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Background.  Open-label platform trials and a prospective meta-analysis suggest efficacy of anti–interleukin (IL)-6R therapies 
in hospitalized patients with coronavirus disease 2019 (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 
received intravenous sarilumab 400 mg or placebo. The phase 3 primary analysis population included patients with critical COVID-
19 receiving mechanical ventilation (MV). 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 MV (n = 298; 28.2% on corticosteroids), the proportion with ≥1-point improvement in clinical status 
(alive, not receiving MV) at day 22 was 43.2% for sarilumab and 35.5% for placebo (risk difference, +7.5%; 95% confidence interval 
[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 re-
ceiving MV, the hazard ratio for death for sarilumab vs placebo was 0.76 (95% CI, .51 to 1.13) overall and 0.49 (95% CI, .25 to .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.

Clinical Trials Registration.  NCT04315298.
Keywords.  monoclonal antibodies; interleukin-6 receptor; hospitalized; COVID-19.

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 po-
tentially dramatic clinical improvement [6–11]. More recently, 
2 platform trials found that tocilizumab or sarilumab may im-
prove clinical outcomes in patients with COVID-19, the ma-
jority of whom were also receiving corticosteroids [12, 13].
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On 13 March 2020, COVID-19 was declared a national 
emergency in the United States. On 18 March 2020, we initi-
ated a clinical trial to evaluate the efficacy and safety of intrave-
nous (IV) sarilumab, an anti–IL-6R monoclonal antibody, for 
the treatment of hospitalized patients with COVID-19 in the 
United States. Here, we report the final results of this trial.

METHODS

Study Design

We conducted an adaptive, phase 2/3, randomized, dou-
ble-blind, placebo-controlled, multicenter trial (Supplementary 
Figure 1); 62 of 65 sites enrolled patients (see list of sites in the 
Supplementary Material). Since the trial was being conducted 
during a pandemic with a novel coronavirus, the protocol al-
lowed adaptations, including closing treatment arms or ran-
domization strata, modification of the provisional phase 3 end 
points, and sample size re-estimation before phase 3 database 
lock and study readout.

Participants

Eligible patients were aged ≥18 years and hospitalized 
with laboratory-confirmed SARS-CoV-2 infection that re-
quired supplemental oxygen and/or assisted ventilation (see 
Supplementary Material, Inclusion and Exclusion Criteria). All 
patients received the 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 di-
sease severity (severe, critical, multisystem 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 supple-
mental oxygen by nonrebreather mask or high-flow nasal de-
vice, noninvasive ventilation, invasive mechanical ventilation 
(MV), or management in an intensive care unit. “MSOD” was 
defined as use of vasopressors, extracorporeal life support, or 
renal replacement therapy.

Trial Adaptations

A summary of protocol amendments and study adaptations can 
be found in the Supplementary Material. A prespecified 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 en-
rollment 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 pa-
tients receiving MV, critical patients not on MV, severe patients, 
patients on MSOD, and immunocompromised patients with 
further randomization (2:1) to sarilumab 400 mg and placebo 
(cohort 1, n = 1407; Figure 1) and to add 2 new cohorts of crit-
ical patients receiving MV randomized to sarilumab 800  mg 
or placebo (cohort 2, n = 33; Supplementary Material, phase 
3 (cohort 2) Study Results); critical patients not receiving MV, 
but requiring high-flow oxygen or noninvasive ventilation were 
randomized to sarilumab 800 mg or placebo (cohort 3, n = 9; 
Supplementary Material, phase 3 (cohort 3) Study Results). 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 
MV (without extracorporeal membrane oxygenation [ECMO]) 
who were randomized to the sarilumab 400-mg group or pla-
cebo, the primary end point 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 base-
line to day 22, and the sample size was recalculated.

Results from the phase 3 immunocompromised stratum 
(n = 35 patients randomized and treated) are not shown; re-
sults 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 prespecified primary end point 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 prespecified end points included 
the proportion of patients who died by day 60 and the propor-
tion of patients who recovered (discharged or alive without sup-
plemental 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 
end points are described in the Supplementary Material.

Study Oversight

See the Supplementary Material regarding study oversight.

Statistical Analyses

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 base-
line who were randomized to the sarilumab 400-mg or placebo 
groups.
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Post hoc analyses were conducted using the pooled data from 
phase 2 and phase 3 (cohort 1) to descriptively analyze the end 
points 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 18 March 2020 to 2 July 2020, 457 patients were random-
ized 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 
Supplementary Material.

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 ran-
domized to the severe stratum, and 233 (17.1%) were random-
ized 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 was 

168.80 mg/L, serum IL-6 concentration was 110.91 pg/mL, and 
viral load in nasopharyngeal swabs was 3.95 log10 copies/mL. 
At randomization, 34.3% of critical patients were receiving sys-
temic corticosteroids, and this was balanced across treatment 
groups (Supplementary Table 2).

Demographics and baseline characteristics for phase 3 severe 
and MSOD strata and for the pooled phase 2/3 dataset are pre-
sented in Supplementary Tables 3 and 4, respectively.

Phase 3 Efficacy Outcomes
Primary Outcome
In the prespecified primary analysis among critical patients re-
ceiving 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 differ-
ence [RD], +7.5%; 95% confidence interval [CI], –7.4 to 21.3; 
P = .3261; Table 1, Figure 2A), representing a relative risk 
 improvement of 21.7%.

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 to 8.7; relative risk reduction, 
13.3%; key secondary end point) and mortality by day 60 was 
39.4% in the sarilumab 400-mg group and 51.6% in the placebo 

Figure 1. Phase 3, cohort 1: flow diagram. * Includes 9 screen failures that were randomized.
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group (RD, –11.9%; 95% CI, –26.4 to 2.9; relative risk reduction, 
23.7%; Supplementary Table 5). Time to death in critical pa-
tients 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 to 18.2; relative risk reduction, 23.3%; 
key secondary end point; Supplementary Table 5).

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 to 3.9; Supplementary Table 
5). 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 to 19.3; 
Supplementary Table 5), 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 to 14.6; Supplementary Table 5). 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 to 2.0; Supplementary Table 5).

Prespecified Exploratory Analyses
There was no evidence of efficacy of sarilumab compared with 
placebo in severe or MSOD patients (Supplementary Table 6, 
Figures 2 and 3A).

Post Hoc Analyses

In post hoc analyses of pooled phase 2 and phase 3 critical pa-
tients receiving MV, 46.4% of patients receiving 400  mg and 
31.3% of patients receiving placebo had ≥1-point improve-
ment in clinical status at day 22 (RD, 15.1%; 95% CI, 2.6 to 
27.6; Figure 2A). Similar findings were observed for mortality 
(Figure 2B). No benefit in clinical status was seen in critical pa-
tients not receiving MV at baseline (RD, –2.6%; 95% CI, –12.9 
to 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 
(hazard ratio [HR], 0.49; 95% CI, .25 to .94; Figure 2C). Among 

critical patients receiving MV without corticosteroids at base-
line, 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 to 
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 7). Adverse 
events were consistent with advanced COVID-19 and its com-
plications. Serious adverse events (SAEs) of cardiac arrest, 
COVID-19, respiratory failure, acute respiratory failure, septic 
shock, and acute kidney injury were reported in a similar pro-
portion of patients in the sarilumab dose groups in comparison 
with the placebo group, suggesting that these events were re-
lated to COVID-19 (Table 2).

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 pa-
tients receiving sarilumab than placebo (Table 2). None of the 
liver transaminase elevation cases met Hy’s law criteria.

In the phase 3 portion of the study, patients with severe di-
sease or MSOD exhibited a safety profile similar to that of 
critical patients, and no new safety findings were observed 
(Supplementary Table 8). Numerically, more patients reported 
elevation of liver function tests and SAEs in the sarilumab 
200-mg and 400-mg dose groups in comparison with pla-
cebo (Supplementary Table 9), which is expected based on the 
known safety profile of sarilumab [16].

DISCUSSION

In the 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 MV in the sarilumab  
400-mg group 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 

Table 1. Phase 3, Cohort 1: Primary Efficacy End Point

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

Primary Efficacy Endpoint  
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 vs 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; IV, intravenous.
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COVID-19, the majority of whom were not receiving cortico-
steroids as SOC. There was also no benefit of sarilumab seen 
in patients receiving either low- or high-flow supplemental 
oxygen or noninvasive ventilation. It is important to note that 
since the majority of our study enrollment was prior to dem-
onstration of the clinical utility of corticosteroids in COVID-
19, only a minority of patients in our trial (approximately 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) 

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. aUnstratified analysis. bKey secondary end point for phase 3, cohort 1. cPrimary end point for phase 3, cohort 1. dHazard ratio could not be 
calculated, as the number of events was too small. Abbreviations: CI, confidence interval; EITT, exploratory intention to treat; ITT, intention to treat; IV, intravenous; MSOD, 
multisystemic organ dysfunction.
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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 pa-
tients were receiving corticosteroids as part of SOC, reported a 
mortality benefit of tocilizumab and sarilumab compared with 

Figure 3. Kaplan-Meier curve of time to death in phase 3, cohort 1. A, Severe patients (exploratory intention-to-treat [ITT] population). B, Critical patients on mechanical 
ventilation at baseline (ITT population). C, Critical patients not on mechanical ventilation at baseline (ITT population). Abbreviation: IV, intravenous.
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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 
group). Tocilizumab treatment of patients not receiving MV 
reduced the risk of progressing to MV 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 include the randomized, double-blind, 
placebo-controlled design and stratification based on di-
sease severity and corticosteroid use. In addition, unlike the 
RECOVERY trial, we systematically collected all SAEs and 
AESIs, providing important safety information on the use of 
sarilumab at doses up to 800 mg in the hospitalized COVID-19 
population.

Our trial had several limitations. The phase 3 sample size es-
timation 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 clin-
ical 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 effi-
cacy 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 ev-
idence of the clinical utility of sarilumab to treat COVID-19, 
our post hoc data are consistent with a mortality benefit ob-
served with IL-6R inhibitors in other large studies, when used 
in conjunction with corticosteroids for patients receiving MV 
[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 re-
commended in combination with corticosteroids in certain 
hospitalized patients [22]. The 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 demon-
strate a mortality benefit for use in COVID-19, the recent ad-
dition of tocilizumab and sarilumab into treatment guidelines 
will make conducting large, controlled trials with sarilumab 
challenging [23–25].

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 

materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding author.
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