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Appendix 1. List of Hospitals and Investigators.  
 

Canada  
 
Clinical Research Institute of Montreal, Montreal, QC: Emilia Falcone, Hugo Chapdelaine, 
Madeleine Durand, Rahima Jamal, Me Linh Luong 
 
McMaster University Medical Centre Hamilton, Hamilton, ON: Zain Chagla, Waleed 
Alhazzani, Emilie Belley-Cote 
 
Hamilton General Hospital, Hamilton, ON: Zain Chalga 
 
University Health Network, Toronto, ON: Lorenzo del Sorbo, Bryan Coburn, Eddy Fan, Niall 
Ferguson, Shahid Husain 
 
Denmark 
 
Hvidovre Hospital, Hvidovre: Thomas Benfield, Gitte Kronborg, Michaela Tinggaard 
 
Odense Universitetshospital, Roskilde: Isik Somuncu Johansen, Thilde Fabricius, Mathias 
Amdi Hertz, Inge Holden, Karen Frederikke Christie Knudtzen, Andrew Larsen, Lone Wulff 
Madsen, Line Dahlerup Rasmussen 
 
Rigshospitalet Copenhagen University Hospital, Copenhagen: Jan Gerstoft, Bibi Nielsen 
 
Sjællands Universitetshospital, Roskilde: Lothar Wiese, Toke Seierøe Barfod, Lene Surland 
Knudsen, Christian Poulsen 
 
France 
 
CHRU de Tours, Tours: Denis Garot, Laetitia Bodet Contentin, Pierre-Francois Dequin, Stephan 
Ehrmann, Antoine Guillon, Annick Legras, Stefan Mankikian, Emmanuelle Mercier, Marlene 
Morisseau, Yonatan Perez, Charlotte Salmon-Gandonnière 
 
Centre Hospitalier Departemental de Vendee, La Roche-sur-Yon: Caroline Pouplet, Marie-
Ange Azais, Konstantinos Bachoumas, Remi Bernardon, Yves Bleher, Gauthier Blonz, Delphine 
Boucher, Gwenhael Colin, Clementine Coudon, Merrien Dominique, Jean Luc Esnault, Maud 
Fiancette, Thomas Guimard, Matthieu Henry-Lagarrigue, Jean-Claude Lacherade, Sophie Leautez-
Nainville, Christine Lebert, Laurent Martin-Lefevre, Marine Morrier, Isabelle Vinatier, Aihem 
Yehia 
 
Centre Hospitalier et Universitaire de Limoges, Limoges: Bruno François, Thomas Daix, 
Arnaud Desachy, Bruno Evrard, Anne-Laure Fedou, Guillaume Gilbert, Marine Goudelin, Philippe 
Vignon  
 
Hôpital de La Croix Rousse, Lyon: Mehdi Mezidi, Laurent Bitker, Paul Chabert, Louis 
Chauvelot, David Guillaume, Julie Provoost, Jean-Christophe Richard, Hodane Yonis 
 
Hopital de la Pitie Salpetriere, Paris: Charles Edouard Luyt, Marc Pineton de Chambrun, Ania 
Nieszkowska, Valerie Martinez Pourcher 
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Hopital Cochin University Hospital, Paris: Jean Paul Mira, Alain Cariou, Julien Charpentier, 
Jean-Daniel Chiche, Pierre Dupland, Zacharia Ait Hamou, Paul Jaubert, Mthieu Jozwiak, Lee 
Nguyen, Frederic Pene 
 
Hotel Dieu – Nantes: François Raffi, Clotilde Allavena, Karim Asehnoune, Bonnet Benedicte, 
Charlotte Biron, Sabelline Bouchez, Marwan Bouras, Alexandre Bourdiol, David Boutoille, 
Dominique Demeure, Colin Deschanvres, Benjamin Gaborit, Antoine Gregoire, Nicolas Grillot, 
Romain Guery, Yannick  Hourmant, Pascale Morineau Le Houssine, Paul Le Turnier, Raphael 
Lecomte, Maeva Lefebvre, Julien Lorber, Pierre-Joachim Mahé, Antoine Roquilly 
 
Germany  
 
LMU Klinikum der Universitat München, München: Michael von Bergwelt, Marion 
Subklewe, Christian Schmidt, Clemens Gießen-Jung, Joachim Stemmler, Stephanie Susanne 
Stecher 
 
Medizinische Hochschule Hannover, Hannover: Tobias Welte, Isabell Pink, Matthias Stoll 
 
Uniklinik Köln, Koeln: Boris Böll, Jorge Garcia Borrega, Philipp Koehler, Armin Tuchscherer, 
Thomas Zander 
 
Universitatsklinikum Dusseldorf, Dusseldorf: Bjorn-Erik Jensen, Johannes Bode, Linda 
Drößler, Torsten Feldt, Noemi Freise, Verena Keitel, Alexander Killer, Caroline Klindt, Anselm 
Kunstein, Alexander Mertens 
 
Italy  
 
Azienda Ospedaliera San Gerardo di Monza, Lombardia: Paolo Bonfanti, Paola Columpsi, 
Giulia Gustinetti, Ester Pollastri, Nicola Squillace 
 
Fondazione IRCCS Policlinico San Matteo, University of Pavia, Pavia: Raffaele Bruno, 
Valentina Zuccaro 
 
Netherlands  
 
Amphia Ziekenhuis, Breda: Kornelis van der Leest, Jeryll Asin, Ingrid C. de Backer, Hubertus 
N.A. Belderbos, Remco S. Djamin, Marco J.J.J. Grootenboers, Peter Heukels, K. Merijn Kant, Eva 
Lamboo, Christi M.J. Steendam, Simone van der Sar, Nicolaas C. van Walree 
 
Erasmus MC, Rotterdam: Daphne W. Dumoulin, Anne-Marie C. Dingemans, Jelle R. Miedema 
 
St. Antonius Ziekenhuis Nieuwegein, Nieuwegein: Jan C. Grutters, Willem J. Bos, Thijs W. 
Hoffman, Hazra. S. Moeniralam, Erik Scholten 
 
Universitair Medisch Centrum Utrecht, Utrecht: Helen L. Leavis, Pauline M. Ellerbroek, Jan J. 
Oosterheert, Julia Spierings 
 
Spain  
 
Hospital Clinic de Barcelona, Barcelona: Alex Soriano Viladomiu, Felipe Garcia, Marta Bodro, 
Antonio Moreno, Pedro Castro, Montse Sola 
 
Hospital General Universitario Gregorio Maranon, Madrid: Patricia Muñoz, Teresa 
Aldamiz-Echevarria, Almudena Burillo, Juan Carlos Lopez Bernaldo de Quiros, Marina 
Machado, Valerio Maricela, Maria Olmedo 
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Hospital Universitario de Bellvitge, Barcelona: Jordi Carratala, Gabriela Abelenda Alonso, Mª 
Angeles Dominguez, Carlota Gudiol, Alexander Rombauts 
 
Hospital Universitario HM Sanchinarro-CIOCC, Madrid : Antonio Cubillo Gracian, Rafael 
Alvarez Gallego, Paula Villares Fernandez, Paloma Peinado, Enrique Sanz, Jose F. Varona. 
 
Hospital Universitario La Paz, Madrid: Jose Ramon Arribas Lopez, Fernando de la Calle-
Prieto, Francisco Arnalich Fernandez, Juan Carlos Figueira Iglesias, Alberto Borobia Perez, Marta 
Mora-Rillo, Maria Concepcion Prados Sanchez, Rocio Montejano  
 
Hospital Universitario Ramon y Cajal, Madrid: Jesus Fortun Abete, Sabina Herrera, Francesca 
Gioia, Andrés Gonzalez Garcia, Bachiller Francisco Javier, Begoña Monge Maillo, Pilar Martin, 
Rosa Escudero Sanchez, Chamorro Sandra, Pilar Vizcarra, Ana Maria Moreno Zamora, Enrique 
Navas, Juan Carlos Galán 
 
Hospital Universitario Vall d'Hebron, Barcelona: Ricard Ferrer Roca, Alejandro Cortes, Sofia 
Contreras Medina, Xavier Nuvials 
 
United Kingdom  
 
Greater Glasgow and Clyde Health Board, Glasgow: Kevin G. Blyth, Alistair Colin Church, 
Andrew Kidd, Paul McCaughey, Fatemeh Shams, Malcolm Sim, Martin Johnson, Katie Ferguson, 
R. Andrew Morrow, S. Erica Peters, David Bell, Andrew Seeton, Beth White 
 
Institute of Cancer Sciences, University of Glasgow; Queen Elizabeth University Hospital, 
Glasgow: Kevin G Blyth, Jenny Ferguson 
 
Imperial College London, London : Nichola Cooper, Taryn Youngstein, James Barnacle, Anna 
Daunt, Barnaby Flower, Shawki El-Ghazali, Hasnain Hashim, Andrew Porter, Karen Sarmiento  
 
Leeds Teaching Hospitals NHS Trust, Leeds: Sinisa Savic, Sammiya Ahmed, Mark Kacar, 
Jennifer Murira 
 
North Manchester General Hospital, Manchester: Andrew Ustianowski, Anirudh Bhandare, 
Jennifer Hoyle, Thomas Lamb, Alison Uriel 
 
Royal Free Hospital, London: Sanjay Bhagani, Amit Adlakha, Dinesh Aggarwal, Tehmima 
Bharulha, Fiona Burns, Melissa Chowdhury, Ian Cropley, Mark DeNeef, Michael Jacobs, Adam 
Jones, Natasha Karunaharan, Lucy Lamb, Helen Lachmann, Simon Lee, Tabitha Mahungu, Daniel 
Martin, Nicolas Massie, Stephen Mepham, Iain Milligan, Edward Monk, Rachel Moores, Deidre 
Morley, Jennifer Murura, Zhain Mustufvi, William Nevin, Gabrielle Pollard, Alison Rodger, 
Animesh Singh, Antonia Scoble, Dominic Wakerley 
 
St George's Clinical Research Facility, London: Daniel Forton, Kamal Patel, Metin Devrim 
Yalcin 
 
University College Hospital, London: Claire Roddie, Wei Yee Chan, Thomas A. Fox, Maria 
Marzolini, Lorna Neill, Kwee Yong 
 
United States  
 
Baylor St. Luke's Medical Center, Houston, TX: Ivan O Rosas , Sreevidya Coimbatore, 
Fernando Poli, Kalpalatha Guntupalli, Nicola A. Hanania, Juan Vicente Rodriguez, Hinali Zaveri 
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Baystate Health System, Springfield, MA: Daniel Skiest, Armando Paez, Mark Tidswell 
 
Ben Taub General Hospital – HCHD, Houston, TX: Ivan O Rosas, Kalpalatha Guntupalli, 
Nicola A. Hanania, Hinali Zaveri 
 
Cleveland Clinic Foundation; Pulmonary, Allergy & Critical Care Medicine, Cleveland, OH: 
Leslie Tolle, Prabalini Rajendram 
 
David Geffen School of Medicine UCLA, Los Angeles, CA: Igor Barjaktarevic, Joanne Bando, 
Steven Chang, Augustine Chung, Sonia Jasuja, Ramin Salehi-Rad, Robert Stretch, Tisha Wang 
 
Denver Health Medical Center, Denver, CO: Ivor Douglas 
 
Duke University Medical Center, Durham, NC: Mehri McKellar, John Franzone, Daniel 
Gilstrap, Thomas Holland, Noel Ivey, Bryan Kraft, Micah McClain, Rebekah Moehring, Jennifer 
Saullo, Craig Rackley, Cameron Wolfe 
 
eStudySite, La Mesa, CA: Michael Waters, Hanh Chu, Kia Lee, Jeffrey Overcash, Anuja Vyas, 
Karla Zepeda 
 
Evergreen Health Infectious Disease, Kirkland, WA: Francis Riedo, Diego Lopez de Castilla, 
Jason Van Winkle 
 
Hackensack University Medical Center, Hackensack, NJ: Ronaldo Go, Danit Arad, Lauren 
Koniaris, Robert Lee, Chinwe Ogedegbe, Ronak Shah, Andre Sotelo 
 
Intermountain LDS Hospital, Salt Lake City, UT: Bradley Hunter, Andy Badke, Marlin 
Christianson, Ali Fazili, Daanish Hoda, Ian Mecham, Brandon Webb 
 
Intermountain Medical Group, St. George, UT: Derrick Haslem 
 
James J Peters Veterans Administration Medical Center – NAVREF, New York, NY: 
Norbert Bräu, Eka Beriashvili, Sheldon Brown, Mei Chang, Sujin “Esther” Chang, Michael 
Gelman, Joon Woo Kim, Roberta Lenner, Bindu Raju, Johane Simelane, Monique Tukes, Amelia 
Tisi, Kirsten Vest 
 
Mayo Clinic – PPDS, Rochester, MN: Raymund Razonable 
 
Ochsner Clinic Foundation, New Orleans, LA: Julia Garcia-Diaz, Julie Castex, Jenna Griffin, 
Samuel King, Derek Vonderhaar 
 
Robert Wood Johnson University Hospital/Rutgers, New Brunswick, NJ: Sabiha Hussain, 
Tanaya Bhowmick, Deepali Dixit, Sugeet Jagpal 
 
Rush University Medical Center, Chicago, IL: Mariam Aziz, Maureen McNichols, Beverly Sha 
 
Stanford University, Stanford, CA: Nidhi Rohatgi, Neera Ahuja, Kari Nadeau 
 
Swedish Hospital Medical Center, Seattle, WA: Krish Patel, Vanessa Dunleavy, John Page 
 
Thomas Jefferson University, Philadelphia, PA: Marianthi Kiriakidou, Gautam George 
 
University of California, San Diego, San Diego, CA: Atul Malhotra, Constance Benson, Aaron 
F. Carlin, Robert Owens 
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University of Chicago, Chicago, IL: Kathleen Mullane, Jean-Luc Benoit, Karen Cornelius, 
Randee Estes, Christopher Frohne, Aniruddha Hazra, Christopher Lehmann, Michelle Moore, 
Cheryl Nuss, Jade Pagkas-Bather, David Pitrak, Mai Pho, Kenneth Pursell, Jessica Ridgway, 
Stephen Schrantz, Renslow Sherer, Jill Stetkevych 
 
University of Miami Miller School of Medicine, Miami, FL: David de la Zerda, Laiqua Khalid 

 

Principal investigators are shown in bold.  
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Appendix 2. Supplementary Methods. 

Additional study design details 

The study was designed and overseen by the sponsor, F. Hoffmann-La Roche Ltd., with input 

from selected investigators. Data were collected by the investigators and site staff and entered 

into an electronic data capture database designed and maintained by the sponsor. The 

manuscript was reviewed and revised by all authors, who approved the manuscript and 

agreed to submit it for publication.  

Additional study procedure details 

Informed consent 

Informed consent was obtained for all enrolled patients. To accommodate the pandemic 

situation, if allowed by local regulations, as per the protocol, nonwritten consent could be 

obtained from the patient’s legally authorized representative and documented by the 

investigator or designee. 

Blinding of posttreatment IL-6 and CRP results 

CRP levels after treatment, which typically decrease rapidly following tocilizumab 

administration, could have undone the blinding of investigators. Therefore, according to the 

protocol, investigators and sponsor were blinded to baseline and posttreatment IL-6 and CRP 

results during the study. Investigators were discouraged from measuring IL-6 or CRP at local 

laboratories. 

Determination of ordinal scale categories 

Clinical status was captured on the ordinal scale in the electronic case report form. However, 

death and discharge were also captured on additional electronic forms. Confirmation of death 

or discharge, which could be captured any time of day on these additional forms, was used 



 

10 
 

for the study day in preference to ordinal scale data if different or if missing because the 

ordinal scale was captured only once a day, in the morning. Death (ordinal scale category 7) 

or discharge (ordinal scale category 1) was used in the analysis of clinical status going 

forward (unless the patient was readmitted). Any remaining missing data for clinical status 

for the primary analysis (3.7% in the tocilizumab group and 2.1% in the placebo group) were 

imputed using the last postbaseline observation carried forward. 

Investigators were instructed to assign patients who were “ready for discharge”—as 

evidenced by normal body temperature, normal respiratory rate, and stable oxygen saturation 

on ambient air or ≤2 L supplemental oxygen—to category 1 if they were still hospitalized for 

nonmedical reasons.  

The prespecified point estimate of the treatment effect for the primary endpoint was an odds 

ratio; the assumption of proportional odds was not met for this analysis (score test P=0.0005 

for treatment). Therefore, any odds ratios should not be used for statistical comparisons. They 

are included in this supplement for a complete representation of planned analyses. 

Additional statistical analysis details 

Sample size estimation 

Assumed distribution of the ordinal scale in the placebo arm 

Category 1 
(discharge) 

2 3 4 5 6 7 (death) 

Proportion 0.58 0.05 0.09 0.09 0.02 0.02 0.15 

 

Expected distribution of the ordinal scale in the tocilizumab arm (assuming proportional 

odds) with an odds ratio of 2 
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Category 1 
(discharge) 

2 3 4 5 6 7 (death) 

Proportion 0.734 0.039 0.064 0.058 0.012 0.012 0.081 

 

Under these assumptions, the total modified-intention-to-treat sample size of 450 patients 

with a 2:1 randomization of tocilizumab to placebo provides approximately 90% power to 

detect a difference in distribution of the ordinal scale at week 28 between the treatment arms 

using a 2-sided van Elteren test at the 5% significance level. The sample size also provides 

90% power to detect a ratio of 2 (tocilizumab to placebo) for the odds of being in a category 

or a better category under the assumptions of the expected probability distribution of patients 

in the placebo arm using a proportional odds model with a 2-sided P value at the 5% 

significance level. Assuming proportional odds and the assumed distribution in the placebo 

arm, the smallest odds ratio that could be statistically significant would be approximately 1.5. 

Finally, the sample size provides approximately 90% power to detect a 10% absolute 

difference in mortality rate assuming a mortality rate of 15% in the placebo arm. Based on 

these assumptions, the minimal difference that could be statistically significant is 

approximately 7%. 

Missing data handling for the primary endpoint 

A multiple imputation approach for missing data (3 patients in the placebo arm and 11 

patients in the tocilizumab arm) was performed using bootstrapping by sampling with 

replacement from nonmissing data within treatment group and strata, assuming the data were 

missing at random. The imputed data were combined with the nonmissing data to give 

complete data sets of the same size as the mITT population. This was repeated to obtain 

10,000 complete data sets. The van Elteren P value and odds ratio were then derived as 

averages of the van Elteren P values and treatment estimates from the 10,000 data sets. 
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These treatment estimates and 95% CIs are provided in the [0,0] grid reference in Tables S4  

and S5. To test the sensitivity of these results to the missing-at-random assumption for each 

of the 10,000 data sets, only the imputed data points were then adjusted independently by 

treatment group to worse or better outcomes according to a delta (addition of 1 to 6 or minus 

1 to 6, as shown in Tables S4 and S5).  After the delta was applied, adjusted scores below 1 

or above 7 were capped at 1 or 7, respectively, so that the data were within the range of 

possible values for the ordinal scale. With this approach,  the range of odds ratios and 

confidence intervals was consistent with our conclusion of no treatment effect.  

A prespecified analysis of the primary endpoint with last observation carried forward (LOCF) 

for missing data is included for completeness and shows similar results as the multiple 

imputation method. 

Sensitivity analyses 

To account for the competing risk for death, time to discharge/ready for discharge and time to 

improvement in clinical status were analyzed with the use of cause-specific Cox regression. 

Results are presented in Table S7.  
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Figure S1. Clinical Status Assessed Using 7-Category Ordinal Scale (A) at Day 28 and 
(B) Over Time (modified-intention-to-treat population). 

7-category ordinal scale: 1, discharged or ready for discharge; 2, non–ICU hospital ward, not 
requiring supplemental oxygen; 3, non–ICU hospital ward requiring supplemental oxygen; 4, ICU or 
non–ICU hospital ward, requiring noninvasive ventilation or high-flow oxygen; 5, ICU, requiring 
intubation and mechanical ventilation; 6, ICU requiring extracorporeal membrane oxygenation or 
mechanical ventilation and additional organ support; 7, death. 
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Figure S2. Fitted and Observed Proportions of Clinical Status Assessed Using  
7-Category Ordinal Scale (A) in the Placebo Arm and (B) in the Tocilizumab Arm 
(modified-intention-to-treat population). 

7-category ordinal scale: 1, discharged or ready for discharge; 2, non–ICU hospital ward, not 
requiring supplemental oxygen; 3, non–ICU hospital ward, requiring supplemental oxygen; 4, ICU or 
non–ICU hospital ward, requiring noninvasive ventilation or high-flow oxygen; 5, ICU, requiring 
intubation and mechanical ventilation; 6, ICU, requiring extracorporeal membrane oxygenation or 
mechanical ventilation and additional organ support; 7, death. 

Death or discharge (without readmittance to hospital within the time frame) were carried forward 
(from any source), including deaths that occurred after withdrawal. Any remaining missing data were 
imputed using the last postbaseline observation carried forward method. Observed proportions were 
measured in the modified intention-to-treat population at day 28, and fitted proportions were modelled 
at day 28 by ordinal logistic regression analysis. The proportional odds model included the 
stratification factors applied at randomization of region (North America, Europe) and mechanical 
ventilation status (yes, no). 
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Figure S3. Clinical Status Assessed Using 7-Category Ordinal Scale (A) at Day 14 
Overall and (B) According to Baseline Ordinal Scale Category (modified-intention-to-
treat population). 

7-category ordinal scale: 1, discharged or ready for discharge; 2, non–ICU hospital ward, not 
requiring supplemental oxygen; 3, non–ICU hospital ward, requiring supplemental oxygen; 4, ICU or 
non–ICU hospital ward, requiring noninvasive ventilation or high-flow oxygen; 5, ICU, requiring 
intubation and mechanical ventilation; 6, ICU, requiring extracorporeal membrane oxygenation or 
mechanical ventilation and additional organ support; 7, death. 

Category 6 at baseline includes a patient who died on study day 1 (ordinal category 7) but was in 
category 6 on day 1 before receiving study treatment. 

NE, not evaluable. 
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Figure S4. Cumulative Distribution of Ventilator-Free Days to Day 28 (modified-
intention-to-treat population). 

Patients who died up to day 28 were assigned zero ventilator-free days. Days from discharge to day 
28 were counted as ventilator-free days. For patients withdrawn but not discharged, the remainder of 
days to day 28 were counted as ventilator-free days if they were not using mechanical ventilation at 
the time of withdrawal and the days were not ventilator-free days otherwise. If data were missing for 
patients who had not withdrawn, died, or been discharged, the last postbaseline observation was 
carried forward until the next observation. The table describes the distribution for the modified ITT 
population and also for the subset of patients alive at day 28 (with patients who died up to day 28 
excluded from the summary).  

 

  

Distribution of ventilator-free days Placebo 
N=144 

Tocilizumab  
N=294 

Modified ITT population, n  
Median (95% CI)* 
25th percentile (95% CI)* 
75th percentile (95% CI)* 

144 
16.5 (11.0 to 26.0) 

0.0 (0.0 to 3.0) 
28.0 (28.0 to 28.0) 

294 
22.0 (18.0 to 28.0) 

0.0 (0.0 to 1.0) 
28.0 (28.0 to 28.0) 

Patients alive at day 28, n 116 236 
Median (95% CI) 
25th percentile (95% CI) 
75th percentile (95% CI) 

27 (21 to 28)  
8 (3 to 13) 

28 (28 to 28) 

28 (28 to 28) 
13 (6 to 18) 

28 (28 to 28) 
Patients assigned 0 ventilator-free days* 28 58 

*Patients who died by day 28 were assigned 0 ventilator-free days. 
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Figure S5. Cumulative Incidence Function Plot of (A) Time to Improvement in Clinical 
Status on the 7-Category Ordinal Scale, (B) Time to Hospital Discharge/Ready for 
Discharge, and (C) Mortality to Day 28 (modified-intention-to-treat population).  

Time to improvement in clinical status was defined as days from first dose of study drug to the time of 
at least a 2-category improvement in clinical status on the 7-category ordinal scale. Time to hospital 
discharge (or ready for discharge) was defined as days from the first dose of study drug to hospital 
discharge (or ready for discharge, defined as normal body temperature and respiratory rate and stable 
oxygen saturation on ambient air or ≤2 L supplemental oxygen). Patients who discontinued or who 
were lost to follow-up before improvement in clinical status or before ready for discharge criteria 
were met were censored at their last ordinal scale assessment. Cumulative incidence plots were 
produced using the nonparametric Aalen-Johansen estimator. 
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Figure S6. Clinical Status Assessed Using 7-Category Ordinal Scale at Day 28 and Over 
Time (A, B) in Patients Who Were Mechanically Ventilated at Randomization and (C, 
D) in Patients Who Were Not Mechanically Ventilated at Randomization (modified-
intention-to-treat population). 

7-category ordinal scale: 1, discharged or ready for discharge; 2, non–ICU hospital ward, not 
requiring supplemental oxygen; 3, non–ICU hospital ward, requiring supplemental oxygen; 4, ICU or 
non–ICU hospital ward, requiring noninvasive ventilation or high-flow oxygen; 5, ICU, requiring 
intubation and mechanical ventilation; 6, ICU, requiring extracorporeal membrane oxygenation or 
mechanical ventilation and additional organ support; 7, death. 
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Figure S7. Clinical Status Assessed on the 7-Category Ordinal Scale by Ordinal Logistic 
Regression Analysis at Day 28 According to Number of Doses Received, Region, and 
Days Since Symptom Onset (modified-intention-to-treat population). 

Odds ratios within each subgroup were calculated using a proportional odds model including the 
stratification factors at randomization of region (North America, Europe [but not subgroup analysis by 
region]) and mechanical ventilation status (yes, no). 

95% CIs were calculated using Wald method. 

Death or hospital discharge were carried forward, including deaths that occurred after withdrawal. 
Any remaining missing data were imputed using last observation carried forward. Patients without a 
date of symptom onset were excluded from the analysis. 
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Table S1. Prespecified Analysis of Primary Endpoint With Last Observation Carried 
Forward for Missing Data. 

 Tocilizumab  

N=294 

Placebo  

N=144 

Primary endpoint: clinical status based on 
7-category ordinal scale at day 28, median 

(95% CI)* 

1.0 (1.0 to 1.0) 2.0 (1.0 to 4.0) 

Difference (95% CI) 

P value† 

Odds ratio (95% CI)‡ 

–1.0 (–2.5 to 0.0)  

0.36 

1.19 (0.81 to 1.76) 

*7-category ordinal scale: 1, discharged or ready for discharge; 2, non–ICU hospital ward, not 
requiring supplemental oxygen; 3, non–ICU hospital ward, requiring supplemental oxygen; 4, ICU or 
non–ICU hospital ward, requiring noninvasive ventilation or high-flow oxygen; 5, ICU, requiring 
intubation and mechanical ventilation; 6, ICU, requiring extracorporeal membrane oxygenation or 
mechanical ventilation and additional organ support; 7, death.  
†P value based on van Elteren test stratified by region and mechanical ventilation at randomization. 
‡Odds ratio based on ordinal logistic regression analysis adjusted for region and mechanical 
ventilation at randomization. The assumption of proportional odds was not met. Therefore, odds ratios 
cannot be used for statistical comparisons but are included for a complete representation of planned 
analyses as a summary measure of the treatment effect. 
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Table S2. Odds ratios for clinical status based on 7-category ordinal scale*  

 Odds ratio (95% CI)† 
Primary endpoint, clinical status at day 28‡  1.22 (0.82 to 1.80) 
Key secondary endpoint, clinical status at 
day 14§ 

1.42 (0.99 to 2.05) 

Subgroup analysis, clinical status at day 28§ 
Mechanical ventilation at baseline 

Yes 
No 

Ordinal category at baseline 
2 
3 
4 
5 
6 

 
 

1.04 (0.58 to 1.85) 
1.34 (0.79 to 2.27) 

 
Not evaluable 

1.27 (0.48 to 3.37) 
1.59 (0.78 to 3.24) 
1.10 (0.38 to 3.15) 
0.93 (0.46 to 1.87) 

*7-category ordinal scale: 1, discharged or ready for discharge; 2, non–ICU hospital ward, not 
requiring supplemental oxygen; 3, non–ICU hospital ward, requiring supplemental oxygen; 4, ICU or 
non–ICU hospital ward, requiring noninvasive ventilation or high-flow oxygen; 5, ICU, requiring 
intubation and mechanical ventilation; 6, ICU, requiring ECMO or mechanical ventilation and 
additional organ support; 7, death.  

†Odds ratio based on ordinal logistic regression analysis adjusted for region and mechanical 
ventilation at randomization. The assumption of proportional odds was not met. Therefore, odds ratios 
cannot be used for statistical comparisons but are included for a complete representation of planned 
analyses as a summary measure of the treatment effect. 

‡Multiple imputation for missing data. 

§Last observation carried forward for missing data. 
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Table S3. Clinical Status According to 7-Category Ordinal Scale at Day 28 (modified 
intention-to-treat population): Odds Ratios With Relaxed Constraint for Proportional 
Odds. 

Odds Ratio Estimates and Wald Confidence 
Intervals 
 Odds Ratio 

Estimate 
95% CI 

Partition 1 1.59 1.01 to 2.50 
Partition 2 0.98 0.63 to 1.53 
Partition 3 1.26 0.80 to 1.98 
Partition 4 0.90 0.57 to 1.43 
Partition 5 0.86 0.54 to 1.39 
Partition 6 0.93 0.55 to 1.55 

 

Odds ratios were based on ordinal logistic regression analysis adjusted for region and mechanical 
ventilation at randomization. Odds ratios for tocilizumab versus placebo for each dichotomization of 
the scale were produced using the “unequalslopes” option in Proc Logistic in SAS. Partition 1 is 
category 1 (discharged or ready for discharge) versus categories 2 to 7. 

7-category ordinal scale: 1, discharged or ready for discharge; 2, non–ICU hospital ward, not 
requiring supplemental oxygen; 3, non–ICU hospital ward, requiring supplemental oxygen; 4, ICU or 
non–ICU hospital ward, requiring noninvasive ventilation or high-flow oxygen; 5, ICU, requiring 
intubation and mechanical ventilation; 6, ICU, requiring extracorporeal membrane oxygenation or 
mechanical ventilation and additional organ support; 7, death. 
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Table S4. Clinical Status According to 7-Category Ordinal Scale at Day 28 (modified 
intention-to-treat population): Odds Ratios After Multiple Imputation and Delta 
Adjustment. 

  Tocilizumab Delta 

   -6 -5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6 

P
la

ce
b

o 
D

el
ta

 

-6 1.27 1.25 1.24 1.23 1.21 1.20 1.17 1.12 1.10 1.09 1.08 1.07 1.05 

-5 1.28 1.26 1.25 1.24 1.22 1.20 1.18 1.13 1.11 1.10 1.09 1.08 1.06 

-4 1.28 1.26 1.25 1.24 1.23 1.21 1.18 1.13 1.12 1.11 1.09 1.08 1.06 

-3 1.29 1.27 1.26 1.25 1.23 1.22 1.19 1.14 1.12 1.11 1.10 1.09 1.07 

-2 1.30 1.28 1.27 1.26 1.24 1.22 1.20 1.15 1.13 1.12 1.11 1.09 1.07 

-1 1.31 1.29 1.28 1.26 1.25 1.23 1.20 1.15 1.14 1.13 1.11 1.10 1.08 

0 1.32 1.30 1.29 1.28 1.27 1.25 1.22 1.17 1.15 1.14 1.13 1.11 1.09 

+1 1.36 1.33 1.32 1.31 1.30 1.28 1.25 1.20 1.18 1.17 1.15 1.14 1.12 

+2 1.37 1.35 1.34 1.32 1.31 1.29 1.26 1.21 1.19 1.18 1.16 1.15 1.13 

+3 1.37 1.35 1.34 1.33 1.31 1.29 1.26 1.21 1.20 1.18 1.17 1.15 1.13 

+4 1.38 1.36 1.35 1.33 1.32 1.30 1.27 1.22 1.20 1.19 1.17 1.16 1.14 

+5 1.38 1.36 1.35 1.34 1.32 1.30 1.27 1.22 1.21 1.19 1.18 1.16 1.14 

+6 1.40 1.37 1.36 1.35 1.34 1.32 1.29 1.23 1.22 1.21 1.19 1.18 1.15 
 
Missing data for 3 patients in the placebo arm and 11 patients in the tocilizumab arm (after death and 
discharge were carried forward) were bootstrapped from non-missing data in each of the 4 strata 
within the treatment group to create a complete data set. This was repeated to obtain 10,000 complete 
data sets. Imputed data were then adjusted independently by treatment group according to a delta, as 
shown in the table (adjusted scores below 1 or above 7 were capped at 1 or 7, respectively). Each odds 
ratio in the table is the mean odds ratio from the 10,000 ordinal logistic regression models (adjusted 
for region and mechanical ventilation at randomization) fitted to the complete data sets after delta 
adjustment. An odds ratio above 1 favors tocilizumab over placebo. With the maximum favorable 
delta adjustment for the missing tocilizumab data (–6) and the maximum unfavorable delta adjustment 
for the missing placebo data (+6), the odds ratio (95% CI) is 1.40 (0.95 to 2.06). With the maximum 
unfavorable delta adjustment for the missing tocilizumab data (+6) and the maximum favorable delta 
adjustment for the missing placebo data (–6), the odds ratio (95% CI) is 1.05 (0.71 to 1.55). The 
results suggest that the missing data are unlikely to have influenced the finding of no clinically 
meaningful treatment effect for the primary endpoint.  
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Table S5. Clinical Status According to 7-Category Ordinal Scale at Day 28 (modified 
intention-to-treat population): 95% Confidence Intervals for the Odds Ratio After 
Multiple Imputation and Delta Adjustment. 

  Tocilizumab Delta 

   -6 -5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6 

P
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b

o 
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-6 
[0.86,
1.87] 

[0.85,
1.84] 

[0.84,
1.83] 

[0.83,
1.81] 

[0.82,
1.79] 

[0.81,
1.76] 

[0.79,
1.73] 

[0.76,
1.65] 

[0.75,
1.63] 

[0.74,
1.61] 

[0.73,
1.59] 

[0.72,
1.57] 

[0.71,
1.55] 

-5 
[0.87,
1.89] 

[0.85,
1.86] 

[0.85,
1.84] 

[0.84,
1.82] 

[0.83,
1.81] 

[0.82,
1.78] 

[0.80,
1.74] 

[0.77,
1.67] 

[0.75,
1.64] 

[0.75,
1.63] 

[0.74,
1.60] 

[0.73,
1.59] 

[0.72,
1.56] 

-4 
[0.87,
1.90] 

[0.86,
1.86] 

[0.85,
1.85] 

[0.84,
1.83] 

[0.83,
1.81] 

[0.82,
1.79] 

[0.80,
1.75] 

[0.77,
1.67] 

[0.76,
1.65] 

[0.75,
1.63] 

[0.74,
1.61] 

[0.73,
1.59] 

[0.72,
1.56] 

-3 
[0.88,
1.91] 

[0.86,
1.88] 

[0.86,
1.86] 

[0.85,
1.84] 

[0.84,
1.82] 

[0.82,
1.80] 

[0.80,
1.76] 

[0.77,
1.68] 

[0.76,
1.66] 

[0.76,
1.64] 

[0.75,
1.62] 

[0.74,
1.60] 

[0.72,
1.57] 

-2 
[0.88,
1.92] 

[0.87,
1.89] 

[0.86,
1.87] 

[0.85,
1.85] 

[0.84,
1.83] 

[0.83,
1.81] 

[0.81,
1.77] 

[0.78,
1.69] 

[0.77,
1.67] 

[0.76,
1.65] 

[0.75,
1.63] 

[0.74,
1.61] 

[0.73,
1.58] 

-1 
[0.89,
1.93] 

[0.87,
1.90] 

[0.87,
1.89] 

[0.86,
1.87] 

[0.85,
1.85] 

[0.83,
1.82] 

[0.81,
1.78] 

[0.78,
1.70] 

[0.77,
1.68] 

[0.76,
1.66] 

[0.75,
1.64] 

[0.75,
1.62] 

[0.73,
1.59] 

0 
[0.90,
1.95] 

[0.88,
1.92] 

[0.88,
1.91] 

[0.87,
1.89] 

[0.86,
1.87] 

[0.84,
1.84] 

[0.82,
1.80] 

[0.79,
1.73] 

[0.78,
1.70] 

[0.77,
1.69] 

[0.76,
1.66] 

[0.75,
1.64] 

[0.74,
1.61] 

+1 
[0.92,
2.00] 

[0.91,
1.97] 

[0.90,
1.95] 

[0.89,
1.93] 

[0.88,
1.91] 

[0.87,
1.88] 

[0.84,
1.84] 

[0.81,
1.76] 

[0.80,
1.74] 

[0.79,
1.72] 

[0.78,
1.70] 

[0.77,
1.68] 

[0.76,
1.65] 

+2 
[0.93,
2.01] 

[0.91,
1.98] 

[0.91,
1.97] 

[0.90,
1.95] 

[0.89,
1.93] 

[0.87,
1.90] 

[0.85,
1.86] 

[0.82,
1.78] 

[0.81,
1.75] 

[0.80,
1.74] 

[0.79,
1.71] 

[0.78,
1.69] 

[0.77,
1.66] 

+3 
[0.93,
2.02] 

[0.92,
1.99] 

[0.91,
1.98] 

[0.90,
1.96] 

[0.89,
1.94] 

[0.88,
1.91] 

[0.86,
1.87] 

[0.82,
1.79] 

[0.81,
1.76] 

[0.80,
1.74] 

[0.79,
1.72] 

[0.78,
1.70] 

[0.77,
1.67] 

+4 
[0.93,
2.03] 

[0.92,
2.00] 

[0.91,
1.98] 

[0.90,
1.96] 

[0.89,
1.94] 

[0.88,
1.92] 

[0.86,
1.87] 

[0.83,
1.79] 

[0.81,
1.77] 

[0.81,
1.75] 

[0.80,
1.73] 

[0.79,
1.71] 

[0.77,
1.67] 

+5 
[0.94,
2.04] 

[0.92,
2.01] 

[0.92,
1.99] 

[0.91,
1.97] 

[0.90,
1.95] 

[0.88,
1.92] 

[0.86,
1.88] 

[0.83,
1.80] 

[0.82,
1.78] 

[0.81,
1.76] 

[0.80,
1.73] 

[0.79,
1.71] 

[0.78,
1.68] 

+6 
[0.95,
2.06] 

[0.93,
2.03] 

[0.93,
2.01] 

[0.92,
1.99] 

[0.91,
1.97] 

[0.89,
1.94] 

[0.87,
1.90] 

[0.84,
1.82] 

[0.83,
1.79] 

[0.82,
1.78] 

[0.81,
1.75] 

[0.80,
1.73] 

[0.78,
1.70] 

 

Each 95% CI in the table was calculated using the standard error estimates from the 10,000 ordinal 
logistic regression models (Table S2) (adjusted for region and mechanical ventilation at 
randomization) fitted to the complete data sets after delta adjustment. The method used for calculating 
the CI was Rubin’s method as implemented in Proc Mianalyze in SAS. An odds ratio above 1 favors 
tocilizumab over placebo. With the maximum favorable delta adjustment for the missing tocilizumab 
data (–6) and the maximum unfavorable delta adjustment for the missing placebo data (+6), the odds 
ratio (95% CI) is 1.40 (0.95 to 2.06). With the maximum unfavorable delta adjustment for the missing 
tocilizumab data (+6) and the maximum favorable delta adjustment for the missing placebo data (–6), 
the odds ratio (95% CI) is 1.05 (0.71 to 1.55). The results suggest that the missing data are unlikely to 
have influenced the finding of no clinically meaningful treatment effect for the primary endpoint. 
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Table S6. Ventilator-Free Days to Day 28 Based on a Joint Model of Mortality and 
Ventilator-Free Days (modified intention-to-treat population).  

 

 Tocilizumab 
N=294 

Placebo  
N=144 

Rate of ventilator-free days 
per 28 days (95% CI) 

15.3 
(14.1 to 16.5) 

13.9 
(12.5 to 15.5) 

Treatment effect (95% CI) 1.1 
(1.0 to 1.2) 

 

The rate of ventilator-free days was determined from a joint model of mortality (logistic regression) 
and ventilator-free days (negative binomial), with subject as a random effect using Proc Glimmix in 
SAS, with the log of duration of follow-up as an offset variable. The treatment effect shows the fold 
increase in ventilator-free days in the tocilizumab arm compared with the placebo arm. 
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Table S7. Cause-Specific Cox Regression of Death, Time to Improvement in Clinical 
Status on the 7-Category Ordinal Scale to Day 28, and Time to Discharge/Ready for 
Discharge (modified-intention-to-treat population).  

 Cox Proportional Hazard Ratio 
[reference = placebo] (95% CI)* 

Time to improvement in clinical status† 

Death 
1.31 (1.00 to 1.71) 
1.16 (0.73 to 1.83) 

Time to discharge/ready for discharge‡ 

Death 
1.42 (1.07 to 1.89) 
1.17 (0.74 to 1.84) 

 

Death was a competing risk.  

*Stratified proportional hazards model including the stratification factors region (North America, 
Europe) and mechanical ventilation status (yes, no) applied at randomization. Patients who 
discontinued or were lost to follow-up before improvement in clinical status or before discharge/ready 
for discharge criteria were met were censored at their last ordinal scale assessment.  
†Defined as days from first dose of study drug to time of ≥2-category improvement in clinical status 
assessed on the 7-category ordinal scale (1, discharged or ready for discharge; 2, non–ICU hospital 
ward, not requiring supplemental oxygen; 3, non–ICU hospital ward, requiring supplemental oxygen; 
4, ICU or non–ICU hospital ward, requiring noninvasive ventilation or high-flow oxygen; 5, ICU, 
requiring intubation and mechanical ventilation; 6, ICU, requiring extracorporeal membrane 
oxygenation or mechanical ventilation and additional organ support; 7, death). 
‡Defined as days from first dose of study drug to hospital discharge/ready for discharge (normal body 
temperature and respiratory rate and stable oxygen saturation on ambient air or ≤2 L supplemental 
oxygen. 
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Table S8. Safety to the Clinical Cutoff Date (safety population). 

 To Clinical Cutoff Date 
(June 24, 2020) 

 Tocilizumab 
N=295 

Placebo  
N=143 

Patients with ≥1 adverse event, n (%) 
Adverse events, n 

237 (80.3) 
906 

118 (82.5) 
423 

Patients with ≥1 serious adverse event  
Serious adverse events, n 

113 (38.3) 
183 

62 (43.4) 
117 

Patients with ≥1 fatal adverse event, n (%) 70 (23.7) 33 (23.1) 
Patients with adverse events of special interest, n (%) 

Infections 126 (42.7) 62 (43.4) 

Serious infections 70 (23.7) 41 (28.7) 

Opportunistic infections* 1 (0.3) 4 (2.8) 

Medically confirmed malignancies 1 (0.3) 0 

Hypersensitivity† 19 (6.4) 4 (2.8) 

Anaphylaxis per Sampson criteria 0 1 (0.7) 

Hepatic events 6 (2.0) 3 (2.1) 

Laboratory criteria of Hy’s Law‡ 6 (2.0) 7 (4.9) 

Myocardial infarction 4 (1.4) 2 (1.4) 

Stroke 3 (1.0) 4 (2.8) 

Bleeding events 47 (15.9) 18 (12.6) 

Serious bleeding events 13 (4.4) 5 (3.5) 

Serious infections§ reported in >1% of patients in either treatment arm 

COVID-19¶ 48 (16.3) 20 (14.0) 

Septic shock 7 (2.4) 7 (4.9) 

Pneumonia 7 (2.4) 4 (2.8) 

Pneumonia bacterial 6 (2.0) 2 (1.4) 

Sepsis 3 (1.0) 4 (2.8) 

Bacteremia 2 (0.7) 3 (2.1) 

Bacterial sepsis 3 (1.0) 0 

 

Data are number (%) of patients unless stated otherwise. 

*Candida sepsis in the tocilizumab arm and respiratory moniliasis, Candida sepsis, Pneumocystitis 
jirovecii pneumonia, and fungal urinary tract infection in the placebo arm. 
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†Defined as all events that occurred during or within 24 hours of the infusion and were not assessed as 
“unrelated to study treatment” by the investigator, regardless of whether or not they were clinically 
consistent with hypersensitivity. 

‡Alanine aminotransferase or aspartate aminotransferase levels >3× upper limit of normal with either 
bilirubin levels >2× upper limit of normal. 

§Reported by Medical Dictionary for Regulatory Activities preferred term. 
¶COVID-19 resulting in death was reported as a serious adverse event in the study.
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Table S9. Serious Adverse Events Occurring in ≥1% of Patients in Either Treatment 
Group by System Organ Class and Preferred Term to the Clinical Cutoff Date (safety 
population).  

 To Clinical Cutoff Date 
(June 24, 2020) 

 Tocilizumab 
N=295 

Placebo  
N=143 

Patients with ≥1 serious adverse event  
Serious adverse events, n 

113 (38.3) 
183 

62 (43.4) 
117 

Infections and infestations 

COVID-19 pneumonia 35 (11.9) 19 (13.3) 

COVID-19 13 (4.4) 1 (0.7) 

Septic shock 7 (2.4) 7 (4.9) 

Pneumonia 7 (2.4) 4 (2.8) 

Pneumonia bacterial 6 (2.0) 2 (1.4) 

Sepsis 3 (1.0) 4 (2.8) 

Bacteremia 2 (0.7) 3 (2.1) 

Bacterial sepsis 3 (1.0) 0 

Respiratory, thoracic and mediastinal disorders 

Respiratory failure 5 (1.7) 6 (4.2) 

Pneumothorax 4 (1.4) 3 (2.1) 

Pulmonary embolism 5 (1.7) 2 (1.4) 

Acute respiratory distress syndrome 4 (1.4) 2 (1.4) 

Acute respiratory failure 2 (0.7) 2 (1.4) 

Hypoxia 0 2 (1.4) 

Pharyngeal hemorrhage 0 2 (1.4) 

Cardiac disorders 

Cardiac arrest 4 (1.4) 5 (3.5) 

Atrial fibrillation 3 (1.0) 0 

Pulseless electrical activity 1 (0.3) 2 (1.4) 

Renal and urinary disorders 

Acute kidney injury 9 (3.1) 4 (2.8) 

Renal failure 2 (0.7) 2 (1.4) 

Blood and lymphatic disorders 
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Neutropenia 4 (1.4) 0 

General disorders and administration site conditions 

Multiple organ dysfunction syndrome 5 (1.7) 1 (0.7) 

 

Data are shown as number (%) of patients unless stated otherwise. 

Multiple ocurrences of the same adverse event in an individual were counted once. System organ 
class and preferred terms were determined according to the Medical Dictionary for Regulatory 
Activities, version 23.0. 
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Table S10. Clinical Status According to 7-Category Ordinal Scale at Day 28 According 
to Steroid Treatment at Baseline or Any Time During the Study (modified-intention-to-
treat population). 

 With Steroids Without Steroids 

Tocilizumab 
n=106 

Placebo 
n=79 

Tocilizumab 
n=188 

Placebo 
n=65 

Ordinal scale category at day 28, n (%) 

1 42 (39.6) 36 (45.6) 124 (66.0) 35 (53.8) 

2 2 (1.9) 3 (3.8) 4 (2.1) 5 (7.7) 

3 7 (6.6) 3 (3.8) 7 (3.7) 1 (1.5) 

4 3 (2.8) 4 (5.1) 3 (1.6) 6 (9.2) 

5 10 (9.4) 8 (10.1) 16 (8.5) 6 (9.2) 

6 13 (12.3) 7 (8.9) 5 (2.7) 2 (3.1) 

7 29 (27.4) 18 (22.8) 29 (15.4) 10 (15.4) 

 

7-category ordinal scale: 1, discharged or ready for discharge; 2, non–ICU hospital ward, not 
requiring supplemental oxygen; 3, non–ICU hospital ward, requiring supplemental oxygen; 4, ICU or 
non–ICU hospital ward, requiring noninvasive ventilation or high-flow oxygen; 5, ICU, requiring 
intubation and mechanical ventilation; 6, ICU, requiring extracorporeal membrane oxygenation or 
mechanical ventilation and additional organ support; 7, death. 

Death or hospital discharge were carried forward, including deaths after withdrawal with any 
remaining missing data imputed using the last postbaseline observation carried forward method. 

Steroids included corticosteroids except topical, inhaled, or dermatologic applications. 

 

 


