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BACKGROUND
Coronavirus disease 2019 (Covid-19) pneumonia is often associated with hyperin-
flammation. Despite the disproportionate incidence of Covid-19 among underserved 
and racial and ethnic minority populations, the safety and efficacy of the anti–inter-
leukin-6 receptor antibody tocilizumab in patients from these populations who are 
hospitalized with Covid-19 pneumonia are unclear.
METHODS
We randomly assigned (in a 2:1 ratio) patients hospitalized with Covid-19 pneumonia 
who were not receiving mechanical ventilation to receive standard care plus one or 
two doses of either tocilizumab (8 mg per kilogram of body weight intravenously) 
or placebo. Site selection was focused on the inclusion of sites enrolling high-risk 
and minority populations. The primary outcome was mechanical ventilation or death 
by day 28.
RESULTS
A total of 389 patients underwent randomization, and the modified intention-to-treat 
population included 249 patients in the tocilizumab group and 128 patients in the 
placebo group; 56.0% were Hispanic or Latino, 14.9% were Black, 12.7% were 
American Indian or Alaska Native, 12.7% were non-Hispanic White, and 3.7% were 
of other or unknown race or ethnic group. The cumulative percentage of patients 
who had received mechanical ventilation or who had died by day 28 was 12.0% 
(95% confidence interval [CI], 8.5 to 16.9) in the tocilizumab group and 19.3% 
(95% CI, 13.3 to 27.4) in the placebo group (hazard ratio for mechanical ventilation 
or death, 0.56; 95% CI, 0.33 to 0.97; P = 0.04 by the log-rank test). Clinical failure 
as assessed in a time-to-event analysis favored tocilizumab over placebo (hazard 
ratio, 0.55; 95% CI, 0.33 to 0.93). Death from any cause by day 28 occurred in 10.4% 
of the patients in the tocilizumab group and 8.6% of those in the placebo group 
(weighted difference, 2.0 percentage points; 95% CI, –5.2 to 7.8). In the safety 
population, serious adverse events occurred in 38 of 250 patients (15.2%) in the 
tocilizumab group and 25 of 127 patients (19.7%) in the placebo group.
CONCLUSIONS
In hospitalized patients with Covid-19 pneumonia who were not receiving mechani-
cal ventilation, tocilizumab reduced the likelihood of progression to the composite 
outcome of mechanical ventilation or death, but it did not improve survival. No new 
safety signals were identified. (Funded by Genentech; EMPACTA ClinicalTrials.gov 
number, NCT04372186.)
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Coronavirus disease 2019 (Covid-19) 
emerged in China in December 2019 and 
rapidly led to a public health emergency.1,2 

In severe and critical cases of Covid-19, which 
occur in 14% and 5% of patients, respectively, 
Covid-19–associated pneumonia can lead to acute 
respiratory distress syndrome.3,4 Respiratory fail-
ure is among the leading causes of death in pa-
tients with Covid-19.5,6

Patients hospitalized with Covid-19 pneumo-
nia often receive invasive mechanical ventilation, 
and mortality is increased among these patients, 
especially among those older than 65 years of 
age.7,8 The mainstay of treatment for patients with 
Covid-19 pneumonia is symptomatic and support-
ive9; remdesivir is the only approved treatment in 
the United States, and dexamethasone is the only 
therapy that has been shown to reduce mortality 
thus far.10

Therapies for Covid-19 pneumonia are espe-
cially needed for underserved and racial and ethnic 
minority populations, who are disproportionately 
affected by the pandemic.11-19 According to the 
Centers for Disease Control and Prevention 
Covid-19–Associated Hospitalization Surveillance 
Network, as of November 30, 2020, the rate ratio 
for hospitalization for Covid-19 in the United 
States (i.e., the number of residents in a defined 
area with a positive severe acute respiratory syn-
drome coronavirus 2 [SARS-CoV-2] laboratory 
test who were hospitalized divided by the overall 
population within that area) was 3.7 times as high 
among non-Hispanic Black persons, 4.1 times as 
high among Hispanic or Latino persons, and 4.0 
times as high among non-Hispanic American In-
dian or Alaska Native persons as among non-
Hispanic White persons.12 This is also a global 
issue; among 17 million patients in England, all 
the patients from non-White racial and ethnic 
groups had a higher risk of Covid-19–related 
death than White patients.13 Greater inclusion of 
minorities and underserved populations in clini-
cal trials of Covid-19 therapies is needed; these 
populations are often not a focus of trial recruit-
ment and have been underrepresented in Covid-19 
trials.20

Covid-19 may be associated with a dysregulat-
ed immune response and hyperinflammation, 
which can lead to or exacerbate acute respiratory 
distress syndrome and multiorgan failure.4,21,22 
Higher levels of interleukin-6 have been posi-
tively correlated with cases of critical and severe 

Covid-19, whereas lower levels of interleukin-6 
have been correlated with mild disease23,24; in 
addition, elevated levels of interleukin-6 have 
been found to be predictive of the likelihood of 
mechanical ventilation.25 Tocilizumab, an anti–
interleukin-6 receptor monoclonal antibody, has 
been approved for the treatment of multiple in-
flammatory diseases26,27 and appeared to improve 
outcomes in patients with Covid-19 pneumonia 
in observational studies in the United States and 
globally.28-30 However, randomized trials of tocili-
zumab have shown mixed results in patients with 
varying degrees of Covid-19 disease severity as 
well as in populations with various background 
standards of care.31-34

In EMPACTA (Evaluating Minority Patients with 
Actemra), a global, phase 3 clinical trial, we inves-
tigated the safety and efficacy of tocilizumab in 
hospitalized patients with Covid-19 pneumonia 
who were not receiving mechanical ventilation. 
The enrollment of patients from high-risk and 
racial and ethnic minority populations was em-
phasized.

Me thods

Trial Design and Oversight

We conducted this randomized, double-blind, pla-
cebo-controlled, phase 3 trial to evaluate the safety 
and efficacy of tocilizumab in hospitalized pa-
tients with Covid-19 pneumonia who were not 
receiving mechanical ventilation. Global trial sites 
enrolling high-risk and minority populations were 
included to enhance the understanding of the 
clinical profile of tocilizumab in these patients 
and to allow access to underserved and minority 
populations, which are not commonly repre-
sented in clinical trials. Details on site selection 
are provided in the Methods section of the Sup-
plementary Appendix, available with the full text 
of this article at NEJM.org.

Patients who were 18 years of age or older 
(with no upper age limit) and who were hospital-
ized with Covid-19 pneumonia that had been 
confirmed by a positive polymerase-chain-reaction 
test and radiographic imaging were eligible for 
enrollment. Patients had a blood oxygen satura-
tion below 94% while breathing ambient air but 
were excluded if they were receiving continuous 
positive airway pressure, bilevel positive airway 
pressure, or mechanical ventilation. The patients 
received standard care according to local practice, 
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which could include antiviral treatment, the lim-
ited use of systemic glucocorticoids (recommend-
ed dose, ≤1 mg per kilogram of body weight of 
methylprednisolone or equivalent), and support-
ive care. Patients were excluded if progression of 
the illness to death was imminent and inevitable 
within 24 hours, as determined by the treating 
physician, or if they had active tuberculosis or 
suspected active bacterial, fungal, or viral infec-
tion (other than SARS-CoV-2 infection or well-
controlled human immunodeficiency virus infec-
tion). Patients with coexisting conditions were 
not excluded unless the investigator determined 
that the condition would preclude safe partici-
pation in the trial.

Each patient or the patient’s legally autho-
rized representative provided written or witnessed 
oral informed consent. The trial was conducted 
in accordance with the International Conference 
on Harmonisation E6 guidelines for Good Clin-
ical Practice and the Declaration of Helsinki or 
local regulations, whichever afforded greater 
patient protection. This trial was approved by all 
the trial sites through the central Advarra Insti-
tutional Review Board, the Western Institutional 
Review Board, or a local institutional review board; 
in addition, the trial was approved at some sites 
by local ethics committees. Institutional review 
boards or ethics committees approved the proto-
col (available at NEJM.org) in each participating 
country. The sponsor designed the trial, conducted 
it according to the protocol, collected the data, 
and performed analyses; a contract research or-
ganization paid by the sponsor managed and 
monitored the trial under the direction and super-
vision of the sponsor. All the authors vouch for 
the accuracy and completeness of the data and 
for the fidelity of the trial to the protocol. All 
drafts of the manuscript were prepared by the au-
thors with editorial and writing assistance funded 
by the sponsor.

Using permuted-block randomization and an 
interactive voice- or Web-response system, we ran-
domly assigned the patients, in a 2:1 ratio, to re-
ceive standard care plus one or two doses of either 
intravenous tocilizumab (8 mg per kilogram of 
body weight, to a maximum of 800 mg per dose) 
or placebo. The randomization was stratified ac-
cording to country (the United States, Mexico, 
Kenya, South Africa, Peru, or Brazil) and age 
(≤60 or >60 years). Details of trial blinding are 
provided in the Supplementary Appendix. If a pa-

tient’s clinical signs or symptoms worsened or 
did not improve (i.e., if the patient had a sustained 
fever or worsening status as assessed with the use 
of a seven-category ordinal scale), an additional 
infusion could be administered 8 to 24 hours af-
ter the first one.

Efficacy was evaluated by day 28, and patients 
were followed for a total of 60 days. Patients 
who were discharged before day 28 were consid-
ered to have completed the trial and were followed 
weekly up to day 28, with a safety follow-up visit 
conducted by day 60.

Outcome Measures

The primary efficacy outcome was mechanical 
ventilation (invasive mechanical ventilation or ex-
tracorporeal membrane oxygenation) or death by 
day 28. In addition to the evaluation of the pri-
mary efficacy outcome, the results of the primary 
efficacy analysis were evaluated according to age, 
race or ethnic group, geographic region, gluco-
corticoid use, antiviral use, and the number of 
doses of tocilizumab or placebo received.

The key secondary efficacy outcomes that were 
evaluated over the 28-day period were the time to 
hospital discharge or readiness for discharge as 
assessed with the use of a seven-category ordinal 
scale (with categories ranging from 1 to 7 and 
higher categories indicating a worse condition) 
(Table S1 in the Supplementary Appendix); the 
time to at least a two-category improvement in 
clinical status relative to baseline on the seven-
category ordinal scale (for patients in category 2 
at baseline, those with a clinical status of cate-
gory 1 were considered to have met the threshold); 
the time to clinical failure (the time to death, 
mechanical ventilation, admission to an intensive 
care unit [ICU] [or, in patients who were already 
in the ICU at trial enrollment, worsening by two 
categories from baseline on the seven-category 
ordinal scale], or withdrawal [whichever occurred 
first]); and death.

The incidence and severity of adverse events 
were evaluated. These events were determined ac-
cording to the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events, 
version 5.0.

Statistical Analysis

The modified intention-to-treat population con-
sisted of all patients who underwent randomiza-
tion and received either tocilizumab or placebo. 
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We estimated that the assignment of 379 pa-
tients with 2:1 randomization would provide at 
least 80% power to detect a between-group dif-
ference of 15 percentage points in the primary 
outcome with the use of a log-rank test, assum-
ing a cumulative event rate (death or mechanical 
ventilation) of 25% in the tocilizumab group and 
40% in the placebo group. Efficacy analyses were 
performed in the modified intention-to-treat pop-
ulation, with patients grouped according to treat-
ment assignment. Analyses were stratified ac-
cording to age group (≤60 or >60 years).

The primary outcome was estimated with the 
Kaplan–Meier method, and cumulative incidence 
curves were compared between the two groups 
with the stratified log-rank test. The stratified 
Cox proportional-hazards model was used to es-
timate the hazard ratio (for tocilizumab as com-
pared with placebo) and 95% confidence inter-
val. In this analysis, data on patients who survived 
and did not receive mechanical ventilation on or 
before day 28 were censored at the last follow-up 
date or day 28, whichever occurred first.

The primary and key secondary outcomes were 
evaluated in a hierarchical manner to control the 
overall trial-wide type I error rate at the 5% sig-
nificance level. If the primary outcome reached 
significance at the two-sided 5% significance level, 
the key secondary outcomes were tested in the 
following predefined order: time to hospital dis-
charge or readiness for discharge, time to im-
provement in clinical status, time to clinical fail-
ure, and death.

Time-to-event secondary outcomes were com-
pared between the two groups with the use of the 
Kaplan–Meier approach. Deaths were censored at 
day 28 in the analysis of time to hospital dis-
charge or readiness for charge and time to im-
provement in clinical status. Data on patients 
who discontinued the trial before hospital dis-
charge or readiness for discharge or before im-
provement in clinical status were censored on 
the date of the last ordinal-scale assessment. In 
the analysis of the time to clinical failure, data 
on patients who did not have clinical failure on 
or before day 28 were censored at the last con-
tact date or day 28, whichever occurred first. The 
Cochran–Mantel–Haenszel test, with adjustment 
for age, was used to assess the between-group 
difference in mortality by day 28. The reported 
95% confidence intervals were not adjusted for 
multiplicity and cannot be used to assess effects. 

Sensitivity analyses of the time to hospital dis-
charge and time to improvement in clinical sta-
tus, with death treated as a competing risk, were 
performed. Information regarding source data veri-
fication and subgroup analyses is provided in the 
Supplementary Appendix.

Safety was assessed in all the patients who 
received either tocilizumab or placebo; patients 
were grouped according to the actual agent re-
ceived. An interim safety review was performed 
by an internal monitoring committee.

R esult s

Patients

Overall, 389 patients from six countries under-
went randomization; 1 patient underwent random-
ization in error, and 377 patients received either 
tocilizumab or placebo (Fig. 1 and Table S2). In 
the modified intention-to-treat population, 249 
patients were assigned to receive tocilizumab plus 
standard care and 128 were assigned to receive 
placebo plus standard care; the safety popula-
tion included 250 and 127 patients, respectively, 
because 1 patient who was assigned to receive 
placebo received tocilizumab and 11 patients did 
not receive tocilizumab or placebo. Information 
on exposure to tocilizumab or placebo is pro-
vided in Table S3. Overall, 225 patients (90.4%) 
completed the trial in the tocilizumab group and 
115 (89.8%) completed the trial in the placebo 
group; excluding those who died, no patients in 
the tocilizumab group and 2 patients in the pla-
cebo group (1.6%) discontinued the trial before 
day 28. The median follow-up time was 60 days 
in both groups.

The baseline demographic and disease char-
acteristics were generally balanced in the two 
groups (Table 1 and Table S4). In the tocilizumab 
and placebo groups, 60.2% and 57.0% of the pa-
tients were men, respectively, and the mean (±SD) 
age was 56.0±14.3 years and 55.6±14.9 years, re-
spectively. In the tocilizumab and placebo groups, 
143 patients (57.4%) and 68 patients (53.1%), 
respectively, were Hispanic or Latino, 35 (14.1%) 
and 21 (16.4%) were Black, and 33 (13.3%) and 
15 (11.7%) were American Indian or Alaska Na-
tive. In the 7 days before the trial or during the 
trial, 200 patients in the tocilizumab group (80.3%) 
and 112 patients in the placebo group (87.5%) re-
ceived systemic glucocorticoids and 196 (78.7%) 
and 101 (78.9%), respectively, received antiviral 
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treatment (Table S5); 55.4% and 67.2% of the 
patients received dexamethasone, and 52.6% and 
58.6% received remdesivir (Table S6).

Primary Efficacy Outcome

The cumulative percentage of patients who had 
received mechanical ventilation or who had died 
by day 28 was significantly lower in the tocili-
zumab group (12.0%; 95% confidence interval 
[CI], 8.5 to 16.9) than in the placebo group (19.3%; 
95% CI, 13.3 to 27.4) (hazard ratio, 0.56; 95% CI, 
0.33 to 0.97; P = 0.04 by the log-rank test). Results 
are shown in Table 2 and Figure 2.

Secondary Outcomes

The median time to hospital discharge or readi-
ness for discharge over the 28-day period was 
6.0 days (95% CI, 6.0 to 7.0) in the tocilizumab 
group and 7.5 days (95% CI, 7.0 to 9.0) in the 
placebo group (hazard ratio, 1.16; 95% CI, 0.91 
to 1.48) (Table 2 and Fig. S1). The results were 
similar when death was treated as a competing 
risk (hazard ratio, 1.14; 95% CI, 0.92 to 1.42) 
(Table S7 and Fig. S2). The median time to im-
provement in clinical status as assessed with the 
seven-category ordinal scale over the 28-day pe-
riod was 6.0 days (95% CI, 6.0 to 7.0) with tocili-
zumab and 7.0 days (95% CI, 6.0 to 9.0) with 
placebo (hazard ratio, 1.15; 95% CI, 0.90 to 1.48) 
(Table 2 and Fig. S3). The results were similar 
when death was treated as a competing risk 
(hazard ratio, 1.14; 95% CI, 0.92 to 1.41) (Table 
S8 and Fig. S4). The median time to clinical 
failure over the 28-day period could not be esti-
mated in either group (hazard ratio, 0.55; 95% 
CI, 0.33 to 0.93) (Table 2 and Fig. S5). Mortality 
by day 28 was 10.4% (95% CI, 7.2 to 14.9) in the 
tocilizumab group and 8.6% (95% CI, 4.9 to 14.7) 
in the placebo group (weighted difference, 2.0 
percentage points; 95% CI, –5.2 to 7.8) (Table 2).

Exploratory Outcomes

The results of the primary efficacy analysis ac-
cording to race or ethnic group were consistent 
with the results in the modified intention-to-treat 
population. The results of additional subgroup 
analyses are provided in Figure S6.

Safety

The data cutoff date was September 30, 2020. Over-
all, adverse events through day 60 were reported 
in 50.8% of 250 patients in the tocilizumab group 

and 52.8% of 127 patients in the placebo group, 
and serious adverse events were reported in 15.2% 
and 19.7%, respectively (Table 3 and Table S9). 
Death occurred in 29 patients (11.6%) in the 
tocilizumab group and 15 patients (11.8%) in the 
placebo group (Table 3 and Table S10); no system-
atic pattern in deaths that occurred before as 
compared with after mechanical ventilation was 
noted (Fig S7). Through day 60, a total of 16 seri-
ous infections were observed in 13 patients who 
received tocilizumab (5.2%) and 11 serious in-
fections were observed in 9 patients who received 
placebo (7.1%). Through day 28, a total of 8 of 
250 patients (3.2%) in the tocilizumab group and 
6 of 127 patients (4.7%) in the placebo group had 
progression of illness to category 6 on the seven-
category ordinal scale.

Discussion

Our phase 3 trial of tocilizumab in hospitalized 
patients with Covid-19 pneumonia who were not 
receiving mechanical ventilation emphasized the 
enrollment of patients from high-risk and racial 
and ethnic minority groups. These patients are 
disproportionately affected by Covid-19 and are 
often underrepresented in clinical trials.11-20 Over-
all, more than 25% of the patients were older 
than 65 years of age, more than 75% had at least 
one coexisting condition, and more than 80% 
were in a minority racial or ethnic group.

This trial showed that the likelihood of pro-
gression to mechanical ventilation or death by 
day 28 was significantly lower among patients 
who received tocilizumab plus standard care than 
among those who received placebo plus standard 
care. When death from any cause alone was evalu-
ated as a secondary outcome, no benefit with re-
spect to mortality was observed. One hypothesis 
is that patients who had progression to mechani-
cal ventilation after receiving tocilizumab may 
compose a subgroup of patients with more se-
vere disease and therefore a higher risk of death; 
this hypothesis is supported by the fact that a 
larger percentage of patients in the placebo group 
than in the tocilizumab group died without re-
ceiving mechanical ventilation. Studies are under 
way to address this question further. The medi-
an time to hospital discharge up to day 28 was 
1.5 days shorter in the tocilizumab group than 
in the placebo group, but there was an overlapping 
range.
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388 Underwent randomization

445 Patients were assessed for eligibility

56 Were excluded
1 Was allergic to tocilizumab or other mono-

clonal antibodies
4 Were receiving CPAP, BIPAP, or mechanical

ventilation
1 Had active TB infection or TB infection

within 1 mo before randomization
7 Had suspected active infection (besides

Covid-19 and well-controlled HIV)
1 Had imminent and inevitable progression

to death within 24 hr
3 Were immunocompromised (other than

well-controlled HIV infection), receiving 
immunosuppressive agents (other than
glucocorticoids for Covid-19), or had advanced
cancer

1 Had received oral antirejection or immuno-
modulatory therapy within past 3 mo

3 Had ALT or AST >5× ULN within 24 hr
before screening

1 Had platelet count <50,000 per mm3 at
screening

1 Had serious medical condition or laboratory
abnormality

2 Were not capable of giving consent
7 Were unable to comply with trial protocol
3 Were not hospitalized

11 Did not meet Covid-19 pneumonia criteria
4 Were unable to complete screening within

96 hr after admission
3 Had SpO2 ≥94% while breathing ambient air

10 Had other reason (enrollment target reached
or unknown reason)

259 Were assigned to receive tocilizumab 129 Were assigned to receive placebo

10 Did not receive tocilizumab
1 Completed trial regimen or was dis-

charged; site unable to confirm
administration of tocilizumab

9 Discontinued before day 28
8 Withdrew
1 Was withdrawn by physician

1 Did not receive placebo owing
to withdrawal by patient before day 28

24 (9.6%) Died before day 28

225 (90.4%) Completed the trial 115 (89.8%) Completed the trial

11 (8.6%) Died before day 28
2 (1.6%) Discontinued trial because of

transfer to another facility before day 28

249 Were included in the modified
intention-to-treat population

250 Were included in the safety
population

128 Were included in the modified
intention-to-treat population

127 Were included in the safety
population
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Health care disparities among patients with 
Covid-19 are a critical issue because studies con-
tinue to show that racial and ethnic minority 
populations are disproportionately affected by 
the Covid-19 pandemic.11-19 The role of race and 
ethnic group in the clinical course of Covid-19 is 
complex and not fully understood; social deter-
minants of health, socioeconomic factors, and 
historical and structural inequities may play a 
role but do not completely explain the observa-
tions, and further research is needed.14,16,19,35 To 
directly address the discrepancy between the over-
representation of racial and ethnic minorities with 
Covid-19 disease and the underrepresentation of 
these minorities in Covid-19 trials,20 we gave 
priority to sites that provided care to underserved 
and minority populations while we continued to 
enroll all eligible patients. As a result, 84% of the 
patients in the trial were Hispanic or Latino, 
Black, or American Indian or Alaska Native. Al-
though the analysis was exploratory, the primary 
efficacy outcomes assessed according to race or 
ethnic group were consistent with the outcomes 
in the overall patient population.

Prevention of progression to mechanical ven-
tilation, which may greatly alter patient outcomes 
and the availability of health care resources, is 
critical for potential therapies for Covid-19. In an 

observational study involving 10,021 patients who 
were hospitalized with Covid-19, 17% received 
mechanical ventilation and in-hospital mortality 
was higher among these patients than among 
those who did not receive mechanical ventilation 
(53% vs. 16%).8 In addition to clinical decision 
making, a key factor that determines whether 
patients will receive mechanical ventilation is 
resource availability. The critical shortage of ven-
tilators that has occurred globally during the 
pandemic has underscored the need for therapies 
that conserve this limited resource36; this is a 
particular concern in Africa.37 Decreasing the pro-
portion of patients who receive mechanical ven-
tilation could help to reduce the burden on criti-
cal care services, reduce direct health care costs, 
and ensure the availability of ventilators for the 
most critically ill patients.38

The efficacy of tocilizumab in patients with 
Covid-19 has been examined in other random-
ized trials. The randomized, placebo-controlled 
COVACTA31 and Boston Area COVID-19 Consor-
tium (BACC) Bay Tocilizumab34 trials included pa-
tients with a different disease severity at baseline 
than that in the EMPACTA trial. The COVACTA 
trial included patients with disease that ranged 
from moderate hypoxia to invasive mechanical 
ventilation at baseline, whereas the EMPACTA trial 
enrolled patients who were not receiving mechani-
cal ventilation at baseline and were at an earlier 
disease stage.31 The BACC Bay Tocilizumab Trial 
also included patients who were not receiving 
mechanical ventilation at baseline; however, 
96% of the patients had baseline categories of 
2 or 3 on the seven-category ordinal scale, where-
as in the EMPACTA trial, 26.5% of the patients 
had a baseline category of 4 on this scale.34

As compared with patients in the COVACTA, 
BACC Bay Tocilizumab, RCT-TCZ-COVID-19, and 
CORIMUNO-TOCI-1 trials,31-34 more than 50% of 
the patients in the EMPACTA trial received con-
comitant glucocorticoid or antiviral agents; these 
agents have become the mainstay of standard 
care for patients with Covid-19.39 Although these 
treatments were not used uniformly and patients 
may not have received a full treatment course, 
our results reflect the most up-to-date standard 
of care, especially considering the approval of rem-
desivir in the United States. Glucocorticoid and 
antiviral use was generally balanced in the two 
groups, and our trial showed the added clinical 
benefit of tocilizumab with respect to a lower inci-

Figure 1 (facing page). Enrollment, Randomization,  
and Follow-up.

The modified intention-to-treat population included  
all the patients who underwent randomization and re-
ceived tocilizumab or placebo. Patients may have been 
excluded for more than one reason. A total of 389 pa-
tients underwent randomization, and 388 patients had 
data that could be evaluated. (One patient underwent 
randomization before local institutional review board 
approval of the trial site. This patient did not receive to-
cilizumab or placebo, and no further data were collect-
ed.) One patient who was randomly assigned to the 
placebo group received tocilizumab and was included 
in the tocilizumab group in the safety population. The  
2 patients who had another reason for discontinuation 
of placebo were transferred to other facilities. Patients 
who completed day 28 of the trial before discharge or 
were discharged before day 28 were considered to have 
completed the trial. Percentages shown are for the 
modified intention-to-treat population. ALT denotes  
alanine aminotransferase, AST aspartate aminotrans-
ferase, BIPAP bilevel positive airway pressure, CPAP 
continuous positive airway pressure, HIV human im-
munodeficiency virus, SpO2 oxygen saturation as  
measured by pulse oximetry, TB tuberculosis, and  
ULN the upper limit of the normal range.
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dence of progression to mechanical ventilation. 
In the COVACTA trial, the median time to hos-
pital discharge was 20 days in the tocilizumab 
group and 28 days in the placebo group, where-
as in the EMPACTA trial, the median time was 
6.0 and 7.5 days, respectively.31 Patients had more 

severe illness or had different coexisting condi-
tions at baseline in the COVACTA trial than in 
the EMPACTA trial, different proportions of pa-
tients received concomitant therapy in the two 
trials, and standards of care have improved since 
the COVACTA trial.

Table 1. Characteristics of the Patients at Baseline in the Modified Intention-to-Treat Population.*

Characteristic
Tocilizumab 

 (N = 249)
Placebo 

 (N = 128)
All Patients 
 (N = 377)

Male sex — no. (%) 150 (60.2) 73 (57.0) 223 (59.2)

Age

Mean — yr 56.0±14.3 55.6±14.9 55.9±14.4

Distribution — no. (%)

≤60 yr 151 (60.6) 76 (59.4) 227 (60.2)

>60 yr 98 (39.4) 52 (40.6) 150 (39.8)

BMI† 32.0±7.9 33.1±7.2 32.4±7.6

Race or ethnic group — no. (%)‡

Hispanic or Latino 143 (57.4) 68 (53.1) 211 (56.0)

American Indian or Alaska Native 33 (13.3) 15 (11.7) 48 (12.7)

Black 35 (14.1) 21 (16.4) 56 (14.9)

Non-Hispanic White 28 (11.2) 20 (15.6) 48 (12.7)

Unknown or other 10 (4.0) 4 (3.1) 14 (3.7)

Country group — no. (%)

United States 201 (80.7) 103 (80.5) 304 (80.6)

Mexico, Kenya, South Africa, Peru, and Brazil 48 (19.3) 25 (19.5) 73 (19.4)

Category on seven-category ordinal scale for 
clinical status — no. (%)§

2 24 (9.6) 11 (8.6) 35 (9.3)

3 161 (64.7) 81 (63.3) 242 (64.2)

4 64 (25.7) 36 (28.1) 100 (26.5)

Median laboratory values (range)

C-reactive protein level — mg/liter 124.50 
(2.5–2099.0)

143.40 
(9.0–3776.0)

136.10 
(2.5–3776.0)

d-Dimer level — μg/ml FEU 1.60 
(0.2–8873.0)

1.21 
(0.2–10,384.0)

1.50 
(0.2–10,384.0)

Ferritin level — pmol/liter 1401.34 
(29.2–38,482.1)

1353.14 
(110.1–122,328.9)

1395.39 
(29.2–122,328.9)

*  Plus–minus values are means ±SD. Percentages may not total 100 because of rounding. FEU denotes fibrinogen equiv-
alent units.

†  The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters.
‡  Race or ethnic group was reported by the patients.
§  Categories on the seven-category ordinal scale range from 1 to 7, with higher categories indicating a worse condition. 

Category 1 indicates that the patient was discharged (or ready for discharge as evidenced by normal body temperature 
and respiratory rate, as well as stable oxygen saturation while breathing ambient air or ≤2 liters of supplemental oxy-
gen); 2, hospitalized in a non–intensive care unit (ICU) hospital ward (or ready for a hospital ward) and not receiving 
supplemental oxygen; 3, hospitalized in a non–ICU hospital ward (or ready for a hospital ward) and receiving supple-
mental oxygen; 4, hospitalized in an ICU or a non–ICU hospital ward and receiving noninvasive ventilation or high-flow 
oxygen; 5, hospitalized in an ICU and receiving intubation and mechanical ventilation; 6, hospitalized in an ICU and 
receiving extracorporeal membrane oxygenation or mechanical ventilation and additional organ support; and 7, died.
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Table 2. Primary and Key Secondary Efficacy Outcomes by Day 28 in the Modified Intention-to-Treat Population.*

Outcome
Tocilizumab 

 (N = 249)
Placebo 

 (N = 128)
Hazard Ratio 

 (95% CI)

Weighted 
Difference 
 (95% CI) P Value†

Primary outcome: mechanical ventilation 
or death — % (95% CI)‡

12.0 (8.5 to 16.9) 19.3 (13.3 to 27.4) 0.56 (0.33 to 0.97) NA 0.04

Secondary outcomes

Median time to hospital discharge or 
readiness for discharge (95% CI) 
— days§

6.0 (6.0 to 7.0) 7.5 (7.0 to 9.0) 1.16 (0.91 to 1.48) NA

Median time to improvement in 
 clinical status (95% CI) — days§¶

6.0 (6.0 to 7.0) 7.0 (6.0 to 9.0) 1.15 (0.90 to 1.48) NA

Median time to clinical failure 
 (95% CI) — days§

NE NE 0.55 (0.33 to 0.93) NA

Death — no. (% [95% CI])‖ 26 (10.4 [7.2 to 14.9]) 11 (8.6 [4.9 to 14.7]) NA 2.0 (−5.2 to 7.8)**

*  NA denotes not applicable, and NE could not be estimated.
†  The P value was calculated with the log-rank test. Significance testing was performed hierarchically to control the trial-wide type I error 

rate at a 5% significance level.
‡  The cumulative percentages of patients were estimated with the Kaplan–Meier method and compared with the use of the stratified log-

rank test with age group (≤60 or >60 years) as a stratification factor. The stratified Cox proportional-hazards model with age group (≤60 or 
>60 years) as a stratification factor was used to estimate the hazard ratio and 95% confidence interval.

§  The median time to a secondary outcome event was estimated with the Kaplan–Meier approach.
¶  Improvement in clinical status was determined with the use of the seven-category ordinal scale.
‖  The Wilson method was used to estimate the 95% confidence interval for the observed proportion. The Cochran–Mantel–Haenszel 

weighting approach with age group (≤60 years or >60 years) as the stratification factor was used to calculate the weighted difference in 
percentages. The Newcombe method was used to estimate the 95% confidence interval for the weighted difference. Deaths by day 28 in-
cluded all deaths reported from ordinal-scale scoring, adverse events reporting, and public death records during the hospital stay and after 
hospital discharge.

**  The weighted difference is expressed as percentage points.

Figure 2. Time to Mechanical Ventilation or Death by Day 28 in the Modified Intention-to-Treat Population.

The cumulative proportion of patients was estimated with the Kaplan–Meier method and compared in the two 
groups with the use of the stratified log-rank test. The stratified Cox proportional-hazards model was used to esti-
mate the hazard ratio and 95% confidence interval. Data on patients who did not receive mechanical ventilation or 
who died on or before day 28 were censored at day 28 or the date of the last available follow-up, whichever occurred 
first.
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The criteria for one of two efficacy outcomes 
— survival without invasive or noninvasive me-
chanical ventilation by day 14 — were met in the 
CORIMUNO-TOCI-1 trial, but mortality at day 28 
was not different between the tocilizumab and 
placebo groups.33 The COVACTA, BACC Bay To-
cilizumab, and RCT-TCZ-COVID-19 trials did not 
meet the criteria for their efficacy outcomes, and 
tocilizumab was not associated with a mortality 
benefit at day 28 in either the COVACTA trial or 
the BACC Bay Tocilizumab trial.31,32,34 Our trial 
also did not show a significant between-group 
difference in mortality.

The results of our trial suggest that patients 

who are most likely to benefit from tocilizumab 
have moderate or severe disease (i.e., they have 
hypoxia but are not yet receiving mechanical 
ventilation) and that tocilizumab may add to the 
potential benefit of antiviral treatment and glu-
cocorticoids. In this trial, 55.4% of the patients 
in the tocilizumab group and 67.2% of those in 
the placebo group received concomitant dexa-
methasone, and a greater benefit was observed 
with tocilizumab than with placebo with respect 
to the primary outcome. Ongoing trials are under 
way to provide clarity on the patient subgroups 
that are most likely to benefit from specific im-
munomodulatory therapies.

Table 3. Adverse Events through Day 60 in the Safety Population.*

Variable
Tocilizumab 

 (N = 250)
Placebo 
(N = 127)

All Patients 
 (N = 377)

Total adverse events — no. 357 187 544

Patients with ≥1 adverse event — no. (%) 127 (50.8) 67 (52.8) 194 (51.5)

Total deaths — no. (%) 29 (11.6) 15 (11.8) 44 (11.7)

Withdrawal from trial because of adverse event — no. (%) 0 0 0

Patients with ≥1 adverse event — no. (%)

Event with fatal outcome 28 (11.2) 13 (10.2) 41 (10.9)

Serious event 38 (15.2) 25 (19.7) 63 (16.7)

Event leading to withdrawal from trial, excluding serious events 
leading to death

0 0 0

Event leading to dose modification or interruption 0 0 0

Event related to tocilizumab or placebo, as determined by the 
investigator

3 (1.2) 0 3 (0.8)

Event leading to withdrawal from trial, excluding events leading to 
death

0 0 0

Event leading to dose modification or interruption 1 (0.4) 0 1 (0.3)

Event related to tocilizumab or placebo, as determined by the 
investigator

32 (12.8) 5 (3.9) 37 (9.8)

Event leading to discontinuation of trial regimen 0 0 0

Event leading to dose modification or interruption 0 0 0

Grade 3 to 5 event, at greatest intensity 46 (18.4) 31 (24.4) 77 (20.4)

Infection 25 (10.0) 16 (12.6) 41 (10.9)

Serious infection 13 (5.2) 9 (7.1) 22 (5.8)

Total no. of events 16 11 27

Events with incidence of >1% in either group — no. (%)

Septic shock 5 (2.0) 3 (2.4) 8 (2.1)

Covid-19 pneumonia 2 (0.8) 3 (2.4) 5 (1.3)

Pneumonia, not otherwise specified 0 3 (2.4) 3 (0.8)

Bacterial pneumonia 0 2 (1.6) 2 (0.5)

*  The incidence and severity of adverse events was determined according to the National Cancer Institute Common Terminology Criteria for 
Adverse Events, version 5.0.
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Our trial showed that tocilizumab plus stan-
dard care was more efficacious than placebo 
plus standard care in reducing the likelihood of 
the composite outcome of progression to mechan-
ical ventilation or death among hospitalized pa-
tients with Covid-19 pneumonia who were not 
receiving mechanical ventilation; however, there 
was no difference in the incidence of death from 
any cause. This reduction in risk was observed 
in a group of patients that included underserved 
populations that are often underrepresented in 

clinical research. The results of the primary analy-
sis according to race or ethnic group were consis-
tent with the results in the modified intention-
to-treat population.
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