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“PRINCIPLES” of irAEs management

小
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General principles in irAE management

I. The incidence of irAE



Overall AEs as compared with CT

AE(s) Pembrolizumab1,2

(KN-024 & 042, n = 1555)
Nivolumab + Ipilimumab3

(CM-227, n = 1146)
Atezolizumab4

(IMPower110,  n = 572)
IO CT IO + IO CT IO CT

Any grade 512 (64.8) 688 (89.9) 442 (76.7) 467 (81.9) 258 (90.2) 249 (94.7)
Grade 3-5 154 (19.5) 331 (43.3) 189 (32.8) 205 (36.0) 97 (33.9) 149 (56.7)

1Reck M et al. N Engl J Med 2016; 375:1823-33. 2Mok T et al. Lancet 2019; 393:1819-30.
3Hellmann MD et al. N Engl J Med 2019; 381:2020-31. 4Herbst RS et al. N Engl J Med 2020; 383:1328-39.

Less all grade AEs and less grade 3-5 AEs as compared with chemotherapy 



Spectrum of irAE
Almost whole body can be affected

Martins F et al. Nat Rev Clin Oncol 2019; 16:563-80.



Anti-PD-1: Pembrolizumab (1L)

irAE(s) Any Grade Grade 3-5

Any 45 (29.2) 15 (9.7)

Hypothyroidism 14 (9.1) 0

Hyperthyroidism 12 (7.8) 0

Pneumonitis 9 (5.8) 4 (2.6)

Infusion reaction 7 (4.5) 0

Severe skin reaction 6 (3.9) 6 (3.9)

Thyroiditis 4 (2.6) 0

Colitis 3 (1.9) 2 (1.3)

Myositis 3 (1.9) 0

Hypophysitis 1 (0.6) 1 (0.6)

Nephritis 1 (0.6) 1 (0.6)

Pancreatitis 1 (0.6) 1 (0.6)

Type 1 diabetes mellitus 1 (0.6) 1 (0.6)

KN-024 Pembrolizumab (n = 154)1

irAE(s) Any Grade Grade 3-5

Any 177 (28) 51 (8)

Hypothyroidism 77 (12) 1 (<1)

Pneumonitis 53 (8) 22 (3)

Hyperthyroidism 39 (6) 1 (<1)

Severe skin reaction 15 (2) 11 (2)

Infusion reaction 10 (2) 1 (<1)

Thyroiditis 10 (2) 0

Hepatitis 9 (1) 7 (1)

Colitis 7 (1) 4 (<1)

Adrenal insufficiency 4 (<1) 2 (<1)

Hypophysitis 3 (<1) 3 (<1)

Nephritis 3 (<1) 1 (<1)

Myocarditis 1 (<1) 1 (<1)

Pancreatitis 1 (<1) 0

KN-042 Pembrolizumab (n = 637)2

1Reck M et al. N Engl J Med 2016; 375:1823-33. 2Mok T et al. Lancet 2019; 393:1819-30.

1 died

*Death due to pneumonitis 1/13 in experimental arm. 
*No grade 5 irAE. 



Anti-PD-1: Nivolumab (1L)

CM-227 Nivolumab (n = 576 and 391)1

irAE(s)
Nivolumab + Ipilimumab Nivolumab
Any grade Grade 3-5 Any grade Grade 3-5

Skin 196 (34.0) 24 (4.2) 83 (21.2) 4 (1.0)

Endocrine 137 (23.8) 24 (4.2) 51 (13.0) 2 (0.5)

Gastrointestinal 105 (18.2) 14 (2.4) 50 (12.8) 4 (1.0)

Hepatic 91 (15.8) 47 (8.2) 42 (10.7) 15 (3.8)
Pulmonary 48 (8.3) 19 (3.3) 30 (7.7) 6 (1.5)

Renal 25 (4.3) 4 (0.7) 6 (1.5) 3 (0.8)

Infusion reaction 23 (4.0) 0 17 (4.3) 2 (0.5)

CM-9LA Nivolumab (n = 358)2

1Hellmann MD et al. N Engl J Med 2019; 381:2020-31.
2Luis Paz-Ares et al. Lancet Oncol 2021; 22:198-211.

irAE(s)
Nivolumab + Ipilimumab
Any grade Grade 3-5

Skin 129 (36.0) 16 (4.5)
Endocrine 82 (22,9) 10 (2.8)

Gastrointestinal 62 (17.3) 20 (5.6)
Hepatic 35 (9.8) 16 (4.5)
Renal 18 (5.0) 7 (2.0)

Pulmonary 13 (3.6) 6 (1.7)

Infusion reaction 16 (4.5) 2 (0.6)

*Death due to pneumonitis 4/8 in Nivo/Ipi arm and 1/2 in Nivo arm. *Death due to pneumonitis 1/7 in experimental arm. 

1 died

4&1 died



Anti-PD-L1: Atezolizumab (1L)

IMpower110: Atezolizumab (n = 286)1

irAE(s) Any grade Grade 3-5
Any 115 (40.2) 19 (6.6)

Hepatitis 46 (16.1) 12 (4.2)
Skin rash 44 (15.4) 3 (1.0)
Hypothyroidism 27 (9.4) 0

Hyperthyroidism 13 (4.5) 0

Pneumonitis 11 (3.8) 2 (0.7)

Infusion-related reaction 4 (1.4) 0

Colitis 3 (1.0) 2 (0.7)

1Herbst RS et al. N Engl J Med 2020; 383:1328-39.

*Grade 5 AE of any cause: 11 (no Grade 5 irAE). 



Anti-PD-L1: Durvalumab (1L)

1Rizvi NA et al. JAMA Oncol 2020; 6:661-74.
2Antonia SJ et al. N Engl J Med 2017; 337:1919-29.

irAE(s) Any grade Grade 3-5

Any 50 (13.6) 16 (4.3)

Hypothyroidism 21 (5.7) 2 (0.5)

Pneumonitis 8 (2.2) 5 (1.4)

Diarrhea 7 (1.9) 1 (0.3)

Skin rash 5 (1.4) 4 (1.1)

Colitis 2 (0.5) 1 (0.3)

Adrenal insufficiency 1 (0.3) 1 (0.3)

Hyperthyroidism 4 (1.1) 0

Hepatitis 1 (0.3) 1 (0.3)

Pancreatic laboratory parameters 2 (0.5) 1 (0.3)

Dermatitis 2 (0.5) 0

Hepatic laboratory parameters 2 (0.5) 1 (0.3)

Hypophysitis 0 0

Nephritis 0 0

Thyroid laboratory parameters 2 (0.5) 0

Type 1 diabetes mellitus 0 0

Other rare 2 (0.5) 1 (0.3)

MYSTIC: Durvalumab (n = 369)1 PACIFIC: Durvalumab (n = 475)2

irAE(s) Any grade Grade 3-5

Any 115 (24.2) 20 (4.2)

Pneumonitis 51 (10.7) 8 (1.7)

Hypothyroidism 44 (9.3) 1 (0.2)

Hyperthyroidism 13 (2.7) 0

Skin rash 5 (1.1) 2 (0.4)

Dermatitis 5 (1.1) 0

*21 patients with Gr. 5 AE of any causes; 4 with pneumonitis.

1 died

4 died

*Death due to pneumonitis 1/2 in experimental arm. 



General principles in irAE management

I. The incidence of irAE

• The overall AEs (any grade & grade 3-5) are less in IO than in chemotherapy.
• The incidence of irAE is approximately 25-40% with all grades and  5-10% with grade 3-5.
• The most common irAEs are endocrinopathy (esp. thyroid), pneumonitis, skin toxicity, and hepatitis.
• The most common grade 3-5 irAEs are pneumonitis, skin toxicity, and hepatitis. 
• AE lead to death is rare; of them, pneumonitis is the most common cause (~20%). 



General principles in irAE management

All grade ~25-40%, grade 3-5 ~5-10%I. The incidence of irAE

II. Risk factors of irAE



Comparisons between regimens

Xu C et al. BMJ 2018; 363:k4226.

Meta-analysis of 36 comparative 
phase II and III RCTs (n = 15,370)

• The pooled odds ratios and 95% credibility intervals indicate the
result of the top treatment compared with the bottom treatment.

• Conventional therapy: C/T, targeted therapy or combinations.
• network meta-analysis (NMA)



Comparisons between regimens

Xu C et al. BMJ 2018; 363:k4226.

Subgroup analysis: lung cancer



Comparisons between regimens

Xu C et al. BMJ 2018; 363:k4226.

Atezolizumab: hypothyroidism, nausea, and vomiting.

Pembrolizumab: arthralgia, pneumonitis, and hepatic toxicities. 

Nivolumab: endocrine toxicities. 

Ipilimumab: skin, gastrointestinal, and renal toxicities. 

Higher risks of certain AE profiles of IO regimens



Risk factors for irAEs: retrospective study
Patients who received pembrolizumab at Samsung Medical Center (2015-2917), n = 391

54% of patients were lung cancer

67 (17.1%) with clinically significant irAEs

Eun Y et al. Sci Rep 2019; 9:14039.



Risk factors for irAEs: retrospective study

• N = 75 patients: lung cancer (70%), urothelial cancer (12%), HCC (6%), and RCC (5%)
• 31 patients (42%) had irAE

• Most common irAE: endocrine dysfunction, skin toxicity, and pneumonitis

Factor aOR 95% CI P value
Female 3.72 1.15-12.83 0.037
Lung adenocarcinoma 3.94 1.12-13.79 0.032
Allergy history 17.04 1.57-191.55 0.022
Autoimmune disease 16.88 2.75-103.48 0.002

Parmanande AQ et al. Ann Oncol 2019; 30:Suppl 11, X121.



Risk factors of pneumonitis

Cadranel J et al. Eur Respir Rev 2019; 28:190058.

ICI-P in phase-III trials



Risk factors of pneumonitis

Cadranel J et al. Eur Respir Rev 2019; 28:190058.

ICI-P in phase-III lung cancer trials



Risk factors of pneumonitis

Cadranel J et al. Eur Respir Rev 2019; 28:190058.

Immune checkpoint inhibitor-related pneumonitis (ICI-P)
Characteristics Comments
Frequency of ICI-P 5th cause of irAEs after skin toxicities, hepatitis, 

thyroiditis, and colitis
2.6-4.8% all grade; 0.6-2.0% for grades ≥ 3

Increased risk of pneumonitis in NSCLC Relative risk all grades: 1.33-1.43
Increased risk of pneumonitis compared to CT Relative risk all grades: 2.35-5.17

Relative risk grades ≥	3:	1-4.19
Increased risk of ICI-P with anti-PD-1/PD-L1 versus 
anti-CTLA-4 inhibitors

Relative risk all grades: 3.47-6.4

Increased risk of ICI-P with ICI/ICI  combotherapy
versus ICI monotherapy

Relative risk all grades: 3.48-3.68

Fatal ICI-P Primary cause of lethal irAEs: 35% of deaths
13% fatality rate

Other reported risk factors Age, prior ILD, SqCC, male



Biomarkers of irAEs
Possible mechanisms of nonspecific biomarkers of irAEs. 

Xia XH et al. J Exp Clin Cancer Res 2020; 39:284.

• Majorities with small case numbers
• Reality & underlying mechanisms are not yet confirmed
• Useful in clinical practice ??



PD-L1 expression and AEs

1Hellmann MD et al. N Engl J Med 2019; 381:2020-31.
2Cho JY et al. Lung Cancer 2018; 125:150-6.

PD-L1 ≥ 1% PD-L1 < 1%
N = 391 N = 185

Any Grade Grade 3-4 Any Grade Grade 3-4
302 (77.2) 139 (35.5) 140 (75.7) 50 (27.0)

CM-227 study (Nivolumab + Ipilimumab)1

The AEs according to PD-L1 expression level were similar to that in overall population.

Without ICI-P
(n = 145)

With ICI-P
(n = 22)

P value

PD-L1 > 0% (22C3) 35/46 (76.1%) 5/6 (83.3%) 1.000
PD-L1 > 0% (SP263) 17/22 (77.3%) 5/6 (83.3%) 1.000

Cho JY et al. Risk factors of ICI-P (Korea, all NSCLC)2



General principles in irAE management

All grade ~25-40%, grade 3-5 ~5-10%I. The incidence of irAE

II. Risk factors of irAE

• Different IO regimens may have various risks and preferred types of irAEs; Combo > Mono.
• Overall AE: anti-CTLA4 > anti-PD-1/PD-L1 (Pembrolizumab, Nivolumab, Atezolizumab).
• Other factors: BMI, IO cycles, NLR, female, lung cancer, allergy, autoimmune disease. (!?)
• Other biomarkers: not yet conclusive and clinically useful. (!?)
• Pneumonitis: lung cancer & IO per se, anti-PD-1/PD-L1 > anti-CTLA4, combotherapy.



General principles in irAE management

All grade ~25-40%, grade 3-5 ~5-10%

Some factors had been reported but few would impact the practice

I. The incidence of irAE

II. Risk factors of irAE

III. Prognostic role of irAE



Prognostic role of irAEs: positive
N = 623 NSCLC patients receiving IO
Multi-system irAEs: pneumonitis/thyroiditis (14%), hepatitis/thyroiditis (10%), dermatitis/pneumonitis (10%)

Shankar B et al. JAMA Oncol 2020; 6:1952-6.



Prognostic role of irAEs: negative
N = 436 cancer patients receiving anti-PD1/PD-L1 treatment (49.1% with lung cancer)
Early irAEs (≤ 12 months); late irAEs (> 12 months).

Nigro O et al. Eur J Cancer 2020; 134:19-28.

Time-adjusted cumulative hazard plot over time

PD based on early irAEs

0.63 (95% CI 0.30-1.29)

Death based on early irAEs

0.79 (95% CI 0.34-1.86)

Death based on late irAEs

0.92 (95% CI 0.49-1.74)

PD based on late irAEs

0.75 (95% CI 0.37-1.56)



General principles in irAE management

All grade ~25-40%, grade 3-5 ~5-10%

Some factors had been reported but few would impact the practice

I. The incidence of irAE

II. Risk factors of irAE

III. Prognostic role of irAE

• Many studies suggested that the presence of irAEs was associated with a better outcome.
• But some studies reported that no significant prognostic role or irAEs.
• Currently, it is still not conclusive and we would not look forward the irAEs developing in our patients.



General principles in irAE management

All grade ~25-40%, grade 3-5 ~5-10%

Some factors had been reported but few would impact the practice

Some studies showed positive correlation of irAEs with outcome

I. The incidence of irAE

II. Risk factors of irAE

III. Prognostic role of irAE

IV. Diagnosis of irAE



As you decide to prescribe IO, the risks exist
Currently, NO documented strategy to prevent irAEs

Premedication with corticosteroid is NOT feasible!

Efficacy of PD-(L)1 blockade in patients on baseline steroids

N = 455 NSCLC patients at Memorial Sloan Kettering Cancer Center & Gustave Roussy Cancer Center. Arbour KC et al. J Clin Oncol 2018; 36:2872-8.



Pre-IO therapy assessment (NCCN)
Clinical
• Review of symptoms and physical examination
• Oxygen saturation

Laboratory tests
• CBC with differential
• Infectious disease screen (HIV, hepatitis)
• Thyroid function
• Serum cortisol

Images
• Cross-sectional imaging
• Brain MRI (if indicated)

Other tests
• PFT with DLCO for high risk patients
• Baseline ECG



Pre-IO therapy assessment (SITC)

Puzanov I et al. J ImmunoThera Cancer 2017:5:95.

What’s more than NCCN suggestions?

• HbA1c
• CK
• CMV Ab, T-spot test
• Fasting lipid profile
• Troponin I or T

• (ACTH)
• (BNP or NT pro-BNP)
• (6MWT)
*( ): additional tests in patients with pre-existing diseases/risks



Monitoring frequency (NCCN)

Clinical

Imaging

General bloodwork

Dermatologic

Pancreatic

Thyroid

Pituitary/Adrenal

Pulmonary

Cardiovascular

Musculoskeletal

• Clinical exam/symptom assessment play the main role during F/U

• Images: periodic follow up

• General bloodwork: prior to each Tx. or every 4 weeks

• Hormones: every 4-6 weeks during IO treatment

• Closer monitoring may be required for patients with combotherapy



How to make the irAEs diagnosis ?

History of IO 
Treatment



Possible kinetics of major irAE(s)

Martins F et al. Nat Rev Clin Oncol 2019; 16:563-80.

Anti-PD-1 or Anti-PD-L1 treatment

Ipilimumab plus anti-PD-1 treatment

Skin

Colitis

Endocrine

Hepatitis

Pneumonitis

Nephritis



irAEs may develop late in the course of Tx.

Ernstoff M et al. Future Oncol 2017; 153:1162-5.
Puzanov I et al. J ImmunoThera Cancer 2017:5:95.

irAEs: even months or years after discontinuation of treatment (SITC guideline)



How to make the irAEs diagnosis ?

History of IO 
Treatment

Symptoms/Signs
of irAEs



Possible symptoms/signs of irAEs

*Majorities are non-specific !!!! 



How to make the irAEs diagnosis ?

History of IO 
Treatment

Symptoms/Signs
of irAEs

Diagnostic workup
(Lab., images, Bx.)



Role of biopsy in irAEs management

Brahmer JR et al. J Clin Oncol 2018; 36:1714-68.

• Possible sites of biopsy: skin, bowel, liver, lung, muscle, temporal artery, kidney, bone
marrow, endomyocardium.

• Majorities are optional.

• Help in confirming the diagnosis.
• To rule out other differential diagnosis.
• Predict the treatment outcome (e.g. the presence of ulceration in the colon can predict a

corticosteroid-refractory course, which may require early infliximab).

• Careful benefit-risk analysis: will it lead to a change of management ???



How to make the irAEs diagnosis ?

History of IO 
Treatment

Symptoms/Signs
of irAEs

Diagnostic workup
(Lab., images, Bx.)

EXCLUSION of 
other possibilities



Algorithm for management of suspected ICI-P

Cadranel J et al. Eur Respir Rev 2019; 28:190058.



General principles in irAE management

All grade ~25-40%, grade 3-5 ~5-10%

Some factors had been reported but few would impact the practice

Some studies showed positive correlation of irAEs with outcome

I. The incidence of irAE

II. Risk factors of irAE

III. Prognostic role of irAE

IV. Diagnosis of irAE

• No definite prevention strategy; corticosteroid premedication is not suitable.
• The kinetics of irAEs may provide a clue for clinicians to expect the presence of the illness.
• Diagnosis is made based on history of IO treatment, presence of S/Ss, diagnostic workup and, mostly

importantly, exclusion of other possibilities.



General principles in irAE management

All grade ~25-40%, grade 3-5 ~5-10%

Some factors had been reported but few would impact the practice

Some studies showed positive correlation of irAEs with outcome

IO exposure – S/Ss – Diagnostic workup – Exclusion of D.D.

I. The incidence of irAE

II. Risk factors of irAE

III. Prognostic role of irAE

IV. Diagnosis of irAE

V. Treatment of irAE



Guidelines of irAEs management

ASCO 2018 NCCN 2021 SITC 2017 ESMO 2017



Principle of irAEs treatment
• Inform possible irAEs before treatment
• Prompt recognition and diagnostic workups
• Discontinue IO treatment in patients with severe irAEs
• Management of irAEs relies heavily on corticosteroids 
• Other immunomodulatory agents may be needed
• Steroid taper: longer steroid taper (> 4wks, sometimes 6-8wks or longer)
• Potential short and long-term complications of treatment (infection)
• Treatment should be individualized
• Additional considerations: PJP prophylaxis, PPI, calcium/vitamin D, 

fluconazole



General guidance of corticosteroid use in irAEs (STIC) 

Puzanov I et al. J ImmunoThera Cancer 2017:5:95.
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All grade ~25-40%, grade 3-5 ~5-10%

Some factors had been reported but few would impact the practice
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IO exposure – S/Ss – Diagnostic workup – Exclusion of D.D.

Hold IO, corticosteroid, taper slowly, F/U other complications
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IV. Diagnosis of irAE

V. Treatment of irAE
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IO exposure – S/Ss – Diagnostic workup – Exclusion of D.D.

Hold IO, corticosteroid, taper slowly, F/U other complications
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IV. Diagnosis of irAE

V. Treatment of irAE

VI. Re-challenge of IO



Safety and outcome of IO resumption

Santini FC et al. Cancer Immunol Res 2018; 6:1093.

For patients with PR prior to initial 
irAE (n = 20), resumption or not did 

not matter the PFS/OS

60% of recurrent irAEs ≤ Gr. 2
85% improved to Gr. 1 after Tx.

Tx.-related death n = 2

482 NSCLC patients
Anti-PD-(L)1 therapy

68 (14%) with serious irAE
(MSKCC)



Principle of immunotherapy rechallenge
• Consider permanent discontinuation in the setting of severe irAEs (e.g. Gr. 3 or more).
• Resumption of IO following Gr. 2 irAEs can be considered upon resolution to ≤ Gr. 1.
• More closer follow up while resuming IO.
• If toxicity returns, permanently discontinue the class of IO.
• Assess patient’s tumor status before rechallenge (objective response à risk of

toxicity recurrence).
• Shift to another class of IO (e.g. change from anti-CTLA4 to anti-PD(L)-1).
• Consult with organ-specific specialists.
• Resumption may not be advisable: e.g. GBS, transverse myelitis.
• Dose reductions of IO are NOT recommended.



General principles in irAE management

All grade ~25-40%, grade 3-5 ~5-10%

Some factors had been reported but few would impact the practice

Some studies showed positive correlation of irAEs with outcome

IO exposure – S/Ss – Diagnostic workup – Exclusion of D.D.

Hold IO, corticosteroid, taper slowly, F/U other complications

In some condition, IO resumption may be offered but be cautious

I. The incidence of irAE

II. Risk factors of irAE

III. Prognostic role of irAE

IV. Diagnosis of irAE

V. Treatment of irAE

VI. Re-challenge of IO



Conclusion: “PRINCIPLES” of irAE management

小
心

Right patients

Subjects who are more 
likely to benefit from IO

Right regimen

Combo or monotherapy 
More ≠ Better

Screen & Dx.
IO exposure

Symptoms/signs
Diagnostic workups

Exclusion 

Prompt Tx.
Severity assessment
Discontinue IO
Corticosteroid/more
F/U complications
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