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CORIMUNO-19 Collaborative Group*  
*All these people are registered as collaborators 

 
Writing Committee 
Olivier Hermine*, Xavier Mariette*, Pierre-Louis Tharaux*, Matthieu Resche-Rigon*, Raphaël Porcher*, 
Philippe Ravaud* 
* equal contribution 
 
Steering Committee 
Philippe Ravaud (chair of the CORIMUNO-19 platform), Serge Bureau, Maxime Dougados, Olivier Hermine, 
Xavier Mariette, Matthieu Resche-Rigon, Pierre-Louis Tharaux, Annick Tibi 
 
Scientific Committee 
Olivier Hermine (chair), Elie Azoulay, Serge Bureau, Jacques Cadranel, Maxime Dougados, Joseph Emmerich, 
Muriel Fartoukh, Bertrand Guidet, Marc Humbert, Karine Lacombe, Matthieu Mahevas, Xavier Mariette, 
Frédéric Pene, Raphaël Porcher, Valérie Pourchet-Martinez, Philippe Ravaud, Matthieu Resche-Rigon, Frédéric 
Schlemmer, Pierre-Louis Tharaux, Annick Tibi, Yazdan Yazdanpanah 
 
Methodology and statistics 
Methodology: Philippe Ravaud 
Statistics: Raphaël Porcher (statistics lead), Gabriel Baron, Elodie Perrodeau (internal independent statistician) 
 
Data Monitoring Committee-1 
DSMB1 resigned because of differences between the investigators and sponsors and the DSMB with regard to 
the management of the protocol and the communication of the results.  No issues of subject safety or data 
integrity were raised. 
AP-HP, as sponsor of the study, and investigators accepted the resignation of the initial DSMB1 on April 30, 
2020 and appointed a new DMC on May 1, 2020, which was approved by the Agence Nationale de Sécurité du 
Médicament et des Produits de Santé (ANSM) on May 3, 2020. 
  
Data Monitoring Committee-2 
Deepak L Bhatt (Chair), Sandro Galea, Frank Harrell, Cristina Mussini, Kevin Winthrop, Patrick Yeni  
* The first meeting of Data Monitoring Committee 2 was held on May 9, 2020 
  
CORIMUNO-19 Central Coordinating Office: DRCI – AP-HP 
Responsible for the sponsor: Serge Bureau 
Damien Vanhoye, Cécile Kedzia, Lauren Demerville, Anne Gysembergh-Houal, Alexandre Bourgoin,  
 
CORIMUNO-19 platform trials Coordinating Office: DRCI – Unités de Recherche Clinique Lariboisière / 
Fernand Widal / Saint Louis, AP-HP 
Clinical Trial Unit Lead: Matthieu Resche-Rigon 
Clinical Trial Unit Manager: Nabil Raked, Lakhdar Mameri,   
Clinical Trial Unit team:  Claire Montlahuc, Lucie Biard, Stéphanie Alary, Samir Hamiria, Thinhinane Bariz, 
Hala Semri, Dhiaa Meriem Hai, Moustafa Benafla, Mohamed Belloul, Pernelle Vauboin, Saskia Flamand, Claire   
Pacheco, Anouk Walter-Petrich, Emilia Stan, Souad Benarab, Corine Nyanou 
Trial logistics support : Maxime Dougados, Université de Paris, Hôpital Cochin, AP-HP 
 
Drug supply: AGEPS – AP-HP 
Pharmacy lead: Annick Tibi 
Robin Charreteur, Céline Dupre, Kévin Cardet, Blandine Lehmann, Kamyl Baghli 
   
REACTing Consortium (Coordination between AP-HP, Inserm and Universities) 
Chair: Yazdan Yazdanpanah 
Claire Madelaine, Eric D'Ortenzio, Oriane Puéchal, Caroline Semaille 
 
The 16 Local clinical centres of CORIMUNO-19 trials having participated to CORIMUNO-ANA-1 
APHP - Ambroise Paré, APHP – Avicenne, APHP – Beaujon, APHP – Bicêtre, APHP - Cochin                        
APHP – HEGP, APHP - Henri Mondor, APHP – Lariboisière, APHP - Saint Antoine, APHP - Saint Louis, 
APHP – Tenon, Hôpital de la Croix Saint Simon, Hôpital Privée d'Antony, Hôpital Delafontaine de Saint Denis, 
Hôpitaux Universitaires de Strasbourg, Hôpital Foch, Suresnes  
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Local clinical centres of CORIMUNO-19 trials staff (listed in order of the number of patients randomized per 
site in the totality of CORIMUNO-19 trials) 
 
AP-HP, Hôpital Bicêtre, Université Paris-Saclay  
PI: Xavier Mariette, Co-Pi: Laurent Savale 
Investigators : Anatole Harrois, Samy Figueiredo, Jacques Duranteau, Nadia Anguel, Xavier Monnet, Christian 
Richard, Jean-Louis Teboul, Philippe Durand, Pierre Tissieres, Mitja Jevnikar, Marc Humbert, David Montani, 
Sophie Bulifon, Xavier Jaïs, Olivier Sitbon, Stephan Pavy, Nicolas Noel, Olivier Lambotte, Lelia Escaut, 
Stephane Jauréguiberry, Elodie Baudry, Christiane Verny, Mathilde Noaillon, Edouard Lefevre, Mohamad 
Zaidan 
Local Clinical Research unit: Domitille Molinari, Gaël Leprun, Alain Fourreau, Laurent Cylly, Lamiae 
Grimaldi 
Local Clinical Research team: Myriam Virlouvet, Ramdane Meftali, Solène Fabre, Marion Licois, Asmaa 
Mamoune, Yacine Boudali 
Pharmacy: Clotilde Le Tiec 
Biological resource centre: Céline Verstuyft, Anne-Marie Roques 
 
AP-HP, Hôpital Tenon, Université Paris-Sorbonne  
PI: Sophie Georgin-Lavialle, Co-Pi: Jacques Cadranel 
Investigators : Patricia Senet, Angèle Soria, Antoine Parrot, Hélène François, Nathalie Rozensztajn, 
Emmanuelle Blin, Pascaline Choinier, Juliette Camuset, Jean-Simon Rech, Antony Canellas, Camille Rolland-
Debord, Nadège Lemarié, Nicolas Belaube, Marine Nadal, Martin Siguier, Camille Petit-Hoang, Julie Chas. 
Local Clinical Research unit : Elodie Drouet, Matthieu Lemoine, Audrey Phibel, Lucie Aunay, Eliane Bertrand, 
Sylviane Ravato, Marie Vayssettes, Anne Adda, Celine Wilpotte, Pélagie Thibaut 
Pharmacy : Julie Fillon, Isabelle Debrix 
Biological resource centre: Soraya Fellahi, Jean-Philippe Bastard, Guillaume Lefèvre 
 
Hôpitaux Universitaires de Strasbourg, Université de Strasbourg 
Co-PIs: Jacques-Eric Gottenberg and Yves Hansmann 
Investigators: Frédéric Blanc, Sophie Ohlmann-Caillard, Vincent Castelain, Emmanuel Chatelus, Eva Chatron, 
Olivier Collange, François Danion, Frédéric De Blay, Pierre Diemunsch, Sophie Diemunsch, Renaud Felten, 
Bernard Goichot, Valentin Greigert,  Aurelien Guffroy,  Bob Heger, Charlotte Kaeuffer, Loic Kassegne,  Anne 
Sophie Korganow,  Pierrick Le Borgne,  Nicolas Lefebvre, Paul-Michel Mertes, Eric Noll, Mathieu Oberlin, 
Vincent  Poindron, Julien Pottecher, Yvon Ruch,   François Weill  
Local Clinical Research unit: Nicolas Meyer, Emmanuel Andres, Eric Demonsant, Hakim Tayebi, Gabriel 
Nisand, Stéphane Brin, Cédric Sublon 
Pharmacy : Guillaume Becker, Anne Hutt, Tristan Martin 
Biological Resource Centre: Sophie Bayer, Catherine Metzger 
 
AP-HP, Hôpital Saint-Antoine, Université Paris-Sorbonne 
PI: Arsene Mekinian, Co-PI: Karine Lacombe, Bertrand Guidet  
Investigators: Noémie Abisror, Amir Adedjouma, Diane Bollens, Marion Bonneton, Nathalie Bourcicaux, Anne 
Bourrier, Maria Chauchard Thibault Chiarabiani, Dorothée Chopin, Jonathan Cohen, Ines Devred, Bruno 
Donadille, Olivier Fain, Geoffrey Hariri, Vincent Jachiet, Patrick Ingliz, Marc Garnier, Marc Gatfosse, Etienne 
Ghrenassia, Delphine Gobert, Bertrand Guidet, Jessica Krause le Garrec, Cecilia Landman, Jean Remy 
Lavillegrand, Benedicte Lefebvre, Thibault Mahevas, Sandie Mazerand, Jean Luc Meynard, Marjolaine 
Morgand, Zineb Ouazène, Jerome Pacanowski, Sébastien Riviere, Philippe Seksik, Harry Sokol, Heithem 
Soliman, Nadia Valin, Thomas Urbina 
Local Clinical Research unit: Chloé McAvoy, Maria Pereira Miranda, Gladys Aratus, Laurence Berard, 
Tabassome Simon,  
Pharmacy : Anne Daguenel Nguyen, Elise Girault, Clémentine Mayala-Kanda, Marie Antignac, Céline Leplay 
Biological resource centre: Gladys Aratus, Laurence Berard, Tabassome Simon 
 
AP-HP, Hôpital Européen Georges Pompidou, Université de Paris, 
PI: Jean-Benoit Arlet, Co-Pi: Jean-Luc Diehl 
Investigators : Florence Bellenfant, Anne Blanchard, Alexandre Buffet, Bernard Cholley, Antoine Fayol, 
Edouard Flamarion, Anne Godier, Thomas Gorget, Sophie-Rym Hamada, Caroline Hauw-Berlemont, Jean-
Sébastien Hulot, David Lebeaux, Marine Livrozet, Adrien Michon, Arthur Neuschwander, Marie-Aude Penet, 
Benjamin Planquette, Brigitte Ranque, Olivier Sanchez, Geoffroy Volle 
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Local Clinical Research unit : Sandrine Briois, Mathias Cornic, Virginie Elisee, Jesuthasan Denis, Juliette 
Djadi-Prat, Pauline Jouany, Ramon Junquera, Mickael Henriques, Amina Kebir, Isabelle Lehir, Jeanne Meunier, 
Florence Patin, Valérie Paquet, Anne Tréhan, Véronique Vigna 
Pharmacy : Brigitte Sabatier 
Biological resource centre, Clinical Investigation Centre, PARCC, Inserm: Damien Bergerot, Charlène Jouve, 
Camille Knosp, Olivia Lenoir, Nassim Mahtal, Léa Resmini. 
 
AP-HP, Hôpital Bichat, Université de Paris 
PI: F-Xavier Lescure, Co-PI: Jade Ghosn 
Investigators: Antoine Bachelard, Anne Rachline, Valentina Isernia, Bao-chau, Phung, Dorothée  Vallois, 
Aurelie Sautereau, Catherine Neukrich,  Antoine Dossier,  Raphaël Borie,  Bruno Crestani, Gregory Ducrocq 
Philippe Gabriel Steg, Hassan Tarhini, Philippe Dieude, Thomas Papo 
Local Clinical Research unit: Estelle Marcault, Marhaba Chaudhry, Charlène Da Silveira, Annabelle Metois, 
Ismahan Mahenni, Meriam Meziani, Cyndie Nilusmas    
Local Clinical Research team: Sylvie Le Gac, Awa Ndiaye, Françoise Louni, Malikhone Chansombat, Zelie 
Julia, Solaya Chalal, Lynda Chalal   
Pharmacy: Laura Kramer, Jeniffer Le Grand 
Biological resource centre: Kafif Ouifiya, Valentine Piquard, Sarah Tubiana 
 
AP-HP, Hôpital Beaujon, Université de Paris 
PI: Yann Nguyen 
Investigators: Vasco Honsel, Emmanuel Weiss, Anaïs Codorniu, Virginie Zarrouk, Victoire de Lastours, 
Matthieu Uzzan, Olivier Roux, Geoffrey Rossi 
Local Clinical Research unit: Naura Gamany, Agathe Claveirole, Alexandre Navid, Tiffanie Fouque, Yonathan 
Cohen, Maya Lupo, Constance Gilles, Roza Rahli 
Pharmacy: Zeina Louis 
 
AP-HP, Hôpital Saint-Louis, Université de Paris  
PI: David Boutboul, Co-PI:  Lionel Galicier, Elie Azoulay 
Investigators : Lionel Galicier, Yaël Amara, Gabrielle Archer, Elie Azoulay, Amira Benattia, Anne Bergeron, 
Louise Bondeelle, Nathalie de Castro, Melissa Clément,  
Michaël Darmon, Blandine Denis, Clairelyne Dupin, Elsa Feredj, Delphine Feyeux, Adrien Joseph, Etienne 
Lengliné, Pierre Le Guen, Geoffroy Liégeon, Gwenaël Lorillon, Asma Mabrouki, Eric Mariotte, Grégoire 
Martin de Frémont, Adrien Mirouse, Jean-Michel Molina, Régis Peffault de Latour, Eric Oksenhendler, Julien 
Saussereau, Abdellatif Tazi, Jean-Jacques Tudesq, Lara Zafrani 
Local Clinical Research team: Isabelle Brindele, Emmanuelle Bugnet 
Karine Celli Lebras, Julien Chabert, Lamia Djaghout, Catherine Fauvaux 
Anne Lise Jegu, Ewa Kozakiewicz, Martine Meunier, Marie-Thérèse Tremorin 
Pharmacy: Claire Davoine, Isabelle Madelaine 
Biological resource centre: Sophie Caillat-Zucman, Constance Delaugerre, Florence Morin 
 
AP-HP, Hôpital Lariboisière, Université de Paris  
PI: Damien Sène 
Investigators : Ruxandra Burlacu, Benjamin Chousterman, Bruno Mégarbanne, Pascal Richette, Jean-Pierre 
Riveline, Aline Frazier 
Local Clinical Research unit : Eric Vicaut, Laure Berton, Tassadit Hadjam, Miguel Alejandro Vazquez-Ibarra, 
Clément Jourdaine, Olivia Tran, Véronique Jouis 
Pharmacy : Aude Jacob, Julie Smati, Stéphane Renaud 
Biological resource centre: Claire Pernin, Lydia Suarez 
 
AP-HP, Hôpital Avicenne, Université Paris-Nord Sorbonne  
PI: Luca Semerano  
Investigators : Sébastien Abad, Ruben Bénainous, Nicolas Bonnet, Celine Comparon, Yves Cohen, Hugues 
Cordel, Robin Dhote, Nathalie Dournon, Boris Duchemann, Nathan Ebstein, Thomas Gille, Benedicte Giroux-
Leprieur, Jeanne Goupil de Bouille, Hilario Nunes, Johanna Oziel, Dominique Roulot, Lucile Sese, Claire 
Tantet, Yurdagul Uzunhan.  
Local Clinical Research Unit:  Coralie Bloch-Queyrat, Vincent Levy, Fadhila Messani, Mohammed Rahaoui, 
Mylène Petit.  
Pharmacy: Sabrina Brahmi, Vanessa Rathoin, Marthe Rigal 
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AP-HP, Hôpital Cochin, Université de Paris 
PI: Nathalie Costedoat-Chalumeau Co-PI: Liem Binh Luong, Frédéric Pene 
Investigators: Zakaria Ait Hamou, Sarah Benghanem, Philippe Blanche, Nicolas Carlier, Benjamin Chaigne, 
Remy Gauzit, Hassan Joumaa, Mathieu Jozwiak, Marie Lachâtre, Hélène Lafoeste, Odie Launay, Paul Legendre, 
Jonathan Marey, Caroline Morbieu, Lola-Jade Palmieri, Tali-Anne Szwebel 
Local Clinical Research unit: Hendy Abdoul, Alexandra Bruneau, Audrey Beclin-Clabaux, Charly Larrieu, 
Pierre Montanari, Eric Dufour   
Local Clinical Research team: Ada Clarke, Catherine Le Bourlout, Nathalie Marin, Nathalie Menage, Samira 
Saleh-Mghir, Mamadou Salif Cisse, Kahina Cheref 
Pharmacy: Corinne Guerin, Jérémie Zerbit 
 
AP-HP, Hôpital Henri Mondor, Université Paris-Est Créteil 
PI: Marc Michel 
Investigators: Sébastien Gallien, Etienne Crickx, Benjamin Le Vavasseur, Emmanuelle Kempf, Karim Jaffal, 
William Vindrios, Julie Oniszczuk, Marc Michel, Matthieu Mahevas, Constance Guillaud, Fréderic Schlemmer, 
Pascal Lim, Elena Foïs, Giovanna Melica, Marie Matignon, Maud Jalabert, Jean-Daniel Lelièvre 
Local Clinical Research unit: David Schmitz, Marion Bourhis, Sylia Belazouz, Laetitia Languille, Caroline 
Boucle, Nelly Cita, Agnés Didier, Fahem Froura, Katia Ledudal, Thiziri Sadaoui 
Pharmacy: Alaki Thiemele, Delphine Le Febvre De Bailly, Muriel Carvhalo Verlinde 
 
AP-HP, Hôpital de la Pitié-Salpêtrière, Université Paris-Sorbonne  
PI: Julien Mayaux, Co-PI: Patrice Cacoub 
Investigators : David Saadoun, Mathieu Vautier, Héléne Bugaut, Olivier Benveniste, Yves Allenbach, Gaëlle 
Leroux, Aude Rigolet, Perrine Guillaume-Jugnot, Fanny Domont, Anne Claire Desbois, Chloé Comarmond, 
Nicolas Champtiaux, Segolene Toquet, Amine Ghembaza, Matheus Vieira, Georgina Maalouf, Gonçalo Boleto, 
Yasmina Ferfar, Jean-Christophe Corvol, Céline Louapre, Sara Sambin, Louise-Laure Mariani, Carine Karachi 
Local Clinical Research unit : Florence Tubach, Candice Estellat, Linda Gimeno, Karine Martin, Aïcha Bah, 
Vixra Keo, Sabrine Ouamri, Yasmine Messaoudi, Nessima Yelles, Pierre Faye 
Local Clinical Research team:, Sebastien Cavelot, Cecile Larcheveque, Laurence Annonay, Jaouad Benhida, 
Aïda Zahrate-Ghoul, Soumeya Hammal, Ridha Belilita,  
Pharmacy: Fanny Charbonnier 
 
AP-HP, Hôpital Necker Enfants Malades, Université de Paris  
PI: Claire Aguilar 
Investigators : Fanny Alby-Laurent, Carole Burger, Clara Campos-Vega, Nathalie Chavarot, Benjamin Fournier, 
Claire Rouzaud, Damien Vimpère 
Local Clinical Research unit: Prissile Bakouboula, Laure Choupeaux, Sophie Granville, Elodie Issorat 
Pharmacy: Christine Broissand 
Biological resource centre: Marie-Alexandra Alyanakian 
 
AP-HP, Hôpital Ambroise Paré, Université Paris-Saclay 
PI: Guillaume Geri 
Local Clinical Research unit: Nawal Derridj, Naima Sguiouar, Hakim Meddah, Mourad Djadel 
Pharmacy: Hélène Chambrin-Lauvray 
 
AP-HP, Hôpital Paul Brousse, Université Paris-Saclay 
PI: Jean-Charles Duclos-vallée, Co-PI: Faouzi Saliba,  
Investigators: Sophie-Caroline Sacleux, Ilias Kounis 
Local Clinical Research unit: Sonia Tamazirt 
Pharmacy: Eric Rudant 
 
Institut Gustave Roussy, Université Paris-Saclay  
PI: Jean-Marie Michot 
Investigators: Annabelle Stoclin, Emeline Colomba, Fanny Pommeret, Christophe Willekens, Madona Sakkal 
Local Clinical Research unit: Rosa Da Silva, Valérie Dejean, Yasmina Mekid, Ines Ben-Mabrouk 
Pharmacy: Florence Netzer 
Biological resource centre: Caroline Pradon, Laurence Drouard, Valérie Camara-Clayette 
 
Hôpital Privé d’Antony 
PI: Alexandre Morel,  
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Investigators: Gilles Garcia, Abolfazl Mohebbi 
Local Clinical Research unit: Férial Berbour, Mélanie Dehais,  
Pharmacy: Anne-Lise Pouliquen, Alison Klasen, Loren Soyez-Herkert 
 
Groupe Hospitalier Diaconesse Croix Saint-Simon 
PI: Jonathan London 
Investigators: Jonathan London  
Local Clinical Research unit: Younes Keroumi 
Pharmacy: Emmanuelle Guillot 
 
Hôpital de Valenciennes 
PI: Guillaume Grailles 
Investigators: Younes El amine, Fanny Defrancq 
Local Clinical Research unit: Hanane Fodil, Chaouki Bouras 
Pharmacy: Dominique Dautel 
 
Hôpital Delafontaine de Saint Denis 
PI: Nicolas Gambier 
Pharmacy: Thierno Dieye, Anaïs Razurel 
 
Hôpital Marseille - Hôpital Saint Joseph 
PI: Boris Bienvenu 
Investigators: Victor Lancon 
Local Clinical Research unit: Laurence Lecomte, Kristina Beziriganyan, Belkacem Asselate   
Pharmacy: Laure Allanic, Elena Kiouris, Marie-Hélène Legros, Christine Lemagner, Pascal Martel, Vincent 
Provitolo 
 
Hôpital Foch- Suresnes  
PI: Félix Ackermann 
Local Clinical Research unit: Mathilde Le Marchand 
Pharmacy: Aurélie Chan Hew Wai, Dimitri Fremont 
 
CHU de Clermont-Ferrand - Gabriel Montpied 
PI: Elisabeth Coupez 
Local Clinical Research unit: Mireille Adda, Frédéric Duée  
Pharmacy: Lise Bernard 
 
CH André Mignot-Versailles  
PI: Antoine Gros 
Local Clinical Research Unit: Estelle Henry 
Pharmacy: Claire Courtin, Anne Pattyn 
 
CHU Dijon –Bourgone 
PI: Pierre-Grégoire Guinot 
Local Clinical Research unit: Marc Bardou, Agnes Maurer 
Pharmacy: Julie Jambon, Amélie Cransac, Corinne Pernot 
 
Hôpital Robert Debré – Reims 
PI: Bruno Mourvillier 
Local Clinical Research Unit: Eric Marquis 
Pharmacy: Philippe Benoit 
 
AP-HP – Hôpital Louis Mourier 
PI: Damien Roux 
Local Clinical Research unit: Coralie Gernez 
 
Hôpital Claude Huriez - Lille 
PI: Cécile Yelnik, Co-PI: Julien Poissy 
Local Clinical Research unit: Mandy Nizard 
Pharmacy: Fanette Denies 
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Centre Hospitalier Robert Ballanger - Aulnay-sous-Bois 
PI: Helene Gros 
 
GH Paris Saint Joseph 
PI: Jean-Jacques Mourad 
Local Clinical Research unit: Emmanuelle Sacco 
Pharmacy: Sophie Renet 
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Biology platform: Eric Tartour, Marie-Agnès Dragon-Durey, Franck Pages, Véronique Frémeaux-Bacchi, 
Stéphanie Baron 
Clinical Research technicians and students:  Assya AKLI, Shahnaze AQIL, Leslie Benattar, Sérine Chaibi ; 
Louise Chantelot ; Valentin Demeure, Anna Dordonnat, Marin Durand, Alexandre Ifrah, Camille Lavril, Anouk 
Giulianelli, Alexandre Mary, Salomé Oliviera, Xavier Pinus, Pierre Poujard, Marguerite Requillard, Anouchka 
Ron, Matéo Sanchis-Borja ; Adèle Sandot ; Gabrielle Stevenin, Heloise Wauquiez 
 
AP-HP, Hôpital Bichat and Université de Paris  
Véronique Joly, Sylvie Lariven, Christophe Rioux, Diane Le Pluart, Laurenne Deconinck,  Sophie Ismael,  
Marie Gilbert, Anne Gervais, Agathe Bounhiol,  Mayda  Al Rahi ,  Bérénice  Souhail,  Maya Husain,  François 
Maillet thomas Volpe Simon  Gressens, Aanabelle Pourbaix ,Marion Parisey, Marie Dubert, Timothée Bironne 
Cloé De Broucker 
Simon Valayer, Jeanne Chauffier, Catherine Boussard, Axelle Fuentes, Paul Crespin, Jonathan Vermes   
 
AP-HP, Hôpital Beaujon and Université de Paris  
Clinicians having taken care of patients: Paer-Selim Abback, Mathieu Battelier, Marion Bedbeder, Hélène 
Bout, Marine Cazaux, Pierre-Marie Choinier, Félix Corre, Sonja Curac, Clémentine De La Porte Des Vaux, 
Louis De Mestier Du Bourg, Paul de Saint, Marco Dioguardi Burgio, Fatou Drame, Bruno Fantin, Adrien Galy, 
Hélène Gout, Jules Gregory, Marion Guillouet, Antoine Hamon, Gueorgui Iakovlev, Linda Khoy-Ear, Sophie 
Lacaille, Amandine Landrieux, Lucie Laurent, Minh-Pierre Le, Agnès Lefort, Elise Mallart, Jean-Denis Moyer, 
Yousra Kherabi, Emma Oliosi, Simon Raynal, Vinciane Rebours, Isabelle Rennuit, Olivier Roux, Trystan 
Sebastianutti, Damien Soudan, Carmen Stefanescu, Xavier Treton, Tristan Thibault Sogorb, Thomas Vauchel, 
Virginie Zarrouk 
Clinical Research technicians and students: Kahina Lamrani, Massissilia Krouchi, Souhila Laceb, Lynda 
Lagha, Lilit Kelesyan, Adnan Mamodaly, Laurie Leguay, Paul Pechmajou, Laure Marchal, Lydia Meziane, 
Fatiha Mavouna, Cécile Pavis, Julien Matricon, Nathalie Gastellier,  
Biological resource center: Frédéric Bert, Katell Peoc’h, Claude Hercend, Emmanuelle De Raucourt, Catherine 
Trichet  
 
AP-HP, Hôpital Saint-Louis and Université de Paris  
Saint-Louis CORE (COvid REsearch) group (G. Archer, J.D. Bouaziz, D. Bouda, D. Boutboul, Berthon I. 
Brindel, E. Bugnet, S. Caillat Zucman, S. Cassonnet, K. Celli Lebras, J. Chabert, S. Chevret, M. Clément, C. 
Davoine, N. De Castro, E. De Kerviler, C. De Margerie-Mellon, C. Delaugerre, F. Depret, B. Denis, L. 
Djaghout, C. Dupin, D. Farge-Bancel, C. Fauvaux, E. Feredj, D. Feyeux, J.P. Fontaine, V. Fremeaux-Bacchi, L. 
Galicier, S. Harel, Jegu AL, E. Kozakiewicz, M. Lebel, A. Baye, J. Le Goff, P. Le Guen, E. Lengline, G. 
Liegeon, G. Lorillon, I. Madelaine Chambrin, G. Martin de Frémont, M. Meunier, J.M. Molina, F. Morin, E. 
Oksenhendler, R. Peffault de la Tour, O. Peyrony, B. Plaud, M. Salmona, J. Saussereau, and J. Soret)  
Swann Bredin, Thibault Dupont, Sofiane Fodil, Paul Gabarre, Natacha Kapandji, Thomas Longval , Clemence 
Marcault, Jean-Edouard Martin, Louis Perol, Anastasia Saade, Igor Theodose, Alexandre Verret , Élise Yvin, 
Marion Peyre 
 
 
AP-HP, Hôpital Lariboisière and Université de Paris  
Clinicians having taken care of patients: Albertini Mathieu, Amador Borrero Blanca, Bouajila Sara, Britany 
Kimbimbi, Burlacu Ruxandra, Cacoub Léa, Champion Karine, Chauvin Anthony, Delcey Véronique, Depond 
Audrey, Dillinger Jean-Guillaume, Feron Florine, Frazier Aline, Thomas Funck-Bretano, Galland Joris, Gauthier 
Diane-Cecile, Gautier Jean-François, Henry Patrick, Huscenot Tessa, Sarah Izabel Mathilde, Jaulerry, Jouabli 
Moenes, Julla Jean-Baptiste, Kevorkian Jean-Philippe, Laloi Michelin Marie, Leroy Pierre, Lopes Amanda, 
Mangin Olivier, Michon Maxime, Mouly Stephane, Munier Anne-Lise, Nahmani Yoram, Nicol Martin, Nicolas 
Eroan, Poulat Audrey, Revue Eric, Richette Pascal, Riveline Jean-Pierre, Rubenstein Emma, Sellier Pierre-Olivier, 
Sene Damien, Thoreau Benjamin, Vodovar Dominique, Zanin Adrien, Aveneau Clément, Bastard Paul, Beauvais 
Diane, Boghez Loredana, Borderiou Alix, Conway Paul, Cosma Lavignia, Davy Vincent, Desjardin Clément, 
Devatine Sandra, Ducroz Gerardin Christel, Dupe Charlotte, Gobert Chloé, Gros Clotilde, Kadiri Soumaya, Khan 
Enmat, Ongnessek Sandrine, Rhmari Fatima, Sacco Isabelle, Saptefrat Natalia, Schaupp Pauline, Serre Justine, 
Sideris Georgios, Smati Sonia, Tournier Marine, treca Pauline, Truong Tony, Tuffier Mathilde, Arcelli Mattéo, 
Boue Yvonnick, Copie Alban, Deye Nicolas, Ekherian Jean-Michel, Errabih, Zaccaria, Gonde Antoine, Grant 
Caroline, Guerin Emmanuelle, Magalhaes Adèle, Malissin Isabelle, Megarbane Bruno, Meurisse Edouard, Mrad 
Aymen, Naim Giulia, Nguyen Philippe, Nitenberg Kiyoko, Pepin-Lehalleur Adrien, Perault Arthur, Perrin Lucile, 
Renaud Maxime, Sutterlin Laetitia, Voicu Sebastian 
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AP-HP, Hôpital Avicenne and Université Paris-Nord Sorbonne University 
Clinicians having taken care of patients: Olivier Bouchaud, Johann Cailhol, Simon Chauveau, Morgane Didier 
Marcelot, Florence Cymbalista, Soline de Monteynard, Agniezka Kolakowska, Florence Duperron, , Farid 
Foudi, Olivia Freynet, Florence Jeny, Warda Khamis,  Sylvain Le Jeune, Marilucy Lopez Sublet, Fréderic 
Mechai, Elise Ouedraogo, Maxime Patout,  Jaehyo Suhl,  Yacine Tandjaoui-Lambiotte. 
Clinical Research technicians: Amani Rebai, Miassa Slimani, Rawan Belmokhtar, Miassa Bentifraouine, Lina 
Innes Skandri,  Houda Allalou, God Chancely M Bayi Matondo 
 
AP-HP, Hôpital Cochin and Université Descartes 
Clinicians having taken care of patients: Luc Mouthon, Alexis Regent, Benjamin Terrier 
Clinical Research technicians and students: Meriem Benfodda, Kamil Chitour, Gaelle Clavere, Jeanne 
Colombe, Firas Faraht, Caroline Gaudefroy, Moez Jallouli, Nathalie Menage, Alexandre Moores, Isabelle 
Peigney, Julie Rotureau, Mathilde Vallet, Alizée Verdon, Coralie Samba, Daniela Nylund, Casimir Jeantaud, 
Luka Lachiver, Sarah Larbi, Valentine Gloaguen, Emilie Chau, Patsy Vanhaesebrouck, Wendy Sok. 
 
 
AP-HP, Hôpital Henri Mondor and Université Paris-Est Créteil 
Clinicians having taken care of patients: Armand Mekontso Dessap, Nicolas De Prost, François Bagate, 
Keyvan Razazi, Philippe Le Corvoisier, Raphaele Arrouasse, Jean-Daniel Lelievre, Jean-François Deux, 
Clinical Research technicians and students:  Mouhamed Dieng, Asunejad, Geoffrey Rossi, Charles Binette, 
Isabelle Veillard, Aurelie Wiedemann. 
 
AP-HP, Hôpital de la Pitié-Salpêtrière, Université Paris-Sorbonne  
Clinical Research technicians and students: Joe-Elie Sallem, Paul Gougis, Bruno Pina, Charlotte Fenioux, 
Diane Nguyen, Lamia Boukir, Kuberaka Mariampillai, Smail Ait Mohand, Céline Anquetil, Azzedine Arrassi, 
Anne Bertrand, Anne Bigot, Bruno Cadot, Dina Ferhat, Sarah Léonard-Louis, Xavière Lornage, Marion 
Masingue, Isabelle Nelson, France Pietri-Rouxel, Christian Pinset, Giorgia Querin, Dario Saracino, Tanya 
Stojkovic, Nadjib Taouagh, Capucine Trollet, Maryvonne Retail, Nathalie Jarry, Maura Rodriguez, Carine 
Lefort, Sarah Taieb-Tamacha, Alizé Chalançon. 
 
 
AP-HP, Hôpital Necker Enfants Malades and Université de Paris  
Clinicians having taken care of patients: Nada Aboumerouane, Genevieve Afantchao, Lucile Amrouche, Dany 
Anglicheau, Sylvain Auvity, Melanie Brunel, Lucienne Chatenoud, Anna DiMarzio, Marine Driessen, Lionel 
Lamhaut , Vanessa Lopez, Perrine Parize,  Laurent Sabbah, Rebecca Sberro-Soussan, Anne Scemla, Scarlett 
Wise, Julien Zuber 
Clinical Research technicians and students:  Sylvain Goupil, Marie-Noelle Halley, Meriem Imarazene, Jouda 
Marouene, Fabio Mecozzi,  Lilia Toumi 
 
AP-HP, Hôpital Paul Brousse and Université Paris-Saclay  
Clinicians having taken care of patients: Philippe Ichai, Marie-Amélie Ordan, Audrey Coilly,  
Dean of the Université Paris-Saclay Medical School for having provided students serving as research 
technicians: Didier Samuel 
 
Institut Gustave Roussy and Université Paris-Saclay  
Giulia Baciarello, Thomas Hueso, Alain Gaffinel, Franck Griscelli, Fabrice Barlesi, Jean-Charles Soria, 
Benjamin Besse, Laurence Albiges, Julie Laurence, Camille Sallee, Bertrand Gachot, Julien Hadoux, Nolwenn 
Lucas, Geraldine Martinez, Marie-Pollen Moulle, Isabelle Rousseau, Kahina Chetouane, Frédéric Troalen. 
 
Hôpital Privé d’Antony 
Clinicians having taken care of patients: Gilles Garcia, Anne Herkert, Véronique Zarka, Elias Dabboura, 
Abolfazl Mohebbi, Michel Benhamou, Jean-Pierre Deyme, Olivier Andremont, Benoit Vandenbunder, Franck 
Le Queau, Jean-Charles Gagnard, Joël Livartowski, Catherine Heyraud-Blanchet. 
 
Hôpital de Valenciennes 
Clinicians having taken care of patients: Fabien Lambiotte, Laura Wayenberg, Nabil Elbeki, Sylvie Fontaine, 
Justine Lemtiri, Adeline Maitte,  
Pharmacy: Mohamed Ait Sidi Ali 
 
Hôpital Delafontaine de Saint-Denis  
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Clinicians having taken care of patients: Antoine Casel, Elisa Pasqualoni, Rita Dujon, Fanny Jouan, Stéphanie 
Ngo, François Lhote, Marion Dollat, Marie Poupard, Marie-Aude Khuong, Remi Lefrançois, Carole Henry, 
Naomi Sayre. 
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Supplementary Methods 
Trial oversight 

The trial was approved nationally by the ethics committee on March 23, 2020 (file #20.03.20.56342, CPP Île De 
France VI, amendment 26-20 on April 1, 2020, EudraCT: 2020-001246-18), by the French Medical Products 
Agency and by the Commission Nationale Informatique et Liberté. Written informed consent was obtained from 
all patients or from the patient’s legal representative if the patient was too unwell to provide consent for entering 
the CORIMUNO Cohort. In this consent, patients were made aware that a number of trials may occur via the 
cohort, and that they will likely be offered to participate in some of them. A specific additional written consent 
was obtained from eligible patients who were randomly selected to be offered ANA and accept the offer to 
participate. The cohort and trial were conducted in accordance with the principles of the Declaration of Helsinki 
and the Good Clinical Practice guidelines of the International Conference on Harmonization. An executive 
coordination committee, was responsible for the design, conduct, and reporting of the trial. An independent data 
and safety monitoring board oversaw all CORIMUNO trials once a week. 

Data sources 

All information required by the protocol had to be entered in the electronic case report forms used for the whole 
CORIMUNO-19 cohort. Research nurses, clinical research assistants and investigators used the patient’s hospital 
records and all relevant hospital information systems (Laboratory, Radiology, Pharmacy Information System and 
Patients) to capture data from day 0 to day 14. A core set of clinical measures was recorded daily the first 2 weeks 
and then every week. The core measures included key clinical events such as changes in oxygen-support 
requirements (ambient air, low-flow oxygen, nasal high-flow oxygen, non-invasive positive pressure ventilation 
[NIPPV], invasive mechanical ventilation, and extracorporeal membrane oxygenation [ECMO], organ failures). 
These measures allowed classifying the patient’s state according to the WHO 10 points-Clinical Progression Scale. 
Reported adverse events, including those leading to discontinuation of treatment, serious adverse events, time to 
hospital discharge and death were also recorded. In addition, biological measures routinely prescribed for care 
were collected. Clinical end-points for discharged patients were obtained by contacting the patients or first-degree 
relatives by telephone at day 14 and day 28. 

Patients 

Patients entering the CORIMUNO-19 cohort were hospitalized male and female patients 18 years of age or older 
with a SARS-CoV-2 infection as determined by PCR, or other commercial or public health assay in any specimen 
< 72 hours and/or CT Scan prior to inclusion with typical radiological findings (ground glass abnormalities, and 
absence of lymphadenopathy, pleural effusion, pulmonary nodules, lung cavitation) and illness of any duration 
and severity with symptoms (fever, cough, respiratory difficulties, shortness of breath), and at least one of the 
following: i) Radiographic infiltrates by imaging (CT scan), ii) Clinical assessment (evidence of rales/crackles on 
exam or respiratory rate > 25/min) AND SpO2 ≤ 94% on room air, iii) SpO2 ≤ 97 % with O2 > 5L/min or 
Respiratory rate ≥ 30/min, iv) Requiring mechanical ventilation.  Patients with comorbidities such as acute kidney 
injury, cardiovascular condition, pulmonary disease, obesity, high blood pressure, diabetes, chronic kidney 
diseases, haematological diseases, sickle cell diseases, autoimmune and auto-inflammatory, pregnant women, HIV 
infected were not excluded. 
Eligible patients for CORIMUNO-ANA-1 were patients with serum CRP serum level > 25 mg/L not requiring 
ICU at admission with moderate and severe pneumonia according to the WHO Criteria of severity of COVID 
pneumonia, i.e. requiring oxygen by mask or nasal prongs : i) Moderate cases showing fever and respiratory 
symptoms with radiological findings of pneumonia and Requiring between 3L/min and 5L/min of oxygen to 
maintain an Oxygen saturation (SaO2) of  97% or more , ii) Severe cases meeting any of the following criteria: 
Respiratory distress (30 breaths/ min or more); Oxygen saturation of 93% or less at rest in ambient air or Oxygen 
saturation of 97 % or less with O2 > 5L/min; a ratio of the partial pressure of oxygen (Pao2) to the fraction of 
inspired oxygen (Fio2) (Pao2:Fio2) at or below 300 mmHg. Exclusion criteria included known hypersensitivity to 
Anakinra or any of its excipients, pregnancy, current documented bacterial infection, patients with any of following 
laboratory results out of the ranges detailed below at screening: absolute neutrophil count (ANC) ≤ 1·0 ×109/L or 
less, platelets (PLT) < 50 G/L, serum glutamic-oxaloacetic transaminase (SGOT) or serum glutamic-pyruvic 
transaminase (SGPT) > 5N, or severe renal insufficiency as represented by an estimated glomerular filtration 
rate(eGFR) < 30 mL/min. 

Ten-points WHO ordinal clinical progression scale 

WHO ordinal clinical progression scale (WHO-CPS) consisted of the following categories: 0, Uninfected; 1, 
Asymptomatic; viral RNA detected ; 2, Symptomatic; Independent ; 3,  not hospitalized with resumption of normal 
activities; 2, not hospitalized, but unable to resume normal activities; 3, Symptomatic; Assistance needed; 4, 
hospitalized, not requiring oxygen; 5, hospitalized, requiring oxygen by mask or nasal prongs; 6, hospitalized, 



 13 

requiring nasal high-flow oxygen therapy, non-invasive mechanical ventilation, or both; 7, hospitalized, requiring 
Intubation and Mechanical ventilation, pO2/FIO2 u150 OR SpO2/FIO2 ≥ 200; 8, hospitalized, requiring 
Mechanical ventilation, (pO2/FIO2<150 OR SpO2/FIO2 < 200) OR vasopressors (norepinephrine less than 0.3 
microg/kg/min); 9, Mechanical ventilation, pO2/FIO2 < 150 AND vasopressors (norepinephrine more than 0.3 
microg/kg/min), OR Dialysis OR ECMO hospitalized, requiring; 10, Dead. 

Data quality monitoring 

Data quality monitoring was performed in accordance with the study monitoring plan as for any studies sponsored 
by Assistance Publique - Hôpitaux de Paris (APHP). This monitoring was performed under the supervision of one 
clinical research unit officially representing the APHP sponsor (Clinical Trial Unit, CTU, Unité de Recherche 
Clinique Saint-Louis). This monitoring plan was elaborated in collaboration with the statistical team and the data 
managers of the CTU according to the protocol and the expected risks for patients. Data quality monitoring 
included both remote data monitoring (during the containment period in France) and on-site monitoring. During 
the main phase of the pandemic in Paris, study monitors were not allowed to go on-site and reviewed remotely the 
status of electronic case report form pages via web-access, to ensure that consents were valid, forms were being 
completed per instructions and queries were being resolved correctly. Predefined set of consistency checks 
predefined were ran by the data manager of the clinical research unit and by the statistical team in an attempt to 
further validate the data and raised queries that were issued directly on the study database. The on-site monitoring 
was performed secondarily by trained dedicated staff independent of the site investigators from all APHP clinical 
research units. Remote monitoring was performed. On-site monitoring included 100% source data verification 
performed for all patients recruited at every site for all critical data points as specified below.  
All “consent” & “consent withdrawn” documents were verified to ensure these were completed in accordance with 
the ethics committee approved requirements and, if consent was withdrawn, this was documented appropriately. 
All “Do-not resuscitate orders” were also verified and documented. They verified that all inclusion criteria were 
fulfilled and no exclusions were present at the time of randomization. They verified also that the primary outcomes 
were correctly measured. They checked especially the OMS scores at all days between day one and day 14 and at 
Day 28, the type and start and stop dates of ventilation (high flow, non-invasive ventilation, mechanical 
ventilation), the dates and causes of deaths, the dates of discharges. Source data verification was also performed 
on the relevant case report form sections for any trial participants where Serious Adverse Events were reported. In 
addition, the following case report form sections were also verified for 100% of patients at each site: 1. Baseline 
form: comorbidities, baseline physiology, other treatments received at baseline, SpO2, PaO2, and FiO2. 2. Daily 
data form: all oxygen-related variables. 3. Discharge and death form: ICU and hospital discharge date and time. 
4. Adverse event form: all questions on the form. 5. Protocol violations for anakinra therapeutic scheme. 6. 
Concomitant treatments received. 

Statistical Methods 

The trial was planned to provide rapid information of the clinical efficacy of TCZ in the setting of the COVID-19 
public health emergency, with very limited prior information on clinical outcomes in the trial population. To 
maximize information from limited data generated, while allowing rapid decision, a Bayesian monitoring of the 
trial based on the co-primary outcomes was used. The original sample size was set at 120, with an interim analysis 
when 60 had reached day 4, and a provision to increase the sample size to 180 in case of promising, though not 
formally conclusive, results at the final analysis. Interim analyses were then presented weekly to the Data Safety 
Monitoring Board of the CORIMUNO-19 cohort. Non-binding stopping rules for efficacy and futility were 
indicated in the protocol. The treatment effect was expressed in terms of absolute risk difference (ARD) for the 
day 4 outcome and hazard ratio (HR) for the day 14 outcome. Posterior probabilities of ARD < 0 and HR < 1 were 
computed, representing the posterior probability of efficacy. If these probabilities were > 0·99 at the interim 
analysis and > 0·95 at the final analysis, the treatment could be considered as showing efficacy. We also computed 
the posterior probabilities of ARD <-5·5% and HR < 0·85, both denoting a similar reasonable effect under the 
assumption of a 50% event rate at time of analysis. If these posterior probabilities were lower than 0·20, the trial 
might be stopped for futility. With one interim analysis, analytical evaluation for binary outcomes and numerical 
evaluation for censored outcomes showed that this design controlled for a frequentist one sided 5% type I error 
rate. 
Primary efficacy analysis was performed on an intention-to-treat basis and included all the patients who had 
undergone randomization, analysed in the arm they were allocated to. One patient was excluded after consent 
withdrawal and explicit request that the data would not be used for analysis. According to European Data 
protection regulation, it is not possible to keep such data, and they were erased accordingly.  
For the day 4 outcome, missing data were considered as failure for the primary analysis (no missingness occurred). 
The posterior distributions of the difference in outcome rate was computed analytically, and the posterior 
distribution of the odds ratio adjusted for age and centre (as a random effect) was obtained using Monte Carlo 
Markov chains (MCMC).  
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For the day 14 primary outcome, patients discharged alive before day 14 without information on respiratory status 
at day 14 were considered as being alive without need for ventilation at day 14 (or maximum theoretical follow-
up if shorter than 14 days). 
The protocol specified that new Do-Not-Resuscitate (DNR) orders were to be considered as events. The precise 
definition of a “new DNR order” was a DNR order posterior to the date of randomization and that had been noted 
as having been effectively used to limit care in the patient medical records. 
Survival without ventilation was portrayed by Kaplan–Meier plots. The posterior distribution of the hazard ratio 
was calculated by a Bayesian Cox proportional-hazards model estimated using Monte Carlo Markov Chains, 
adjusted for age at inclusion and centre (as a random effect). 
Posterior distributions were summarized by the median value and 90% and 95% credible intervals. The 90% level 
matches the 0·95 posterior probability threshold for efficacy, and the 95% level is more usual. For each Bayesian 
analysis, four different chains with different starting values were used, with a burn-in of 10,000 iterations, and 
100,000 additional iterations with a thinning interval of 10, leading to keeping 10,000 values per chain, 40,000 in 
total. The convergence of the MCMC samples was assessed using the Gelman-Rubin statistic and by visual 
inspection of the trace of coefficients. For the primary analyses, a non-informative flat prior distribution for the 
log HR was used, as a Gaussian distribution with mean 0 and variance 106. More details on the Bayesian analyses 
are presented in the Statistical Analysis Plan, including the use of different prior distributions for the analysis of 
survival without need for ventilation. 
An analysis only accounting for mechanical ventilation (and not non-invasive ventilation or high flow) was added 
as a sensitivity analysis. Preplanned subgroup analyses according to antivirals at baseline and post-hoc subgroup 
analyses according to corticosteroid therapies at baseline were performed using a frequentist approach. 
Survival up to day 14 and day 28 was analysed using a Cox proportional hazards model adjusted for age and centre 
(as a random effect). Time to discharge and time to oxygen supply independency were analysed in a competing 
risks framework using Fine-Gray models adjusted for age and centre (as a random effect), death being the 
competing event. The WHO ordinal scale was analysed using a Bayesian proportional odds models comparing the 
distribution of ordinal scores at day 4, 7 and 14, adjusted for age and centre, and a longitudinal version of the 
model with a time effect and a random subject effect to analyse all scores up to day 14. 
Because the statistical analysis plan did not include a provision for correcting for multiplicity in tests for secondary 
outcomes, results are reported as point estimates and 95% confidence intervals. These intervals should not be used 
to infer definitive treatment effects for secondary outcomes. Statistical analyses were conducted with SAS 
software, version 9.4 (SAS Institute), R version 3.6.1 and JAGS version 4.3.0. 
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Supplementary Results 
Table S1. Treatments received before and after randomisation, until day 14. 
Values are n (%). 
 

 Anakinra (n=59) Usual care (n=55) 
 Before 

randomisation 
After 
randomisation 

Any time Before 
randomisation 

After 
randomisation 

Any time 

Anticoagulants 33 (59%) 37 (63%) 53 (90%) 29 (53%) 33 (60%) 49 (89%) 
Azithromycine 11 (19%) 13 (22%) 21 (36%) 14 (25%) 15 (27%) 26 (47%) 
Hydroxychloroquine 2 (3%) 1 (2%) 3 (5%) 4 (7%) 5 (9%) 9 (16%) 
Antibiotics 37 (63%) 34 (58%) 52 (88%) 34 (62%) 28 (51%) 48 (87%) 
Antiviral drugs 1 (2%) 1 (2%) 2 (3%) 2 (4%) 3 (5%) 4 (7%) 
 Lopinavir-ritonavir or lopinavir 1 (2%) 1 (2%) 2 (3%) 2(4%) 3 (5%) 4 (7%) 
Immuno-modulators 0 (0%) 1* (2%) 1* (2%) 0 (0%) 0 (0%) 0 (0%) 
Corticosteroids 7 (12%) 27 (46%) 30 (51%) 8 (15%) 26 (47%) 29 (53%) 
 Dexamethasone 1 (2%) 6 (10%) 6 (10%) 0 (0%) 4 (7%) 4 (7%) 
 Prednisone/prednisolone 3 (5%) 10 (17%) 11 (19%) 5 (9%) 10 (18%) 13 (24%) 
 Methylprednisolone 2 (3%) 12 (20%) 14 (24%) 2 (4%) 9 (16%) 10 (18%) 
 Hydrocortisone** 1 (2%) 4 (7%) 5 (8%) 1 (2%) 6 (11%) 6 (11%) 
 Other 0 (0%) 4 (7%) 4 (7%) 0 (0%) 1 (2%) 1 (2%) 

* Tocilizumab (n=1) 
** or hydrocortisone hemisuccinate 
 

Table S2. Detailed analysis of the day 4 co-primary outcome. 
In the protocol, the D4 primary outcome is defined as a WHO-CPS score ≤ 5 at day 4, and patients with a new 
DNR at, or before, day 4 where considered as with a WHO-CPS score > 5. Results are presented as proportions 
with a WHO-CPS score > 5, so that an effective treatment would result in a risk reduction. Odds ratios are adjusted 
on age and centre. 
 

 Anakinra (n=59) Usual care (n=55) Risk difference Adjusted odds ratio 
N (%) WHO > 5 21 (36%) 21 (38%)   
Posterior Median 35·9% 38·5 –2·5% 0·90 
90% CrI   –17·1 to +12·0 0·47 to 1·73 
95% CrI 24·6 to 48·4 26·5 to 51·5 –19·8 to +14·8 0·41 to 1·96 
Posterior probabilities     
 P(any benefit)*   0·612 0·604 
 P(moderate or greater benefit)**   0·369 0·442 

CrI: Credible interval 
* P(any benefit): P(RD < 0) or P(OR < 1) 
** P(moderate or greater benefit): P(RD < 5·5%) or P(OR < 0·85) 
 

Table S3. Details of events for the day 14 co-primary outcome. 
 

 Anakinra (n=59) Usual care (n=55) 
Number of events 28 28 
Events   
 Non-invasive ventilation/high flow 19 17 
  Then invasive ventilation (then death) 5 (3) 5 (2) 
  Then death 7 3 
 Invasive ventilation (then death) 5 (1) 3 (1) 
 Death 2 6 
 Do-not-resuscitate order (then death) 2 (2) 2 (2) 
Cumulative incidence at day 14 (95% CI) 47% (33 to 59) 51% (36 to 62) 
Difference (95% CI) –3% (–22 to +15) 

CI: confidence interval 
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Table S4. Sensitivity analysis for the day 14 co-primary outcome. 
Summary of the posterior distribution, frequentist analysis and definition of the outcome as need for mechanical 
ventilation or death. Hazard ratios (HRs) are adjusted on age and centre. A HR < 1 is in favour of anakinra.  
 

Parameter 

Bayesian adjusted analysis 
(primary analysis) 

Bayesian 
unadjusted analysis 

Frequentist analysis Bayesian adjusted analysis 
of time to mechanical 
ventilation or death 

Median posterior HR 0·97 0·94 0·96 0·94 
90% CrI 0·62 to 1·52 0·60 to 1·47 0·62 to 1·50 0·55 to 1·64 
95% CrI 0·57 to 1·66 0·55 to 1·60 0·57 to 1·63 0·49 to 1·92 
Posterior probabilities     
 P(HR < 1) 0·545 0·594  0·567 
 P(HR < 0·95) 0·471 0·520  0·508 
 P(HR < 0·85) 0·317 0·356  0·375 
 P(HR < 0·8) 0·241 0·276  0·309 
P-value   0·44  

HR: hazard ratio; CrI: credible interval 
* For the frequentist analysis, the point estimate of the hazard ratio is given, with 90% and 95% confidence intervals instead of credible 
intervals. Posterior probabilities are not relevant, but a one-sided p-value is given instead. 
 

Table S5. Numbers of patients in each WHO scale until day 14. 
 

 Day 1 Day 4* Day 7 Day 14 
 Anakinra Usual care Anakinra Usual care Anakinra Usual care Anakinra Usual care 
No. randomised 59 55 59 55 59 55 59 55 
No. scores 59 55 59 55 54 53 56 53 
No. missing 0 0 0 0 5 2 3 2 
WHO-CPS score         
 0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 9 (16%) 1 (2%) 
 1 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (2%) 0 (0%) 3 (5%) 4 (8%) 
 2 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 6 (11%) 9 (17%) 
 3 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (4%) 3 (6%) 
 4 0 (0%) 0 (0%) 3 (5%) 0 (0%) 8 (15%) 5 (9%) 4 (7%) 4 (8%) 
 5 59 (100%) 55 (100%) 36 (61%) 35 (64%) 23 (43%) 26 (49%) 12 (21%) 13 (25%) 
 6 0 (0%) 0 (0%) 13 (22%) 13 (24%) 8 (15%) 7 (13%) 3 (5%) 1 (2%) 
 7 0 (0%) 0 (0%) 1 (2%) 3 (5%) 3 (6%) 2 (4%) 2 (4%) 2 (4%) 
 8 0 (0%) 0 (0%) 5 (8%) 1 (2%) 6 (11%) 2 (4%) 6 (11%) 3 (6%) 
 9 0 (0%) 0 (0%) 0 (0%) 1 (2%) 0 (0%) 2 (4%) 0 (0%) 0 (0%) 
 10 0 (0%) 0 (0%) 1 (2%) 2 (4%) 5 (9%) 9 (17%) 9 (16%) 13 (25%) 

* Differences with day 4 primary outcome are due to DNR orders that are considered as a CPS score > 5 for the binary outcome, while observed 
scores on day 4 are presented here. 
 

Table S6. Overall survival at pre-specified timepoints. 
Hazard ratios (HRs) are adjusted on age and centre. 
 

 Anakinra (n=59) Usual care (n=55)  
Timepoint N deaths OS (95% CI) N deaths OS (95% CI) Adjusted HR (95% CI) 
Day 14 9 85% (76 to 94) 13 76% (66 to 88) 0·56 (0·23 to 1·39) 
Day 28 13 78% (68 to 89) 13 76% (66 to 88) 0·77 (0·33 to 1·77) 
Day 90 16 72% (61 to 84) 15* 72% (62 to 85) 0·97 (0·46 to 2·04) 

OS: overall survival; HR: hazard ratio; CI: confidence interval 
* One patient died on day 91, and is not counted among the 15. 
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Figure S1. Posterior distributions. 

The plots give the posterior (red line) and minimally informative prior (blue line) distribution of parameters in 
Bayesian analyses for the absolute risk difference of WHO > 5 at D4 (panel A), the adjusted odds ratio of WHO 
> 5 (panel B), the adjusted hazard ratio for death or ventilation support (mechanical ventilation, high-flow or non-
invasive ventilation) (panel C), and the adjusted hazard ratio for death or mechanical ventilation (panel D). The 
black dashed lines indicate no treatment effect. The red shaded regions show the posterior probabilities of ARD < 
-5·5%, OR < 0·85 or HR < 0·85 (moderate or greater effect) and the grey shaded plus the red shaded regions the 
posterior probabilities of ARD < 0, OR < 1 or HR < 1 (any effect). 
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Figure S2. Subgroup analyses for the day 14 co-primary outcome. 

Results presented are adjusted hazard ratios for death or ventilation support (mechanical ventilation, high-flow or 
non-invasive ventilation). Dexamethasone and antivirals were given at baseline to too few patients for subgroup 
analyses to be performed. 
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Figure S3. Sensitivity analysis to the choice of priors in the Bayesian analysis of the day 14 co-primary 
outcome. 

Posterior density of the adjusted hazard ratio for the primary outcome (red line) according to different priors 
represented in dark blue. The dashed line indicates a HR of 1 representing no treatment effect. Posterior 
probabilities of HR < 0·85 (red shaded region) and of HR < 1 (grey shaded plus red shaded regions) are also 
presented. The priors are given for the log hazard ratio. The blue point and line present the posterior median and 
90% credible interval of the HR. The flat prior N(µ = 0, s = 103) is the minimally informative prior used in the 
primary analysis. Sceptic priors are determined so that high effects are unlikely, namely P(HR < 0·2) = P(HR > 5) 
= 0·05 (s = 0·975) and (HR < 0·2) = P(HR > 5) = 0·025 (s = 0·82). Enthusiastic priors are centred on half the log 
HR (–0·76) or the log HR (–1·51) reported for death or mechanical ventilation in an observational study (Huet et 
al. Lancet Rheumatol 2020;2: e393–400 400, https://doi.org/10.1016/S2665-9913(20)30164-8, which reported a 
hazard ratio of 0·22 in a similar population), and are informative (s = 0·975). In all cases, results are largely 
unaffected by the prior distribution, with median adjusted HR ranging from 0·873 to 0·976 despite very strong 
enthusiastic priors, and posterior probabilities of any effect P(HR < 1) ranging from 0·540 to 0·702. 
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Figure S4. Evolution of biological parameters. 

The box and whisker plots present the median (thick line) and first and third quartiles (box limits). Outer whiskers 
extend to the most extreme data point which is no more than 1·5 times the interquartile range from the box. Isolated 
points denote observations outside this range. 
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1 Summary 
 

 CORIMUNO-19-ANA 

Rationale for using 
anakinra in severe 
patients infected with 
COVID-19 

CORIMUNO-19 - ANA 

The SRAS-CoV-S protein induces direct up-regulation of IL-6, IL-1 and TNFα, 
some of the most potent pro-inflammatory cytokines 

A recent report indicates higher serum IL1 β and IL1R α in both ICU patients and 
non-ICU patients with pneumonia than in healthy adults at initial assessment (6). 
Of note, no difference in mean IL-1β levels were found between the ICU patients 
and non-ICU patients with pneumonia 

Anakinra (ANA) (Kineret®) is a recombinant human decoy IL-1Ra and therefore 
blocks IL-1α and IL-1β. 

Diagnosis and 
inclusion and 
Exclusion criteria for 
the CORIMUNO-19-
ANA trial 

Inclusion Criteria for the Anakinra trial: 

1. Patients included in the  CORIMUNO-19 cohort 

2. Patients with C-reactive protein level (CRP) > 25 mg / L the day or the day 

before the infusion) 

3. Patients belonging to one of the 2 following groups: 

- Group 1: Cases meeting all of the following criteria 
• Requiring more than 3L/min of oxygen 
• 10 pt WHO clinical progression scale = 5 
• No NIV or High flow 

 
- Group 2: Cases meeting all of the following criteria 
 

• Respiratory failure AND (requiring mechanical 
ventilation OR NIV OR High flow) 
• 10 pt OMS/WHO progression scale >=6 
• No do-not-resuscitate order (DNR order) 

 

Exclusion Criteria for the Anakinra trial: 

1. Patients with exclusion criteria to the CORIMUNO-19 cohort. 
2. Known hypersensitivity to Anakinra or to any of their excipients. 
3. Pregnancy 
4. Current documented bacterial infection 
5. Patient with any of following laboratory results out of the ranges detailed 

below at screening should be discussed depending of the medication: 
a. Absolute neutrophil count (ANC) ≤ 1.0 x 109/L 
b. Haemoglobin level: no limitation 
c. Platelets (PLT) < 50 G /L 
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d. SGOT or SGPT > 5N 

e. Severe renal insufficiency with Glomerular filtration rate < 30 ml 

/ mn 

Randomisation and 
Treatment 
procedures 

Two separate trials are conducted and analyzed independently, one in each group 
of patients defined above (group 1: patients not requiring ICU, with WHO Clinical 
Progression Scale [WHO-CPS] 5 at inclusion) and group 2, patients requiring ICU, 
with a WHO-CPS of 6 or more at inclusion). 

All consecutive patients meeting the inclusion criteria will be randomised 1:1 either 
in the intervention arm or control arm in a set of 120 patients in total 60 in each 
arm). Interim analyses are planned, but inclusions are not frozen to wait for the 
interim analyses. 

Inclusions of patients will stop when statistical analyses conclude on futility or 
efficacy, or by DSMB decision. 

 

In each trial patients will be randomized between  

• Intervention arm: two IV infusions / day of Anakinra KINERET® 
200mg (total 400 mg) at day 1 (D1), D2 and D3. In case of improvement 
at D4 (clinical improvement and decrease of CRP level > 50%), two IV 
infusions / day of Anakinra KINERET® 100mg (total 200 mg) at D4, and 
one IV infusion of Anakinra KINERET® 100mg (total 100 mg) at D5. In 
case of absence of improvement at D4, treatment will consist in additional 
two IV infusions / day of Anakinra KINERET® 200mg (total 400 mg) at 
D4, D5 and D6, followed by two IV infusions / day of Anakinra 
KINERET® 100mg (total 200 mg) at D7 and one IV infusion of Anakinra 
KINERET® 100mg (total 100 mg) at D8. 

• Control arm: Best standard of care 

Duration of follow-up 90 days 
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Criteria for efficacy Measures 

A core set of clinical measures will be recorded daily the first 2 weeks and then 
every week. The core measures include measures of WHO-CPS, oxygenation, 
mechanical ventilation. For patients who are eligible for an intervention trial (in 
both the intervention and control arms), this days measurement will include trial-
specific measures related to the trial outcomes of interest. 

Primary and secondary endpoints: 

The primary endpoint and secondary endpoints will depend on the group of 
patients and tested medication. 
  
For the group 1 of patients not requiring ICU: 
  
Co Primary Endpoints  
 

1. Survival without needs of ventilator utilization (including non-invasive 
ventilation and high flow) at day 14. Thus, events considered are needing 
ventilator utilization (including Non Invasive Ventilation, NIV or high 
flow), or death. New DNR order (if given after the inclusion of the patient) 
will be considered as an event at the date of the DNR. 

2. Early endpoint : proportion of patients alive without non-invasive 
ventilation of high low at day 4 (WHO progression scale ≤ 5). A patient 
with new DNR order at day 4 will be considered as with a score > 5 

 

WHO Clincial Progression 
Scale (WHO-CPS) 

Descriptor Score 

Uninfected Uninfected; non viral RNA detected 0 

Ambulatory Asymptomatic; viral RNA detected 1 

Ambulatory Symptomatic; Independent 2 

Ambulatory Symptomatic; Assistance needed 3 

Hospitalized : mild disease Hospitalized; No oxygen therapy 4 

Hospitalized : mild disease Hospitalized; oxygen by mask or 
nasal prongs 

5 

Hospitalized : severe disease Hospitalized; oxygen by NIV or 
High flow 

6 

Hospitalized : severe disease Intubation and Mechanical 
ventilation, pO2/FIO2>=150 OR 
SpO2/FIO2>=200  

7 

Hospitalized : severe disease Mechanical ventilation, 
(pO2/FIO2<150 OR 
SpO2/FIO2<200) OR vasopressor 
(norepinephrine >0.3 
microg/kg/min) 

8 

Hospitalized : severe disease Mechanical ventilation, 9 
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pO2/FIO2<150 AND vasopressors 
(norepinephrine >0.3 
microg/kg/min), OR Dialysis OR 
ECMO 

Death Dead 10 

 

Secondary end-points will be OMS progression scale at 4, 7 and 14 days, 
overall survival at 14, 28 and 90 days, time to discharge, time to oxygen 
supply independency, time to negative viral excretion. 
Biological parameters improvement: 
Estimated GFR, CRP, myoglobin, CPK, cardiac troponin, ferritin, lactate, 
cell blood count, liver enzymes, LDH, D-Dimer, albumin, fibrinogen, 
triglycerides, coagulation tests, urine electrolyte, creatinuria, proteinuria, 
uricemia, IL6, procalcitonin, immunophenotype (Annexe 2 of the protocol), 
and exploratory tests (Annexe 3 of the protocol) 
  
For the group 2 of patients requiring ICU: 
  
Co Primary Endpoints 

 
1. Cumulative incidence of successful tracheal extubation (defined as duration 

extubation > 48h) at day 14 if patients have been intubated before day 14 ; 
or removal of NIV or high flow (for > 48h) if they were included under 
oxygen by NIV or High flow (score 6) and remained without intubation. 
Death or new DNR order (if given after the inclusion of the patient) will be 
considered as a competing event. 

2. Early end point: proportion of patients with a decrease of WHO score of at 
least 1 point at day 4. 

 
Secondary end points will be OMS progression scale at 4, 7 and 14 days, overall 
survival at 14, 28 and 90 days, the 28-day ventilator free-days, the evolution of 
PaO2/FiO2 ratio, respiratory acidosis at day 4 (arterial blood pH of <7.25 with a 
partial pressure of arterial carbon dioxide [Paco2] of ≥60 mm Hg for >6 hours), 
time to oxygen supply independency, duration of hospitalization, time to negative 
viral excretion, time to ICU and hospital discharge. 
 
Biological parameters improvement (estimated GFR, CRP, cardiac 
troponin, urine electrolyte and creatinine, proteinuria, uricemia, IL6, 
myoglobin, KIM-1, NGAL, CPK, ferritin, lactate, cell blood count, liver 
enzymes, LDH, D-Dimer, albumin, fibrinogen, triglycerides, coagulation 
tests (including activated partial thromboplastin time), procalcitonin, 
immunophenotype (Annexe 2 of the protocol), and exploratory tests 
(Frozen samples Annexe 3 of the protocol). Rate of renal replacement 
therapy, ventilation parameters.. 
 

Criteria of safety ● Number of serious adverse events 
● Cumulative incidence of serious adverse events (SAEs) 
● Cumulative incidence of Grade 3 and 4 AEs. 
● Investigational medication discontinuation (for any reason) 
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Statistical Method To maximize information from limited data generated, while allowing rapid 
decision, a Bayesian monitoring of the trial based on the co-primary outcomes will 
be used. The overall strategy has been determined so as to control for a frequentist 
one sided 5% type I error rate. The following methods pertain to the conduct and 
analysis of each trial (patients of group 1 or patients of group 2), that are analysed 
separately with different primary outcomes.  
 
The total sample size in each group (group 1: patients not requiring ICU and 
group 2: patients requiring ICU) is fixed at 120 (60 per arm) for the final 
analysis, with interim analysis after 60 (30 per arm) 
 
At the interim analysis, two posterior probabilities will be calculated: 1) the 
posterior probability of a lower event rate in the experimental than in the control 
arm (posterior probability of efficacy) and 2) the posterior probability of achieving 
at least a predefined effect corresponding to a hazard ratio of 0.85 (for time-to-
event primary outcomes)  or a risk difference of 5.5% (for binary co-primary 
outcomes) (posterior probability of sufficient efficacy). If the posterior probability 
of sufficient efficacy is less than 0.20, the trial can be stopped for futility. If the 
posterior probability of efficacy is higher than 0.99, the trial can be stopped for 
efficacy. Otherwise, the trial will continue with inclusion of additional patients, as 
predefined, and a final analysis is conducted with decision boundary at a posterior 
probability of efficacy > 0.95. Decision boundaries are non-binding, and the 
DSMB can recommend continuing recruitment, in the whole population or a 
subgroup. Final decision boundaries are then readapted to control for a one-sided 
type I error rate close to 5%.  If the strata (groups I or II) are equally sized, the 
interim analysis should occur after 60 patients, and the second one with 120. This 
design (with only two stages) has then type I error rate 0.047 if event rates are 
50% in each arm, and power 0.972 to detect a decrease from 0.50 to 0.20 and 
0.739 to detect a decrease from 0.50 to 0.30. 
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2 Analysis population 
2.1 Flow diagram 
At the final analysis of trial, a flow chart will be constructed according to the CONSORT 2010 
reporting guidelines. It will describe: 

• The number of eligible patients, randomized patients and the number of patients who 
have actually followed the study; 

• The intervention arm allocated per randomization; 
• Early cessation of the intervention and their causes and drop-outs; 
• The number of patients excluded from the analysis. 

The number of randomized but ineligible patients, if any, will also be reported, as well as the 
reason for ineligibility. 

2.2 Definition of the analysis population 
For interim monitoring, the analysis will be carried out according to the intention to treat (ITT) 
principle, i.e. each randomised participant will be analysed in the group assigned to him/her by 
randomisation, regardless of the actual treatment received or other protocol deviations. In 
particular patients randomised while not meeting eligibility criteria will be kept in the analysis. 
In the cmRCT design, randomisation occurs prior to offering an intervention, and some number 
of eligible patients who are randomly selected to be offered an intervention will not accept the 
offer. An intention to treat analysis could therefore dilute any treatment effects, and Relton et 
al. suggested using a complier average causal effect (CACE) analysis which provides unbiased 
estimates of the treatment effect for patients who comply with the protocol. 
At the final analysis stage, the ITT will be carried out, comparing all randomised patients in the 
intervention arm they were allocated to as described above, but a CACE analysis will be added, 
using an instrumental variable approach which assumes that a patient's decision not to accept 
the intervention will not affect the outcome (except through the intervention actually received). 
No data will be analysed for patients who have withdrawn their consent during the study and 
have expressed opposition to the analysis of their data. If necessary, the data concerning these 
patients that have been collected will be destroyed. The existence of these patients will 
nevertheless be documented in the study flow chart. 

2.3 Sample size 
The total sample size has been fixed for each trial at 60 (30 per arm) for the first formal interim 
analysis, and 120 (60 per arm) for the final analysis, but with an option to accrue 60 patients 
more (30 per am) depending of the recommendations of the DSMB (see below). 

3 Analysis principles 
3.1 General principles for analysis of outcomes 
Data analysis will be blinded to treatment allocation. Accordingly, when analyses are not 
symmetrical (e.g. probability of a lower event rate with experimental than control), two 
analyses will be performed, successively considering each arm as the experimental one. 
The final results will be reported according to the recommendations of CONSORT 2010. 
All outcomes will be analysed in superiority analyses, and the final analyses will be adjusted 
for centre as a random effect (randomisation stratification). At the final analysis stage, 
secondary analyses will be carried out adjusting for the centre in random effects models. 
One crucial feature of the CORIMUNO-19 trials is to remain as flexible as possible, in an 
urgency context, when information may change quickly. The study therefore attempts to 
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maximize information from limited data generated, while allowing rapid decision. This will be 
achieved by the use of Bayesian monitoring of the trial. While using a Bayesian approach, 
where standard definition of type I and II error rate do not apply, the trial is also planned to 
control for frequentist (i.e. non-Bayesian) error rates. In particular, the overall strategy will be 
to control for a frequentist one sided type I error rate close to 5% over one specific trial. 
The primary efficacy analyses will therefore rely on computing the posterior distribution of the 
hazard ratio between the experimental and control arms for time-to-event co-primary outcomes 
and the posterior distributions of event rates in each arm for binary co-primary outcomes. From 
the latter, the posterior distribution of the difference in event rate will be derived. These 
posterior distributions will be graphically displayed, and summarized by their medians and 95% 
credibility intervals (the Bayesian counterparts of confidence intervals). 
For secondary efficacy and safety outcomes, frequentist (i.e. non-Bayesian) analyses will be 
used. No correction for multiplicity and no hierarchical testing procedures are planned in 
analysing secondary outcomes. These analyses will therefore be considered as exploratory in 
nature. 

3.2 Participants’ characteristics at inclusion 
The characteristics of patients collected at inclusion will be described globally and by 
randomization group, using means, standard deviations, medians, interquartile intervals, 
minimum and maximum for quantitative variables and by their numbers and percentages by 
modality for qualitative variables. 
The number of missing data for each variable will also be reported. No statistical tests for 
comparison between groups will be carried out. 

3.3 Handling of missing or incoherent data 
Given their nature and the trial settings, it is not be expected that primary outcome data would 
be missing. However, in the case some outcomes would be missing, binary missing outcomes 
will be treated as treatment failures in interim and primary final analyses, with an imputation 
by last value carried forward as a sensitivity analysis. For time-to-event outcomes, they will be 
naturally handled using methods for censored data. No imputation will be used for secondary 
efficacy and safety outcomes. 

3.4 Statistical software 
The analyses will be carried out using the R software version 3.6.1 or later (The R Foundation 
for Statistical Computing, Vienna, Austria), SAS version 9.4 or later (SAS Institute Cary, NC) 
and JAGS version 4.3.0 or later. 

4 Co-primary outcome analysis 
4.1 Definitions 
Two co-primary outcomes are used for each group of patients, one short-term outcome 
evaluated at 4 days, primarily used for trial monitoring, and one longer-term outcome evaluated 
at 14 days. For numbering the days, the day of inclusion is considered as day 1. 

4.1.1 Group 1: patients not requiring ICU 
1) Survival without needs of ventilator utilization (including non invasive ventilation and 

high flow) at day 14. Thus, events considered are needing ventilator utilization 
(including Non Invasive Ventilation, NIV or high flow), or death. New DNR order (if 
given after the inclusion of the patient) will be considered as an event at the date of the 
DNR. 
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2) Early endpoint : proportion of patients alive without non-invasive ventilation of high 
low at day 4 (WHO progression scale ≤ 5). A patient with new DNR order at day 4 will 
be considered as with a score > 5. 
 

WHO Clinical Progression Scale 
(WHO-CPS) 

Descriptor Score 

Uninfected Uninfected; non viral RNA detected 0 

Ambulatory Asymptomatic; viral RNA detected 1 

Ambulatory Symptomatic; Independent 2 

Ambulatory Symptomatic; Assistance needed 3 

Hospitalized : mild disease Hospitalized; No oxygen therapy 4 

Hospitalized : mild disease Hospitalized; oxygen by mask or nasal prongs 5 

Hospitalized : severe disease Hospitalized; oxygen by NIV or High flow 6 

Hospitalized : severe disease Intubation and Mechanical ventilation, 
pO2/FIO2>=150 OR SpO2/FIO2>=200  

7 

Hospitalized : severe disease Mechanical ventilation, (pO2/FIO2<150 OR 
SpO2/FIO2<200) OR vasopressor 
(norepinephrine >0.3 microg/kg/min) 

8 

Hospitalized : severe disease Mechanical ventilation, pO2/FIO2<150 AND 
vasopressors (norepinephrine >0.3 
microg/kg/min), OR Dialysis OR ECMO 

9 

Death Dead 10 

 

4.1.2 Group 2: patients requiring ICU 
1) Cumulative incidence of successful tracheal extubation (defined as duration extubation 

> 48h) at day 14 if patients have been intubated before day 14 ; or removal of NIV or 
high flow (for > 48h) if they were included under oxygen by NIV or High flow (score 
6) and remained without intubation. Death or new DNR order (if given after the 
inclusion of the patient) will be considered as a competing event. 

2) Early end point: proportion of patients with a decrease of WHO score of at least 1 point 
at day 4. 

4.2 Trial monitoring 
This section describes the Bayesian monitoring of the trial in one of the groups. Calculations 
have been made for a fixed sample size at the interim and final analysis (30 per arm and 60 per 
arm, respectively), but in practice, since the trial is conducted simultaneously in both groups, 
the numbers may differ. For simplicity, we did not plan to modify the decision boundaries 
according to the observed numbers of patients actually included in each group. Rather, the 
properties of the design (table 1) will be re-evaluated taking the actual numbers into account. 
We defined two co-primary outcomes, one time-to-event outcome evaluated up to day 14, and 
an early success outcome evaluated on day 4. Methods for trial monitoring have been developed 
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for the early outcome because (1) short-term outcomes are obtained more quickly so are easier 
for early interim decision and (2) calculations of all possible outcomes are more tractable for 
binary outcomes. For analyses based on the hazard ratio, which allow to account for all 
information gathered in the trial (even for patients who do not have the entire follow-up 
necessary to evaluate a binary outcome), the same decision boundaries will be used. It is not 
expected that the properties of the boundaries would be significantly different when using the 
posterior distribution of the hazard ratio. Simulation studies were then performed to describe 
the properties of the design (table 2). Also, in all what follows, we assume the “event” 
corresponding to the outcome being detrimental to patients, so that an effective treatment would 
lower the event rate, or achieve a hazard ratio q < 1. When the clinical definition of the outcome 
is opposite, then analysis will be performed on the inverse (e.g. failure instead or success, or 
inverse of the hazard ratio 1/q). 

4.2.1 Interim analyses  
Let us denote pE and pC the event rates in the experimental and control arms, respectively. At 
each analysis, the posterior probability of a lower event rate in the experimental than in the 
control arm is calculated, i.e. P(pE < pC | data), which we term the posterior probability of 
efficacy. The posterior probability P(pE < pC - d | data) is also computed, corresponding to the 
probability to achieve at least a d treatment effect, termed the posterior probability of sufficient 
efficacy. To compute the probability of sufficient efficacy, we assumed that the hazard ratio for 
time-to-event outcomes should be at least 0.85, which translates to an event rate of 45.5% in 
the experimental arm when it is 50% in the control arm. Accordingly, d was set to 0.055 for 
calculations with binary outcomes. The specification of the prior distribution is crucial. For this 
first trial conducted in the cmRCT, we want the conclusions to depend primarily on data from 
the trial, not on prior opinion. An uninformative prior for the hazard ratio will therefore be used. 
More precisely, the prior distribution of pE and pC will be set as a beta prior distribution with 
parameters 1 and 1, equivalent to a uniform distribution on the interval (0,1). This corresponds 
to a hypothetical situation where we would have data on two individuals treated with each arm 
strategy, and observing that exactly 1 of the 2 experiencing the outcome.  
For time-to-event outcomes, a Bayesian Cox model will be estimated using Markov chain 
Monte Carlo (MCMC) methods, using a Gaussian prior distribution with mean 0 and variance 
106. The posterior probability of the hazard ratio q will be used to define posterior probability 
of efficacy as P(q < 1) and the posterior probability of sufficient efficacy P(q < h), with h fixed 
at 0.85. The prior distributions used ensure very little influence of our prior opinion on 
conclusions. 

4.2.2 Stopping rules 
At each interim analysis, if the posterior probability of sufficient efficacy is less than 0.20, the 
trial could be stopped for futility upon decision of the DSMB (indicative and not binding futility 
boundary). If the posterior probability of efficacy is higher than 0.99, then the trial may be 
stopped for efficacy (again this boundary is not binding and the DSMB may propose to continue 
the accrual based on other information, such as secondary outcomes or safety). The choice of 
interim monitoring for futility based on the posterior probability of sufficient efficacy and not 
the posterior probability of efficacy is justified by the need to increase the chance of early 
stopping for futility when information increases, if the experimental treatment is no better than 
the control. Conversely, keeping a constant futility boundary on the posterior probability of 
efficacy would decrease the chances of early stopping if additional analyses are performed, 
because under the null, as information increases, the posterior distribution of efficacy would 
converge to 0.5. This boundary is stricter than using a boundary on the posterior probability of 
efficacy (grey line on the figure 1, left panel), but this choice is justified by the need to quickly 
identify treatments with a large effect.  
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At the interim analyses, the predictive probability of achieving a success after inclusion of a 
total of 60 patients per arm (posterior probability of efficacy > 0.95) will also be computed for 
the short-term outcome, and the trial can be stopped for futility if it is less than 10%. 
When no stopping for futility or efficacy is decided, additional patients are recruited in each 
arm. The final analysis will occur after final recruitment, and a posterior probability of efficacy 
higher than 0.95 will be considered as indicating efficacy. 
Another option would be to continue accrual in a subgroup only (adaptive enrichment) 
according to the posterior probabilities in the different subgroups. If such a modification is 
implemented, then the SAP will be revised to accommodate such modifications. 
The protocol also mentions additional interim analyses by the DSMB, without formal stopping 
rules. For these analyses, safety data will be presented, as well as posterior probabilities for 
both short-term and mid-term outcomes. 

4.2.3 Frequentist properties of the design 
The table 1 presents the properties of the design under different scenarios. The figure 1 displays 
the decision boundaries for the early outcome in the case 30 patients per arm have been 
recruited. 
 
Table 1. Operational characteristics of the design under different scenarios for analysis of the binary 
outcome. 

 Failure rate p in each group 
Scenario No effect Very large 

effect 
Large effect Mild effect 

Parameterizations pC=0.5, 
pE=0.5  

pC=0.5, 
pE=0.2 

pC=0.5, 
pE=0.3 

pC=0.5, 
pE=0.35 

Corresponding hazard ratio 1 0.32 0.51 0.62 
Probability of early stopping for futility 0.349 0.0017 0.023 0.057 
Probability of early stopping for efficacy 0.0087 0.558 0.228 0.121 
Probability of efficacy at 2nd stage 0.038 0.413 0.510 0.393 
Overall probability of rejection 0.047 0.972 0.739 0.514 
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Figure 1. Decision boundaries for the interim and final analysis. Red lines indicate efficacy boundaries, and 
black lines futility boundaries. On the left plot, the interim analysis is performed after inclusion of 30 patients per 
arm, and the gray line indicate what the boundary would be if the posterior probability of efficacy was used to 
define futility instead of the posterior probability of sufficient efficacy. On the right plot, the final analysis after 
accrual of 30 more patients per arm is presented. Gloden stars indicate regions that should not occur if the decision 
boundaries are respected, because the trial would have been stopped for efficacy at the interim analysis. Gray 
points indicate regions that should not occur if the decision boundaries are respected, because the trial would have 
been stopped for futility at the interim analysis. 
 
Table 2. Operational characteristics of the design under different scenarios for analysis of the time-to-
event outcome. Results were obtained from 10,000 numerical simulation runs. We used exponential 
simulations, assuming a median survival with control of 14 days and accrual of 120 patients over 10 days, 
interim analysis at 10 days, and final analysis after 24 days (when the last patient would have attained 14 
days follow-up). 

 Failure rate p in each group 
Scenario No effect Very large 

effect 
Large effect 

Parameterizations pC=0.5, pE=0.5  pC=0.5, pE=0.2 pC=0.5, pE=0.3 
Corresponding hazard ratio 1 0.32 0.51 
Probability of early stopping for efficacy 0.011 0.478 0.204 
Probability of efficacy at 2nd stage 0.043 0.507 0.623 
Overall probability of rejection 0.054 0.985 0.827 

 
In the case the DSMB would deem results promising but not yet conclusive after inclusion of 
the final sample size (that we consider for illustration as a posterior probability of sufficient 
efficacy of 0.40 or more but a posterior probability of efficacy is of 0.97 or less), the protocol 
envisaged that 30 additional patients per arm could be recruited. The final decision boundary 
could be adapted to a posterior probability of efficacy > 0.963 to control the type I error rate. 
The table 3 summarizes the properties of such extension under the four previous scenarios, and 
illustrates that this could have an important effect on the power in scenarios where the efficacy 
is less than anticipated. 
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Table 3. Operational characteristics of the design with extension to a third stage, under different 
scenarios. In this example, it is assumed that the DSMB would consider results to be promising if the 
posterior probability of sufficient efficacy of 0.40 or more but a posterior probability of efficacy is of 0.97 or 
less, and the final decision boundary is set to a posterior probability of efficacy > 0.963 to control the type I 
error rate. 

 Failure rate p in each group 
Scenario No effect Very large 

effect 
Large effect Mild effect 

Parameterizations pC=0.5, 
pE=0.5  

pC=0.5, 
pE=0.2 

pC=0.5, 
pE=0.3 

pC=0.5, 
pE=0.35 

Probability of occurrence 0.307 0.046 0.313 0.460 
Probability of efficacy at 3rd stage 0.018 0.043 0.209 0.221 
Overall probability of rejection 0.050 0.994 0.848 0.631 

 

4.2.4 Presentation of results 
For unadjusted analyses, and for purpose of trial monitoring, the posterior distributions of the 
event rates in each group and of their difference will be graphically displayed, and summarized 
by their median and 95% credibility interval. Similarly, for longer-term outcomes, the posterior 
distribution of the hazard ratio will be displayed, and summarized by its median and 95% 
credibility interval. Kaplan-Meier plots or cumulative incidence of the longer-term events will 
also be estimated in each arm, in a frequentist approach. Posterior probabilities of efficacy and 
sufficient efficacy will also be presented for both short-term event rates and longer-term 
outcomes. 

4.3 Final analyses 
For the short-term outcome, the posterior distributions of the difference in outcome rate and the 
odds ratio will be computed, and summarized by their median, 90% and 95% credible intervals. 
The 90% level matches the 95% threshold for the posterior probability of efficacy, and the 95% 
levels the more usual level. The posterior distribution of odds ratio adjusted for age and centre 
(as a random effect) will be also estimated using MCMC and summarized in the same way. 
For the long-term outcome, the posterior distribution of the hazard ratio both unadjusted and 
adjusted for age and centre (as a random effect) will be calculated using MCMC and 
summarized by their median, 90% and 95% credible intervals. For group 2, where the primary 
outcome is the cumulative incidence of extubation, the hazard ratio will be estimated by a Fine-
Gray model (subdistribution hazard ratio). 
Frequentist analysis will be also presented for both outcomes, only for the adjusted analyses, 
using a logistic model, a Cox model and a Fine-Gray model, respectively. 
 

4.3.1 Settings for Monte Carlo Markov Chain Bayesian analyses 
The initial protocol specified using Gaussian prior distributions with mean 0 and variance 106 

for the log hazard ratio. For adjusted analyses, the prior for the log hazard ratio for age is also 
a Gaussian prior, with mean 0 and variance 106. Four different chains with different starting 
values will be run, with a burn-in of 10,000 iterations, and 100,000 additional iterations  and a 
thinning interval of 10, leading to keeping 10,000 values per chain, 40,000 in total. The 
convergence of the models will be assessed using the Gelman-Rubin statistic and by visual 
inspection of the trace of coefficients 
As a sensitivity analysis, we investigated different prior distribution, with a flat prior with 
smaller variance (102) which makes less likely unrealistic treatment effects, two sceptic priors 
centred on 0 with variance set so that a P(HR < 0.2) = P(HR > 5) = 0.05 (SD 0.975) or P(HR < 
0.2) = P(HR > 5) = 0.025 (SD 0.82), and two enthusiastic informative priors centred on half the 
log HR and the log HR reported for for death or mechanical ventilation in an observational 



 15 

study (Huet et al. Lancet Rheumatol 2020; 2: e393–400 https://doi.org/10.1016/S2665-
9913(20)30164-8, which reported a hazard ratio of 0.22 in a similar population), and the same 
variance as for the sceptic prior with SD 0.975. 

4.4 Calculation of the outcome 
The short term primary outcome will simply use the values of WHO scores reported on day 4 
(and day 1 in the group 2). Missing data will be considered as failure but an analysis of observed 
data and imputation by the last observation carried forward (LOCF) will be added. 
For longer-term outcomes, discrepancies between the reported WHO scores and reported data 
for oxygen or ventilation status, for instance, which includes missing data, will be handled by 
considering the most severe scenario (for instance a patients with WHO score 5 but noted as 
under mechanical ventilation will be considered as ventilated, and a patient noted as under nasal 
canula but with a WHO score of 7 or more as under mechanical ventilation). Monitoring of 
such discrepancies will be carried out to limit at best their occurrence. 
Moreover, since non-invasive ventilation or high flow may be more prone to centre-specific 
practice or device ability, a sensitivity analysis only considering mechanical ventilation (i.e. 
survival without need for mechanical ventilation) will be considered in the group 1. 
For the day 14 primary outcome, patients discharged alive before day 14 without information 
on respiratory status at day 14 will be considered as being alive without need for ventilation at 
day 14 (or maximum theoretical follow-up if shorter than 14 days). A close data monitoring 
will be carried out to limit this situation as much as possible. 
The definition of the outcomes in the protocol states that “New Do-Not-Resuscitate (DNR) 
orders” in group 1 and “DNR orders” in group 2 will be considered as events. The precise 
definition of “new DNR order” is set as DNR orders posterior to the date of randomization and 
that have been noted as having been effectively used to limit care.  

4.5 Subgroup analyses 
The protocol specified that, at the end of the study, subgroup analyses would be performed 
according to antiviral therapies at baseline. Moreover interactions between experimental 
treatments and antiviral therapies will be explored and tested. 
These analyses will be performed using frequentist methods. 

5 Secondary efficacy outcomes analysis 
5.1 Definitions 
5.1.1 Group 1: patients not requiring ICU 

• WHO progression scale at 4, 7 and 14 days 
• Overall survival at 14, 28 and 90 days 
• Time to discharge 
• Time to oxygen supply independency 
• Time to negative viral excretion 

Biological parameters improvement: Estimated GFR, CRP, myoglobin, CPK, cardiac hs 
troponin, ferritin, lactate, cell blood count, liver enzymes, LDH, D-Dimer, albumin, fibrinogen, 
triglycerides, coagulation tests, urine electrolyte, creatinuria, proteinuria, uricemia, IL-6, 
procalcitonin, immunophenotype, and exploratory tests. 

5.1.2 Group 2: patients requiring ICU 

• WHO progression scale at 4, 7 and 14 days 
• Overall survival at 14, 28 and 90 days 
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• 28-day ventilator free-days 
• Respiratory acidosis at day 4 (arterial blood pH of <7.25 with a partial pressure of 

arterial carbon dioxide [PaCO2] of ≥60 mm Hg for >6 hours) 
• Evolution of PaO2/FiO2 ratio 
• Time to oxygen supply independency 
• Duration of hospitalization 
• Time to negative viral excretion 
• Time to ICU and hospital discharge. 

5.2 Methods for analysis 
Time-to-event outcomes will be analysed using Cox or Fine-Gray regression models adjusted 
for the same variables as the day 14 primary outcome; results will be expressed as hazard ratios 
with 95% confidence interval. Competing risks analyses (Fine-Gray model) will be used for 
time to discharge, time and time to oxygen supply independency, for which death will be 
considered as a competing event. When several timepoints are mentioned, separate models will 
be estimated at 14, 28 and 90 days. Point estimates of survival in each arm will be presented 
together with Kaplan-Meier survival curves. For the WHO ordinal scale, Bayesian proportional 
odds models will be used to compare the distribution of  ordinal scores at day 4, 7 and 14, 
adjusted for age and centre, and a longitudinal version of the model with a time effect and a 
random subject effect will be used to analyse all scores up to day 14. The distribution of scores 
will be described at 4 (primary outcome), 7, and 14 days. For 14 days scores, a tolerance of 
plus/minus two days will be used, the value closest to 4 days being used, values before days 14 
having precedence over values after day 14. 
For biological outcomes, only descriptive analyses will be performed. 
Time to negative viral excretion and respiratory acidosis at day 4 (in group 2) had been 
mentioned in the original protocol but are not recorded in the CRF, so they cannot be analysed. 

6 Safety analysis 
6.1 Definitions 
Adverse events are spontaneously declared on the CRF. For each adverse event, the following 
information is collected: 

• Classification of the adverse event (AE) as a serious adverse event (SAE); 
• Seriousness criteria for SAEs; 
• Intensity (severity): mild, moderate or severe; 
• Start/end dates; 
• Investigator judgement on relationship with the study treatment, concomitant treatment, 

pre-existing disease and COVID-19; 
• Modification of study treatment; 
• Symptomatic treatment; 
• Outcome. 

Moreover, major safety endpoints are monitored: blood cells and platelets counts and liver 
transaminases, are monitored frequently, every three days systematically: 

• Neutrophil count; 
• Platelet count; 
• Liver enzymes: ALT and AST; 
• Occurrence of skin rashes; 
• Systolic and diastolic blood pressure; 



 17 

• Ventilator asynchronization. 

6.2 Analysis 
Adverse events and their characteristics will be described using numbers and percentages per 
treatment arm. The proportion of participants with each of the reported events, as well as the 
proportions of participants with at least one SAE will be compared using Fisher’s exact tests. 
The total number of AE/SAEs and SAEs will also be described for each arm, and compared 
using Poisson models (with a robust error variance if necessary). 
 
 

7 Summary of changes since previous versions 
The numbering of SAP versions follows the. one of the core SAP for all CORIMUNO-19 trials, 
but for a specific trial (i.e., CORIMUNO-19-ANA here), all versions do not necessarily exist. 

7.1 Version 1.4 compared to previous working versions and version 1.0 

• A new paragraph 5.4 has been introduced to better separate the final analysis and data 
presentation of the primary outcomes from the analyses carried interim analyses aiming 
at trial monitoring (paragraph 5.3). Subsequent paragraph numbering have been adapted 
accordingly. 

• Adjustment of analyses on age has been made explicit instead of “for major prognostic 
factors”. The choice of age as only adjustment factor (in addition to centre, the 
randomization stratification variable) has been determined by the DSMB. 

• Practical settings for the Bayesian analyses have been detailed. 
• The use of a Fine-Gray model to estimate the hazard ratio of the longer-term outcome 

in group 2 has been made explicit. This choice is natural given the primary outcome is 
expressed as a cumulative incidence in a competing risks framework. 

• For secondary outcomes, the analysis of the WHO score over time has been changed 
from the planned ranked ANCOVA approach to a longitudinal proportional odds model. 
This choice was determined because the latter has been advocated for analysing the 
WHO ordinal scale in the context of COVID-19 trials, and because the large number of 
ties on this scale may limit the advantage of ranked ANCOVA. Of note, the proportional 
odds model is close to Wilcoxon rank-sum tests, but (1) provides an interpretable 
measure of treatment effect and (2) allows for adjustment. 

• Analysis of biological outcomes over time has been specified. 

7.2 Version 2.0 compared to 1.4 

• The handling of patients discharged alive before day 14 for the day 14 primary outcome 
(as alive without the need for ventilation) has been clarified. This was decided early for 
allowing interim analyses when day 14 outcome was not recorded for a majority of 
patients, while (1) ensuring the assumption of uninformative censoring would hold and 
(2) avoiding later event being unduly influential if those observations were censored.  

• The mention of the JAGS software (and version) for Bayesian analyses has been added. 
• A tolerance of plus/minus two days for defining day 14 WHO scores has been added. 

7.3 Version 2.1 compared to 2.0 

• The parameterization of enthusiastic informative priors in the sensitivity analysis to the 
priors used in the Bayesian analysis of the survival co-primary outcome, based on a 
recently published study, has been defined. 
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• Added a table with frequentist operational characteristics of the design for the time-to-
event outcome. 
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