrebreather mask, or 
Venturi mask

Requiring positive pressure 
(eg, CPAP, BiPAP, intubation, 
and mechanical ventilation)



Cytokine Release Syndrome

• Common symptoms: fever, hypotension, and hypoxia

• Timing

• Median Onset: 13 hours (IQR: 8-27 hours)

• Median Duration: 4 days

• Resolution in 98% of cases

CRS, n (%)

Parts 1-3
Tarlatamab

10 mg
(n = 133)

Part 1
Tarlatamab

100 mg
(n = 87)

All Grades 68 (51) 53 (61)

Grade 1 40 (30) 28 (32)

Grade 2 27 (20) 20 (23)

Grade 3 1 (1) 5 (6)

CRS was predominately grade 1 or 2 in severity 



Cytokine Release Syndrome

Management per protocol

• Supportive care such as acetaminophen, IV hydration, and glucocorticoids

CRS was generally managed with supportive care; 
additional interventions were infrequently utilized

Additional interventions 
for CRS,
n (%)

Parts 1 + 2
Tarlatamab

10 mg
(n = 99)

Part 1
Tarlatamab 100 

mg
(n = 87)

Part 3
Tarlatamab 10 mg

(n = 34)

Tocilizumab 5 (5) 9 (10) 2 (6)

IV fluid 8 (8) 8 (9) 1 (3)

Supplemental oxygen 7 (7) 8 (9) 4 (12)

Vasopressor support 1 (1) 1 (1) 0



Tarlatamab, is also expected to have limited BBB penetration under normal conditions. 

WIREs Mech Dis. 2022;14:e1576. 

Arterioscler Thromb Vasc Biol. 2020 Oct;40(10):2404-2407.)



Immune effector cell–associated neurotoxicity syndrome

Neurotoxicity Domain Grade 1 Grade 2 Grade 3 Grade 4

ICE score† 7–9 3–6 0–2 0 (patient is unarousable and unable to perform the tes
ts for grading ICE)

Depressed level of conscious
ness‡

Awakens sponta

neously

Awakens to voi

ce

Awakens only to tactile stimu

lus

Patient is unarousable or requires vigorous or repetitiv

e tactile stimuli to arouse

Stupor or coma

Seizure (any age) N/A N/A Any clinical seizure, focal or g

eneralized, that resolves rapid

ly or nonconvulsive seizures 

on EEG that resolve with inter

vention

Life-threatening prolonged seizure (> 5 min) or repe

titive clinical or electrical seizures without return to b

aseline in between

Motor weakness (any age)§ N/A N/A N/A Deep focal motor weakness, such as hemiparesis or pa

raparesis

Elevated ICP/ cerebral edem
a (any age)

N/A N/A Focal/local edema on neuroi

maging**

Diffuse cerebral edema on neuroimaging; decerebrate 

or decorticate posturing; or cranial nerve VI palsy, pap

illedema, and Cushing's triad



Immune effector cell–associated neurotoxicity syndrome

ICANS Symptoms

• Confusion, impaired attention, tremor, and

motor findings, weakness, or both

Timing

• Median Onset: 5 days

• Median Duration: 6.5 days

Management per protocol

• Follow institutional guidelines

• All grades: supportive care

• ≥ Grade 2: glucocorticoid therapy

• Grade 4: high-dose glucocorticoid treatment

AEs of interest, n (%)

Parts 1 + 2
Tarlatamab

10 mg
(n = 99)

Part 1
Tarlatamab 10

0 mg
(n = 87)

Part 3
Tarlatamab 10 

mg
(n = 34)

ICANS and associated neurologic events

Overall 7 (7) 24 (28) 4 (12)

Grade ≥ 3 severity 0 4 (5) 0

Serious 2 (2) 11 (13) 2 (6)

Leading to tarlatamab 
discontinuation

1 (1) 1 (1) 0

Fatal 0 0 0



Timing of CRS and ICANS and associated neurologic events

• CRS was largely confined to the first or second dose
• ICANS occurred infrequently overall and was predominantly observed with tarlatamab 100 mg

* * * * * *

* * * * * *

10 mg 

Tarlatamab

100 mg 

Tarlatamab





Take home message

• Immune-checkpoint  inhibitors

− There should always be a high level of suspicion.

− A watchful waiting approach is justified after discontinuation of ICI owing to irAEs.

• Tarlatamab

− CRS was predominately grade 1 or 2.

− CRS was generally managed with supportive care.

− ICANS occurred infrequently overall and was predominantly observed with tarlatamab 100 mg 



감사합니다


	슬라이드 1: Management of Adverse Events Following Medical Treatment
	슬라이드 2
	슬라이드 3
	슬라이드 4
	슬라이드 5
	슬라이드 6
	슬라이드 7
	슬라이드 8
	슬라이드 9
	슬라이드 10
	슬라이드 11
	슬라이드 12
	슬라이드 13
	슬라이드 15
	슬라이드 16
	슬라이드 17: Moving Immunotherapy Into the Treatment of Resectable Non–Small Cell Lung Cancer
	슬라이드 18
	슬라이드 19
	슬라이드 20
	슬라이드 21
	슬라이드 22: Routine monitoring (NCCN)
	슬라이드 23
	슬라이드 24
	슬라이드 25: Management : ASCO, ESMO, NCCN
	슬라이드 26
	슬라이드 27
	슬라이드 29
	슬라이드 30
	슬라이드 31
	슬라이드 32: Tarlatamab (DLL3 × CD3 T cell engager)
	슬라이드 33: Bispecific T-cell Engager therapy (BiTE)
	슬라이드 34: Delta-Like Ligand 3 (DLL3) 
	슬라이드 35: Tarlatamab
	슬라이드 36
	슬라이드 37
	슬라이드 38: Cytokine Release Syndrome
	슬라이드 39: Cytokine Release Syndrome
	슬라이드 40: Cytokine Release Syndrome
	슬라이드 41
	슬라이드 42: Immune effector cell–associated neurotoxicity syndrome
	슬라이드 43: Immune effector cell–associated neurotoxicity syndrome
	슬라이드 44: Timing of CRS and ICANS and associated neurologic events
	슬라이드 45
	슬라이드 46: Take home message
	슬라이드 47: 감사합니다

