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WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Interleukin 6 receptor blockers have immunomodulatory effects that might 

be important in patients with covid- 19 with immune system dysfunction and 
inflammation

 ⇒ Corticosteroids probably reduce the risk of death in patients with severe or 
critical covid- 19

WHAT THIS STUDY ADDS
 ⇒ This systematic review and network meta- analysis provides a comprehensive 

review of the evidence looking at the effects of interleukin 6 receptor 
blockers, alone or when used in combination with corticosteroids, in covid- 19

 ⇒ In patients with severe or critical covid- 19, tocilizumab, in combination with 
corticosteroids, probably reduces mortality; sarilumab, in combination with 
corticosteroids, could reduce mortality. Tocilizumab and sarilumab, when 
used without corticosteroids, might not be beneficial

 ⇒ Tocilizumab and sarilumab in combination with corticosteroids could have 
similar effectiveness at reducing mortality

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE, OR POLICY
 ⇒ This review informed WHO guidelines on interleukin 6 receptor blockers

ABSTRACT
OBJECTIVE To compare the effects of interleukin 6 
receptor blockers, tocilizumab and sarilumab, with 
or without corticosteroids, on mortality in patients 
with covid- 19.
DESIGN Systematic review and network meta- 
analysis.
DATA SOURCES World Health Organization covid- 19 
database, a comprehensive multilingual source of 
global covid- 19 literature, and two prospective meta- 
analyses (up to 9 June 2021).
REVIEW METHODS Trials in which people with 
suspected, probable, or confirmed covid- 19 were 
randomised to interleukin 6 receptor blockers (with 
or without corticosteroids), corticosteroids, placebo, 
or standard care. The analysis used a bayesian 
framework and assessed the certainty of evidence 
using the GRADE approach. Results from the fixed 
effect meta- analysis were used for the primary 
analysis.
RESULTS Of 45 eligible trials (20 650 patients) 
identified, 36 (19 350 patients) could be included in 
the network meta- analysis. Of 36 trials, 27 were at 
high risk of bias, primarily due to lack of blinding. 
Tocilizumab, in combination with corticosteroids, 
suggested a reduction in the risk of death compared 

with corticosteroids alone (odds ratio 0.79, 95% 
credible interval 0.70 to 0.88; 35 fewer deaths per 
1000 people, 95% credible interval 52 fewer to 18 
fewer per 1000; moderate certainty of evidence), as 
did sarilumab in combination with corticosteroids, 
compared with corticosteroids alone (0.73, 0.58 
to 0.92; 43 fewer per 1000, 73 fewer to 12 fewer; 
low certainty). Tocilizumab and sarilumab, each in 
combination with corticosteroids, appeared to have 
similar effects on mortality when compared with 
each other (1.07, 0.86 to 1.34; eight more per 1000, 
20 fewer to 35 more; low certainty). The effects of 
tocilizumab (1.12, 0.91 to 1.38; 20 more per 1000, 
16 fewer to 59 more; low certainty) and sarilumab 
(1.07, 0.81 to 1.40; 11 more per 1000, 38 fewer to 55 
more; low certainty), when used alone, suggested 
an increase in the risk of death.
CONCLUSION These findings suggest that 
in patients with severe or critical covid- 19, 
tocilizumab, in combination with corticosteroids, 
probably reduces mortality, and that sarilumab, 
in combination with corticosteroids, might also 
reduce mortality. Tocilizumab and sarilumab, in 
combination with corticosteroids, could have similar 
effectiveness. Tocilizumab and sarilumab, when 
used alone, might not be beneficial.

Introduction
As of October 2021, there have been more than 240 
million cumulative cases of covid- 19 worldwide and 
nearly five million deaths.1 In an attempt to improve 
outcomes for patients with covid- 19, investiga-
tors have, with varying results, repurposed several 
drugs.2 There is compelling evidence that corticos-
teroids reduce mortality in patients with severe and 
critical disease.2

Interleukin 6 receptor blockers have immunomod-
ulatory effects that might be important in patients 
who have covid- 19 with immune system dysfunction 
and inflammation, and these receptor blockers might 
therefore also result in a mortality benefit.3–5 The 
RECOVERY trial reported that tocilizumab reduces 
mortality and the need for invasive mechanical 
ventilation, particularly among patients receiving 
corticosteroids,6 and the REMAP- CAP trial reported 
reduced mortality and improved organ support- free 
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days with tocilizumab and sarilumab.7 Although 
results from other trials have not been consistent,8–10 
a prospective pairwise meta- analysis also reported 
that tocilizumab reduces mortality.11

Whether sarilumab reduces mortality and its 
effect relative to tocilizumab remains uncertain. 
Tocilizumab is not available in all settings, and 
because of its expense, clinicians often give the drug 
to only a minority of patients who might benefit.12 If 
sarilumab’s effects are comparable to those of tocili-
zumab, it might increase availability for patients 
with covid- 19 who would not have otherwise have 
access to an interleukin 6 receptor blocker.

Further, corticosteroids are now recommended 
for patients with severe or critical covid- 19 and, like 
corticosteroids, interleukin 6 receptor blockers target 
inflammation.13 Whether these receptor blockers 
offer any incremental benefits above corticosteroids 
is unknown.13 A prospective, pairwise meta- analysis 
reported that tocilizumab reduces mortality when 
used alone or with corticosteroids but with greater 
effects when combined with corticosteroids.11

To inform recommendations for the World Health 
Organization living guidelines on drugs for covid- 19 
treatment, we conducted a systematic review and 
network meta- analysis to look at the effectiveness of 
interleukin 6 receptor blockers, alone or in combi-
nation with corticosteroids, for patients with covid- 
19.13 This review capitalises on the methods and 
data of our living systematic review and network 
meta- analysis of drug treatments for covid- 19 and 
represents a comprehensive and rigorous assessment 
of the evidence on these receptor blockers.2

This systematic review and network meta- analysis 
is distinct from our living review of drug treatment 
in two ways. Firstly, in this review, we consider 
tocilizumab and sarilumab separately to assess 
their comparative effectiveness whereas our living 
review combines classes of the same drug within 
the same node. Secondly, in this review, we separate 
tocilizumab and sarilumab, based on concomitant 
use of corticosteroids, into different nodes to assess 
possible interactions with corticosteroids. For the 
visual summary of this paper, see figure 1.

Methods
A supplement to our living systematic review and 
network meta- analysis of drug treatments for 
covid- 19 includes a protocol of our methods.2

Search
The present study uses the search strategy of our 
living review.2 A supplement to our drug treat-
ment publication includes the full strategy.2 
Briefly, we performed daily searches of the WHO 
covid- 19 database—a comprehensive multilin-
gual source of global published and preprint liter-
ature on covid- 19 (https://search.bvsalud.org/ 

global-literature-on-novel-coronavirus-2019-ncov/). 
Prior to its merging with the WHO covid- 19 database 
on 9 October 2020, we searched the US Centres for 
Disease Control and Prevention's covid- 19 research 
articles downloadable database. Our search also 
included six Chinese databases: Wanfang, Chinese 
Biomedical Literature, China National Knowledge 
Infrastructure, VIP, Chinese Medical Journal Net 
(preprints), and ChinaXiv (preprints). A validated 
machine learning model facilitated efficient iden-
tification of randomised trials.14 We searched WHO 
information sources from 1 December 2019 to 9 June 
2021 and the Chinese literature from conception of 
the databases to 20 February 2021.

Our team supplemented the search by ongoing 
surveillance of the Living Overview of the Evidence 
covid- 19 platform by the Epistemonikos Foundation 
(https://app.iloveevidence.com/loves/5e6fdb96 
69c00e4ac072701d) and the Norwegian Institute 
of Public Health's systematic and living map on 
covid- 19 evidence (https://www.fhi.no/en/qk/ 
systematic-reviews-hta/map/). We also included 
data from two WHO- sponsored prospective meta- 
analyses.11 15

Study selection
As part of the living systematic review and network 
meta- analysis,2 pairs of reviewers, following calibra-
tion exercises, worked independently and in dupli-
cate to screen titles and abstracts of search records 
and subsequently the full texts of records deter-
mined potentially eligible at the title and abstract 
screening stage. We linked preprint reports with their 
subsequent publications based on trial registration 
numbers, authors, and other trial characteristics. 
Reviewers resolved discrepancies by discussion, and 
when necessary, by adjudication with a third party 
reviewer.

This review included preprint and peer reviewed 
reports of trials that compared interleukin 6 receptor 
blockers with standard care, placebo, or corticoster-
oids or that compared corticosteroids with standard 
care or placebo in patients with suspected, probable, 
or confirmed covid- 19. We did not set any restric-
tions on severity of illness, setting, or language of 
publication.

Data collection
As part of the living systematic review and network 
meta- analysis,2 for each eligible trial, pairs of 
reviewers, following training and calibration exer-
cises, independently extracted trial characteristics 
(trial registration, publication status, study design), 
patient characteristics (country, age, sex, type of 
care, severity of covid- 19 symptoms), and outcomes 
of interest (number of participants analysed and 
number of participants who experienced an event) 
using a standardised, pilot tested data extraction 

https://search.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/
https://search.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/
https://app.iloveevidence.com/loves/5e6fdb9669c00e4ac072701d
https://app.iloveevidence.com/loves/5e6fdb9669c00e4ac072701d
https://www.fhi.no/en/qk/systematic-reviews-hta/map/
https://www.fhi.no/en/qk/systematic-reviews-hta/map/


Zeraatkar D, et al. BMJMED 2022;1:e000036. doi:10.1136/bmjmed-2021-000036 3

OPEN ACCESSOPEN ACCESS

Figure 1 | Visual summary



Zeraatkar D, et al. BMJMED 2022;1:e000036. doi:10.1136/bmjmed-2021-0000364

OPEN ACCESSOPEN ACCESS

form. Reviewers resolved discrepancies by discussion 
and, when necessary, with adjudication by a third 
party. We updated our data when a study preprint 
became available as a peer reviewed publication. For 
this review, we focused on all cause mortality closest 
to 90 days.

To assess risk of bias, reviewers, following training 
and calibration exercises, used a revision of the 
Cochrane tool for assessing risk of bias in randomised 
trials (RoB 2.0).16 Reviewers resolved discrepancies 
by discussion and, when necessary, by third party 
adjudication. A supplement to our drug treatment 
publication includes our modified risk- of- bias tool.2

Statistical analysis
Our network meta- analysis compared tocilizumab with 
corticosteroids, tocilizumab without corticosteroids, 
sarilumab with corticosteroids, sarilumab without 
corticosteroids, corticosteroids, and standard care or 
placebo, using a bayesian framework with a plausible 
prior for the variance parameter and a uniform prior 
for the effect parameter.17 We summarised the effect of 
interventions on mortality using odds ratios and corre-
sponding 95% credible intervals.

We classified trials in which all patients randomised 
to tocilizumab or sarilumab received or did not 
receive corticosteroids into (1) tocilizumab or sari-
lumab nodes with corticosteroids or (2) tocilizumab 
or sarilumab nodes without corticosteroids, respec-
tively. For trials in which some patients received 
corticosteroids in combination with tocilizumab or 
sarilumab, we used subgroup data within trials to 
split trial participants into tocilizumab or sarilumab 
nodes with corticosteroids and tocilizumab or sari-
lumab nodes without corticosteroids. The same 
approach was used for standard care. We grouped 
patients in the standard care arm who received corti-
costeroids into the corticosteroid node and patients 
in the standard care arm who did not receive corticos-
teroids into the standard care without corticosteroids 
node. We classified trials that compared corticoster-
oids with standard care or placebo into corticoster-
oids and standard care nodes.

We performed network meta- analysis using the 
gemtc package of R version 3.6.3 (RStudio, Boston, 
MA) and pairwise meta- analyses using the bayesmeta 
package. Three Markov chains with 100 000 itera-
tions after an initial burn- in of 10 000 and a thinning 
of 10 and used node splitting models were used to 
assess local incoherence and to obtain indirect esti-
mates. We produced network plots using the network 
map command of Stata version 17.0 (StataCorp, 
College Station, TX).18

We performed both fixed effect and random effects 
network meta- analysis. Because estimates from 
the random effects model proved to have credible 
intervals that were implausibly wide owing to the 
uncertainty around the heterogeneity estimate, we 
presented results from the fixed effect meta- analysis 

as the primary analysis and random effects meta- 
analysis as a sensitivity analysis.19

Certainty of evidence
To facilitate interpretation of results, we calculated 
absolute effects for mortality using baseline risk data 
from the Centres for Disease Control and Prevention 
on patients who were admitted to hospital for covid- 
19.20 21 We assessed the certainty of evidence using a 
minimally contextualised GRADE approach (grading 
of recommendations, assessment, development, 
and evaluations) for network meta- analysis with a 
null effect as the threshold of importance.22–25 The 
minimally contextualised approach considers only 
whether credible intervals include the null effect and 
does not consider whether plausible effects, captured 
by credible intervals, include both important and 
trivial effects. Based on a survey of the authors of our 
living systematic review and network meta- analysis, 
to evaluate certainty of no benefit (or no effect), we 
used a 1% risk difference threshold of the 95% cred-
ible interval.

Two reviewers with experience in applying the 
GRADE approach rated each domain for each compar-
ison and resolved discrepancies by consensus. 
Reviewers rated the certainty for each comparison 
and outcome as high, moderate, low, or very low, 
based on considerations of risk of bias, inconsist-
ency, indirectness, publication bias, intransitivity, 
incoherence (difference between direct and indirect 
effects), and imprecision.

Patient and public involvement
Patients were involved in outcome selection, inter-
pretation of results, and the generation of parallel 
recommendations, as part of the WHO Rapid 
Recommendations initiative, in partnership with The 
BMJ and MAGIC Evidence Ecosystem Foundation.13 
Our results will be disseminated according to WHO 
recommendations.

Results
Study characteristics
Of 45 854 titles and abstracts and 884 full texts 
screened, 45 trials including 20 650 patients6 26–48 
were eligible. figure  2 presents details regarding 
study selection. All publications were in English. 
Twenty one of these trials were published, four were 
available as preprints, and 20 were unpublished and 
retrieved from two prospective meta- analyses.11 15

Table  1 presents trial characteristics. Twenty 
trials (7608 patients) compared tocilizumab with 
standard care or placebo6 26–34; seven (2756 patients) 
compared sarilumab with standard care or placebo 
with or without corticosteroids35 36; one (1818 
patients) compared tocilizumab, sarilumab, and 
standard care7; three (366 patients) compared inter-
leukin 6 receptor blockers with corticosteroids48; and 
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14 (8102 patients) compared corticosteroids with 
standard care or placebo.37–47

One trial, REMAP- CAP,7 randomised patients to 
tocilizumab or standard care (among centres with 
access to tocilizumab) or to sarilumab or standard 
care (among centres with access to sarilumab). 
Randomisation to standard care was halted when an 
interim analysis showed efficacy of tocilizumab and 
sarilumab, after which patients were randomised to 
either tocilizumab or sarilumab, with both groups 
receiving corticosteroids. As such, we treated 
REMAP- CAP as three separate trials in our analyses 
(that is, tocilizumab v standard care; sarilumab v 
standard care; tocilizumab v sarilumab). We used 

90 day mortality for the comparisons of tocilizumab 
and sarilumab with standard care and obtained data 
on in- hospital mortality from the investigators for 
the comparison of tocilizumab and sarilumab. The 
comparison between tocilizumab and sarilumab was 
restricted to patients who were eligible for randomi-
sation to either drug in the later phase of the trial.

Another trial, Sarilumab- COVID- 19, was 
conducted in two phases.35 In phase 1, researchers 
randomised patients to 400 mg sarilumab, 200 mg 
sarilumab, or placebo. A prespecified interim anal-
ysis of the first phase showed the benefit of 400 mg 
sarilumab in patients in the critical group (receiving 
high flow supplemental oxygen or mechanical 

Records identified from external sources

Full text articles excluded
Not a randomised trial
Randomised trial with no results
Not infected with SAR-CoV-2
    Prophylaxis
Wrong intervention
    Anti-SAR-CoV-2 antibody and cellular treatments
    Traditional Chinese/alternative medicine excluding specific molecules at specific doses
    Exercise/rehabilitation
    Personal protective equipment
    Psychological and educational
    Vaccine
    Oxygen delivery
    Diagnostic imaging
    External organ support
    Nutrition and supplements
    Other
    Removed from preprint server by study authors

174
35
40

244

English bibliographic databases and
  preprint services (1 meta-analysis with
  3 unpublished trials)
Chinese bibliographic databases and
  preprint services

45 138

580

Records screened aer duplicates removed

Records identified through literature
search, as of 9 June 2021 Epistemonikos covid-19 evidence

Reference lists of studies
Data from authors
Meta-analysis with 29 unpublished trials

128
4
2
2

Records excluded for not being relevant

Full text articles from 913 randomised trials assessed for eligibility

493

884

Randomised trials investigating drug treatments included
420

Unique randomised trials investigating interleukin 6 receptor blockers and/or corticosteriods

136

38 087

38 971

45

Unique randomised trials eligible for network meta-analysis
36

45 718

29

68
52

7
9
5

71
11

3
1
1

14
2

Figure 2 | PRISMA diagram of selection of trials comparing tocilizumab and sarilumab for covid- 19, alone or in 
combination with corticosteroids, and trials comparing corticosteroids with standard care or interleukin 6 receptor 
blockers



Zeraatkar D, et al. BMJMED 2022;1:e000036. doi:10.1136/bmjmed-2021-0000366

OPEN ACCESSOPEN ACCESS

Ta
bl

e 
1 |

 C
ha

ra
ct

er
is

tic
s 

of
 tr

ia
ls

 co
m

pa
rin

g 
to

ci
liz

um
ab

 a
nd

 s
ar

ilu
m

ab
 fo

r c
ov

id
- 1

9,
 a

lo
ne

 o
r i

n 
co

m
bi

na
tio

n 
w

ith
 co

rt
ic

os
te

ro
id

s,
 a

nd
 tr

ia
ls

 co
m

pa
rin

g 
co

rt
ic

os
te

ro
id

s 
w

ith
 s

ta
nd

ar
d 

ca
re

 o
r 

in
te

rle
uk

in
 6

 re
ce

pt
or

 b
lo

ck
er

s

St
ud

y
Pu

bl
ic

at
io

n 
st

at
us

 (r
eg

is
tra

tio
n)

No
 o

f 
pa

rt
ic

ip
an

ts
Co

un
tr

y
M

ea
n 

ag
e 

(y
ea

rs
)

M
al

e 
(%

)
Ty

pe
 o

f c
ar

e 
(%

)
Se

ve
rit

y 
(b

as
ed

 o
n 

W
HO

 
cl

as
si

fic
at

io
n;

 %
)50

De
ta

ile
d 

ve
nt

ila
tio

n 
(%

)
Tr

ea
tm

en
ts

In
te

rle
uk

in
 6

 re
ce

pt
or

 b
lo

ck
er

—
to

ci
liz

um
ab

AR
CH

IT
EC

TS
Da

ta
 fr

om
 m

et
a-

 an
al

ys
is 

(N
CT

04
41

27
72

)
21

US
61

.5
57

.1
In

pa
tie

nt
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(1
00

)
No

t r
ep

or
te

d
To

ci
liz

um
ab

, p
la

ce
bo

CO
RI

M
UN

O-
 TO

CI
- IC

U
Da

ta
 fr

om
 m

et
a-

 an
al

ys
is 

(N
CT

04
33

18
08

)
92

Fr
an

ce
64

.2
71

.7
In

pa
tie

nt
 in

te
ns

iv
e 

ca
re

 
(1

00
.0

)
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(1
00

)
Hi

gh
 fl

ow
, n

on
- in

va
siv

e 
ve

nt
ila

tio
n,

 o
r i

nv
as

iv
e 

ve
nt

ila
tio

n 
(1

00
.0

)

To
ci

liz
um

ab
, s

ta
nd

ar
d 

ca
re

CO
V-

 AI
D

Da
ta

 fr
om

 m
et

a-
 an

al
ys

is 
(N

CT
04

33
06

38
)

23
0

Be
lg

iu
m

63
.6

77
.4

In
pa

tie
nt

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(1

00
)

No
t r

ep
or

te
d

To
ci

liz
um

ab
, s

ilt
ux

im
ab

, 
st

an
da

rd
 ca

re
CO

VI
DO

SE
2-

 SS
A

Da
ta

 fr
om

 m
et

a-
 an

al
ys

is 
(N

CT
04

47
93

58
)

28
US

65
67

.9
In

pa
tie

nt
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(1
00

)
M

ec
ha

ni
ca

l v
en

til
at

io
n 

(0
.0

%
)

To
ci

liz
um

ab
, s

ta
nd

ar
d 

ca
re

CO
VI

DS
TO

RM
Da

ta
 fr

om
 m

et
a-

 an
al

ys
is 

(N
CT

04
57

75
34

)
39

Fi
nl

an
d

65
.7

53
.9

In
pa

tie
nt

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(1

00
)

No
t r

ep
or

te
d

To
ci

liz
um

ab
, s

ta
nd

ar
d 

ca
re

CO
VI

TO
Z

Da
ta

 fr
om

 m
et

a-
 an

al
ys

is 
(N

CT
04

43
57

17
)

26
Sp

ai
n

57
.5

65
.4

In
pa

tie
nt

, i
nt

en
siv

e 
ca

re
 

(0
.0

)
M

ild
/m

od
er

at
e 

(1
00

); 
se

ve
re

 (0
)

No
t r

ep
or

te
d

To
ci

liz
um

ab
, s

ta
nd

ar
d 

ca
re

He
rm

in
e,

 2
02

1;
CO

RI
M

UN
O-

 TO
CI

 1
26

Pu
bl

ish
ed

 (N
CT

04
33

18
08

)
13

1
Fr

an
ce

64
67

.7
In

pa
tie

nt
, i

nt
en

siv
e 

ca
re

 
(0

.0
)

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(1

00
); 

cr
iti

ca
l (

0)
Su

pp
le

m
en

ta
l o

xy
ge

n 
(1

00
.0

); 
no

n-
 in

va
siv

e 
ve

nt
ila

tio
n 

or
 in

va
siv

e 
ve

nt
ila

tio
n 

(0
.0

)

To
ci

liz
um

ab
, s

ta
nd

ar
d 

ca
re

HM
O-

 02
0–

02
24

Da
ta

 fr
om

 m
et

a-
 an

al
ys

is 
(N

CT
04

37
77

50
)

54
Is

ra
el

63
.1

68
.5

In
pa

tie
nt

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(1

00
)

No
t r

ep
or

te
d

To
ci

liz
um

ab
, p

la
ce

bo

Ho
rb

y, 
20

21
;

RE
CO

VE
RY

6
Pu

bl
ish

ed
 (N

CT
04

38
19

36
)

41
16

UK
63

.6
67

.3
In

pa
tie

nt
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(1
00

)
Su

pp
le

m
en

ta
l o

xy
ge

n 
(4

5.
4)

; h
ig

h 
flo

w 
or

 n
on

- 
in

va
siv

e 
ve

nt
ila

tio
n 

(4
1.

0)
; 

in
va

siv
e 

ve
nt

ila
tio

n(
13

.7
)

To
ci

liz
um

ab
, s

ta
nd

ar
d 

ca
re

Im
m

Co
VA

Da
ta

 fr
om

 m
et

a-
 an

al
ys

is 
(N

CT
04

41
22

91
)

49
Sw

ed
en

No
t 

re
po

rte
d

No
t 

re
po

rte
d

In
pa

tie
nt

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(1

00
)

in
va

siv
e 

ve
nt

ila
tio

n 
(0

.0
)

To
ci

liz
um

ab
, s

ta
nd

ar
d 

ca
re

RE
M

DA
CT

A
Da

ta
 fr

om
 m

et
a-

 an
al

ys
is 

(N
CT

04
40

92
62

)
64

0
Sp

ai
n,

 U
S,

Br
az

il,
 R

us
si

a
60

.3
63

.3
In

pa
tie

nt
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(1
00

)
No

t r
ep

or
te

d
To

ci
liz

um
ab

, p
la

ce
bo

Ro
sa

s,
 2

02
1;

CO
VA

CT
A27

Pu
bl

ish
ed

 (N
CT

04
32

06
15

)
45

2
Ca

na
da

, D
en

m
ar

k,
Fr

an
ce

, G
er

m
an

y,
Ita

ly,
 N

et
he

rla
nd

s,
Sp

ai
n,

 U
K,

US

60
.8

69
.9

In
pa

tie
nt

, i
nt

en
siv

e 
ca

re
 

(5
6.

4)
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(1
00

); 
cr

iti
ca

l (
0)

No
n-

 in
va

siv
e 

ve
nt

ila
tio

n 
or

 
in

va
siv

e 
ve

nt
ila

tio
n 

(3
7.

7)
To

ci
liz

um
ab

, p
la

ce
bo

Ru
tg

er
s,

 2
02

1;
Pr

eT
oV

id
28

Pr
ep

rin
t (

NL
85

04
)

35
4

Ne
th

er
la

nd
s

66
.5

67
In

pa
tie

nt
, i

nt
en

siv
e 

ca
re

 
(0

.0
)

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(1

00
)

Su
pp

le
m

en
ta

l o
xy

ge
n 

(9
6.

6)
To

ci
liz

um
ab

, s
ta

nd
ar

d 
ca

re

Co
nt

in
ue

d



Zeraatkar D, et al. BMJMED 2022;1:e000036. doi:10.1136/bmjmed-2021-000036 7

OPEN ACCESSOPEN ACCESS

St
ud

y
Pu

bl
ic

at
io

n 
st

at
us

 (r
eg

is
tra

tio
n)

No
 o

f 
pa

rt
ic

ip
an

ts
Co

un
tr

y
M

ea
n 

ag
e 

(y
ea

rs
)

M
al

e 
(%

)
Ty

pe
 o

f c
ar

e 
(%

)
Se

ve
rit

y 
(b

as
ed

 o
n 

W
HO

 
cl

as
si

fic
at

io
n;

 %
)50

De
ta

ile
d 

ve
nt

ila
tio

n 
(%

)
Tr

ea
tm

en
ts

So
in

, 2
02

1;
CO

VI
NT

OC
29

Pu
bl

ish
ed

 (C
TR

I/2
02

0/
05

/0
25

36
9)

18
0

In
di

a
55

84
.9

In
pa

tie
nt

M
ild

/m
od

er
at

e 
(4

9.
2)

; 
se

ve
re

 (5
0.

8)
Su

pp
le

m
en

ta
l o

xy
ge

n 
(8

9.
9)

; n
on

- in
va

siv
e 

ve
nt

ila
tio

n 
(2

6.
8)

; i
nv

as
iv

e 
ve

nt
ila

tio
n 

(5
.0

)

To
ci

liz
um

ab
, s

ta
nd

ar
d 

ca
re

St
on

e,
 2

02
0;

BA
CC

 B
AY

30
Pu

bl
ish

ed
 (N

CT
04

35
69

37
)

24
3

US
59

.9
58

In
pa

tie
nt

, i
nt

en
siv

e 
ca

re
 

(4
.5

)
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(1
00

); 
cr

iti
ca

l (
0)

Su
pp

le
m

en
ta

l o
xy

ge
n 

(7
9.

8)
; h

ig
h 

flo
w 

or
 n

on
- 

in
va

siv
e 

ve
nt

ila
tio

n 
(4

.1
); 

in
va

siv
e 

ve
nt

ila
tio

n 
(0

.4
)

To
ci

liz
um

ab
, p

la
ce

bo

Sa
la

m
a,

 2
02

1;
EM

PA
CT

A31
Pu

bl
ish

ed
 (N

CT
04

37
21

86
)

38
8

US
, P

er
u,

Br
az

il,
 K

en
ya

,
So

ut
h 

Af
ric

a,
 M

ex
ic

o

55
.9

59
.1

In
pa

tie
nt

, i
nt

en
siv

e 
ca

re
 

(1
5.

4)
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(1
00

); 
cr

iti
ca

l (
0)

M
ec

ha
ni

ca
l v

en
til

at
io

n 
(0

.0
)

To
ci

liz
um

ab
, p

la
ce

bo

Sa
lv

ar
an

i, 
20

20
;

RC
T-

 TC
Z-

 CO
VI

D-
 19

32
Pu

bl
ish

ed
 (N

CT
04

34
63

55
)

12
6

Ita
ly

60
61

.1
In

pa
tie

nt
, i

nt
en

siv
e 

ca
re

 
(0

.0
)

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(1

00
); 

cr
iti

ca
l (

0)
no

n-
 in

va
siv

e 
ve

nt
ila

tio
n 

or
 

in
va

siv
e 

ve
nt

ila
tio

n 
(0

.0
)

To
ci

liz
um

ab
, s

ta
nd

ar
d 

ca
re

TO
CO

VI
D

Da
ta

 fr
om

 m
et

a-
 an

al
ys

is 
(E

ud
ra

CT
20

20
- 0

01
44

2-
 19

)
27

0
Sp

ai
n

53
63

.7
In

pa
tie

nt
, i

nt
en

siv
e 

ca
re

 
(1

00
.0

)
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(1
00

)
No

t r
ep

or
te

d
to

ci
liz

um
ab

 s
ta

nd
ar

d 
ca

re

Ta
la

sc
hi

an
, 2

02
1 

33
Pr

ep
rin

t
(R

CT
20

08
10

27
00

14
11

N4
)

40
Ira

n
61

.7
52

.8
In

pa
tie

nt
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(1
00

); 
cr

iti
ca

l (
0)

Na
sa

l c
an

nu
la

 (5
0.

0)
; s

im
-

pl
e 

m
as

k 
(3

0.
6)

; r
es

er
vo

ir 
m

as
k 

(1
1.

1)
; n

on
- in

va
siv

e 
ve

nt
ila

tio
n 

(8
.3

); 
in

va
siv

e 
ve

nt
ila

tio
n 

(0
.0

)

To
ci

liz
um

ab
, s

ta
nd

ar
d 

ca
re

Ve
ig

a,
 2

02
1;

TO
CI

BR
AS

34
Pu

bl
ish

ed
 (N

CT
04

40
36

85
)

12
9

Br
az

il
57

.5
68

.2
In

pa
tie

nt
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(1
00

)
Su

pp
le

m
en

ta
l o

xy
ge

n 
(5

1.
9)

; h
ig

h 
flo

w 
or

 n
on

- 
in

va
siv

e 
ve

nt
ila

tio
n 

(3
1.

8)
; 

in
va

siv
e 

ve
nt

ila
tio

n 
(1

6.
3)

To
ci

liz
um

ab
, s

ta
nd

ar
d 

ca
re

In
te

rle
uk

in
 6

 re
ce

pt
or

 b
lo

ck
er

—
sa

ril
um

ab
CO

RI
M

UN
O-

 SA
RI

- 1
Da

ta
 fr

om
 m

et
a-

 an
al

ys
is

(N
CT

04
32

40
73

)
14

4
Fr

an
ce

62
.3

75
In

pa
tie

nt
, i

nt
en

siv
e 

ca
re

 
(0

.0
)

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(1

00
)

No
t r

ep
or

te
d

Sa
ril

um
ab

, s
ta

nd
ar

d 
ca

re

CO
RI

M
UN

O-
 SA

RI
- IC

U
Da

ta
 fr

om
 m

et
a-

 an
al

ys
is

(N
CT

04
32

40
73

)
81

Fr
an

ce
61

.6
76

.5
In

pa
tie

nt
, i

nt
en

siv
e 

ca
re

 
(1

00
.0

)
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(1
00

)
No

t r
ep

or
te

d
Sa

ril
um

ab
, s

ta
nd

ar
d 

ca
re

SA
RC

OV
ID

Da
ta

 fr
om

 m
et

a-
 an

al
ys

is
(N

CT
04

35
78

08
)

30
Sp

ai
n

61
.7

66
.7

In
pa

tie
nt

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(1

00
)

M
ec

ha
ni

ca
l v

en
til

at
io

n 
(0

.0
)

Sa
ril

um
ab

, s
ta

nd
ar

d 
ca

re

SA
RI

CO
R

Da
ta

 fr
om

 m
et

a-
 an

al
ys

is
(E

ud
ra

CT
20

20
- 0

01
53

1-
 27

)
80

Sp
ai

n
59

.4
71

.2
In

pa
tie

nt
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(1
00

)
M

ec
ha

ni
ca

l v
en

til
at

io
n 

(0
.0

)
Sa

ril
um

ab
, s

ta
nd

ar
d 

ca
re

SA
RT

RE
Da

ta
 fr

om
 m

et
a-

 an
al

ys
is

(E
ud

ra
CT

20
20

- 0
02

03
7-

 15
)

14
0

Sp
ai

n
58

.4
72

.9
In

pa
tie

nt
, i

nt
en

siv
e 

ca
re

 
(0

.0
)

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(1

00
)

M
ec

ha
ni

ca
l v

en
til

at
io

n 
(0

.0
)

Sa
ril

um
ab

, s
ta

nd
ar

d 
ca

re

Si
va

pa
la

si
ng

am
, 2

02
1 

(p
ha

se
 2

); 
Sa

ril
um

ab
- 

CO
VI

D-
 19

35

Pr
ep

rin
t (

NC
T0

43
15

29
8)

45
7

US
58

.7
72

.4
In

pa
tie

nt
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(5
0.

5)
; c

rit
ic

al
 (4

9.
5)

Su
pp

le
m

en
ta

l o
xy

ge
n 

(2
7.

6)
; h

ig
h 

flo
w,

 n
on

- 
in

va
siv

e 
ve

nt
ila

tio
n,

 o
r 

in
va

siv
e 

ve
nt

ila
tio

n 
(4

9.
5)

Sa
ril

um
ab

 (2
00

 m
g)

, s
ar

ilu
m

-
ab

 (4
00

 m
g)

, p
la

ce
bo

Ta
bl

e 
1 

Co
nt

in
ue

d

Co
nt

in
ue

d



Zeraatkar D, et al. BMJMED 2022;1:e000036. doi:10.1136/bmjmed-2021-0000368

OPEN ACCESSOPEN ACCESS

St
ud

y
Pu

bl
ic

at
io

n 
st

at
us

 (r
eg

is
tra

tio
n)

No
 o

f 
pa

rt
ic

ip
an

ts
Co

un
tr

y
M

ea
n 

ag
e 

(y
ea

rs
)

M
al

e 
(%

)
Ty

pe
 o

f c
ar

e 
(%

)
Se

ve
rit

y 
(b

as
ed

 o
n 

W
HO

 
cl

as
si

fic
at

io
n;

 %
)50

De
ta

ile
d 

ve
nt

ila
tio

n 
(%

)
Tr

ea
tm

en
ts

Si
va

pa
la

si
ng

am
, 2

02
1 

(p
ha

se
 3

, c
oh

or
t 1

); 
Sa

ril
um

ab
- C

OV
ID

- 1
935

Pr
ep

rin
t (

NC
T0

43
15

29
8)

13
65

US
61

.7
64

.5
In

pa
tie

nt
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(4
5)

; C
rit

ic
al

 (5
5)

Su
pp

le
m

en
ta

l o
xy

ge
n 

(2
7.

0)
; i

nv
siv

e 
ve

nt
ila

tio
n 

(2
1.

8)

Sa
ril

um
ab

 (2
00

 m
g)

, s
ar

ilu
m

-
ab

 (4
00

 m
g)

, p
la

ce
bo

Si
va

pa
la

si
ng

am
, 2

02
1 

(p
ha

se
 3

, c
oh

or
t 2

); 
Sa

ril
um

ab
- C

OV
ID

- 1
935

Pr
ep

rin
t (

NC
T0

43
15

29
8)

31
US

48
.7

71
In

pa
tie

nt
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(0
); 

cr
iti

ca
l (

10
0)

IV
 (1

00
.0

)
Sa

ril
um

ab
 (8

00
 m

g)
, p

la
ce

bo

Si
va

pa
la

si
ng

am
, 2

02
1 

(p
ha

se
 3

, c
oh

or
t 3

); 
Sa

ril
um

ab
- C

OV
ID

- 1
935

Pr
ep

rin
t (

NC
T0

43
15

29
8)

8
US

60
.8

62
.5

In
pa

tie
nt

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(0

); 
cr

iti
ca

l (
10

0)
Hi

gh
 fl

ow
 o

r n
on

- in
va

siv
e 

ve
nt

ila
tio

n 
(1

00
.0

);
in

va
siv

e 
ve

nt
ila

tio
n 

(0
.0

)

Sa
ril

um
ab

 (8
00

 m
g)

, p
la

ce
bo

Le
sc

ur
e,

 2
02

136
Pu

bl
ish

ed
 (N

CT
04

32
73

88
; E

ud
ra

 
CT

 (2
02

0-
 00

11
62

- 1
2)

, W
HO

 
(U

11
11

- 1
24

9-
 60

21
))

42
0

Ar
ge

nt
in

a,
 B

ra
zil

,
Ca

na
da

, C
hi

le
,

Fr
an

ce
, G

er
m

an
y,

Is
ra

el
, I

ta
ly,

Ja
pa

n,
 R

us
si

a,
Sp

ai
n

59
62

.7
In

pa
tie

nt
, i

nt
en

siv
e 

ca
re

 
(3

5.
6)

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(6

0.
6)

; c
rit

ic
al

 (3
8.

9)
Na

sa
l c

an
nu

la
 (4

2.
1)

; 
fa

ce
 m

as
k 

(2
6.

7)
; n

on
- 

re
br

ea
th

er
 fa

ce
 m

as
k 

(1
0.

5)
; h

ig
h 

flo
w 

(6
.2

); 
no

n-
 in

va
siv

e 
ve

nt
ila

tio
n 

(1
.7

); 
in

va
siv

e 
ve

nt
ila

tio
n 

(1
1.

5)
; o

th
er

 (1
.2

)

Sa
ril

um
ab

 (4
00

 m
g)

, s
ar

ilu
m

-
ab

 (2
00

 m
g)

, p
la

ce
bo

In
te

rle
uk

in
 6

 re
ce

pt
or

 b
lo

ck
er

s—
to

ci
liz

um
ab

/s
ar

ilu
m

ab
Go

rd
on

, 2
02

1;
RE

M
AP

- C
AP

51
Pu

bl
ish

ed
 (N

CT
02

73
57

07
)

79
8

UK
, N

et
he

rla
nd

s,
Au

st
ra

lia
, N

ew
 Z

ea
la

nd
,

Ire
la

nd
, S

au
di

a 
Ar

ab
ia

61
.4

72
.6

In
pa

tie
nt

, i
nt

en
siv

e 
ca

re
 

(1
00

.0
)

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(0

); 
cr

iti
ca

l (
10

0)
Hi

gh
 fl

ow
 (2

8.
8)

; n
on

- 
in

va
siv

e 
ve

nt
ila

tio
n 

(4
1.

5)
; 

in
va

siv
e 

ve
nt

ila
tio

n 
(2

9.
4)

To
ci

liz
um

ab
 s

ta
nd

ar
d 

ca
re

 
(fo

r t
oc

ilu
zu

m
ab

), 
sa

ril
um

ab
 

st
an

da
rd

 ca
re

 (f
or

 sa
ril

um
ab

)
Go

rd
on

, 2
02

1;
RE

M
AP

- C
AP

51
Da

ta
 fr

om
 a

ut
ho

rs
 (N

CT
02

73
57

07
)

10
20

UK
, N

et
he

rla
nd

s,
Au

st
ra

lia
, N

ew
 Z

ea
la

nd
,

Ire
la

nd
, S

au
di

a 
Ar

ab
ia

No
t 

re
po

rte
d

No
t 

re
po

rte
d

In
pa

tie
nt

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(0

); 
cr

iti
ca

l (
10

0)
No

t r
ep

or
te

d
To

ci
liz

um
ab

, s
ar

ilu
m

ab

In
te

rle
uk

in
 6

 re
ce

pt
or

 b
lo

ck
er

s 
v c

or
tic

os
te

ro
id

s
Ra

sh
ad

, 2
02

148
Pu

bl
ish

ed
 (C

T0
45

19
38

5 
(1

9/
08

/2
02

0)
)

14
9

Eg
yp

t
62

.5
56

.9
In

pa
tie

nt
, i

nt
en

siv
e 

ca
re

 
(1

00
.0

)
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(1
00

); 
cr

iti
ca

l (
10

0)
No

n-
 in

va
siv

e 
ve

nt
ila

tio
n 

(6
4.

2)
; i

nv
as

iv
e 

ve
nt

ila
tio

n 
(3

5.
8)

To
ci

liz
um

ab
, d

ex
am

et
ha

so
ne

SI
LC

OR
Da

ta
 fr

om
 m

et
a-

 an
al

ys
is 

(E
ud

ra
CT

20
20

- 0
01

41
3-

 20
)

15
8

Sp
ai

n
62

65
.2

In
pa

tie
nt

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(1

00
); 

cr
iti

ca
l (

0)
No

t r
ep

or
te

d
Si

ltu
xi

m
ab

, c
or

tic
os

te
ro

id
s

ST
OR

M
Da

ta
 fr

om
 m

et
a-

 an
al

ys
is 

(N
CT

04
34

54
45

)
59

M
al

ay
si

a
53

.2
76

.3
In

pa
tie

nt
, i

nt
en

siv
e 

ca
re

 
(0

.0
)

M
ild

/m
od

er
at

e 
(1

00
); 

se
ve

re
 (0

); 
cr

iti
ca

l (
0)

M
ec

ha
ni

ca
l v

en
til

at
io

n 
(0

.0
)

To
ci

liz
um

ab
, d

ex
am

et
ha

so
ne

Co
rt

ic
os

te
ro

id
s

An
gu

s,
 2

02
0;

RE
M

AP
- C

AP
37

Pu
bl

ish
ed

 (N
CT

02
73

57
07

)
40

3
Au

st
ra

lia
, C

an
ad

a,
Ire

la
nd

, F
ra

nc
e,

Ne
th

er
la

nd
s,

 N
ew

 
Ze

al
an

d,
UK

, U
S

59
.9

71
.1

In
pa

tie
nt

, i
nt

en
siv

e 
ca

re
 

(1
00

.0
)

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(1

00
)

Hi
gh

 fl
ow

 (1
4.

6)
; n

on
- 

in
va

siv
e 

ve
nt

ila
tio

n 
(2

9.
7)

; 
in

va
siv

e 
ve

nt
ila

tio
n 

(5
5.

5)
; 

ex
tra

co
rp

or
ea

l m
em

br
an

e 
ox

yg
en

at
io

n 
(0

.8
)

Hy
dr

oc
or

tis
on

e 
(fi

xe
d 

do
se

), 
hy

dr
oc

or
tis

on
e 

(s
ho

ck
 d

e-
pe

nd
en

t),
 s

ta
nd

ar
d 

ca
re

Co
rra

l- G
ud

in
o,

 2
02

1;
GL

UC
OC

OV
ID

38
Pu

bl
ish

ed
 (2

02
0-

 00
19

34
- 3

7)
64

Sp
ai

n
69

.8
60

.9
In

pa
tie

nt
, i

nt
en

siv
e 

ca
re

 
(0

.0
)

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(1

00
); 

cr
iti

ca
l (

0)
M

ec
ha

ni
ca

l v
en

til
at

io
n 

(0
.0

)
M

et
hy

lp
re

dn
is

ol
on

e,
 s

ta
nd

ar
d 

ca
re

Ta
bl

e 
1 

Co
nt

in
ue

d

Co
nt

in
ue

d



Zeraatkar D, et al. BMJMED 2022;1:e000036. doi:10.1136/bmjmed-2021-000036 9

OPEN ACCESSOPEN ACCESS

St
ud

y
Pu

bl
ic

at
io

n 
st

at
us

 (r
eg

is
tra

tio
n)

No
 o

f 
pa

rt
ic

ip
an

ts
Co

un
tr

y
M

ea
n 

ag
e 

(y
ea

rs
)

M
al

e 
(%

)
Ty

pe
 o

f c
ar

e 
(%

)
Se

ve
rit

y 
(b

as
ed

 o
n 

W
HO

 
cl

as
si

fic
at

io
n;

 %
)50

De
ta

ile
d 

ve
nt

ila
tio

n 
(%

)
Tr

ea
tm

en
ts

De
qu

in
, 2

02
0

CA
PE

CO
VI

D39
Pu

bl
ish

ed
 (N

CT
02

51
74

89
)

14
9

Fr
an

ce
62

.2
69

.8
In

pa
tie

nt
, i

nt
en

siv
e 

ca
re

 
(1

00
.0

)
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(0
); 

cr
iti

ca
l (

10
0)

No
n-

 re
br

ea
th

in
g 

m
as

k 
wi

th
 

a 
re

se
rv

oi
r b

ag
 (6

.0
); 

hi
gh

 
flo

w 
(1

2.
8)

; n
on

- in
va

siv
e 

ve
nt

ila
tio

n 
or

 in
va

siv
e 

ve
nt

ila
tio

n 
(8

1.
2)

Hy
dr

oc
or

tis
on

e,
 p

la
ce

bo

Ed
al

at
ifa

rd
, 2

02
040

Pu
bl

ish
ed

 
(IR

CT
20

20
04

04
04

69
47

N1
)

68
Ira

n
58

.5
62

.9
In

pa
tie

nt
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(1
00

); 
cr

iti
ca

l (
0)

Na
sa

l c
an

nu
la

 (2
1.

0)
; s

im
-

pl
e 

m
as

k 
(1

1.
3)

; r
es

er
ve

 
m

as
k 

(2
9.

0)
; n

on
- in

va
siv

e 
ve

nt
ila

tio
n 

(3
7.

1)

M
et

hy
lp

re
dn

is
ol

on
e,

 s
ta

nd
ar

d 
ca

re

Fa
ra

ha
ni

, 2
02

041
Pr

ep
rin

t 
(IR

CT
20

20
04

06
04

69
63

N1
)

29
Ira

n
64

65
.5

In
pa

tie
nt

, i
nt

en
siv

e 
ca

re
 

(1
00

.0
)

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(1

00
)

No
t r

ep
or

te
d

M
et

hy
lp

re
dn

is
ol

on
e,

 p
re

dn
i-

so
lo

ne
 s

ta
nd

ar
d 

ca
re

Ho
rb

y, 
20

21
RE

CO
VE

RY
42

Pu
bl

ish
ed

 (N
CT

04
38

19
36

)
64

25
UK

66
.2

63
.6

In
pa

tie
nt

No
t r

ep
or

te
d

Su
pp

le
m

en
ta

l o
xy

ge
n 

or
 

no
n-

 in
va

siv
e 

ve
nt

ila
tio

n 
(6

0.
4)

; i
nv

as
iv

e 
ve

nt
ila

tio
n 

or
 e

xt
ra

co
rp

or
ea

l m
em

-
br

an
e 

ox
yg

en
at

io
n 

(1
5.

7)

De
xa

m
et

ha
so

ne
, s

ta
nd

ar
d 

ca
re

Ja
m

aa
ti,

 2
02

143
Pu

bl
ish

ed
 

(IR
CT

20
15

12
27

02
57

26
N1

7)
50

Ira
n

62
72

In
pa

tie
nt

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(1

00
)

No
t r

ep
or

te
d

De
xa

m
et

ha
so

ne
, s

ta
nd

ar
d 

ca
re

Je
ro

ni
m

o,
 2

02
0;

M
et

co
vi

d44
Pu

bl
ish

ed
 (N

CT
04

34
37

29
)

41
6

Br
az

il
55

65
.3

In
pa

tie
nt

, i
nt

en
siv

e 
ca

re
 

(3
5.

4)
No

t r
ep

or
te

d
No

n-
 in

va
siv

e 
ox

yg
en

 
(4

7.
5)

; i
nv

as
iv

e 
m

ec
ha

ni
-

ca
l v

en
til

at
io

n 
(3

3.
9)

M
et

hy
lp

re
dn

is
ol

on
e,

 p
la

ce
bo

St
er

oi
ds

- S
AR

I
Da

ta
 fr

om
 m

et
a-

 an
al

ys
is 

(N
CT

04
24

45
91

)
47

Ch
in

a
64

.5
74

.5
In

pa
tie

nt
, i

nt
en

siv
e 

ca
re

 
(1

00
.0

)
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(0
); 

cr
iti

ca
l (

10
0)

M
ec

ha
ni

ca
l v

en
til

at
io

n 
(5

7.
5)

M
et

hy
lp

re
dn

is
ol

on
e,

 s
ta

nd
ar

d 
ca

re
DE

XA
- C

OV
ID

 1
9

Da
ta

 fr
om

 m
et

a-
 an

al
ys

is 
(N

CT
04

32
50

61
)

19
Sp

ai
n

60
.7

68
.4

No
t r

ep
or

te
d

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(0

); 
cr

iti
ca

l (
10

0)
In

va
siv

e 
ve

nt
ila

tio
n 

(1
00

.0
)

De
xa

m
et

ha
so

ne
, s

ta
nd

ar
d 

ca
re

CO
VI

D 
ST

ER
OI

D
Da

ta
 fr

om
 m

et
a-

 an
al

ys
is 

(N
CT

04
34

83
05

)
29

De
nm

ar
k

59
.4

79
.3

No
t r

ep
or

te
d

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(0

); 
cr

iti
ca

l (
10

0)
M

ec
ha

ni
ca

l v
en

til
at

io
n 

(5
1.

7)
Hy

dr
oc

or
tis

on
e,

 p
la

ce
bo

Ta
ng

, 2
02

145
Pu

bl
ish

ed
 (N

CT
04

27
33

21
)

86
Ch

in
a

56
47

.7
In

pa
tie

nt
, i

nt
en

siv
e 

ca
re

 
(0

.0
)

M
ild

/m
od

er
at

e 
(0

); 
se

ve
re

 
(1

00
)

Na
sa

l c
an

nu
la

 (7
0.

9)
M

et
hy

lp
re

dn
is

ol
on

e,
 s

ta
nd

ar
d 

ca
re

To
m

az
in

i, 
20

20
;

Co
DE

X46
Pu

bl
ish

ed
 (N

CT
04

32
74

01
)

29
9

Br
az

il
61

.4
62

.5
In

pa
tie

nt
, i

nt
en

siv
e 

ca
re

 
(1

00
.0

)
M

ild
/m

od
er

at
e 

(0
); 

se
ve

re
 

(0
); 

cr
iti

ca
l (

10
0)

Pr
es

su
re

 co
nt

ro
l v

en
til

at
io

n 
(4

4.
5)

; v
ol

um
e 

co
nt

ro
l 

ve
nt

ila
tio

n 
(4

6.
5)

; o
th

er
 

(9
.0

)

De
xa

m
et

ha
so

ne
, s

ta
nd

ar
d 

ca
re

Va
ira

, 2
02

047
Pu

bl
ish

ed
18

Ita
ly

42
.1

38
.9

Ou
tp

at
ie

nt
, i

nt
en

siv
e 

ca
re

 
(0

.0
%

)
M

ild
/m

od
er

at
e 

(1
00

); 
se

ve
re

 (0
); 

cr
iti

ca
l (

0)
No

t r
ep

or
te

d
Co

rti
co

st
er

oi
ds

, s
ta

nd
ar

d 
ca

re

Ta
bl

e 
1 

Co
nt

in
ue

d



Zeraatkar D, et al. BMJMED 2022;1:e000036. doi:10.1136/bmjmed-2021-00003610

OPEN ACCESSOPEN ACCESS

ventilation) and potential harm of 400 mg sarilumab 
in patients in the severe group (receiving low flow 
supplemental oxygen) and the multisystem organ 
dysfunction group. Subsequently, enrolment into the 
severe and multisystem organ dysfunction groups 
and use of the 200 mg dose of sarilumab were discon-
tinued. Thereafter, phase 2 was amended to restrict 
enrolment to patients in the critical group receiving 
mechanical ventilation with further randomisation 
to 400 mg sarilumab and placebo, and to add two 
new cohorts. These new cohorts included a group of 
patients with critical disease receiving mechanical 
ventilation who were randomised to 800 mg sari-
lumab or placebo (phase 3 modification 1); and a 
group of patients with critical disease not receiving 
mechanical ventilation, but requiring high flow 
oxygen or non- invasive ventilation, randomised to 
800 mg sarilumab or placebo (phase 2 modification 
2). The trial was thus treated as four separate trials 

(phase 1, phase 2 modification 0, phase 2 modifica-
tion 1, phase 2 modification 2).

Patient characteristics
Table 1 presents characteristics of included patients. 
Trials included a median of 129 participants (inter-
quartile range 47- 354). The mean age of patients in 
trials ranged between 42.1 to 69.8 years. About half 
of all patients were recruited from the UK. All but 
one trial reported on in- patients. Most patients had 
severe to critical disease and were receiving supple-
mentary oxygen.

Risk of bias
Figure  3 presents risk- of- bias assessments for the 
trials included in the analysis. Nine trials (including 
3801 participants) were rated as low risk of bias and 
the remainder (27 trials; 15 549 participants) were at 
high risk of bias—primarily due to a lack of blinding.

Tocilizumab

  Hermine 2020

  Horby 2021

  Rosas 2021

  Rutgers 2021

  Stone 2020

  Salama 2020

  Veiga 2021

Sarilumab

  Sivapalasingam 2021

Tocilizumab/sarilumab

  Gordon 2021

Tocilizumab/corticosteroids

  Rashad 2021

Corticosteroids

  Angus 2020

  Corral-Gudino 2020

  Dequin 2020

  Edaltifard 2020

  Horby 2020

  Jamaati 2021

  Jeronimo 2020

  Tang 2021

  Tomazini 2020

Author (if published)

ARCHITECTS (NCT04412772)

CORIMUNO-TOCI-ICU (NCT04331808)

COV-AID (NCT04330638)

COVIDOSE2-SSA (NCT04479358)

COVIDSTORM (NCT04577534)

COVITZOZ (NCT 04435717)

CORIMUNO-TOCI-1 (NCT04331808)

HMO-020-0224 (NCT04377750)

RECOVERY (NCT04381936)

ImmCoVA (NCT04412291)

REMDACTA (NCT04409262)

COVACTA (NCT04320615)

PreToVid (NL8504)

BACC Bay (NCT04356937)

EMPACTA (NCT04356937)

TOCIBRAS (NCT04403685)

CORIMUNO-SARI-1 (NCT04324073)

CORIMUNO-SARI-ICU (NCT04324073)

SARCOVID (NCT04357808)

SARICOR (EudraCT2020-001531-27)

SARTRE (EudraCT2020-002037-15)

Sarilumab-COVID-19 (NCT04315298)

REMAP-CAP (NCT02735707)

(CT04519385 (19/08/2020))

REMAP-CAP (NCT02735707)

GLUCCOCOVID (2020-001934-37)

CAPECOVID (NCT02517489)

(IRCT202004046947N1)

RECOVERY (NCT04381936)

(IRCT20151227025726N17)

Metcovid (NCT04343729)

DEXA-COVID 19 (NCT04325061)

COVID STEROID (NCT04348305)

Steroids-SARI (NCT04244591)

Tang_2 (NCT04273321)

CoDEX (NCT04327401)

Trial (trial registration) Randomisation Deviations
from intended
intervention

Missing
outcome

data

Measurement
of outcome

Selection
of reported

results

Low risk of bias Probably low risk of bias Probably high risk of bias High risk of bias

Figure 3 | Risk of bias of trials included in network meta- analysis comparing tocilizumab and sarilumab for covid- 19, 
alone or in combination with corticosteroids, and trials comparing corticosteroids with standard care or interleukin 6 
receptor blockers
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Mortality
The network meta- analysis included 36 trials, with 
19 350 patients and 5269 deaths comparing tocili-
zumab and sarilumab, with or without corticoster-
oids, and comparing corticosteroids with standard 
care or placebo.6 26–28 30 31 34 35 37–40 42–46 48 The anal-
ysis did not include the remaining nine trials from 
the initial search because they either did not report 
outcome data, or we could not retrieve subgroup 
data based on concomitant treatment with corticos-
teroids for trials compared interleukin 6 receptor 
blockers with standard care or placebo.29 32 33 36 41 47 

figure  4 presents the network plot. Online supple-
mental file 1 presents data for the network meta- 
analysis. Table 2 presents results from the network 
meta- analysis.

Compared with corticosteroids alone, tocili-
zumab, in combination with corticosteroids, 
probably reduce mortality and sarilumab, in combi-
nation with corticosteroids, might reduce mortality 
(odds ratio 0.79, 95% credible interval 0.70 to 
0.88; 34.54 fewer deaths per 1000 people, 51.80 
to −18.23; moderate certainty). In combination 
with corticosteroids, tocilizumab could have similar 
effects to sarilumab in reducing mortality (1.07, 0.86 
to 1.34; 8.19 more per 1000,–20.49 to 34.96; low 
certainty). The effects of tocilizumab and sarilumab, 
when used alone, are unclear and might increase 
or reduce mortality compared with standard care 
(tocilizumab 1.12, 0.91 to 1.38; 19.73 more per 
1000, –15.78 to 58.52; low certainty; sarilumab 
1.07, 0.81 to 1.40; 10.60 more per 1000, –38.37 
to 55.17; low certainty). Online supplemental file 
2 presents all direct and indirect comparisons and 
their certainty of evidence.

Online supplemental file 3 presents results from 
the random effects model, which were consistent 
with results from the fixed effects model—however, 
the random effects model produced effect estimates 
that were more imprecise owing to the incorpora-
tion of an additional heterogeneity parameter in the 
model.

Standard care
or placebo

Sarilumab

Sarilumab, corticosteroidsTocilizumab,
corticosteroids

Tocilizumab

Corticosteroids

Figure 4 | Network diagram of meta- analysis comparing 
use of tocilizumab and sarilumab for covid- 19, alone or 
in combination with corticosteroids. Nodes are weighted 
by the number of studies for each treatment, and edges 
are weighted by precision (inverse variance) for each 
pairwise comparison

Table 2 | Summary of findings for network meta- analysis comparing use tocilizumab and sarilumab for covid- 19, alone 
or in combination with corticosteroids

Comparison Odds ratio (95% CrI)

Risk difference (95% CrI)

Certainty/quality 
of evidence Summary

Intervention 1
(No of deaths/1000 
people)

Intervention 2
(No of 
deaths/1000 
people)

Tocilizumab v stand-
ard care

1.12 (0.91 to 1.38) 150 per 1000 130 per 1000 Low (risk of bias, 
imprecision)

Tocilizumab might increase or 
reduce mortality compared with 
standard care

Difference: 19.73 more per 1000 
(−15.78 to 58.52)

Sarilumab v stand-
ard care

1.07
(0.81 to 1.40)

141 per 1000 130 per 1000 Low (risk of bias, 
imprecision)

Sarilumab might increase or reduce 
mortality compared with standard 
care.

Difference: 10.60 more per 1000 
(−38.37 to 55.17)

Corticosteroids v 
standard care

0.84
(0.75 to 0.93)

101 per 1000 130 per 1000 Moderate (risk of 
bias)

Corticosteroids probably reduce 
mortality compared with standard 
care

Difference: 29.27 fewer per 1000 
(−46.74 to −12.24)

Sarilumab v tocili-
zumab

0.95
(0.68 to 1.35)

141 per 1000 150 per 1000 Very low (risk of 
bias, imprecision)

The effects of sarilumab compared 
with tocilizumab are uncertainDifference: 9.13 fewer per 1000

(−74.66 to 49.13)
Tocilizumab and 
corticosteroids v 
corticosteroids 
alone

0.79
(0.70 to 0.88)

66 per 1000 101 per 1000 Moderate (risk of 
bias)

Tocilizumab, in combination with 
corticosteroids, probably reduces 
mortality compared with corticos-
teroids alone

Difference: 34.54 fewer per 1000 
(−51.80 to −18.23)

Sarilumab and 
corticosteroids v 
corticosteroids 
alone

0.73 (0.58 to 0.92) 58 per 1000 101 per 1000 Low (risk of bias, 
imprecision)

Sarilumab, in combination with 
corticosteroids, might reduce mor-
tality compared with corticosteroids 
alone

Difference: 42.73 fewer per 1000 
(−72.61 to −12.00)

Tocilizumab and 
corticosteroids 
v sarilumab and 
corticosteroids

1.07
(0.86 to 1.34)

66 per 1000 58 per 1000 Low (risk of bias, 
imprecision)

Tocilizumab, in combination 
with corticosteroids, could have 
similar effects to reduce mortality 
compared with sarilumab in combi-
nation with corticosteroids

Difference: 8.19 more per 1000
(−20.49 to 34.96)

https://dx.doi.org/10.1136/bmjmed-2021-000036
https://dx.doi.org/10.1136/bmjmed-2021-000036
https://dx.doi.org/10.1136/bmjmed-2021-000036
https://dx.doi.org/10.1136/bmjmed-2021-000036
https://dx.doi.org/10.1136/bmjmed-2021-000036
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Discussion
Principal findings
This systematic review and network meta- analysis, 
which includes data from 45 randomised trials and 
20 650 patients (36 trials with 19 350 patients 
eligible for network meta- analysis), provides a 
comprehensive overview of the evidence for inter-
leukin 6 receptor blockers, alone and in combina-
tion with corticosteroids. Our results show that, 
in patients with severe or critical covid- 19, tocilu-
zumab probably reduces mortality when added to a 
standard care regimen that includes corticosteroids; 
and sarilumab could reduce mortality when added 
to a standard care regimen that includes corticoster-
oids. We also show that sarilumab could have similar 
effectiveness to tocilizumab but whether interleukin 
6 receptor blockers have any impact on mortality 
without concomitant use of corticosteroids remains 
uncertain.

Comparison with other studies
Our findings are consistent with those from a prospec-
tive pairwise meta- analysis11 and the largest trials 
on interleukin 6 receptor blockers, RECOVERY and 
REMAP- CAP.6 7 While RECOVERY and REMAP- CAP 
reported tocilizumab and sarilumab to be effective, 
the observed effect could be attributed to over 80% of 
patients in these trials also receiving corticosteroids 
concomitantly.6 7 A subgroup analysis of RECOVERY 
based on baseline corticosteroids showed a reduc-
tion in mortality in the subgroup of patients who 
received corticosteroids at baseline, but this reduc-
tion in mortality was not observed in patients that 
did not receive corticosteroids.6 Although several 
smaller trials did not find evidence of a benefit with 
tocilizumab, this is probably because smaller indi-
vidual trials were underpowered to detect such a 
modest reduction in mortality.

Our study adds to the evidence base by showing 
that interleukin 6 receptor blockers probably reduce 
mortality when added to a standard care regimen that 
includes corticosteroids, and that sarilumab could 
have a similar effect on mortality as tocilizumab. This 
result is largely driven by the REMAP- CAP trial that 
directly compared sarilumab to tocilizumab.

Strengths and limitations of this study
The strengths of this review include the comprehen-
sive search and screening strategy. In addition to 
trials that we identified as part of our own search, 
we also added trials from two pairwise, prospective 
meta- analyses that included an inception cohort of 
registered trials, thereby minimising the effects of 
publication bias.11 15

Our findings were limited by the risk of bias of 
the trials, most of which were at high risk of bias 
owing to a lack of blinding, which might have intro-
duced bias through differences in co- interventions 
between randomised groups. We took a conservative 

approach and rated down the certainty of evidence 
for risk of bias, owing to possible differences in 
co- interventions. Some, including the linked WHO 
guideline panel, did not consider lack of blinding 
to be a serious concern for mortality because it is an 
objective outcome.13

In this review, we only considered corticosteroid 
use at the time of randomisation. Some patients 
probably received corticosteroids after randomi-
sation, but were considered not to have received 
concomitant corticosteroids. Administration of corti-
costeroids to patients was not at random.

In the included trials, patients were not 
randomised to receive interleukin 6 receptor blockers 
alone or in combination with corticosteroids, and the 
comparison of interleukin 6 receptor blockers with 
and without corticosteroids was based on subgroup 
data. Corticosteroids are recommended for patients 
with severe or critical disease receiving supplemental 
oxygen or ventilation and are not recommended for 
patients with mild or moderate disease, so we would 
expect patients receiving corticosteroids to have 
worse outcomes than patients not receiving corticos-
teroids.13 The opposite effect was, however, observed 
in our study, with patients receiving interleukin 6 
receptor blockers in combination with corticoster-
oids faring better than those receiving interleukin 6 
receptor blockers alone, which further supports an 
interaction between interleukin 6 receptor blockers 
and corticosteroids.

Claims of subgroup effects or interactions are often 
spurious. To avoid any spurious claims, the parallel 
WHO guideline panel assessed the credibility of the 
subgroup effect using the ICEMAN tool and found it 
to be of high credibility.49 While corticosteroids are 
associated with respiratory support, a parallel, pair-
wise systematic review and meta- analysis did not 
find evidence of a subgroup effect based on baseline 
respiratory use.11

Four trials included in our systematic review were 
only available as preprint publications. Including 
preprints in meta- analyses could increase the preci-
sion of estimates, allow timely dissemination, and 
minimise the effects of publication bias. Preprints 
could, however, reduce the credibility of evidence 
syntheses and risk serious errors if important differ-
ences appear in later published reports. As part 
of our living systematic review and network meta- 
analysis, we have been maintaining a comprehensive 
comparison of differences in key methods and results 
between preprints and publications. Such differences 
have mostly been limited to baseline patient charac-
teristics and any changes we have observed have not 
resulted in an important change to the pooled effect 
estimates or certainty of evidence.2

Conclusion
Evidence from this systematic review and network 
meta- analysis indicates that in patients with severe 



Zeraatkar D, et al. BMJMED 2022;1:e000036. doi:10.1136/bmjmed-2021-000036 13

OPEN ACCESSOPEN ACCESS

or critical covid- 19, interleukin 6 receptor blockers, 
when administered with corticosteroids, probably 
reduce mortality. The available evidence suggests that 
tocilizumab and sarilumab could be similarly effec-
tive. Our findings support linked WHO guidelines 
on interleukin 6 receptor blockers, which provides a 
strong recommendation for using either tocilizumab 
or sarilumab in combination with corticosteroids for 
patients with severe or critical covid- 19.13
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