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Université, INSERM (NutriOmics), Paris,  France  

 

† A complete list of the investigators is provided in the Appendix. 
 

* these authors contributed equally to the work 
§Corresponding Authors: 

PD Dr. med. Lorenz Lehmann, Cardio-Oncology Unit, Department of Cardiology, Angiology, and Pneumology, 

Heidelberg University Hospital, INF 410, 69120 Heidelberg 

Email: lorenz.lehmann@med.uni-heidelberg.de  

or 

Joe-Elie Salem, M.D., Ph.D, Centre d'Investigation Clinique Paris-Est, UF Pharmacologie oncologique et 

cardiovasculaire – Onco-cardiology, Hôpital Pitié-Salpêtrière, Bâtiment Antonin Gosset, 47-83 Bld de l'hôpital, 

75013 Paris, France. Secretariat: +33 1 42 17 85 31, Fax: +33 1 42 17 85 32; Email: joe-elie.salem@aphp.fr  

  

mailto:lorenz.lehmann@med.uni-heidelberg.de
mailto:joe-elie.salem@aphp.fr


Appendix. List of collaborating centers in the international ICI myocarditis registry. Collaborators with 

over 2 cases entered in the registry are displayed. 
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Supplementary-Table-1. Diagnostic certainty criteria for ICI-myocarditis 

Hierarchical criteria’s accounting for different levels of evidence for ICI-myocarditis 

For all, other diagnosis/explanations must be excluded (particularly cardiotoxicity of another liable 

drug used in combination). Overlap between ICI-myocarditis and acute coronary syndrome or venous 

thromboembolism has been described previously.  

 

 Definite myocarditis (any one of the below situations is sufficient) 

- Definite cardiac pathology 
- Definite CMR + syndrome + (biomarker or ECG or WMA) 
- WMA + syndrome + biomarker + ECG + negative angiography 
- Definite muscular pathology + (suggestive/definite CMR or WMA or ECG or suggestive 

cardiac pathology) + biomarker  
- Suggestive (muscular or cardiac) pathologies + (suggestive/definite CMR or WMA or ECG) 

+ biomarker + syndrome 

 

Probable myocarditis (any one of below situations is sufficient) 

- Definite CMR + (biomarker or ECG or WMA) and no syndrome 
- Suggestive CMR + biomarker + (syndrome or ECG or WMA) 
- WMA + syndrome + biomarker + ECG and no available angiography 
- Suggestive muscular pathology + (suggestive CMR or WMA or ECG) + (biomarker or 

syndrome)  
- Suggestive cardiac pathology + (biomarker or syndrome or ECG) 
- Syndrome + biomarker + ECG + negative angiography + no WMA + normal CMR + normal 

cardiac pathology 

Possible myocarditis (any one of the below situations) 

- Suggestive CMR + biomarker with no (syndrome or ECG or WMA) 
- Suggestive/aspecific lesions on muscular pathology + biomarker 
- Suggestive cardiac pathology  
- Biomarker + (syndrome or ECG) and no alternative diagnosis* 

 

 

Abbreviations: Biomarker: identification of unknown increase of troponin assay above its 99th percentile upper 
reference limit; CMR: cardiac magnetic resonance imaging (analysis based on T1 & T2 properties of cardiac 
tissue); ECG: electrocardiogram (12-leads 10 seconds) identifying an unknown abnormality (atrio-ventricular or 
sinus blocks, bundle branch blocks, ST-T wave changes, micro-voltage, ventricular or supra-ventricular 
arrhythmias, pathological Q-waves); Syndrome: appearance on ICI of any of the following abnormalities 
(dyspnea, chest pain, diplopia, ptosis, myalgia, muscular weakness, fatigue, dysphonia, dysphagia, abdominal 
paradox, syncope, faintness, palpitations, ventricular hyperexcitability on electrocardiographic holter/telemetry 
(>5% of non-sinus ventricular rhythms), and respiratory muscle involvement probable or definite; WMA: 
identification of unknown wall motion abnormality or left ventricular ejection fraction<50% by cardiac imaging. 

* Acute coronary syndrome and ICI-myocarditis may co-occur at presentation. ICI-myocarditis should be 
reassessed after revascularization particularly if this has not led to resolution of alteration in biomarkers, ECG 
or syndrome or if syndrome is including peripheral muscle involvement not explained by cardiac ischemia 
(diplopia, ptosis, myalgia, myalgia, muscle weakness, dysphagia, dysphonia).  

 

Addendum for detailed criteria required  depending on modality used for diagnosis of ICI-myocarditis :  
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• Cardiac pathology  (endomyocardial or autopsy samples) :  
o Definite : Abnormal lympho-histiocytic inflammatory cells infiltrate (CD3+ cells ≥7/mm² or CD68+ 

cells ≥4/mm²) AND cardiomyocytes necrosis.  
o Suggestive (borderline): Abnormal lympho-histiocytic inflammatory cells infiltrate (CD3+ cells 

≥7/mm² or CD68+ cells ≥4/mm²) WITHOUT cardiomyocytes necrosis. 

• Cardiac magnetic resonance imaging (analysis based on T1 & T2 properties of cardiac tissue)  : 
o Definite : Tissue imaging identifying unknown abnormalities in cardiac segments in both T1 

(native T1 ± extracellular volume ± presence of late gadolinium enhancement) AND T2 derived 
maps and sequences. 

o Suggestive (borderline): Tissue imaging identifying unknown abnormalities in cardiac segments 
in either T1 OR T2 derived maps and sequences. 

• Peripheral muscle pathology (skeletal muscles or autopsy samples) :  
o Definite : Abnormal endomysial lympho-histiocytic inflammatory cells infiltrate AND abnormal 

class 1 human leukocyte antigen overexpression on myocytes AND myocytes necrosis. 
o Suggestive (borderline): Abnormal endomysial lympho-histiocytic inflammatory cells infiltrate 

AND abnormal class 1 human leukocyte antigen overexpression on myocytes WITHOUT 
myocytes necrosis. 

o Non-specific lesions: Abnormal class 1 human leukocyte antigen overexpression on myocytes 
WITHOUT abnormal endomysial lympho-histiocytic inflammatory cells infiltrate WITHOUT 
myocytes necrosis. 

 



Supplementary-Table-2. Technical aspects of the different assays used to determine cardiac troponins and CK circulating levels 

 

Analyzer, Assay 

(manufacturer) 

n/N, % of tested 

samples 

Assay Range in 

ng/L 

Limit of detection 

(LoD) in ng/L 

Limit of blank 

(LoB) in ng/L 

10% coefficient of 

variation (10%CV) in 

ng/L 

99th percentile normal 

cut-off values in ng/L 

Cardiac Troponin-T  (cTnT) 

Cobas Elecsys Troponin T hs 

(Roche)* 
1751/1751 

(100%) 

3 – 10,000 3 2.5 13 14 

 

Cardiac Troponin-I  (cTnI) 

Cobas Elecsys Troponin I 
(Roche)* 

40/920 (4%) 160 – 25,000 160 100 300  160 

Atellica IM High-Sensitivity 

Troponin I (Siemens)* 

512/920 (56%) 2.5 – 25,000 1.6 0.5 <6.0 34.11 (F) 53.48 (M) 

 

Architect STAT High 

Sensitive Troponin-I (Abbott)* 

101/920 (11%) 10 – 50,000 1.1 – 1.9 0.7 – 1.3 4.0 – 10.0 15.6 (F) 34.2 (M) 

ADVIA Centaur TnI-Ultra 
(Siemens) 

267/920 (29%) 6 – 50,000  3 NA 30 40 

Analyzer, Assay 

(manufacturer) 

n/N, % of tested 

samples  

Assay Range in 

U/L 

Limit of detection 

(LoD) in U/L  

Limit of blank 

(LoB) in U/L  

10% coefficient of 

variation (10%CV) in 

ng/L 

95th percentile normal 

cut-off values in U/L 

Creatine Kinase (CK) 

Atellica CH Creatine Kinase 

(CK L) (Siemens) 

22/1191 (2%) 15 – 1,300 6  1   34 – 145 (F)  

46 – 171 (M) 

Cobas Creatine Kinase (CK) 
(Roche) 

820/1191 (69%) 7 – 2,000 7  7   26 – 192 (F) 

39 – 308 (M) 

Dimension Vista Creatine 

Kinase (CKI) (Siemens) 

2/1191 (<1%) 7 – 1,000 7  2   26 – 192 (F) 

39 – 308 (M) 

ADVIA Chemistry XPT 

(Siemens) 
340/1191 (29%) 15 – 1,300 6  3   34 – 145 (F) 

46 – 171 (M) 

ARCHITECT Creatine 

Kinase  (CK) (Abbott) 

7/1191 (<1%) 7 – 4,267 5.1  NA  29 – 168 (F) 

30 – 200 (M) 
 

Abbreviations: CV, coefficient of variation; CI, confidence interval; F, female; LoB, Limit of Blank; LoD, Limit of Detection; LoQ, Limit of Quantitation; M, male; NA, 

not available. 

* high-sensitive assays (hs) 

 



Supplementary-Table-3. Detailed results of non-linear mixed effects models. In model-A, we studied if the 

ratio of cTnT/URL over cTnI/URL (as a proxy of their divergence, n=761 timepoints) was influenced by the 

following fixed effects variables (time-period after admission for ICI-myocarditis, inclusion center, age and sex), 

integrating the following random effects (patients’ identity, and cTnI assay types). In model-B, we added to 

model-A the presence of detectable IgG or IgM anti-cTnI antibodies as a fixed effect (n=493 time-points). 

Inclusion center was dropped for this latter model because IgG/IgM anti-cTnI antibodies status was only available 

in the French cohort. A serum sample identifying detectable IgG or IgM anti-cTnI (at least >1/40 for each) was 

considered positive for a 10days time period, except if plasmapheresis was preformed within this time-period. 
 

Model-A, Random Effects 

- Patients identity (n=55)   - cTnI assay types (n=4) 

                  Fixed effects 

 Estimate Standard-error p-value 

Intercept -51.4 28.7 0.11 

Age (years) 0.7 0.3 0.02 

Sex (Male) 16.3 8.0 0.05 

Center (France) 5.9 21.8 0.82 

Days after diagnosis (4-7) -6.3 6.5 0.34 

Days after diagnosis (8-14) 2.8 6.8 0.63 

Days after diagnosis (15-30) 45.9 5.9 <0.001 

Days after diagnosis (31-90) 21.4 5.9 <0.001 

Days after diagnosis (91-180) 6.5 7.0 0.35 

Days after diagnosis (181-360) 1.1 7.9 0.89 
 

Model-B, Random Effects 

- Patients identity (n=29)    - cTnI assay types (n=2) 

                 Fixed effects 

 Estimate Standard-error p-value 

Intercept -48.7 31.0 0.14 

Age (years) 0.9 0.4 0.02 

Sex (Male) 27.5 12.1 0.03 

IgG anti-cTnI (detectable) -9.6 9.2 0.30 

IgM anti-cTnI (detectable) -1.1 7.6 0.89 

Days after diagnosis (4-7) -17.1 11.6 0.14 

Days after diagnosis (8-14) -10.4 9.9 0.29 

Days after diagnosis (15-30) 40.6 9.1 <0.001 

Days after diagnosis (31-90) 15.5 9.5 0.10 

Days after diagnosis (91-180) -3.2 11.0 0.77 

Days after diagnosis (181-360) -11.6 12.1 0.34 
 

Abbreviations:  cTnI: cardiac troponin-I; cTnT: cardiac troponin-T; Ig: immunoglobulin ; ICI: immune-checkpoint inhibitor 

; URL: upper reference limit  (99th percentile) 
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Supplementary-Table-4. Detailed results of non-linear mixed effects models by subgroups of patients with 

a same cTnI assay performed. We studied if the ratio of cTnT/URL over cTnI/URL (as a proxy of their 

divergence) was influenced by the following fixed effects variables (time-period after admission for ICI-

myocarditis, age and sex), integrating the patients’ identity as a random effect for Architect STAT High sensitive 

Troponin-I (ABBOTT, n=37 timepoints; A), Atellica IM TnIH (SIEMENS, n= 458 timepoints; B) and TnI-

Ultra/ADVIA Centaur XPT (SIEMENS, n=265; C). 

 

Model-A, Random Effects 

- Patients identity (n=13)  

Fixed effects 

 Estimate Standard-error p-value 

Intercept -48.2 10.1 <0.001 

Age (years) 0.7 0.2 <0.001 

Sex (Male) 18.9 4.9 <0.001 

Days after diagnosis (4-7) 11.4 14.9 0.45 

Days after diagnosis (8-14) 0.5 10.3 0.96 

Days after diagnosis (15-30) 10.5 8.1 0.21 

Days after diagnosis (31-90) 17.1 7.9 0.04 

Days after diagnosis (91-180) -3.2 9.9 0.75 

Days after diagnosis (181-360) -7.0 15.8 0.66 
 

Model-B, Random Effects 

- Patients identity (n=29)  

Fixed effects 

 Estimate Standard-error p-value 

Intercept -48.2 30.6 0.13 

Age (years) 1.0 0.4 0.03 

Sex (Male) 27.4 13.0 0.05 

Days after diagnosis (4-7) -19.2 12.2 0.12 

Days after diagnosis (8-14) -9.3 10.5 0.38 

Days after diagnosis (15-30) 45.6 10.0 <0.001 

Days after diagnosis (31-90) 15.5 9.9 0.12 

Days after diagnosis (91-180) 0.2 11.6 0.99 

Days after diagnosis (181-360) -8.6 12.5 0.49 
 

Model-C, Random Effects 

- Patients identity (n=26)  

Fixed effects 

 Estimate Standard-error p-value 

Intercept 29.3 33.7 0.39 

Age (years) -0.3 0.4 0.48 

Sex (Male) -3.7 8.3 0.66 

Days after diagnosis (4-7) 3.4 5.2 0.51 

Days after diagnosis (8-14) 14.9 5.1 0.004 

Days after diagnosis (15-30) 46.9 5.5 <0.001 

Days after diagnosis (31-90) 23.5 5.6 <0.001 

Days after diagnosis (91-180) 12.2 6.8 0.07 

Days after diagnosis (181-360) -11.6 12.1 0.05 
 

Abbreviations:  cTnI: cardiac troponin-I; cTnT: cardiac troponin-T; Ig: immunoglobulin ; ICI: immune-

checkpoint inhibitor ; URL: upper reference limit  (99th percentile) 
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Supplementary-Figure-1. Correlation (rho; spearman’s test) between concomitant cTnT and cTnI values as 

a function of cTnI assay used. There was no significant difference in the correlations observed between the 

different cTnI assay used and cTnT as obtained with the Fisher’s z test for independent correlations (p=0.58, 

p=0.68, p=0.76, respectively for Architect vs. Atellica, Architect vs. Centaur and Atellica vs. Centaur). URL 

stands for 99th percentile upper reference limit. Cobas Elecsys® Troponin I assay is not shown because only one 

value was concomitantly available with cTnT evaluation. 

 

 

 

Supplementary-Figure-2. LOESS (Locally Estimated Scatterplot Smoothing) of the mean (and standard-

error) of the ratio of cTnT/URL over cTnI /URL over time after initial admission for ICI-myocarditis in a 

one-year follow-up as a function of sex (A) and age median (B)  

 

Abbreviations:  cTnI: cardiac troponin-I; cTnT: cardiac troponin-T; F: female ; ICI: immune-checkpoint 

inhibitor ; M: male; URL: upper reference limit  (99th percentile) 
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Supplementary-Figure-2. LOESS (Locally Estimated Scatterplot Smoothing) of the mean (and standard-

error) of the ratio of cTnT/URL over cTnI /URL over time after initial admission for ICI-myocarditis in a 

one-year follow-up as a function of sex (A) and age median (B)  

 

Abbreviations:  cTnI: cardiac troponin-I; cTnT: cardiac troponin-T; F: female ; ICI: immune-checkpoint 

inhibitor ; M: male; URL: upper reference limit  (99th percentile)



Supplementary-Figure-3.  Cardiac biomarkers as predictors of non-MACE related death vs. overall mortality: (A) Non-MACE related death, and overall 

mortality (B) over one-year follow-up after admission for ICI-myocarditis as a function of cTnT/URL value above and below 32 (n=57) using maximal cTnT values 

within 72h of admission.  

 

 Abbreviations: MACE, major adverse cardio-myotoxic event; URL, upper reference limit being upper 99th percentile of normal values for troponins; HR, hazard 

ratio; CI, confidence interval; Tn, Troponin as indicated. CI, 95% confidence interval



Supplementary-Figure-4. ICI-myocarditis cases and their biomarker evolution over time as a function of 

MACE incidence or not in the overall cohort (A); and at the time of MACE in patients having developed a 

MACE (B). URL (upper reference limits) of cardiac troponin T (cTnT), cardiac troponin I (cTnI), and creatine 

kinase (CK) are represented by a grey dotted line. The stars represent the peak value of biomarkers (A). MACE 

is represented by dotted vertical lines in B (see icon legends for types of MACE). 

 
 

Abbreviations: MACE, major adverse cardio-myotoxic event; URL: upper reference limit being upper 99th percentile of normal values 

for troponin and 95th percentile of normal values for creatine kinase 


