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SECTION 1. GENERAL ASPECTS OF IMMUNE-RELATED ADVERSE EVENT 

MANAGEMENT 

Providing patient education 

Comprehensive patient education is an essential element of toxicity management 

and high-quality cancer care.1 Enhanced awareness of the expected and possible 

immune-related adverse events (irAEs) improves coping skills and resilience in 

patients, leading to treatment adherence and improved health outcomes.2 For 

effective management of irAEs, early recognition and treatment initiation are 

essential.2 Occurrence or worsening of new symptoms should be reported 

immediately. Patients should avoid self-management without coordination with their 

oncology team.3 Patients must also be informed that irAEs can occur at any time and 

even after treatment cessation.  

Routine baseline screening before immune checkpoint inhibitor initiation 

A rigorous clinical examination including medical history for autoimmune disease 

(AD), infectious, endocrine and organ-specific diseases, thromboembolic events, 

frequency of bowel movements and stool consistency, is advised before immune 

checkpoint inhibitor (ICI) therapy initiation (Supplementary Table S3). As effective 

management of severe irAEs depends on early recognition and prompt initiation of 

immune suppression (IS), providing IS at the lowest dose and for the shortest period 

is the main objective. To address this important challenge, it is essential to apply 

routine screening using efficient and low-cost biomarkers at baseline to serve as a 

reference for any new abnormality occurring during ICI therapy. 

Routine monitoring during treatment: a personalised surveillance strategy 

according to baseline variations 
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Reducing morbidity and mortality from (life-threatening) toxicities is the main 

objective. Early identification and management lead to less morbidity and mortality. 

During ICI treatment, a continuous surveillance strategy is proposed to enable early 

detection of life-threatening irAEs such as immune-related (IR)-myocarditis, IR-

myositis, IR-haemophagocytic lymphohistiocytosis (IR-HLH)4 and IR-hyperglycaemic 

crisis, especially in patients treated with anti-programmed cell death protein 1 (PD-1) 

or anti-programmed death-ligand 1 (PD-L1) therapy in combination with anti-

cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) therapy (Supplementary 

Table S3). These recommendations aim to further improve the early detection of 

irAEs and prompt appropriate management to forestall a potentially lethal evolution 

and to attenuate the requirement for an intensive IS strategy. 

General guidance for immunosuppression 

A summary is provided in Supplementary Table S2. Wherever possible, ICI therapy 

should be continued with close active monitoring for grade 1 irAEs, with the few rare 

exceptions of some cardiac and neurological toxicities that require an immediate 

treatment hold. In general, corticosteroids (CSs) are the mainstay of treatment for 

high-grade irAEs, with the dose increasing according to irAE grade. For grade ≥2-3 

irAEs, withholding ICI therapy and starting prednisolone 0.5-1 mg/kg/day therapy (or 

equivalent) with careful monitoring of symptoms and laboratory abnormalities is 

recommended. Grade 3 toxicities generally require high-dose CSs (prednisolone 1-2 

mg/kg/day or methylprednisolone 1-2 mg/kg/day). Tapering of CSs should be 

considered after 48 hours (h) of consistent symptom improvement at the earliest. For 

severe irAEs, a slow CS tapering over 4-6 weeks is recommended to adequately 

treat the irAE and avoid recurrence.  

Outpatient versus inpatient 

In general, grade ≤2 irAEs are managed by ambulatory care except for irAEs such 

as IR-myocarditis, IR-dyspnoea and neurological irAEs involving the central nervous 

system or myasthenic syndromes, which should be managed in hospital with the 

involvement of a multidisciplinary team (MDT). A medical specialist should be 

consulted in patients with grade ≥3 irAEs. For patients with severe irAEs not 

responsive to CSs within 48-72 h, initiation of an additional immunosuppressant 
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agent is strongly recommended. Symptoms such as severe weakness, dyspnoea, 

cough, fever, visual loss and heart palpitations should be considered emergency 

symptoms requiring hospitalisation and a full clinical work-up, including the exclusion 

of IR-adrenal insufficiency, pneumonitis, myocarditis, IR-HLH, hypophysitis and other 

reasonable differential diagnoses. 

CS-refractory patients 

Severe or CS-refractory irAEs should be managed with MDTs and may require 

administration of additional IS.5 For patients with severe irAEs (i.e. grade 3 or 4) not 

responsive to CSs within 48-72 h, it is important not to delay the work-up to rule out 

other differential diagnoses before starting additional IS. Close monitoring and 

follow-up should be carried out to assess for response to IS.5  

Resuming ICI or rechallenge strategy 

Three scenarios of ICI resumption are possible: 

• Class switch from anti-PD-(L)1 to anti-CTLA-4 therapy, or vice versa. 

• A rechallenge scenario with the reintroduction of the same class agent or the 

same molecule (i.e. ICI resumption). 

• A secondary prevention scenario where ICI therapy is resumed concomitantly 

with immunosuppressive therapy. For this scenario, available data are still very 

limited but interesting reports have been published.6 

Patients with specific conditions 

Patients with a history of ADs.7 Patients with a history of AD have an increased 

chance for a flare of the AD following initiation of ICI. One can distinguish patients 

with an active AD requiring IS treatment and patients with a history of AD who are 

asymptomatic without treatment. The latter group may undergo treatment with ICI 

therapy, but patients should be fully aware of the risks and should report immediately 

when AD symptoms start.  

Patients who are receiving IS for their AD could, depending on the IS and dose (non-

specific or targeted), undergo tapering of the IS (e.g. to prednisone 10 mg) or switch 

to a biological disease-modifying antirheumatic drug before ICI treatment is initiated. 
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This treatment could be continued during ICI therapy to keep the AD and a potential 

flare under control. 

Patients with a history of chronic infection.8 Patients with a history of chronic 

infection, especially those with chronic hepatitis B or C or human immunodeficiency 

virus (HIV) can be treated with ICI therapy. Importantly, patients with HIV should be 

on anti-retroviral therapy with low HIV copy number. The level of circulating T cells 

may impact on the outcome to ICI therapy. Objective responses have been 

documented in patients with these chronic infections and appear similar to patients 

without these underlying diseases. 

Solid organ transplant recipients.7 Recipients of solid organ transplants are 

considered high-risk for organ transplant rejection if ICI therapy is initiated. Up to 

50% of patients will undergo transplant rejection, usually occurring within the first few 

weeks after initiating ICI therapy. Patients with kidney transplants must be 

counselled for the possibility of dialysis before initiation of ICI treatment. In general, 

ICI therapy initiation should be discussed in a broad MDT including organ transplant 

specialists and organ specialists; initiating ICI therapy should also be discussed with 

the patient on a case-by-case basis. 

Haematopoietic stem cell transplant recipients.9 Haematopoietic stem cell 

transplant (HSCT) recipients, especially allogeneic HSCT recipients, can be treated 

with ICI therapy. In case of active Graft-versus-Host Disease (GvHD) requiring 

immunosuppressive treatment or shortly after autologous HSCT, patients may have 

a low chance of responding to ICI therapy. Patients without IS treatment may 

develop GvHD-like adverse events (AEs) following ICI treatment. Patients should be 

carefully informed of the potential risks and benefits. 

Pregnancy and breast-feeding.10 Patients who are pregnant and require ICI 

treatment must be informed about a higher chance of spontaneous abortion as PD-

L1 is highly expressed on trophoblast and decidual stroma cells in the placenta. 

Also, PD-1 on lymphocytes is upregulated during pregnancy. Depending on the 

trimester of pregnancy, the possibility for an earlier induced labour should be 

strongly considered before initiation of ICI.11 
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Elderly patients.12 Elderly patients can undergo ICI treatment, but as many may 

have comorbidities or a poorer performance status compared with younger patients, 

coping with severe irAEs may be more challenging. Therefore, especially for patients 

receiving combination ICI therapy with ipilimumab–nivolumab, lower-dose 

ipilimumab, fewer cycles of ipilimumab or a longer interval between ipilimumab 

doses could be considered. Elderly patients have an equal chance of responding to 

ICI as younger patients. 

SECTION 2. IR-SKIN TOXICITY 

IR-skin toxicity management 

The Common Terminology Criteria for Adverse Events (CTCAE) version 5.0 has 

adapted its grading for rashes to reflect the reality of the clinic and the severity of the 

symptoms. Patients with a rash that involves >30% of the body surface area (BSA) 

with or without mild symptoms are now graded as 2 whereas those with a rash 

covering >30% of the BSA with moderate or severe symptoms are graded as 3 (in 

the previous version, grade 3 was applied for all patients with a rash involving >30% 

of the BSA). As clinicians are not generally concerned by patients with a very mild 

rash, even if it involves a large proportion of the BSA, they can usually remain on 

treatment with symptomatic measures.  

A bullous pemphigoid (BP; which can present as an isolated pruritis) should be 

excluded by direct immunofluorescence carried out on a skin biopsy and 

measurement of anti-basal membrane autoantibodies. 

Maculopapular rash management 

• Grade 1: topical CSs (mild to moderate) twice a day; oral antihistamines for 

itching 

• Grade 2: topical CSs (strong) or systemic CSs 0.5-1 mg/kg if refractory 

• Grade 3: withhold ICI; topical CSs (strong) or systemic CSs 1 mg/kg if refractory 

• Grade 4: withhold ICI; intravenous (i.v.) high-dose CSs; consider additional 

therapies such as anti-tumour necrosis factor (TNF) or anti-interleukin (IL)-6.  
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Severe AEs should be referred to a dermatologist and consideration given to specific 

treatments, such as disulone for BP. 

Systemic CSs that are usually not indicated for psoriasis outside of ICI therapy 

should be used with caution because of the high risk of rebound after stopping the 

CS treatment. Topical CSs and topical vitamin D, as well as systemic retinoids, anti-

IL-12 and anti-IL-23, should be considered first.  

SECTION 3. IR-ENDOCRINOPATHIES 

Diagnosis and management of thyroid disorders 

Symptoms of thyroid dysfunction can be non-specific, and they may include fatigue, 

weight gain and constipation for hypothyroidism or palpitations, tremor and diarrhoea 

for hyperthyroidism. Most cases are diagnosed during routine monitoring of thyroid 

function tests (TFTs) which is indicated every 3-6 weeks during ICI therapy. 

Interpretation of TFTs is detailed in Figure 2.  

Assessment of anti-thyroid antibodies does not change management and is not 

routinely required. If hyperthyroidism is persistent, evaluation of anti-thyroid-

stimulating hormone receptor antibodies and imaging exclusion of Graves disease is 

recommended, noting that antibodies may be negative.13  

ICI therapy should only be withheld in cases of symptomatic thyrotoxicosis. For 

persistent hypothyroidism, long-term levothyroxine substitution should be initiated. 

Supportive management with beta blockers is sufficient in most cases of 

thyrotoxicosis, although prednisolone 0.5-1 mg/kg or equivalent may be required for 

more severe, symptomatic cases (Figure 2). 

Diagnosis and management of IR-hypophysitis 

IR-hypophysitis often presents with clinical symptoms related to pituitary oedema 

such as headache and, very rarely, visual field loss from optic chiasm compression. 

Many patients, however, present with symptoms of central adrenal insufficiency 

(fatigue nausea, vomiting, weakness, headache or hypotension) and, less frequently, 

with symptoms of central hypothyroidism, diabetes insipidus and hypogonadism. 
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In cases presenting with headache or visual loss, a brain magnetic resonance 

imaging (MRI) scan is important to exclude metastases and cerebrovascular disease 

and often reveals an enlarged pituitary gland. A normal sized pituitary gland, 

however, does not exclude the diagnosis in the presence of a consistent endocrine 

profile. Replacement therapy should be provided for multiple deficiencies when 

affected, most importantly for cortisol deficiency (Figure 3). 

Withholding ICI therapy and initiating high-dose steroids (e.g. 1 mg/kg/day 

prednisolone or equivalent) is only recommended in the presence of severe 

compressive symptoms such as headache, visual disturbance or adrenal crisis.14 ICI 

therapy may be restarted once endocrine replacement is stabilised. While recovery 

of the thyroid and gonadal axes has been described in 24% and 58% of patients, 

respectively, adrenal axis damage appears permanent.15  

Diagnosis and management of IR-diabetes mellitus 

Initial presentation can be asymptomatic or symptomatic, with symptoms such as 

fatigue, nausea, vomiting, weight loss, polyuria or polydipsia or even fulminant with 

diabetic ketoacidosis (DKA). Diagnostic work-up should include fasting blood 

glucose, glycated haemoglobin (HbA1c), anti-islet cell antibodies, anti-glutamic acid 

decarboxylase antibodies, urinary ketones and anion gap on a metabolic panel ± 

blood pH (Supplementary Figure S1). Results suggestive of a type 1 diabetes 

mellitus diagnosis are hyperglycaemia with a low C-peptide or positive 

autoantibodies; hyperglycaemia with acidosis and ketosis indicates DKA.16 Regular 

monitoring of glucose levels and/or HbA1c is indicated during treatment. 

Management consists of insulin replacement; high-dose steroid therapy is not 

recommended. Key DKA management points include i.v. insulin, correction of fluid 

loss with i.v. fluids and close monitoring of serum potassium.  

Diagnosis and management of IR-primary adrenal insufficiency 

Diagnostic work-up should include morning cortisol and paired adrenocorticotrophic 

hormone (ACTH), electrolyte profile, synacthen test and anti-21 hydroxylase 

antibodies (optional; not usually positive) (Supplementary Figure S2). However, in 

clinically suspected cases of adrenal insufficiency where patients are unwell, 

diagnostic tests should not delay the initiation of empiric CS therapy. Results 
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suggestive of a positive diagnosis include low or inappropriately normal cortisol with 

elevated ACTH or failure to mount an appropriate cortisol response during synacthen 

test and hyponatraemia and/or hyperkalaemia.  

Early recognition and initiation of CSs is vital, either at replacement doses in patients 

who are stable (i.e. hydrocortisone 20 mg mane, 10 mg midi) or at stress doses (i.e. 

50-100 mg i.v. hydrocortisone four times daily) in those who are unwell, including an 

Addison crisis, acute surgery, severe infection, etc. Fludrocortisone replacement is 

also warranted, unlike in secondary adrenal insufficiency (e.g. from hypophysitis).  

SECTION 4. IR-HEPATOTOXICITY 

Management of IR-hepatotoxicity 

For grade 1 liver injury, monitoring of liver enzymes every 1-2 weeks will usually 

suffice, with no need to withhold ICI therapy unless there is a trend towards a higher 

grade. In the event of moderate (grade 2) liver injury, ICI therapy should be 

temporarily withheld, and transaminases and bilirubin should be measured twice 

weekly. Persistent grade 2 elevation, despite ICI discontinuation, should prompt 

consideration of CS use at a dose of 0.5-1 mg/kg/day (methyl)prednisolone or 

equivalent. Upon improvement, ICI therapy may be resumed after CS tapering to 

below 10 mg/day. If no improvement occurs despite initiation of CSs, the CS dose 

should be increased to 1-2 mg/kg/day (methyl)prednisolone or equivalent within 72 h 

and ICI therapy permanently discontinued. Initiation of therapy in the context of a 

medical urgency should not be delayed while awaiting the completion of all 

evaluations if there is no other apparent cause. For grade 3 or 4 liver injury, ICI 

therapy should be permanently discontinued [although anti-PD-(L)1 monotherapy 

may be restarted in patients previously treated with a combination regimen]. These 

patients should receive inpatient care and early consultation with a hepatologist. 

Liver biopsy should be considered on a case-by-case basis. CSs should be initiated 

at 1-2 mg/kg/day (methyl)prednisolone or equivalent, although some patients with 

grade 3 hepatitis and no jaundice, no increased prothrombin time and non-severe 

liver histological damage may improve with other immunosuppressive regimens 

(mycophenolate, tocilizumab), even without CS treatment.17 Intensive monitoring of 

liver enzymes is critical for the detection of potential rapid deterioration. If there is no 



9 
 

response to CSs within 2-3 days, alternative immunosuppressive therapy should be 

considered, such as mycophenolate mofetil (MMF; 1000 mg twice daily),18 

tocilizumab (8 mg/kg),19,20 tacrolimus, azathioprine, cyclosporine or anti-thymocyte 

globulin.21 Infliximab should not be used in patients with IR-liver toxicity. TNF-α 

blockers have not been recommended based on their possible association with 

idiosyncratic liver failure, although in irAEs there are no reports of this. 

Management of IR-pancreatic toxicity 

IR-pancreatic toxicity has variable clinical presentations from asymptomatic lipase 

elevation (ALE; approximately 2.3%) to full manifestations of pancreatitis (<2%).22-24 

ICI monotherapy, particularly anti-PD-(L)1 treatment, is often continued in the 

context of ALE without a high risk to trigger progression of clinical pancreatitis.24 

Computed tomography (CT) findings suggestive of pancreatitis, however, have been 

reported in patients with grade 3 ALE. When present, symptoms are the same as 

those seen in pancreatitis, i.e. epigastric pain, nausea and vomiting. The most 

common CT findings are segmental hypo-enhancement, stranding in the 

peripancreatic fat and pancreatic enlargement with heterogeneous delayed 

enhancement, although a normal pancreas has been reported on occasion. Acute 

pancreatitis may resolve or evolve into pancreatic pseudocysts, chronic pancreatitis, 

pancreatic insufficiency or diabetes mellitus. In patients with severe, acute 

pancreatitis, withholding ICI treatment is required. There is limited evidence to 

support standard pancreatitis management with i.v. hydration and pain control, and 

the role of CSs is still unclear.22,25  

SECTION 5. IR-GASTROINTESTINAL TOXICITY 

Diagnosis of enterocolitis 

Laboratory work-up. The main differential diagnoses of IR-enterocolitis are 

infections, diverticulitis and intestinal metastases [particularly from non-small cell 

lung cancer (NSCLC) and melanoma].26 Complete blood count, serum electrolyte, 

creatinine, albumin, searching for stool enteropathogens and toxin of Clostridioides 

difficile (C. difficile), as well as whole-blood PCR cytomegalovirus (CMV) are 

mandatory; C-reactive protein serum level is optional. In patients who may require 

biological agents (i.e. infliximab or vedolizumab), interferon (IFN)-γ-release assay 
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screening for tuberculosis, viral hepatitis (B, C, E and in some cases even A) and 

HIV serology should be carried out early in the course of gastrointestinal (GI) irAEs. 

Faecal lactoferrin and calprotectin, markers of intestinal inflammation, are useful for 

the diagnosis of colitis and for therapeutic monitoring.27  

 Histological features of 

IR-enterocolitis are those of acute colitis: lamina propria expansion and infiltration 

with neutrophils, epithelial apoptosis, cryptitis and crypt abscesses. Chronic 

inflammation has been reported, including mononuclear cell infiltration, granulomas, 

basal plasmacytosis and crypt abnormalities (atrophy, distortion, branching, 

budding).28-31 

 An abdominal CT scan is indicated in patients with severe acute 

colitis with a high suspicion of colitis-related complications e.g. perforation, toxic 

megacolon and abscess. The common CT findings of enterocolitis are mesenteric 

vessel engorgement, bowel wall thickening, mucosal hyperenhancement and colonic 

distension. These findings may be either extensive or segmental and may affect the 

colon, ileum or both. CT scans have a poor sensitivity for the diagnosis of IR-

enterocolitis and should not be used for the purpose of diagnosing GI irAEs.29 

Management of IR-enterocolitis 

The present guidelines are based on case series, which are mostly retrospective. 

There is no stronger evidence-based data to inform clinical decision making. An 

algorithm for the management of IR-diarrhoea and colitis in patients undergoing ICI 

therapy is proposed in Figure 5. 

Management of grade 1 diarrhoea mainly consists of supportive treatment with 

antidiarrheal drugs such as loperamide, abundant oral fluids and a low-fibre diet. ICI 

treatment can be continued. Persistent grade 1 diarrhoea with histological 

inflammation or grade 2 diarrhoea or colitis can be treated with CSs (prednisolone 

40-60 mg/day). Infliximab or vedolizumab should be considered if inadequate 

response is achieved. ICI treatment can be resumed once GI symptoms resolve.  

The initial treatment of choice for microscopic colitis is budesonide30,31 (9 mg/day for 

8 weeks, then 6 mg/day for 2 weeks, then 3 mg/day for 2 weeks); it should be 

Histological and immunopathological features.  

Imaging findings.  
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continued at the minimally effective dose. Biologics may be needed and are effective 

in refractory cases. 

Management of grade 3-4 diarrhoea and colitis 

Inpatient care for close monitoring should be strongly considered. Besides holding 

ICI treatment, i.v. CSs [(methyl)prednisolone up to 1 mg/kg/day] should be started 

promptly. Patients who respond to i.v. CSs within 3-5 days should be switched to the 

oral form and tapered over 4-8 weeks. Additional immunosuppressants, e.g. 

infliximab (5mg/kg on day 1, which may be repeated on days 14 and 42), should be 

administered to patients with CS-refractory IR-enterocolitis,32 especially those with 

extensive colitis and ulcerations, high levels of faecal calprotectin (>400 μg/mg) in 

case colonoscopy is not available and those who received a combination regimen of 

anti-CTLA-4 and anti-PD-1 therapy.33,34 Vedolizumab is an alternative option (300 

mg on days 1, 14 and 42) and appears to be efficacious although it is associated 

with a slightly delayed response.35 Infliximab is the drug of choice in cases of acute 

severe colitis that is CS-refractory and in the presence of one or more concurrent 

irAEs. The safety of vedolizumab for patients with GI tumours or metastases needs 

to be studied further. 

Treatment duration of IS agents (CSs, infliximab or vedolizumab) can be guided by 

endoscopic and histological remission based on repeat endoscopy and/or faecal 

calprotectin surveillance to reduce the recurrence of enterocolitis.33 Infectious 

complications [new infections (C. difficile, enteropathogenic Escherichia coli and 

CMV among others) and/or reactivation of latent infections (hepatitis B, C, E and 

HIV)] have been observed in patients treated with immunosuppressants for 

IR-enterocolitis.  

Overall, 47% of patients with grade ≥2 diarrhoea or colitis respond to CSs, 41% 

require and respond to infliximab and 11% are infliximab-refractory.32 For the rare 

cases that are refractory to CSs, infliximab and vedolizumab, case reports or small 

case series have described successful treatment with faecal microbiota 

transplantation, ustekinumab,36 tofacitinib, extracorporeal photopheresis,37 

calcineurin inhibitors and MMF. Surgical options should be considered in patients 
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with toxic megacolon and intra-abdominal abscesses; surgery is mandatory in those 

with an intestinal perforation.  

Additional references to support the management of diarrhoea and colitis are 

provided.29,31,36,38-58 

Risk of recurrent GI irAEs after ICI resumption 

The risk of recurrent GI irAEs after ICI resumption is 34%, with 5% grade 3-4 

diarrhoea and 20% grade ≥2 colitis. Risk factors for GI irAEs are the use of 

anti-CTLA-4 as second-line therapy, the requirement for immunosuppressive 

therapy, long duration of symptoms during the first episode and first-line use of 

anti-PD-1 treatment before the initial IR-enterocolitis. The decision to reintroduce 

ICIs after the initial GI irAE should be made on a case-by-case basis and discussed 

within an MDT. Concurrent use of non-CS immunosuppressants, e.g. infliximab and 

vedolizumab, could be considered to minimise the risk of recurrence at the time ICI 

treatment resumption.6,58,59  

SECTION 6. IR-PULMONARY TOXICITY 

IR-interstitial lung disease or IR-pneumonitis 

 The pathogenic mechanisms of lung injury in IR-interstitial lung disease 

(IR-ILD) have been partially explored. Interestingly, immune dysregulation has been 

found in bronchoalveolar lavage (BAL) from IR-related pneumonitis, characterised by 

an increase in BAL lymphocytosis rich in cluster of differentiation (CD)4+ central 

memory subsets (Tcms).60 Consequently, it is important to highlight that Tcms 

populations are frequently resistant to CS-induced apoptosis compared with other 

conventional T cells, such as effector memory T cells, which may suggest a link 

between CS-refractory pneumonitis and the presence of Tcms in BAL. Another 

important observation in BAL is the decreased CTLA-4 and PD-1 expression within 

regulatory T cell (Treg; i.e. FoxP3+) populations, suggesting an attenuated Treg 

suppressive phenotype with a significant increase in CD11bhi IL-1βhi myeloid cells 

and high IFN-γ and TNF-α production.60 Another study showed a significant overlap 

of T cell clones infiltrating lung lesions and tumours, suggesting possible shared 

antigens with the tumour.61  

Diagnosis.  
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Time to onset of IR-pneumonitis ranges from 9 days to 19.2 months, but in general, 

the median time to onset is ~2.5 months for monotherapy but earlier for anti-PD(L)1–

anti-CTLA-4 combination therapy.62-65 A 2016 meta-analysis of 20 clinical trials of 

anti-PD-1 therapies in 4,496 patients reported varying incidence rates between 

cancer types, with higher rates reported in NSCLC and renal cell carcinoma than 

melanoma.63  

 Patients experiencing grade 2 pneumonitis should receive 1 

mg/kg/day prednisolone (or equivalent). In the absence of improvement after 48-72 h 

of CS use, grade 2 pneumonitis should be considered as CS-refractory and treated 

accordingly, as described below. For pneumonitis of grade ≥3, patients should 

receive 1-2 mg/kg/day i.v. methylprednisolone or equivalent. CS tapering should be 

initiated after improvement to grade <1, over 4-6 weeks for grade 2 and over ≥6-8 

weeks for grade ≥3.  

If respiratory symptoms are not improved within 72 h despite high-dose CS use, a 

diagnosis of CS-refractory pneumonitis should be considered and therapeutic 

escalation should be carried out rapidly. Additional options include tocilizumab (8 

mg/kg, one dose, every two weeks if needed),20 infliximab (5 mg/kg, one dose, 

biweekly if needed)65-68 and i.v. immunoglobulin (IVIG; 2 g/kg over 2-5 days).69 From 

a tumourigenesis and IR-ILD pathogenesis perspective, blocking IL-6 or IL-6R 

presents several advantages compared with anti-TNF-α therapy.19,70 Given the 

absence of comparative studies, both options can be considered according to 

institutional guidelines and local expertise. Other options, such as MMF (1 g twice 

daily)71 or cyclophosphamide,65 can be considered after individual assessment on a 

case-by-case basis. Additionally, if symptoms are life-threatening, first-line therapy 

with tocilizumab or infliximab, in addition to CSs, is advocated as soon as possible 

and as indicated above, similar to the management of other IR-toxicities such as 

colitis.  

SECTION 7. IR-NEUROLOGICAL TOXICITY 

IR-meningitis and IR-encephalitis 

Aseptic meningitis may present with headache and neck stiffness with or without 

fever. In contrast to encephalitis, patients are cognitively not impaired. Diagnostic 

Management.  
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work-up should include MRI and lumbar puncture to rule out viral or bacterial 

infection. Adrenal insufficiency should also be ruled out. In case of grade 1 toxicity, 

ICI treatment should be withheld. For higher grades, prednisolone (0.5-1 mg/kg) is 

the treatment of choice.  

Patients with encephalitis present with confusion and altered behaviour. Seizures 

and a decreased level of consciousness are also typical symptoms. A neurological 

consultation is mandatory. Further work-up includes brain MRI, 

electroencephalogram and lumbar puncture to rule out infection. In case of grade 1 

toxicity, ICI treatment should be withheld. For grade 2, prednisolone (0.5-1 mg/kg) is 

the treatment of choice. For higher grades, high-dose CSs at a dose of 1000 mg 

methylprednisolone i.v. daily for 3-5 days should be considered with or without IVIG. 

Rituximab or plasmapheresis may also be considered.  

SECTION 8. IR-CARDIOVASCULAR TOXICITIES 

There are a range of IR-cardiovascular (CV) toxicities (Supplementary Table S4). 

Treatment of IR-CV toxicities has three components (Supplementary Table S8). 

The first is treatment of the cardiac complication according to cardiology guidelines, 

e.g. pacemaker for complete heart block. The second is immunosuppression for 

myocarditis, pericarditis or vasculitis. The third relates to whether ICI therapy is 

permanently or temporarily interrupted, depending on the nature and severity of the 

CV complication. Temporary interruption of ICI treatment is recommended in all 

cases of suspected IR-CV toxicity until the diagnosis has been confirmed or refuted.  

Continuous electrocardiogram (ECG) monitoring to assess for new heart block or 

tachyarrhythmias (atrial or ventricular) is recommended for all patients with 

confirmed IR-myocarditis during the acute phase.  

The diagnosis of IR-myocarditis is summarised in Supplementary Table S5. The 

severity of IR-myocarditis should be determined (Supplementary Table S6). 

High-dose i.v. methylprednisolone (500-1000 mg) daily for ≥3 days is recommended 

for IR-myocarditis, given the high risk of major adverse cardiac events (MACE; heart 

failure, cardiogenic shock, ventricular arrhythmias and sudden death). Conversion to 

oral prednisolone at an initial dose of 1 mg/kg (consider maximising prednisolone 
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dose to a lean body weight of 80 kg) per day with a weekly tapering schedule, 

reducing by 10 mg/week until 20 mg/day with weekly troponin monitoring, is 

recommended if the patient is stable. If the patient is still clinically unstable with heart 

failure and/or ventricular arrhythmias and rising or persistently elevated troponin 

levels (<50% reduction from peak troponin) after 3 doses, continuation of i.v. 

methylprednisolone and addition of a second-line immunosuppressive treatment is 

recommended. There are no trials confirming the most effective second-line 

treatment. The response and recovery should be recorded (Supplementary Table 

S7). 

If IR-myocarditis is suspected based on new cardiac symptoms (chest pain, 

dyspnoea, palpitations), elevated troponin and new left ventricular impairment on 

echocardiography and if the patient has haemodynamic instability or ventricular 

arrhythmias, treatment with i.v. methylprednisolone (500-1000 mg) and heart failure 

medication is recommended while awaiting cardiac MRI or cardiac positron emission 

tomography-CT for definitive diagnosis. An observational registry study reported a 

significantly reduced rate of MACE in patients with IR-myocarditis who were treated 

early with high-dose CSs (≥500 mg prednisolone) within 24 h of presentation versus 

delayed treatment and/or treatment with lower CS doses.72 

A multidisciplinary discussion is recommended before restarting ICI treatment in 

patients with previous IR-myocarditis, and the decision should be based on various 

clinical factors, including the severity of the first episode, the degree of cardiac 

recovery, oncological response to ICI treatment, availability of alternative oncology 

treatments and prognosis. 

Baseline measurement of cardiac troponin and ECG are recommended in all 

patients scheduled to receive ICI treatment. Baseline echocardiography, natriuretic 

peptide [B-type natriuretic peptide (BNP) or N-terminal-pro hormone BNP] and 

cardiac troponin I and T measurements should be considered in patients with a 

previous history of cardiac abnormalities and in those receiving anti-PD(L)1–anti-

CTLA-4 combination therapy. 
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A review of CV risk factors (cholesterol profile, blood pressure, HbA1c) and optimal 

CV risk factor management is recommended in all cancer survivors who have 

received ICI treatment and have a prognosis of >2 years. 

SECTION 9. IR-RENAL TOXICITY 

Diagnosis and management of IR-renal toxicity 

A renal biopsy is indicated when other plausible aetiologies warrant consideration; 

the results may inform the management approach given the possibility of mixed 

pathology.73 Empirical treatment with CSs is reasonable, however, given the high 

likelihood of IR-acute interstitial nephritis (AIN) and is recommended in the presence 

of contraindications to biopsy. CS therapy is generally indicated when the creatinine 

value is >2x baseline [Kidney Disease: Improving Global Outcomes (KDIGO) stage 

2, roughly equivalent to CTCAE grade 2]. Oral prednisolone 1 mg/kg (or equivalent) 

is a reasonable starting dose, although in severe cases (i.e. KDIGO stage 3, CTCAE 

grade 3 or 4 or if renal replacement is warranted), pulse dose CSs of 250-500 mg 

methylprednisolone for 3 days may be initiated.74 A slower CS taper of 8-12 weeks 

(where feasible) is recommended due to the likelihood of frequent relapses. Other 

immunomodulatory agents that have been used for CS-refractory cases include 

MMF, cyclophosphamide and rituximab.74 Infliximab and tocilizumab may also be 

effective, although there is no precedent for this in non-ICI-related AIN and it is not 

recommended for antibody-associated renal vasculitis.75 

Persistent renal dysfunction is common, occurring in around 40% of patients 

experiencing IR-renal dysfunction.76,77 In one series, 25% of patients with sustained 

KDIGO stage 3 acute kidney injury required dialysis.78 Patients may be rechallenged 

with ICIs after careful discussion, ideally after withholding medication such as proton 

pump inhibitors and non-steroidal anti-inflammatory drugs; 8%-23%, however, have 

been noted to relapse.77,79  
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TABLES 

Supplementary Table S1. Grading of relevant irAEs according to the CTCAE v5.080 

CTCAE term Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Definition 

Skin and subcutaneous tissue disorders 

Bullous 
dermatitis 

Asymptomatic; 
blisters covering 
<10% BSA 

Blisters covering 
10%-30% BSA; 
painful blisters; 
limiting instrumental 
ADL 

Blisters covering 
>30% BSA; limiting 
self-care ADL 

Blisters covering 
>30% BSA; 
associated with fluid 
or electrolyte 
abnormalities; ICU 
care or burn unit 
indicated 

Death A disorder 
characterised by 
inflammation of the 
skin characterised by 
the presence of bullae 
which are filled with 
fluid 

Erythema 
multiforme 

Target lesions 
covering <10% 
BSA and not 
associated with 
skin tenderness 

Target lesions 
covering 10%-30% 
BSA and 
associated with skin 
tenderness 

Target lesions 
covering >30% BSA 
and associated with 
oral or genital 
erosions 

Target lesions 
covering >30% BSA 
and associated with 
fluid or electrolyte 
abnormalities; ICU 
care or burn unit 
indicated 

Death A disorder 
characterised by 
target lesions (a pink-
red ring around a pale 
centre) 
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Maculopapular 
rash 

Macules/papules 
covering <10% 
BSA with or 
without symptoms 
(e.g. pruritis, 
burning, tightness) 

Macules/papules 
covering 10%-30% 
BSA with or without 
symptoms (e.g. 
pruritus, burning, 
tightness); limiting 
instrumental ADL; 
rash covering >30% 
BSA with or without 
mild symptoms 

Macules/papules 
covering >30% BSA 
with moderate or 
severe symptoms; 
limiting self-care ADL 

- - A disorder 
characterised by the 
presence of macules 
(flat) and papules 
(elevated). Also 
known as morbilliform 
rash, it is one of the 
most common 
cutaneous AEs, 
frequently affecting 
the upper trunk, 
spreading 
centripetally and 
associated with 
pruritis 

Pruritis Mild or localised; 
topical 
intervention 
indicated 

Widespread and 
intermittent; skin 
changes from 
scratching (e.g. 
oedema, 
papulation, 
excoriations, 
lichenification, 
oozing/crusts); oral 
intervention 
indicated; limiting 
instrumental ADL 

Widespread and 
constant; limiting self-
care ADL or sleep; 
systemic CSs or 
immunosuppressive 
therapy indicated 

- - A disorder 
characterised by an 
intense itching 
sensation 
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Endocrine disorders 

Adrenal 
insufficiency 

Asymptomatic; 
clinical or 
diagnostic 
observations only; 
intervention not 
indicated 

Moderate 
symptoms; medical 
intervention 
indicated 

Severe symptoms; 
hospitalisation 
indicated 

Life-threatening 
consequences; urgent 
intervention indicated 

Death A disorder 
characterised by the 
adrenal cortex not 
producing enough of 
the hormone cortisol 
and in some cases, 
the hormone 
aldosterone. It may 
be due to a disorder 
of the adrenal cortex 
as in Addison disease 
or primary adrenal 
insufficiency 

Hyper-
thyroidism 

Asymptomatic; 
clinical or 
diagnostic 
observations only; 
intervention not 
indicated 

Symptomatic; 
thyroid suppression 
therapy indicated; 
limiting instrumental 
ADL 

Severe symptoms; 
limiting self-care ADL; 
hospitalisation 
indicated 

Life-threatening 
consequences; urgent 
intervention indicated 

Death A disorder 
characterised by 
excessive levels of 
thyroid hormone in 
the body. Common 
causes include an 
overactive thyroid 
gland or thyroid 
hormone overdose 
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Hypo-
parathyroidism 

Mild symptoms; 
intervention not 
indicated 

Moderate 
symptoms; medical 
intervention 
indicated 

- - - A disorder 
characterised by an 
increase in production 
of parathyroid 
hormone by the 
parathyroid glands. 
This results in 
hypercalcemia 
(abnormally high 
levels of calcium in 
the blood) 

Hypophysitis Asymptomatic or 
mild symptoms; 
clinical or 
diagnostic 
observations only; 
intervention not 
indicated 

Moderate; minimal, 
local or non-
invasive 
intervention 
indicated; limiting 
age-appropriate 
instrumental ADL 

Severe or medically 
significant but not 
immediately life-
threatening; 
hospitalisation or 
prolongation of 
existing 
hospitalisation 
indicated; limiting self-
care ADL 

Life-threatening 
consequences; urgent 
intervention indicated 

Death A disorder 
characterised by 
inflammation and 
cellular infiltration of 
the pituitary gland 

Hypo-
thyroidism 

Asymptomatic; 
clinical or 
diagnostic 
observations only; 
intervention not 
indicated 

Symptomatic; 
thyroid replacement 
indicated; limiting 
instrumental ADL 

Severe symptoms; 
limiting self-care ADL; 
hospitalisation 
indicated 

Life-threatening 
consequences; urgent 
intervention indicated 

Death A disorder 
characterised by a 
decrease in 
production of thyroid 
hormone by the 
thyroid gland 
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GI disorders 

Colitis Asymptomatic; 
clinical or 
diagnostic 
observations only; 
intervention not 
indicated 

Abdominal pain; 
mucus or blood in 
stool 

Severe abdominal 
pain; peritoneal signs 

Life-threatening 
consequences; urgent 
intervention indicated 

Death A disorder 
characterised by 
inflammation of the 
colon 

Diarrhoea Increase of <4 
stools/day over 
baseline; mild 
increase in 
ostomy output 
compared with 
baseline 

Increase of 4-6 
stools/day over 
baseline; moderate 
increase in ostomy 
output compared 
with baseline; 
limiting instrumental 
ADL 

Increase of ≥7 
stools/day over 
baseline; 
hospitalisation 
indicated; severe 
increase in ostomy 
output compared with 
baseline; limiting self-
care ADL 

Life-threatening 
consequences; urgent 
intervention indicated 

Death A disorder 
characterised by an 
increase in frequency 
and/or loose or 
watery bowel 
movements 

Enterocolitis Asymptomatic; 
clinical or 
diagnostic 
observations only; 
intervention not 
indicated 

Abdominal pain; 
mucus or blood in 
stool 

Severe or persistent 
abdominal pain; fever; 
ileus; peritoneal signs 

Life-threatening 
consequences; urgent 
intervention indicated 

Death A disorder 
characterised by 
inflammation of the 
small and large 
intestines 

Pancreatitis - Enzyme elevation; 
radiological findings 
only 

Severe pain; 
vomiting; medical 
intervention indicated 
(e.g. analgesia, 
nutritional support) 

Life-threatening 
consequences; urgent 
intervention indicated 

Death A disorder 
characterised by 
inflammation of the 
pancreas with no 
documented 
pancreas infection 
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Respiratory, thoracic and mediastinal disorders 

Pneumonitis Asymptomatic; 
clinical or 
diagnostic 
observations only; 
intervention not 
indicated 

Symptomatic; 
medical intervention 
indicated; limiting 
instrumental ADL 

Severe symptoms; 
limiting self-care ADL; 
oxygen indicated 

Life-threatening 
respiratory 
compromise; urgent 
intervention indicated 
(e.g. tracheotomy or 
intubation) 

Death A disorder 
characterised by 
inflammation focally 
or diffusely affecting 
the lung parenchyma 

Musculoskeletal and connective tissue disorders 

Arthralgia Mild pain Moderate pain; 
limiting instrumental 
ADL 

Severe pain; limiting 
self-care ADL 

- - A disorder 
characterised by a 
sensation of marked 
discomfort in a joint 

Arthritis Mild pain with 
inflammation, 
erythema or joint 
swelling 

Moderate pain 
associated with 
signs of 
inflammation, 
erythema or joint 
swelling; limiting 
instrumental ADL 

Severe pain 
associated with signs 
of inflammation, 
erythema or joint 
swelling; irreversible 
joint damage; limiting 
self-care ADL 

- - A disorder 
characterised by 
inflammation involving 
a joint 

Myalgia Mild pain Moderate pain; 
limiting instrumental 
ADL 

Severe pain; limiting 
self-care ADL 

- - A disorder 
characterised by 
marked discomfort 
sensation originating 
from a muscle or 
group of muscles 
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Myositis Mild pain Moderate pain 
associated with 
weakness; pain 
limiting instrumental 
ADL 

Pain associated with 
severe weakness; 
limiting self-care ADL 

Life-threatening 
consequences; urgent 
intervention indicated 

- A disorder 
characterised by 
inflammation involving 
the skeletal muscles 

Nervous system disorders 

Guillain Barré 
syndrome 

Mild symptoms Moderate 
symptoms; limiting 
instrumental ADL 

Severe symptoms; 
limiting self-care ADL 

Life-threatening 
consequences; urgent 
intervention indicated; 
intubation 

Death A disorder 
characterised by the 
body's immune 
system attacking the 
peripheral nervous 
system causing 
ascending paralysis 

Leukoencephal
opathy 

Asymptomatic; 
small focal MRI 
T2/FLAIR 
hyperintensities; 
involving 
periventricular 
white matter or 
<1/3 of 
susceptible areas 
of cerebrum ± 
mild increase in 
subarachnoid 
space and/or mild 
ventriculomegaly 

Moderate 
symptoms; focal 
T2/FLAIR 
hyperintensities, 
involving 
periventricular white 
matter extending 
into centrum 
semiovale or 
involving 1/3 to 2/3 
of susceptible areas 
of cerebrum ± 
moderate increase 
in subarachnoid 
space and/or 
moderate 
ventriculomegaly 

Severe symptoms; 
extensive T2/FLAIR 
hyperintensities, 
involving 
periventricular white 
matter involving 2/3 or 
more of susceptible 
areas of cerebrum ± 
moderate to severe 
increase in 
subarachnoid space 
and/or moderate to 
severe 
ventriculomegaly 

Life-threatening 
consequences; 
extensive T2/FLAIR 
hyperintensities, 
involving 
periventricular white 
matter involving most 
of susceptible areas of 
cerebrum ± moderate 
to severe increase in 
subarachnoid space 
and/or moderate to 
severe 
ventriculomegaly 

Death A disorder 
characterised by 
diffuse reactive 
astrocytosis with 
multiple areas of 
necrotic foci without 
inflammation 
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Myasthenia 
gravis 

Asymptomatic or 
mild symptoms; 
clinical or 
diagnostic 
observations only; 
intervention not 
indicated 

Moderate; minimal, 
local or non-
invasive 
intervention 
indicated; limiting 
age-appropriate 
instrumental ADL 

Severe or medically 
significant but not 
immediately life-
threatening; 
hospitalisation or 
prolongation of 
existing 
hospitalisation 
indicated; limiting self-
care ADL 

Life-threatening 
consequences; urgent 
intervention indicated 

Death A disorder 
characterised by 
weakness and rapid 
fatigue of any of the 
skeletal muscles 

Peripheral 
sensory 
neuropathy 

Asymptomatic Moderate 
symptoms; limiting 
instrumental ADL 

Severe symptoms; 
limiting self-care ADL 

Life-threatening 
consequences; urgent 
intervention indicated 

- A disorder 
characterised by 
damage or 
dysfunction of the 
peripheral sensory 
nerves 

Cardiac disorders 

Atrial fibrillation Asymptomatic; 
intervention not 
indicated 

Non-urgent medical 
intervention 
indicated 

Symptomatic, urgent 
intervention indicated; 
device (e.g. 
pacemaker); ablation; 
new onset 

Life-threatening 
consequences; 
embolus requiring 
urgent intervention 

Death A disorder 
characterised by a 
dysrhythmia without 
discernible P waves 
and an irregular 
ventricular response 
due to multiple re-
entry circuits. The 
rhythm disturbance 
originates above the 
ventricles 
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Myocarditis - Symptoms with 
moderate activity or 
exertion 

Severe with 
symptoms at rest or 
with minimal activity 
or exertion; 
intervention indicated; 
new onset of 
symptoms 

Life-threatening 
consequences; urgent 
intervention indicated 
(e.g. continuous i.v. 
therapy or mechanical 
haemodynamic 
support) 

Death A disorder 
characterised by 
inflammation of the 
muscle tissue of the 
heart 

Pericarditis Asymptomatic, 
ECG or physical 
findings (e.g. rub) 
consistent with 
pericarditis 

Symptomatic 
pericarditis (e.g. 
chest pain) 

Pericarditis with 
physiological 
consequences (e.g. 
pericardial 
constriction) 

Life-threatening 
consequences; urgent 
intervention indicated 

Death A disorder 
characterised by 
irritation to the layers 
of the pericardium 
(the protective sac 
around the heart) 

Vascular disorders 

Thrombo-
embolic event 

Medical 
intervention not 
indicated (e.g. 
superficial 
thrombosis) 

Medical intervention 
indicated 

Urgent medical 
intervention indicated 
(e.g. pulmonary 
embolism or 
intracardiac 
thrombus) 

Life-threatening 
consequences with 
hemodynamic or 
neurologic instability 

Death A disorder 
characterised by 
occlusion of a vessel 
by a thrombus that 
has migrated from a 
distal site via the 
bloodstream 

Vasculitis Asymptomatic, 
intervention not 
indicated 

Moderate 
symptoms; medical 
intervention 
indicated 

Severe symptoms; 
medical intervention 
indicated (e.g. CSs) 

Life-threatening 
consequences; 
evidence of peripheral 
or visceral ischemia; 
urgent intervention 
indicated 

Death A disorder 
characterised by 
inflammation involving 
the wall of a vessel 
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Renal and urinary disorders 

AKI - - Hospitalisation 
indicated 

Life-threatening 
consequences; 
dialysis indicated 

Death A disorder 
characterised by the 
acute loss of renal 
function (within 2 
weeks) and is 
traditionally classified 
as pre-renal (low 
blood flow into 
kidney), renal (kidney 
damage) and post-
renal causes (ureteral 
or bladder outflow 
obstruction) 

Eye disorders       

Blurred vision Intervention not 
indicated 

Symptomatic; 
moderate decrease 
in visual acuity 
(best corrected 
visual acuity 20/40 
and better or three 
lines or less 
decreased vision 
from known 
baseline); limiting 
instrumental ADL 

Symptomatic with 
marked decrease in 
visual acuity (best 
corrected visual 
acuity worse than 
20/40 or more than 
three lines of 
decreased vision from 
known baseline, up to 
20/200); limiting self-
care ADL 

Best corrected visual 
acuity of 20/200 or 
worse in the affected 
eye 

- A disorder 
characterised by 
visual perception of 
unclear or fuzzy 
images 
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Dry eyes Asymptomatic; 
clinical or 
diagnostic 
observations only; 
symptoms 
relieved by 
lubricants 

Symptomatic; 
moderate decrease 
in visual acuity 
(best corrected 
visual acuity 20/40 
and better or three 
lines or less 
decreased vision 
from known 
baseline) 

Symptomatic with 
marked decrease in 
visual acuity (best 
corrected visual 
acuity worse than 
20/40 or more than 
three lines of 
decreased vision from 
known baseline, up to 
20/200); limiting self-
care ADL 

- - A disorder 
characterised by 
dryness of the cornea 
and conjunctiva 

Uveitis Anterior uveitis 
with trace cells 

Anterior uveitis with 
1+ or 2+ cells 

Anterior uveitis with 
3+ or greater cells; 
intermediate posterior 
or panuveitis 

Best corrected visual 
acuity of 20/200 or 
worse in the affected 
eye 

- A disorder 
characterised by 
inflammation to the 
uvea of the eye 

Watering eyes Intervention not 
indicated 

Symptomatic; 
moderate decrease 
in visual acuity 
(best corrected 
visual acuity 20/40 
and better or three 
lines or less 
decreased vision 
from known 
baseline) 

Marked decrease in 
visual acuity (best 
corrected visual 
acuity worse than 
20/40 or more than 
three lines of 
decreased vision from 
known baseline, up to 
20/200) 

Best corrected visual 
acuity of 20/200 or 
worse in the affected 
eye 

- A disorder 
characterised by 
excessive tearing in 
the eyes; it can be 
caused by 
overproduction of 
tears or impaired 
drainage of the tear 
duct 
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Blood and lymphatic system disorders 

Anaemia Haemoglobin 
<LLN-10.0 g/dl; 
<LLN-6.2 mMol/l; 
<LLN-100 g/dl 

Haemoglobin 
<10.0-8.0 g/dl; 
<6.2-4.9 mMol/l; 
<100-80 g/dl 

Haemoglobin  
<8.0 g/dl;  
<4.9 mMol/l;  
<80 g/dL; transfusion 
indicated 

Life-threatening 
consequences; urgent 
intervention indicated 

Death A disorder 
characterised by a 
reduction in the 
amount of 
haemoglobin in 100 
ml of blood. Signs 
and symptoms of 
anaemia may include 
pallor of the skin and 
mucous membranes, 
shortness of breath, 
palpitations of the 
heart, soft systolic 
murmurs, lethargy 
and fatigability 

Investigations 

Lymphocyte 
count 
decreased 

<LLN-800/mm3; 
<LLN-0.8x10e9/l 

<800-500/mm3; 
<0.8-0.5x10e9/l 

<500-200/mm3;  
<0.5-0.2x10e9/l 

<200/mm3; 
<0.2x10e9/l 

- A finding based on 
laboratory test results 
that indicate a 
decrease in number 
of lymphocytes in a 
blood specimen 

Neutrophil 
count 
decreased 

<LLN-1500/mm3; 
<LLN-1.5x10e9/l 

<1500-1000/mm3; 
<1.5-1.0x10e9/l 

<1000-500/mm3; 
<1.0-0.5x10e9/l 

<500/mm3; 
<0.5x10e9/l 

- A finding based on 
laboratory test results 
that indicate a 
decrease in number 
of neutrophils in a 
blood specimen 
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Platelet count 
decreased 

<LLN-
75,000/mm3; 
<LLN-75.0x10e9/l 

<75,000-
50,000/mm3;  
<75.0-50.0x10e9/l 

<50,000-25,000/mm3; 
<50.0-25.0x10e9/l 

<25,000/mm3; 
<25.0x10e9/l 

 A finding based on 
laboratory test results 
that indicate a 
decrease in number 
of platelets in a blood 
specimen 

White blood 
cell decreased 

<LLN-3000/mm3; 
<LLN-3.0x10e9/l 

<3000-2000/mm3; 
<3.0-2.0x10e9/l 

<2000-1000/mm3; 
<2.0-1.0x10e9/l 

<1000/mm3; 
<1.0x10e9/l 

- A finding based on 
laboratory test results 
that indicate a 
decrease in number 
of white blood cells in 
a blood specimen 

ADL, activities of daily living; AE, adverse event; AKI, acute kidney injury; BSA, body surface area; CS, corticosteroid; CTCAE, 

Common Terminology Criteria for Adverse Events; ECG, electrocardiogram; FLAIR, fluid attenuated inversion recovery; GI, 

gastrointestinal; ICU, intensive care unit; irAE, immune-related adverse event; LLN, lower limit of normal; MRI, magnetic resonance 

imaging; NIH, National Institutes of Health; v, version. 

Reproduced from National Cancer Institute.80   
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Supplementary Table S2. Monitoring and management of complications associated with CS therapy 

Pre-treatment work-up • Hepatitis A, B and C and tuberculosis screening 

• HTLV 1 and 2 screening if pandemic situation 

• HIV-1 and 2 if patient at risk  

• Pre-existing hypertension, diabetes, osteoporosis, active infection, cataract and glaucoma 

should be managed optimally and actively before and during CS treatment 

AEs associated with short- and 

long-term systemic CS use81 

• Hyperglycaemia and diabetes 

• Hypertension 

• Dyslipidaemia 

• Infection  

• Psychiatric and cognitive disturbances: memory impairment, agitation, anxiety, fear, 

hypomania, insomnia, irritability, lethargy, mood lability and even psychosis 

• Osteoporosis, fractures and osteonecrosis 

• Adrenal suppression 

• Cushingoid appearance and weight gain 

• Cataracts and glaucoma 

• Cutaneous AEs: atrophic changes, skin thinning and fragility, purpura and red striae 

• GI events: gastritis, ulcer formation with perforation and haemorrhage, dyspepsia, 

abdominal distension and oesophageal ulceration 

• Obesity and dyslipidaemia 
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• Myopathy 

Prophylaxis to prevent 

opportunistic infection 

• Prophylaxis for an opportunistic PJP infection if patient has received a prednisone 

equivalent of 20 mg/day for >4 weeks or CD4 <200 

• Prophylaxis against herpes zoster reactivation if indicated and according to institutional 

recommendations  

Assessment and monitoring of 

patients scheduled for long-term 

systemic CS therapy for: 

• Bone health 

• Dyslipidaemia and CV risk  

• Hyperglycaemia and diabetes 

• Ophthalmological examination 

Major drug interactions with 

systemic CSs81 

• Anticonvulsants: reduced CS exposure and efficacy 

• Anticoagulants (e.g. warfarin): increased anticoagulant effects of warfarin and increased 

risk of GI bleeding 

• Antifungals (e.g. itraconazole, ketoconazole): increased CS exposure and toxicity 

• Antidiabetic agent: CS initiation can lead to glucose dysregulation. Adjust antidiabetic 

therapy based on blood glucose results 

• Antibiotics (macrolides): increased CS exposure and toxicity 

• Antivirals (e.g. atazanavir, indinavir, ritonavir, saquinavir): increased CS exposure and 

toxicity, dexamethasone may increase levels of indinavir and saquinavir 

• Live vaccines: immunisation with live vaccines while taking immunosuppressive CS doses 

(40 mg/day of prednisolone [or equivalent] for >7 days) may increase risk of both 

generalised and life-threatening infections  
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• NSAIDs: may increase risk of GI ulcers when given concomitantly with CSs. Consider use 

of PPI if person is at risk of GI ulcers 

• Diuretics, potassium wasting (e.g. furosemide, HCTZ): CSs may increase kaliuretic 

effects of these diuretics. Monitor potassium levels 

General strategies for the 

prevention of CS-induced AEs81 

• Treat pre-existing comorbid conditions that may increase risk of CS-associated AEs 

• Prescribe lowest effective CS dose for minimum period required to achieve treatment 

goals 

• Use CS-sparing agents whenever possible 

• Hyperglycaemia and diabetes: glycaemic targets for patients with CS-induced diabetes 

should be individualised, but for most patients, FPG and 2 h PG (postprandial PG) targets 

of 4.0-7.0 mmol/L and 5-10 mmol/L, respectively, are recommended 

• Preventive measures: smoking cessation, reduced alcohol consumption, participation in 

weight-bearing and strength-building exercises, falls risk assessment and calcium (1200 

mg/day) and vitamin D supplementation (800-2000 IU daily) 

• Osteoporosis: use of bisphosphonates and teriparatide as first-line therapy for 

CS-induced osteoporosis in adults 

• Advise patients to: 

o Avoid contact with people who have infections 

o Not discontinue CS therapy abruptly without medical advice  

o Adopt lifestyle recommendations to minimise the risk of weight gain or other AEs 
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AS or AC81 • AS:  

o Weakness or fatigue 

o Malaise 

o Nausea 

o Vomiting 

o Diarrhoea 

o Abdominal pain 

o Headache (usually in the morning) 

o Fever 

o Anorexia or weight loss 

o Myalgia 

o Arthralgia 

o Psychiatric symptoms 

• AC:  

o Hypotension 

o Decreased consciousness 

o Lethargy 

o Unexplained hypoglycaemia 

o Hyponatremia 

o Seizure 

o Coma 
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• Indication for screening recommendations: 

o Patient has received systemic CS for >3 consecutive weeks or patient with 

persistent symptoms of AS or AC 

• Recommendations for the management of AS in adults: 

o Hydrocortisone dose should be increased according to medical or surgical stress 

situation  

o For critical illness situation: hydrocortisone 50-100 mg i.v. every 6-8 h then taper 

as clinical status improves 

AC, adrenal crisis; AE, adverse event; AS, adrenal suppression; CD, cluster of differentiation; CS, corticosteroid;  

CV, cardiovascular; FPG, fasting plasma glucose; GI, gastrointestinal; HCTZ, hydrochlorothiazide; HIV, human immunodeficiency 

virus; HTLV, human T-lymphotropic virus; NSAID, non-steroidal anti-inflammatory drug; PG, plasma glucose; PJP, Pneumocystis 

jirovecii; PPI, proton pump inhibitor. 
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Supplementary Table S3. Guidance for baseline assessment and routine monitoring64 

Baseline assessmenta Routine monitoringb Supplemental assessment 

according to each irAE 

Medical history for autoimmune, infectious disease, 

endocrine, organ-specific disease and thromboembolic 

event 

Frequency of bowel movements and stool consistency 

PS, including weight, height and BMI 

Multisystem physical examination, including skin and 

musculoskeletal assessment 

Clinical examination at 

each visit  

Clinical examination according to 

related irAE signs and symptoms at 

each visit  

Cardiovascular function 

Heart rate, blood pressure  

ECG  

Chest radiography 

TTE 

Serum cardiac troponin T and/or I, CK levels, NT-proBNP, 

blood electrolytes 

Repeat before each ICI 

cycle: 

• Troponin T,  

NT-proBNP and CK 

• Troponin I, Precise, 

etc 

If suspected myocarditis, consider 

work-up: CMR, TTE, ECG ± heart 

PET-CT 

Kidney function 

eGFR 

Urine sediment  

Repeat before each ICI 

cycle: 

• eGFR 

• Urine sediment 

If AIN:  

• Stop nephrotoxic drugs 

• Renal US 
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Urine spot analysis for proteinuria, creatininuria, calciuria, 

natriuria and protein-to-creatinine ratio 

• Urine sediment  

• Urine spot analysis for proteinuria, 

creatininuria, calciuria, natriuria and 

protein-to-creatinine ratio 

• Kidney biopsy on individual basis  

Liver and pancreatic function 

Total serum bilirubin, AST, ALT, GGT and ALP levels 

Amylase and lipase 

Repeat at each ICI cycle: 

AST, ALT, GGT, ALP 

Amylase and lipase 

(every 6 weeks)  

Complete with abdominal US or CT if 

suspected hepatitis or symptomatic 

pancreatitis  

 

Immune function 

Serum CRP, ESR, screening for associated auto-antibodies 

if pre-existing AD, ferritin 

Repeat if fever: 

• CRP, ferritin and ESR 

• Fibrinogen  

• Triglycerides (in case 

if increased levels of 

ferritin)  

 

Haematological function 

CBC  

Fibrinogen  

Repeat at each ICI cycle: 

• CBC, fibrinogen 

 

Infectious screening 

T-spot test 

HIV-1 or HIV-2  

Repeat hepatitis viral 

screening if new 

transaminase elevation  
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Hepatitis B, C and E virus, HTLV-1 and/or HTLV-2a (if 

endemic) 

Endocrine function 

Glycaemia and HbA1c  

TSH and free T4 

TSH, free T4 and 

glycaemia: every 4-6 

weeks during ICI therapy 

Repeat HbA1C if 

suspected T1DM 

Repeat HbA1c if suspected T1DM 

Adrenal and pituitary function  

Adrenal: serum cortisol 

Pituitary: TSH, free T4 

 If adrenal insufficiency suspected: 

• 8 am serum cortisol 

• 8 am ACTH 

• LH, FSH and ACTH 

Pulmonary function  

Resting oxygen saturation  

PFTs if chronic lung diseases 

Repeat oxygen saturation 

and PFTs when clinically 

indicated  

If pneumonitis suspected: chest CT, 

BAL and work-up as mentioned in 

pneumonitis section  
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Additional screening tests recommended in patients 

with pre-existing organ disease or at risk of organ-

specific toxicity: 

Endocrine tests: 

• 8 am serum cortisol 

• 8 am ACTH 

• TPO Ab, Tg Ab 

Cardiac tests: 

• Heart rate, blood pressure  

• ECG  

• Chest radiography 

• TTE 

• Serum cardiac troponin T and/or I, CK levels,  

NT-proBNP, blood electrolytes 

Pulmonary tests: 

• PFTs 

• 6MWT 

  

6MWT, 6-minute walk test; Ab, antibody; ACTH, adrenocorticotrophic hormone; AD, autoimmune disease; AIN, acute interstitial 

nephritis; ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; BAL, bronchoalveolar lavage; BMI, 

body mass index; CBC, complete blood count; CD, cluster of differentiation; CK, creatine kinase; CMR, cardiovascular magnetic 

resonance imaging; CRP, C-reactive protein; CT, computed tomography; ECG, electrocardiogram; eGFR, estimated glomerular 
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filtration rate; ESR, erythrocyte sedimentation rate; FSH, follicle-stimulating hormone; GGT, gamma-glutamyl transferase; HbA1c, 

glycated haemoglobin; HIV, human immunodeficiency virus; HTLV, human T lymphotropic virus; ICI, immune checkpoint inhibitor; 

irAE, immune-related adverse event; LH, luteinising hormone; NT-proBNP, N-terminal pro-hormone of brain natriuretic peptide; 

PET, positron emission tomography; PFT, pulmonary function test; PS, performance status; T1DM, type 1 diabetes mellitus; T4, 

thyroxine; Tg, thyroglobulin; TPO, thyroid peroxidase; TSH, thyroid-stimulating hormone; TTE, transthoracic echocardiogram; US, 

ultrasound. 

a Baseline assessment before ICI introduction. 

b Close and active monitoring is advocated for patients receiving anti-PD(L)1–anti-CTLA-4 combination therapy or those with pre-

existing comorbidities. 

Adapted material from Martins et al.64 with permission from Springer Nature. 
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Supplementary Table S4. Clinical subtypes of IR-cardiotoxicity82  

Myocarditis • May be complicated by acute heart failure, 

cardiogenic shock and ventricular arrhythmias 

Pericarditis • May be complicated by acute pericardial effusion 

and cardiac tamponade 

• Isolated or may be associated with co-exiting 

myocarditis (per-myocarditis) 

Cardiac conduction 

disease 

• Progressive first-degree heart block, second-

degree heart block or complete heart block (third-

degree) 

• Isolated or associated with co-exiting myocarditis 

Atrial and ventricular 

arrhythmias 

• New atrial fibrillation, ventricular tachycardia and 

ventricular fibrillation 

• Isolated or associated with co-exiting myocarditis 

Acute myocardial 

infarction 

• Atherosclerosis with plaque rupture 

• Coronary vasculitis 

• Coronary vasospasm 

Non-inflammatory left 

ventricular dysfunction 

• New left ventricular systolic dysfunction in absence 

of myocarditis 

Takotsubo syndrome  

IR, immune-related. 

Reproduced from Lyon et al.82 with permission from Elsevier.  
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Supplementary Table S5. Diagnostic criteria for IR-myocarditis83  

Multifocal inflammatory cell infiltrates in EMB (>14 inflammatory cells per high power field) with overt cardiomyocyte loss by 

light microscopy 

Cardiac troponin elevation (new or significant change from baseline)a 

Meeting the major criterion or two minor criteria from the list below (plus exclusion of ACS and acute infectious illnesses)b 

Major criterion 

• CMR diagnostic for acute myocarditis (modified Lake Louise criteria)c 

Minor criteria 

• Clinical syndrome (including any one of the following: fatigue, myalgia, chest pain, diplopia, ptosis, shortness of breath, 

orthopnoea, lower extremity oedema, palpitations, light-headedness or dizziness, syncope, muscle weakness, cardiogenic shock) 

• Ventricular arrhythmia and/or new conduction system disease 

• Decline in cardiac function with or without regional wall motion abnormalities in a non-Takotsubo pattern 

• Other irAEs, particularly myositis, myopathy, myasthenia gravis 

68Ga-DOTATOC, Gallium-68-DOTA(0)-Phe(1)-Tyr(3)-octreotide; ACS, acute coronary syndrome; CMR, cardiovascular magnetic 

resonance imaging; CT, computed tomography; EMB, endomyocardial biopsy; IR, immune-related; irAE, immune-related adverse 

event; PET, positron emission tomography. 

a Both cardiac troponin I and T can be used. Cardiac troponin T, however, may be elevated in patients with IR-myositis. In these 

cases, troponin I should be used. 
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b Invasive or non-invasive coronary angiography should be carried out if the patient is >40 years old or has risk factors for coronary 

artery disease to exclude ACS. 

c If CMR is not diagnostic or not available, consider endomyocardial biopsy or 68Ga-DOTATOC PET-CT if available.  

Reproduced from Herrmann et al.83 with permission from Oxford University Press.  
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Supplementary Table S6. Severity of IR-myocarditis83  

Severe Hemodynamic instability, heart failure requiring non-invasive or invasive ventilation, 

complete or high-grade heart block and/or significant ventricular arrhythmia 

Non-severe (clinically significant) Symptomatic but hemodynamically and electrically stable, may have reduced LVEF, 

no features of severe disease 

Smouldering (subclinical) Incidentally diagnosed myocarditis without any clinical signs or symptoms 

CS-refractory Non-resolving or worsening myocarditis (clinical worsening or persistent troponin 

elevation after exclusion of other causes) despite 1000 mg of methylprednisolone 

CS, corticosteroid; IR, immune-related; LVEF, left ventricular ejection fraction. 

Reproduced from Herrmann et al.83 with permission from Oxford University Press. 
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Supplementary Table S7. Recovery from IR-myocarditis83  

Complete recovery Patients with complete resolution of acute symptoms, normalisation of biomarkers 

and recovery of LVEF after discontinuation of immunosuppression are considered 

to have achieved complete recovery. CMR may still show LGE or elevated T1 due 

to fibrosis, but any suggestion of acute oedema should be absent. Disappearance 

of myocardial uptake with cardiac 68Ga-DOTATOC or 18FDG-PET-CT 

Recovering  Typically followed in the outpatient setting and on tapering doses of 

immunosuppression 

Refractory or incomplete recovery 1. An increase in symptoms or biomarkers of myocarditis or an inability to taper 

immunosuppression without a clinical or biomarker flare 

2. Patients with persistent LV dysfunction despite resolution of acute symptoms 

with immunosuppression 

18FDG, [18F]2-fluoro-2-deoxy-D-glucose; 68Ga-DOTATOC, Gallium-68-DOTA(0)-Phe(1)-Tyr(3)-octreotide; CMR, cardiovascular 

magnetic resonance imaging; CT, computed tomography; IR, immune-related; LGE, late gadolinium enhancement;  

LV, left ventricular; LVEF, left ventricular ejection fraction, PET, positron emission tomography. 

Reproduced from Herrmann et al.83 with permission from Oxford University Press. 
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Supplementary Table S8. Treatment strategies for IR-cardiotoxicity82 

Cardiotoxicity ICI strategy Immunosuppression Cardiac treatment 

Myocarditis 

 

Stop ICI First-line: i.v. methylprednisolone 

500-1000 mg daily for 3 days or 

until clinically stable, followed by 

oral prednisolone 1 mg/kg o.d. with 

tapering 10 mg/week with troponin 

monitoring 

Second line: MMF or tocilizumab  

8 mg/kg 

Third line: ATG, alemtuzumab or 

abatacept 

i.v. diuretics ± nitrates if pulmonary 

oedema 

ACE inhibitor if LVEF <50% 

Beta blocker if sinus tachycardia, atrial 

tachycardias, VT or VF 

New advanced 

conduction 

disease 

(second- or third-

degree heart 

block) 

Stop ICI Consider i.v. methylprednisolone if 

progressive PR prolongation or any 

evidence of co-existing myocarditis 

e.g. elevated troponin, CMR 

evidence 

Emergency pacing 
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Pericarditis 

complicated by 

cardiac 

tamponade 

Interrupt ICI 

Consider ICI rechallenge 

when stable and no 

evidence of ongoing 

pericarditis  

Colchicine 500 μg b.i.d. 

i.v. methylprednisolone 500-1000 

mg daily until clinically stable, 

followed by oral prednisolone 1 

mg/kg o.d. with tapering 10 

mg/week 

Emergency pericardiocentesis 

Colchicine  

Acute pericarditis 

(with or without 

effusion but 

without cardiac 

tamponade) 

Interrupt ICI 

Consider ICI rechallenge 

when stable and no 

evidence of ongoing 

pericarditis 

Colchicine 500 μg b.i.d. and oral 

prednisolone 0.5 mg/kg o.d. with 

tapering 10 mg/week 

 

Acute MI Stop ICI 

Carefully consider ICI 

rechallenge, but only when 

clinically stable and >30 

days post-MI with risk 

factors controlled and no 

alternative anticancer 

treatment 

Consider i.v. methylprednisolone if 

evidence of coronary vasculitis on 

angiography 

Follow ESC/ACC/AHA guidelines for 

STEMI or NSTEMI as appropriate 

Consider vasculitis if atherosclerosis 

absent at coronary angiography 
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New AF Interrupt ICI 

Consider ICI rechallenge 

once stable and after 

myocarditis excluded 

 Follow ESC guideline for AF 

DCCV should be considered 

Anticoagulation unless CHA2DS2-VASc 

score 0, contraindication or limited life 

expectancy 

VT or VF Stop ICI First-line: i.v. methylprednisolone 

500-1000 mg daily if myocarditis 

evident until clinically stable and 

troponin-negative followed by oral 

prednisolone 1 mg/kg o.d. with 

tapering 10 mg/week 

Emergency defibrillation 

Beta blocker and/or amiodarone 

Frequent VEs  

(>1% of heart 

beats) 

Interrupt ICI until 

myocarditis excluded 

Consider ICI rechallenge 

only after myocarditis 

excluded  

Follow myocarditis protocol above if 

myocarditis confirmed 

Beta blocker 

Consider EP opinion 

ECG and Holter surveillance if ICI 

continued 
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New LVSD without 

inflammation 

(functional LVSD) 

Interrupt ICI if unstable 

Consider ICI rechallenge 

once LV function stabilised 

or recovered and after 

myocarditis excluded with 

surveillance 

 ACE inhibitor (or ARB if ACE inhibitor-

intolerant) 

Beta blocker 

Management as per ESC guideline for 

acute and chronic heart failure 

BNP, ECG and echocardiogram 

surveillance if ICI restarted 

Takotsubo 

syndrome 

Interrupt ICI 

Consider ICI rechallenge 

once LV function stabilised 

or recovered and after 

myocarditis excluded with 

surveillance 

 Follow HFA position statement 

management algorithm 

Avoid QT prolonging drugs 

New early 

conduction 

abnormality on 

ECG 

Continue ICI once Holter 

excludes advanced heart 

block  

 Arrange Holter to assess for advanced 

conducted disease 

If absent, increase surveillance with 

ECG before each cycle 

New 

asymptomatic rise 

in BNP or  

NT-proBNP 

Continue ICI unless 

myocarditis or new LVSD 

detected 

 Check troponin, ECG and 

echocardiogram 

CMR if myocarditis suspected 
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New 

asymptomatic rise 

in cardiac troponin 

(possible 

myocarditis) 

Interrupt ICI  

Restart ICI rechallenge only 

after myocarditis and acute 

MI excluded 

 Check repeat troponin, CK, BNP, ECG, 

echocardiogram and CMR if 

myocarditis or MI 

Consider coronary angiography if 

ischaemic ECG changes and/or new 

regional LV wall motion abnormality  

ACC, American College of Cardiology; ACE, angiotensin-converting enzyme; AF, atrial fibrillation; AHA, American Heart 

Association; ARB, angiotensin receptor blocker; ATG, antithymocyte globulin; b.i.d., twice daily; BNP, B-type natriuretic peptide; 

CHA2DS2-VASc, congestive heart failure, hypertension, age ( >65 = 1 point, >75 = 2 points), diabetes, previous stroke or transient 

ischemic attack (2 points), vascular disease; CK, creatine kinase; CMR, cardiovascular magnetic resonance imaging; DCCV, direct 

current cardioversion; ECG, electrocardiogram; ESC, European Society of Cardiology; EP, electrophysiologist; HFA, Heart Failure 

Association; ICI, immune checkpoint inhibitor; IR, immune-related; i.v., intravenous; LV, left ventricular; LVEF, left ventricular 

ejection fraction; LVSD, left ventricular systolic dysfunction; MI, myocardial infarction; MMF, mycophenolate motefil; NSTEMI, non-

ST-elevation myocardial infarction; NT-proBNP, N-terminal-pro hormone of brain natriuretic peptide; o.d., once daily; STEMI, ST-

segment elevation myocardial infarction; VE, ventricular ectopic beat; VF, ventricular fibrillation; VT, ventricular tachycardia. 

Adapted from Lyon et al.82 with permission from Elsevier. 
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Supplementary Table S9. Grading systems for AKI: KDIGO SCr criteria and CTCAE v5: ‘acute kidney injury’ and 

‘creatinine increased’80,84 

CTCAE v5: ‘acute kidney injury’ CTCAE v5: ‘creatinine increased’ KDIGO SCr criteria 

Grade 1: NA Grade 1: >ULN-1.5x ULN Stage 1: increase in SCr to 1.5-1.9x 

baseline or ≥0.3 mg/dL within 48 h  

Grade 2: NA Grade 2: >1.5-3.0x baseline;  

>1.5-3.0x ULN 

Stage 2: increase in SCr to 2-2.9x 

baseline 

Grade 3: hospitalisation indicated Grade 3: >3.0x baseline;  

>3.0-6.0x ULN 

Stage 3: increase in SCr to 3x baseline 

or to ≥4.0 mg/dL or initiation of dialysis 

Grade 4: life-threatening 

consequences; dialysis indicated 

Grade 4: >6.0x ULN  

AKI, acute kidney injury; CTCAE, Common Terminology Criteria for Adverse Events; KDIGO, Kidney Disease: Improving Global 

Outcomes; NA, not applicable; SCr, serum creatinine; ULN, upper limit of normal; v, version. 

Reprinted from National Cancer Institute80 and from KDIGO84 with permission from Elsevier.
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Supplementary Table S10. Levels of evidence and grades of recommendation 

(adapted from the Infectious Diseases Society of America-United States Public 

Health Service Grading Systema)  

Levels of evidence 

I Evidence from at least one large randomised, controlled trial of good 

methodological quality (low potential for bias) or meta-analyses of well-

conducted randomised trials without heterogeneity 

II Small randomised trials or large randomised trials with a suspicion of bias 

(lower methodological quality) or meta-analyses of such trials or of trials 

demonstrated heterogeneity 

III Prospective cohort studies 

IV 

 

Retrospective cohort studies or case-control studies  

 

V Studies without control group, case reports, expert opinions 

 

Grades of recommendation 

A Strong evidence for efficacy with a substantial clinical benefit, strongly 

recommended 

B Strong or moderate evidence for efficacy but with a limited clinical benefit, 

generally recommended 

C Insufficient evidence for efficacy or benefit does not outweigh the risk or 

the disadvantages (adverse events, costs, etc.), optional  

D Moderate evidence against efficacy or for adverse outcome, generally not 

recommended 

E Strong evidence against efficacy or for adverse outcome, never 

recommended 

a Reprinted by permission of Oxford University Press on behalf of the Infectious 

Diseases Society of America.85,86
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FIGURES 

Supplementary Figure S1. Management of IR-DM. 
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Purple: general categories or stratification; turquoise: combination of treatments or other systemic treatments; white: other aspects 

of management. 

CTCAE, Common Terminology Criteria for Adverse Events; DM, diabetes mellitus; GAD, glutamic acid decarboxylase; HbA1c, 

glycated haemoglobin; ICI, immune checkpoint inhibitor; IR, immune-related; T2DM, type 2 diabetes mellitus.  

a CTCAE criteria only cover hyperglycaemia, not diabetes, hence the symptom grades here reflect scenarios in which patients may 

present. Most cases of IR-DM present with diabetic ketoacidosis due to insulin insufficiency. 

b No immunosuppressive strategies are validated yet to treat IR-DM. 
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Supplementary Figure S2. Management of IR-primary adrenal insufficiency. 
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Purple: general categories or stratification; turquoise: combination of treatments or other systemic treatments; white: other aspects 

of management. 

ACTH, adrenocorticotrophic hormone; HRT, hormone replacement therapy; ICI, immune checkpoint inhibitor; i.v. intravenous; K, 

potassium; LLN, lower limit of normal; MRI, magnetic resonance imaging; Na, sodium; q.d.s., four times a day. 

a Maintenance HRT in divided doses: 15-20 mg hydrocortisone; if intercurrent illness, higher doses will be required; if symptomatic, 

initiation at double the standard dose may be required, with a plan to wean down over 7 days, if a patient is not able to adhere to a 

short-acting steroid regimen. Hydrocortisone 20 mg is equivalent to prednisone 5 mg. Diagnostic measures should never delay the 

initiation of steroid replacement therapy in suspected adrenal insufficiency. In primary adrenal insufficiency, mineralocorticoid 

replacement is also indicated (0.1 mg per day of fludrocortisone) — seek endocrinologist advice. 

b Differential diagnoses of low cortisol, i.e. with high ACTH: adrenalitis; with low ACTH: hypophysitis, pituitary tumour or exogenous 

adrenal suppression, e.g. from concurrent steroid use (e.g. dexamethasone >0.75 mg, prednisolone >3 mg; also consider steroid 

inhalers). 

c Dexamethasone emergency replacement may be useful in cases where the diagnosis of primary adrenal insufficiency is 

suspected as it will interfere less with assessment of an ACTH stimulation test. 
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Supplementary Figure S3. Management of suspected IR-central neurological toxicity.87 
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Purple: general categories or stratification; turquoise: combination of treatments or other systemic treatments; white: other aspects 

of management. 

Abs, antibodies; ACTH, adrenocorticotrophic hormone; ANA, antinuclear antibody; CNS, central nervous system; CS, 

corticosteroid; EEG, electroencephalogram; HIV, human immunodeficiency virus; HSV, Herpes simplex virus; IgG, immunoglobulin 

G; IR, immune-related; i.v., intravenous; IVIG, intravenous immunoglobulin; M/C/S, microscopy, culture and susceptibility; MRI, 

magnetic resonance imaging; PRES, Posterior Reversible Leukoencephalopathy Syndrome; TSH, thyroid-stimulating hormone; 

WBC, white blood cell. 

Reproduced from Haanen et al.87  
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