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Summary  

Sarilumab did not lead to significant improvements in clinical status or mortality in 

hospitalized patients with COVID-19, most of whom were not receiving corticosteroids. 

However, there may be benefit of anti–IL-6R therapy in patients receiving 

corticosteroids.  
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Abstract 

Background  

Open-label platform trials and a prospective meta-analysis suggest efficacy of anti–IL-

6R therapies in hospitalized patients with COVID-19 receiving corticosteroids. This 

study evaluated the efficacy and safety of sarilumab, an anti–IL-6R monoclonal 

antibody, in the treatment of hospitalized patients with COVID-19. 

Methods  

In this adaptive, phase 2/3, randomized, double-blind, placebo-controlled trial, adults 

hospitalized with COVID-19 (ClinicalTrials.gov: NCT04315298) received intravenous 

sarilumab or placebo. The phase 3 primary analysis population included patients with 

critical COVID-19 receiving mechanical ventilation randomized to sarilumab 400 mg or 

placebo. The primary outcome was proportion of patients with ≥1-point improvement in 

clinical status from baseline to day 22. 

Results 

There were 457 and 1365 patients randomized and treated in phases 2 and 3, 

respectively. In phase 3, patients with critical COVID-19 receiving mechanical 

ventilation (n = 298; 28.2% on corticosteroids), the proportion with ≥1-point 

improvement in clinical status (alive, not receiving mechanical ventilation) at day 22 was 

43.2% in sarilumab and 35.5% in placebo (risk difference +7.5%; 95% CI, –7.4 to 21.3; 

P = .3261), a relative risk improvement of 21.7%. In post-hoc analyses pooling phase 2 

and 3 critical patients receiving mechanical ventilation, the hazard ratio for death in 
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sarilumab versus placebo was 0.76 (95% CI, .51–1.13) overall and 0.49 (95% CI, .25–

.94) in patients receiving corticosteroids at baseline.  

Conclusions 

This study did not establish the efficacy of sarilumab in hospitalized patients with 

severe/critical COVID-19. Post-hoc analyses were consistent with other studies that 

found a benefit of sarilumab in patients receiving corticosteroids. 

Key Words: monoclonal antibodies; Interleukin-6 receptor; hospitalized; COVID-19.  
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Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), a novel coronavirus 

first identified in December 2019, is the causative agent of coronavirus disease 2019 

(COVID-19). While most patients with COVID-19 have mild disease, the leading cause 

of hospitalization and death is respiratory failure, including acute respiratory distress 

syndrome [1, 2]. A key driver of this deterioration may be a dysregulated inflammatory 

response [3] based on the observation of elevated circulating levels of inflammatory 

mediators such as C-reactive protein (CRP) and interleukin-6 (IL-6) [4, 5]. Early in the 

pandemic, small, uncontrolled studies reported that treating hospitalized patients with 

COVID-19 with 2 different IL-6 receptor (IL-6R)-blocking antibodies, tocilizumab and 

sarilumab, resulted in potentially dramatic clinical improvement [6-11]. More recently, 2 

platform trials found that tocilizumab or sarilumab may improve clinical outcomes in 

patients with COVID-19, the majority of whom were also receiving corticosteroids [12, 

13].  

 On March 13, 2020, COVID-19 was declared a national emergency in the United 

States. On March 18, 2020, we initiated a clinical trial to evaluate the efficacy and safety 

of intravenous (IV) sarilumab, an anti–IL-6R monoclonal antibody, for the treatment of 

hospitalized patients with COVID-19 in the United States (ClinicalTrials.gov number, 

NCT04315298). Here we report the final results of this trial.   
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METHODS 

Study Design 

We conducted an adaptive, phase 2/3, randomized, double-blind, placebo-controlled, 

multicenter trial (Supplementary Figure 1). 62/65 sites enrolled patients; see list of sites 

in Supplementary Material). Since the trial was being conducted during a pandemic with 

a novel coronavirus, the protocol allowed adaptations, including closing treatment arms 

or randomization strata, modification of the provisional phase 3 endpoints, and sample 

size re-estimation before phase 3 database lock and study readout.  

Participants 

Eligible patients were ≥18 years of age and hospitalized with laboratory-confirmed 

SARS-CoV-2 infection requiring supplemental oxygen and/or assisted ventilation (see 

Supplementary Material, Inclusion and Exclusion Criteria). All patients received local 

standard of care (SOC), including corticosteroids and open-label use of putative 

treatments for COVID-19 (as described in the protocol). 

Randomization and Masking 

In phase 2, patients were randomized 2:2:1 to IV sarilumab 400 mg, sarilumab 200 mg, 

or placebo (for flow diagram of phase 2 see Supplementary Material, Phase 2 Study 

Results). Randomization was stratified by corticosteroid use and disease severity 

(severe, critical, multi-system organ dysfunction [MSOD], and immunocompromised 

state). “Severe” COVID-19 was defined as patients receiving low-flow supplemental 

oxygen. “Critical” COVID-19 was defined as requiring supplemental oxygen by 

nonrebreather mask or high-flow nasal device, non-invasive ventilation, invasive 
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mechanical ventilation, or management in an intensive care unit. “Multi-system organ 

dysfunction” (MSOD) was defined as use of vasopressors, extracorporeal life support, 

or renal replacement therapy. 

Trial Adaptations 

A summary of protocol amendments and study adaptations are found in the 

Supplementary Material. A pre-specified phase 2 interim analysis of 457 patients 

suggested potential benefit of sarilumab 400 mg in patients only in the critical stratum 

[14] (for final Phase 2 results please see Supplementary Material, Phase 2 Study 

Results). Subsequently, the Independent Data Monitoring Committee recommended 

discontinuation of enrollment into the severe and MSOD strata and elimination of the 

200-mg dose. Thereafter, the phase 3 protocol was amended (Supplementary Figure 1) 

to restrict enrollment to critical patients receiving mechanical ventilation, critical patients 

not on mechanical ventilation, severe patients, patients on MSOD and 

immunocompromised patients with further randomization (2:1) to sarilumab 400 mg and 

placebo (cohort 1; Figure 1, n = 1407) and to add 2 new cohorts of critical patients 

receiving mechanical ventilation randomized to sarilumab 800 mg or placebo (cohort 2; 

Supplementary Material, Phase 3 (Cohort 2) Study Results, n = 33); critical patients not 

receiving mechanical ventilation, but requiring high-flow oxygen or non-invasive 

ventilation, were randomized to sarilumab 800 mg or placebo (cohort 3; Supplementary 

Material, Phase 3 (Cohort 3) Study Results, n = 9). In addition, the following adaptations 

were implemented prior to database lock: the phase 3 primary analysis population was 

changed to patients randomized to the critical stratum receiving mechanical ventilation 

(MV) (without extracorporeal membrane oxygenation [ECMO]) who were randomized to 
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the sarilumab 400-mg group or placebo, the primary endpoint was changed from the 

time to ≥2-point improvement in clinical status using a 7-point ordinal scale to the 

proportion with ≥1-point improvement from baseline to day 22, and the sample size was 

re-calculated.   

 Results from the phase 3 immunocompromised stratum (n = 35 patients randomized 

and treated) are not shown; results for cohorts 2 and 3 (sarilumab 800 mg) are reported 

in the Supplementary Material.  

Outcomes 

Following the interim analysis from the phase 2 part of the study, the pre-specified 

primary endpoint for phase 3 cohort 1 was the proportion of critical patients receiving 

MV at baseline with ≥1-point improvement in clinical status on a 7-point ordinal scale 

from baseline to day 22 (Clinical Status Scale in the Supplementary Material) [15]. In 

this population, a 1-point improvement indicates that the patient was alive and no longer 

receiving MV. Other pre-specified endpoints included the proportion of patients who 

died by day 60 and the proportion of patients who recovered (discharged or alive 

without supplemental oxygen use) by day 22. All outcomes were assessed by the site 

investigators, who were blinded to treatment assignment and serum IL-6 levels 

conducted at a central laboratory. Safety endpoints are described in the Supplementary 

Material. 
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Study Oversight 

See Supplementary Material. 

Statistical Analysis  

Statistical details are provided in the Supplementary Material and the statistical analysis 

plan.  

 The phase 3 primary analysis population included all patients with critical COVID-19 

receiving MV without ECMO at baseline who were randomized to the sarilumab 400-mg 

or placebo groups.  

 Post-hoc analyses were conducted in the pooled data from phase 2 and phase 3 

(cohort 1) to descriptively analyze the endpoints of the proportion of patients with ≥1-

point improvement in clinical status to day 22, proportion alive and not receiving MV, 

and time to death. All post-hoc analyses were unstratified. 

RESULTS 

From the period of March 18, 2020, to July 2, 2020, 457 patients were randomized and 

treated in phase 2 (placebo, n = 90; sarilumab 200 mg, n = 187; sarilumab 400 mg, n = 

180), and 1365 patients were randomized and treated in phase 3 cohort 1 (placebo, n = 

294; sarilumab 200 mg, n = 489; sarilumab 400 mg, n = 582; Figure 1). A summary of 

phase 2 and phase 3 analysis populations by disease severity strata is presented in 

Supplementary Table 1. Results of the phase 2 portion of the study are presented in the 

Supplementary Material.  
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Baseline Demographics and Characteristics 

In phase 3, 750 (54.9%) patients were randomized to the critical stratum (298 [21.8%] 

receiving MV at baseline, 450 [33.0%] not receiving MV, 2 [.3%] receiving ECMO); 347 

(25.4%) were randomized to the severe stratum, and 233 (17.1%) were randomized to 

the MSOD stratum. The median age of patients in the critical stratum was 61 years, 

68% were male, and the median duration of illness was 9.0 days. The median serum 

CRP, serum IL-6 concentration, and viral load in nasopharyngeal swabs were 168.80 

mg/L, 110.91 pg/mL, and 3.95 log10 copies/mL, respectively. At randomization, 34.3% of 

critical patients were receiving systemic corticosteroids, and this was balanced across 

treatment groups (Table 1).  

 Demographics and baseline characteristics for phase 3 severe and MSOD strata and 

for the pooled phase 2/3 dataset are presented in Supplementary Tables 2 and 3, 

respectively. 

Phase 3 Efficacy Outcomes  

Primary Outcome 

In the pre-specified primary analysis among critical patients receiving MV, 43.2% of 

patients in the 400-mg group and 35.5% patients in the placebo group had ≥1-point 

improvement in clinical status (alive not receiving MV) at day 22 (risk difference [RD] 

+7.5%; 95% CI, –7.4–21.3; P = .3261; Table 2; Figure 2A), representing a relative risk 

improvement of 21.7%.  
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Secondary Outcomes 

Among critical patients receiving MV at baseline, mortality by day 29 was 36.4% in the 

400-mg group and 41.9% in the placebo group (RD –5.5%; 95% CI, –20.2–8.7; relative 

risk reduction 13.3%; key secondary endpoint) and mortality by day 60 was 39.4% in 

the sarilumab 400-mg group and 51.6% in the placebo group (RD –11.9%; 95% CI, –

26.4–2.9; relative risk reduction 23.7%; Supplementary Table 4). Time to death in 

critical patients receiving MV at baseline is shown in Figure 3. Recovery by day 22 

occurred in 31.8% of critical patients receiving MV at baseline in the 400-mg group and 

25.8% in the placebo group (RD +5.7%; 95% CI, –8.4–18.2; relative risk reduction 

23.3%; key secondary endpoint; Supplementary Table 4).  

Among critical patients not receiving MV at baseline, 57.4% of patients in the 400-mg 

group and 64.8% of patients in the placebo group had ≥1-point improvement in clinical 

status at day 22 (RD –7.5%; 95% CI, –18.3–3.9; Supplementary Table 4). Mortality by 

day 29 was 26.5% in the 400-mg group and 15.7% in the placebo group (RD +10.7%; 

95% CI, .9–19.3; Supplementary Table 4), and mortality by day 60 was 29.9% in the 

400-mg group and 25% in the placebo group (RD +4.8%; 95% CI, 5.8–14.6; 

Supplementary Table 4). Time to death in critical patients not receiving MV at baseline 

is shown in Figure 3. Recovery by day 22 occurred in 54.4% of patients in the 400-mg 

group and 63.9% in the placebo group (RD –9.5%; 95% CI, –20.4–2.0; Supplementary 

Table 4). 
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Prespecified Exploratory Analyses 

There was no evidence of efficacy of sarilumab compared with placebo in severe or 

MSOD patients (Supplementary Table 5; Figures 2 and 3A).   

Post-Hoc Analyses 

In post-hoc analyses of pooled phase 2 and phase 3 critical patients receiving MV, 

46.4% of patients receiving 400 mg and 31.3% of patients receiving placebo had ≥1-

point improvement in clinical status at day 22 (RD 15.1%; 95% CI, 2.6–27.6; Figure 2A). 

Similar findings were observed for mortality (Figure 2B). No benefit in clinical status was 

seen in critical patients not receiving MV at baseline (RD –2.6%; 95% CI, –12.9–7.7; 

Figure 2A).  

Among critical patients receiving MV and corticosteroids at baseline, 44.0% (22 of 

50) of patients died in the 400-mg group compared with 68.2% (15 of 22) in the placebo 

group (HR, 0.49; 95% CI, .25–.94; Figure 2C). Among critical patients receiving MV 

without corticosteroids at baseline, 37.2% (48 of 129) died in the 400-mg group 

compared with 39.7% (23 of 58) in the placebo group (HR, 0.92; 95% CI, .56–1.52; 

Figure 2C).  

Safety 

In the phase 3 portion of the study in critical patients, the safety profiles of sarilumab 

200 mg and 400 mg were comparable and were similar to placebo (Supplementary 

Table 6). Adverse events were consistent with advanced COVID-19 and its 

complications. Serious adverse events (SAEs) of cardiac arrest, COVID-19, respiratory 

failure, acute respiratory failure, septic shock, and acute kidney injury were reported in a 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciac153/6537638 by Tem

ple U
niversity Law

 School Library user on 07 April 2022



 

 

similar proportion of patients in the sarilumab dose groups in comparison with placebo 

group, suggesting that these events were related to COVID-19 (Table 3).  

 Adverse events of special interest (AESIs) reported in more than 5% of the patients 

in any treatment group were elevations of liver function tests, reported numerically more 

often in patients receiving sarilumab than placebo (Table 3). None of the liver 

transaminase elevation cases met Hy’s law criteria.  

In the phase 3 portion of the study, patients with severe disease or MSOD exhibited a 

similar safety profile to critical patients, and no new safety findings were observed 

(Supplementary Table 7). Numerically, more patients reported elevation of liver function 

tests and SAEs in the sarilumab 200-mg and 400-mg dose groups in comparison with 

placebo (Supplementary Table 8), which is expected, based on the known safety profile 

of sarilumab [16]. 

DISCUSSION 

In phase 3 cohort 1 of this phase 2/3 clinical trial conducted early during the COVID-19 

pandemic, a numerically lower proportion of critical patients receiving mechanical 

ventilation in the sarilumab 400 mg had died by day 29 compared with placebo (36.4% 

vs 41.9%, respectively). This was a smaller effect than that observed with 

dexamethasone in the RECOVERY trial [17], and sarilumab did not lead to significant 

improvement in clinical status or mortality in hospitalized patients with COVID-19, the 

majority of whom were not receiving corticosteroids as SOC. There was also no benefit 

of sarilumab seen in patients receiving either low- or high-flow supplemental oxygen or 

non-invasive ventilation. It is important to note that since the majority of our enrollment 

in our study was prior to demonstration of the clinical utility of corticosteroids in COVID-
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19, only a minority of patients in our trial (~30%) were receiving concomitant 

corticosteroids. Therefore, these overall outcomes may not be generalizable to the 

hospitalized population receiving sarilumab in addition to corticosteroids as part of SOC. 

 In our post-hoc analyses where we pooled phase 2 and 3 datasets, critical patients 

receiving MV at baseline had a higher mortality rate of 68% with steroids alone (placebo 

group) compared with 44% with steroids and sarilumab 400 mg. An additive benefit of 

anti–IL-6R therapy to corticosteroids in patients with COVID-19 has previously been 

reported in 2 platform trials. The REMAP-CAP trial, in which >90% of patients were 

receiving corticosteroids as part of SOC, reported a mortality benefit of tocilizumab and 

sarilumab compared with SOC alone in hospitalized patients requiring organ support 

[12, 18]. The RECOVERY trial in hospitalized patients with COVID-19 with hypoxemia 

and CRP >75 mg/L, in which 82% of patients were receiving corticosteroids as SOC, 

demonstrated that tocilizumab led to a statistically significant reduction in mortality (29% 

in the tocilizumab group vs 33% in SOC only). Tocilizumab treatment of patients not 

receiving mechanical ventilation reduced the risk of progressing to mechanical 

ventilation or death (33% vs 38% SOC). Similar to the REMAP-CAP trial, the majority 

(82%) of patients were receiving corticosteroids at baseline, and the mortality benefit of 

tocilizumab was not seen in patients not receiving corticosteroids [13]. 

 Strengths of this trial included the randomized, double-blind, placebo-controlled 

design and stratification based on disease severity and corticosteroid use. In addition, 

unlike the RECOVERY trial, we systematically collected all SAEs and AESIs providing 

important safety information of the use of sarilumab at doses up to 800 mg in the 

hospitalized COVID-19 population. 
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 Our trial had several limitations. The phase 3 sample size estimation based on the 

phase 2 interim data may have led to an underpowered study, which was further 

impacted by the 2:1 randomization ratio, leading to a small placebo treatment group. 

The heterogeneity in the critically ill population as seen in clinical trials in acute 

respiratory distress syndrome not related to COVID-19 highlights the need for large 

real-world trials such as RECOVERY and SOLIDARITY to adequately assess efficacy 

of therapeutics in the hospitalized COVID-19 population [19, 20]. Another limitation is 

that adequate dose response and multiple dosing were not evaluated as part of this 

study. Although an 800-mg treatment arm was included late in the trial, the small 

sample size makes interpretation challenging.  

 Although this study alone does not provide sufficient evidence of clinical utility of 

sarilumab to treat COVID-19, our post-hoc data are consistent with a mortality benefit 

observed with IL-6R inhibitors in other large studies, when used in conjunction with 

corticosteroids for patients receiving mechanical ventilation [18, 21]. Furthermore, 

based on results from the prospective meta-analysis that included data from 

RECOVERY, REMAP-CAP, and the current study, IL-6R inhibitors are currently 

recommended in combination with corticosteroids in certain hospitalized patients [22]. 

Safety of sarilumab in COVID-19 was similar to that observed in previous clinical 

studies with sarilumab, with no new safety signals identified in this setting. While further 

studies would be required to definitively demonstrate a mortality benefit for use in 

COVID-19, the recent addition of tocilizumab and sarilumab into treatment guidelines 

will make conducting large, controlled trials with sarilumab challenging [23-25].   

  

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciac153/6537638 by Tem

ple U
niversity Law

 School Library user on 07 April 2022



 

 

Notes 

Funding 

This work was supported by Regeneron Pharmaceuticals, Inc., Sanofi, and the 

Biomedical Advanced Research and Development Authority. Certain aspects of this 

project were funded in whole or in part with federal funds from the Department of Health 

and Human Services, Office of the Assistant Secretary for Preparedness and 

Response, Biomedical Advanced Research and Development Authority, under OT 

number: HHSO100201700020C. 

Conflict of Interest 

S. Sivapalasingam is an Excision BioTherapeutics employee/stockholder and former 

Regeneron Pharmaceuticals employee and current stockholder, and reports grants from 

BARDA. DJL, RB, AM, AG, SSK, MPO, A. Boyapati, BJM, ELT, , DG, WK, AW, JAK, 

JEH, MAF, A. Baras, BK, ATD, BA, MCN, NB, GAH, GDY, and DMW are Regeneron 

Pharmaceuticals employees/stockholders and report grants from BARDA, and personal 

fees and other from Regeneron Pharmaceuticals. DJL, MCN, NB, DMW have a patent 

pending. GC reports grants from BARDA, and personal fees and other from Regeneron 

Pharmaceuticals. JP is a Bill & Melinda Gates Medical Research Institute employee, a 

former Regeneron Pharmaceuticals employee and current stockholder, and reports 

grants from BARDA. DR is an Apellis Pharmaceuticals employee/stockholder, and a 

former Regeneron Pharmaceuticals employee and current stockholder. RH is a former 

Regeneron Pharmaceuticals employee and current stockholder and reports grants from 

BARDA, personal fees and other from Regeneron Pharmaceuticals. LAP is a Vir 

Biotechnology employee/stockholder and former Regeneron Pharmaceuticals employee 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciac153/6537638 by Tem

ple U
niversity Law

 School Library user on 07 April 2022



 

 

and current stockholder, and has received grants from BARDA. MNG has received 

support to conduct the study from Regeneron Pharmaceuticals, and reports grants from 

BARDA, NIH, AHRQ and CDC for COVID and non-COVID research that is not related 

to this manuscript. S. Saggar reports grants from BARDA and fees from 

Allergan/AbbVie. SJS reports grants from BARDA. VM, MES, and WP report grants 

from BARDA. DKS has received support to conduct the study from Regeneron 

Pharmaceuticals, and reports grants from BARDA. JAA has received support to conduct 

the study from Regeneron Pharmaceuticals, and reports grants from BARDA, Atea, 

Emergent Biosolutions, Frontier Technologies, Gilead, Janssen, Pfizer, Viiv, and grants 

and personal fees from GlaxoSmith Kline, and Merck. SMB reports grants from BARDA, 

Sedana, Janssen, NIH and DoD, and personal fees from Hamilton and NYU and other 

from Faron, and book fees from Oxford University and Brigham Young University. NH 

reports no conflict of interest. 

Acknowledgements 

The authors thank the patients, their families, and investigational site members involved 

in this study (principal investigators and subprincipal investigators listed in the 

Supplementary Material, Study Sites and Investigators); the members of the 

Independent Data Monitoring Committee (Steve Dahlberg, MS, Mitchell Levy, MD, 

Victor Ortega, MD, PhD, Kevin Winthrop, MD, Thomas Cook, PhD [non-voting 

member]); Caryn Trbovic, PhD, S. Balachandra Dass, PhD, and Brian Head, PhD, from 

Regeneron Pharmaceuticals for assistance with development of the manuscript; and 

Prime, Knutsford, United Kingdom, for manuscript formatting and copy-editing 

suggestions. We dedicate this article to the memory of Colby Burk, MS, for his 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciac153/6537638 by Tem

ple U
niversity Law

 School Library user on 07 April 2022



 

 

contributions and commitment to patients with COVID-19. 

Data sharing 

Qualified researchers may request access to study documents (including the clinical 

study report, study protocol with any amendments, blank case report form, statistical 

analysis plan) that support the methods and findings reported in this manuscript. 

Individual anonymized participant data will be considered for sharing once the product 

and indication has been approved by major health authorities (e.g., Food and Drug 

Administration, European Medicines Agency, Pharmaceuticals and Medical Devices 

Agency, etc.), if there is legal authority to share the data and there is not a reasonable 

likelihood of participant re-identification. Submit requests to https://vivli.org/. 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciac153/6537638 by Tem

ple U
niversity Law

 School Library user on 07 April 2022

https://vivli.org/


 

 

References 

1. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized patients 

with 2019 novel coronavirus-infected pneumonia in Wuhan, China. JAMA, 2020; 

323: 1061-1069. 

2. Wu C, Chen X, Cai Y, et al. Risk factors associated with acute respiratory 

distress syndrome and death in patients with coronavirus disease 2019 

pneumonia in Wuhan, China. JAMA Intern Med, 2020; 180: 934-943. 

3. Mehta P, McAuley DF, Brown M, et al. COVID-19: consider cytokine storm 

syndromes and immunosuppression. Lancet, 2020; 395: 1033-1034. 

4. Zhang W, Zhao Y, Zhang F, et al. The use of anti-inflammatory drugs in the 

treatment of people with severe coronavirus disease 2019 (COVID-19): the 

perspectives of clinical immunologists from China. Clin Immunol, 2020; 214: 

108393. 

5. Del Valle DM, Kim-Schulze S, Hsin-Hui H, et al. An inflammatory cytokine 

signature helps predict COVID-19 severity and death. Nat Med, 2020; 26: 1636-

1643. 

6. Xu X, Han M, Li T, et al. Effective treatment of severe COVID-19 patients with 

tocilizumab. Proc Natl Acad Sci USA, 2020; 117: 10970-10975. 

7. Luo P, Liu Y, Qiu L, Liu X, Liu D, Li J. Tocilizumab treatment in COVID-19: A 

single center experience. J Med Virol, 2020; 92: 814-818. 

8. Morena V, Milazzo L, Oreni L, et al. Off-label use of tocilizumab for the treatment 

of SARS-CoV-2 pneumonia in Milan, Italy. Eur J Intern Med, 2020; 76: 36-42. 

9. Benucci M, Giannasi G, Cecchini P, et al. COVID-19 pneumonia treated with 

Sarilumab: a clinical series of eight patients. J Med Virol, 2020; 92: 2368-2370. 

10. Montesarchio V, Parrela R, Iommelli C, et al. Outcomes and biomarker analyses 

among patients with COVID-19 treated with interleukin 6 (IL-6) receptor 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciac153/6537638 by Tem

ple U
niversity Law

 School Library user on 07 April 2022



 

 

antagonist sarilumab at a single institution in Italy. J Immunother Cancer, 2020; 

8: e001089. 

11. Price CC, Altice FL, Shyr Y, et al. Tocilizumab treatment for cytokine release 

syndrome in hospitalized COVID-19 patients: survival and clinical outcomes. 

Chest, 2020; 158: 1397-1408. 

12. Gordon AC, Mouncey PR, Al-Beidh F, et al. Interleukin-6 receptor antagonists in 

critically ill patients with Covid-19 – preliminary report. N Engl J Med, 2021; 

2021.2001.2007.21249390. 

13. Horby PW, Pessoa-Amorim G, Peto L, et al. Tocilizumab in patients admitted to 

hospital with COVID-19 (RECOVERY): preliminary results of a randomised, 

controlled, open-label, platform trial. Lancet, 2021; 397: 1637-1645. 

14. Regeneron Pharmaceuticals Inc. Regeneron and Sanofi provide update on US 

Phase 2/3 adaptive-designed trial of KEVZARA® (sarilumab) in hospitalized 

COVID-19 pateints. Available at: https://investor.regeneron.com/news-

releases/news-release-details/regeneron-and-sanofi-provide-update-us-phase-

23-adaptive. Accessed February 10, 2022. 

15. Peterson RL, Vock DM, Powers JH, et al. Analysis of an ordinal endpoint for use 

in evaluating treatments for severe influenza requiring hospitalization. Clin Trials, 

2017; 14: 264-276. 

16. Fleischmann R, Genovese MC, Lin Y, et al. Long-term safety of sarilumab in 

rheumatoid arthritis: an integrated analysis with up to 7 years' follow-up. 

Rheumatology (Oxford), 2020; 59: 292-302. 

17. Recovery Collaborative Group, Horby P, Lim WS, et al. Dexamethasone in 

hospitalized patients with Covid-19. N Engl J Med, 2021; 384: 693-704. 

18. Remap-Cap Investigators, Gordon AC, Mouncey PR, et al. Interleukin-6 

Receptor Antagonists in Critically Ill Patients with Covid-19. N Engl J Med, 2021; 

384: 1491-1502. 

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciac153/6537638 by Tem

ple U
niversity Law

 School Library user on 07 April 2022

https://investor.regeneron.com/news-releases/news-release-details/regeneron-and-sanofi-provide-update-us-phase-23-adaptive
https://investor.regeneron.com/news-releases/news-release-details/regeneron-and-sanofi-provide-update-us-phase-23-adaptive
https://investor.regeneron.com/news-releases/news-release-details/regeneron-and-sanofi-provide-update-us-phase-23-adaptive


 

 

19. Nuffield Department of Population Health. Randomised evaluation of COVID-19 

therapy (RECOVERY). Available at: https://www.recoverytrial.net/files/recovery-

protocol-v7-0-2020-06-18.pdf. Accessed February 18, 2021. 

20. Pan H, Peto R, Henao-Restrepo AM, et al. Repurposed antiviral drugs for Covid-

19 - interim WHO solidarity trial results. N Engl J Med, 2021; 384: 497-511. 

21. RECOVERY Collaborative Group. Tocilizumab in patients admitted to hospital 

with COVID-19 (RECOVERY): a randomised, controlled, open-label, platform 

trial. Lancet, 2021; 397: 1637-1645. 

22. World Health Organization. Therapeutics and COVID-19: living guideline. 

Available at: https://www.who.int/publications/i/item/WHO-2019-nCoV-

therapeutics-2021.2. Accessed July 13, 2021. 

23. National Institutes of Health (NIH). Coronavirus Disease 2019 (COVID-19) 

Treatment Guidelines. Available at: 

https://files.covid19treatmentguidelines.nih.gov/guidelines/covid19treatmentguide

lines.pdf. Accessed November 3, 2021. 

24. World Health Organization. Therapeutics and COVID-19: living guideline. 

Available at: https://www.who.int/publications/i/item/WHO-2019-nCoV-

therapeutics-2022.1. Accessed February 10, 2022. 

25. The WHO Rapid Evidence Appraisal for COVID-19 Therapies Working Group. 

Association Between Administration of IL-6 Antagonists and Mortality Among 

Patients Hospitalized for COVID-19: A Meta-analysis. JAMA, 2021; 326: 499-

518. 

 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciac153/6537638 by Tem

ple U
niversity Law

 School Library user on 07 April 2022

https://www.recoverytrial.net/files/recovery-protocol-v7-0-2020-06-18.pdf
https://www.recoverytrial.net/files/recovery-protocol-v7-0-2020-06-18.pdf
https://www.who.int/publications/i/item/WHO-2019-nCoV-therapeutics-2021.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-therapeutics-2021.2
https://files.covid19treatmentguidelines.nih.gov/guidelines/covid19treatmentguidelines.pdf
https://files.covid19treatmentguidelines.nih.gov/guidelines/covid19treatmentguidelines.pdf
https://www.who.int/publications/i/item/WHO-2019-nCoV-therapeutics-2022.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-therapeutics-2022.1


 

 

Tables 

 

Table 1. Phase 3 (cohort 1) – Critical Stratum: Demographics and Baseline Characteristics (ITT Population) 
 Critical Patients Receiving Mechanical Ventilation at Baseline 

 
Critical Patients Not Receiving Mechanical Ventilation at Baseline All Critical Patients 

 Placebo 
Group 
(n = 62) 

Sarilumab 
200 mg IV 

Group 
(n = 104) 

Sarilumab 
400 mg IV 

Group 
(n = 132) 

Total 
(n = 298) 

Placebo 
Group 

(n = 108) 

Sarilumab 
200 mg IV 

Group 
(n = 138) 

Sarilumab 
400 mg IV 

Group 
(n = 204) 

Total 
(n = 450) 

Placebo 
Group 

(n = 170) 

Sarilumab 
200 mg IV 

Group 
(n = 242) 

Sarilumab 
400 mg IV 

Group 
(n = 338) 

Total 
(n = 750) 

Age, y, median 
(IQR) 

62.0 
(50.0–69.0) 

57.0  
(49.0–68.0) 

62.0  
(51.5–72.0) 

60.0 
(50.0–70.0) 

60.0  
(51.5–71.0) 

59.0  
(50.0–69.0) 

63.5  
(53.0–72.0) 

61.0 
(52.0–71.0) 

60.5  
(51.0–70.0) 

59.0  
(50.0–69.0) 

63.0  
(52.0–72.0) 

61.0  
(51.0–71.0) 

Male sex at birth 43 (69.4) 70 (67.3) 88 (66.7) 201 (67.4) 68 (63.0) 105 (76.1) 139 (68.1) 312 (69.3) 111 (65.3) 175 (72.3) 227 (67.2) 531 (68.4) 

Ethnicity             

Hispanic or 
Latino 

23 (37.1) 30 (28.8) 41 (31.1) 94 (31.5) 36 (33.3) 47 (34.1) 74 (36.3) 157 (34.9) 59 (34.7) 77 (31.8) 115 (34.0) 251 (33.5) 

Not Hispanic 
or Latino 

27 (43.5) 53 (51.0) 71 (53.8) 151 (50.7) 60 (55.6) 66 (47.8) 90 (44.1) 216 (48.0) 87 (51.2) 119 (49.2) 163 (48.2) 369 (49.2) 

Not reported 5 (8.1) 10 (9.6) 12 (9.1) 27 (9.1) 8 (7.4) 17 (12.3) 26 (12.7) 51 (11.3) 13 (7.6) 27 (11.2) 38 (11.2) 78 (10.4) 

Unknown 7 (11.3) 11 (10.6) 8 (6.1) 26 (8.7) 4 (3.7) 8 (5.8) 14 (6.9) 26 (5.8) 11 (6.5) 19 (7.9) 22 (6.5) 52 (6.9) 

Race             

White 33 (53.2) 41 (39.4) 54 (40.9) 128 (43.0) 41 (38.0) 48 (34.8) 73 (35.8) 162 (36.0) 74 (43.5) 89 (36.8) 127 (37.6) 290 (38.7) 

Black or 
African 
American 

5 (8.1) 18 (17.3) 32 (24.2) 55 (18.5) 18 (16.7) 21 (15.2) 31 (15.2) 70 (15.6) 23 (13.5) 39 (16.1) 65 (19.2) 127 (16.9) 

Asian 7 (11.3) 6 (5.8) 4 (3.0) 17 (5.7) 6 (5.6) 4 (2.9) 4 (2.0) 14 (3.1) 13 (7.6) 10 (4.1) 8 (2.4) 31 (4.1) 

Native 
American or 
Alaska 
Native 

0 1 (1.0) 0 1 (.3) 1 (.9) 0 1 (.5) 2 (.4) 1 (.6) 1 (.4) 1 (.3) 3 (.4) 

Native 
Hawaiian or 
Pacific 
Islander 

0 0 0 0 0 1 (.7) 0 1 (.2) 0 1 (.4) 0 1 (.1) 

Not reported 14 (22.6) 26 (25.0) 30 (22.7) 70 (23.5) 21 (19.4) 42 (30.4) 64 (31.4) 127 (28.2) 35 (20.6) 68 (28.1) 94 (27.8) 197 (26.3) 

Other 3 (4.8) 12 (11.5) 12 (9.1) 27 (9.1) 21 (19.4) 22 (15.9) 31 (15.2) 74 (16.4) 24 (14.1) 34 (14.0) 43 (12.7) 101 (13.5) 

Weight, kg, mean 
(SD) 

86.34 (20.49) 92.31 (22.21) 96.63 (29.35) 93.06 (25.64) 89.38 (22.93) 87.79 (22.36) 88.57 (24.57) 88.53 (23.46) 88.28 (22.07) 89.73 (22.36) 92.18 (27.22) 90.51 (24.63) 

BMI, mean (SD) 30.78 (6.95) 32.11 (7.64) 33.20 (9.37) 32.34 (8.39) 31.25 (7.63) 30.30 (6.78) 31.60 (7.43) 31.12 (7.29) 31.08 (7.37) 31.08 (7.20) 32.41 (8.61) 31.69 (7.93) 

CRP, no.
a
, 

median mg/L 
(min:max) 

59, 
171.003 

(9.00:579.00) 

100, 
207.467 

(5.00:591.00) 

121, 
194.000 

(10.00:464.48) 

280, 
194.000 

(5.00:591.00) 

103, 
143.000 

(1.70:476.81) 

123, 
151.000 

(13.00:464.00) 

192, 
156.540 

(1.20:439.71) 

418, 
149.800 

(1.20:476.81) 

162, 
146.851 

(1.70:579.00) 

223, 
179.004 

(5.00:591.00) 

314, 
171.037 

(1.20:464.48) 

699 
168.800 

(1.20:591.00) 
IL-6, no.

a
, median 

pg/mL (min:max) 
55, 

125.000 
(9.59:2324.82) 

90, 
171.800 

(9.59:6531.58) 

114, 
167.785 

(9.59:3493.88) 

259, 
163.530 

(9.59:6531.58) 

103, 
62.100 

(9.59:1572.64) 

117, 
67.470 

(6.82:1436.60) 

174, 
88.095 

(9.59:1032.44) 

394, 
72.230 

(6.82:1572.64) 

158, 
78.990 

(9.59:2324.82) 

207, 
115.320 

(6.82:6531.58) 

290, 
123.735 

(9.59:3493.88) 

655, 
110.910 

(6.82:6531.58) 
Viral load, log10 
copies/mL, 
median (min:max) 

42, 
3.90 

(0.00:7.85) 

78, 
4.58 

(0.00:7.85) 

106, 
4.30 

(0.00:7.85) 

226, 
4.27 

(0.00:7.85) 

82, 
3.65 

(0.00:7.64) 

92, 
3.63 

(0.00:7.85) 

155, 
3.59 

(0.00:7.85) 

329, 
3.64 

(0.00:7.85) 

124, 
3.68 

(0.00:7.85) 

170, 
3.99 

(0.00:7.85) 

263, 
4.09 

(0.00:7.85) 

557, 
3.95 

(0.00:7.85) 
Comorbidities             

Hypertension 28 (45.2) 42 (40.4) 67 (50.8) 137 (46.0) 64 (59.3) 71 (51.4) 117 (57.4) 252 (56.0) 92 (54.1) 113 (46.7) 186 (55.0) 391 (52.1) 
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Diabetes 10 (16.1) 22 (21.2) 19 (14.4) 51 (17.1) 21 (19.4) 31 (22.5) 37 (18.1) 89 (19.8) 31 (18.2) 53 (21.9) 56 (16.6) 140 (18.7) 

Obesity
b
 29 (46.8) 46 (44.2) 75 (56.8) 150 (50.3) 48 (44.4) 52 (37.7) 97 (47.5) 197 (43.8) 77 (45.3) 98 (40.5) 174 (51.5) 349 (46.5) 

Systemic 
corticosteroid use 

21 (33.9) 25 (24.0) 38 (28.8) 84 (28.2) 41 (38.0) 49 (35.5) 83 (40.7) 173 (38.4) 62 (36.5) 74 (30.6) 121 (35.8) 257 (34.3) 

Data are shown as no. (%) unless noted otherwise. Demographics for MSOD and severe patients are presented in Supplementary Table 3. 
Abbreviations: BMI, body mass index; CRP, C-reactive protein; IL-6, interleukin-6; IQR, interquartile range; ITT, intention-to-treat; IV, intravenous; 
SD, standard deviation.

  

a
Patients with available data.

  

b
Body-mass index >30 kg/m

2
. 
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Table 2. Phase 3 (Cohort 1): Primary Efficacy Endpoint 

Proportion of Patients With ≥1-Point Improvement in Clinical Status From Baseline to Day 22 
(Critical ITT Patients Receiving Mechanical Ventilation at Baseline) 

 Placebo 
Group 
(n = 62) 

Sarilumab 200 mg IV 
Group 

(n = 104) 

Sarilumab 400 mg IV 
Group 

(n = 132) 

Patients, no. (%) 22 (35.5) 45 (43.3) 57 (43.2) 
95% CI 23.6–47.4 33.7–52.8 34.7–51.6 

Risk difference versus placebo, 
% 

- 7.1 7.5 

95% CI - -8.4 to 21.7 -7.4 to 21.3 
P value - .3707 .3261 

Abbreviations: CI, confidence interval; ITT, intention-to-treat; IV, intravenous. 
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Table 3. Phase 3 (Cohort 1) – Critical Stratum: Treatment-Emergent Serious 

Adverse Events and Adverse Events of Special Interest Occurring in ≥5% of 

Patients in Any Group (Safety Population) 

 

Critical Patients Receiving Mechanical 
Ventilation at Baseline 

Critical Patients Not Receiving 
Mechanical Ventilation at Baseline 

All Critical Patients 

System Organ Class 
Preferred Term 

Placebo 
(n = 62) 

Sarilumab 
200 mg IV 

Group 
(n = 104) 

Sarilumab 
400 mg IV 

Group 
(n = 132) 

Placebo 
(n = 
108) 

Sarilumab 
200 mg IV 

Group 
(n = 138) 

Sarilumab 
400 mg IV 

Group 
(n = 204) 

Placebo 
(n = 
170) 

Sarilumab 
200 mg IV 

Group 
(n = 242) 

Sarilumab 
400 mg IV 

Group 
(n = 338) 

SAEs           

SAEs 103 143 174 96 114 183 199 257 359 
Patients with ≥1 SAE 44 

(71.0) 
65 (62.5) 88 (66.7) 45 

(41.7) 
54 (39.1) 93 (45.6) 89 

(52.4) 
119 (49.2) 183 (54.1) 

Infections and infestations          
COVID-19 6 (9.7) 9 (8.7) 9 (6.8) 9 (8.3) 10 (7.2) 14 (6.9) 15 (8.8) 19 (7.9) 23 (6.8) 
Septic shock 6 (9.7) 5 (4.8) 6 (4.5) 3 (2.8) 1 (.7) 6 (2.9) 9 (5.3) 6 (2.5) 12 (3.6) 

Respiratory, thoracic, and 
mediastinal disorders 

         

Respiratory failure 5 (8.1) 9 (8.7) 7 (5.3) 10 (9.3) 14 (10.1) 14 (6.9) 15 (8.8) 23 (9.5) 22 (6.5) 
Acute respiratory 
failure 

3 (4.8) 4 (3.8) 5 (3.8) 7 (6.5) 2 (1.4) 12 (5.9) 10 (5.9) 6 (2.5) 17 (5.0) 

Pneumothorax 2 (3.2) 6 (5.8) 1 (0.8) 3 (2.8) 2 (1.4) 8 (3.9) 5 (2.9) 8 (3.3) 9 (2.7) 
Cardiac disorders          

Cardiac arrest 5 (8.1) 6 (5.8) 11 (8.3) 2 (1.9) 1 (.7) 14 (6.9) 7 (4.1) 7 (2.9) 25 (7.4) 
Renal and urinary 
disorders 

         

Acute kidney injury 6 (9.7) 9 (8.7) 3 (2.3) 4 (3.7) 3 (2.2) 7 (3.4) 10 (5.9) 12 (5.0) 10 (3.0) 
General disorders and 
administration site 
conditions 

         

Multiple organ 
dysfunction syndrome 

3 (4.8) 1 (1.0) 8 (6.1) 1 (.9) 3 (2.2) 2 (1.0) 4 (2.4) 4 (1.7) 10 (3.0) 

AESIs          

AESIs  61 102 128 49 89 124 110 191 255 
Patients with ≥1 AESI 31 

(50.0) 
56 (53.8) 71 (53.8) 30 

(27.8) 
51 (37.0) 77 (37.7) 61 

(35.9) 
107 (44.2) 150 (44.4) 

Investigations          
Alanine 
aminotransferase 
increased 

8 (12.9) 23 (22.1) 16 (12.1) 13 
(12.0) 

23 (16.7) 37 (18.1) 21 
(12.4) 

46 (19.0) 55 (16.3) 

Aspartate 
aminotransferase 
increased 

8 (12.9) 21 (20.2) 18 (13.6) 12 
(11.1) 

19 (13.8) 19 (9.3) 20 
(11.8) 

40 (16.5) 38 (11.2) 

Transaminases 
increased 

3 (4.8) 4 (3.8) 12 (9.1) 3 (2.8) 3 (2.2) 16 (7.8) 6 (3.5) 7 (2.9) 28 (8.3) 

Liver function test 
increased 

2 (3.2) 2 (1.9) 8 (6.1) 0 (0.0) 1 (.7) 0 (0.0) 3 (1.8) 2 (.8) 10 (3.0) 

Infections and infestations          
Pneumonia 4 (6.5) 3 (2.9) 8 (6.1) 2 (1.9) 1 (.7) 3 (1.5) 6 (3.5) 4 (1.7) 11 (3.3) 
Staphylococcal 
infection 

4 (6.5) 2 (1.9) 5 (3.8) 2 (1.9) 2 (1.4) 3 (1.5) 6 (3.5) 4 (1.7) 8 (2.4) 

Abbreviations: AESI, adverse event of special interest; IV, intravenous; SAE, serious adverse event.  

Data are shown as no. (%) unless noted otherwise. 
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Figure Titles and Legends 

Figure 1. Phase 3 (cohort 1): flow diagram. aIncludes 9 screen failures that were 

randomized.  

 

Figure 2. Improvement in clinical status and risk of death in phase 3 (cohort 1). 

(A) Risk difference for various population strata achieving ≥1 point improvement in 

clinical status from baseline to day 22 using the 7-point ordinal scale. (B) Hazard ratios 

for the risk of death in various population strata. (C) Hazard ratios for the risk of death in 

various population strata by steroid use. CI, confidence interval; EITT, exploratory 

intention-to-treat; ITT, intention-to-treat; IV, intravenous; MSOD, multi-systemic organ 

dysfunction. aUnstratified analysis. bKey secondary endpoint – phase 3 (cohort 1). 
cPrimary endpoint – phase 3 (cohort 1). dHazard ratio could not be calculated, as the 

number of events was too small. 

 

Figure 3. Kaplan-Meier curve of time to death in phase 3 (cohort 1). (A) Severe 

patients (exploratory intention-to-treat [EITT] population). (B) Critical patients on 

mechanical ventilation at baseline (intention-to-treat [ITT] population). (C) Critical 

patients not on mechanical ventilation at baseline (ITT population). IV, intravenous. 
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Figure 2 
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Figure 3 
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