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Comparative efficacy and safety of 
pharmacological interventions for severe COVID-
19 patients
An updated network meta-analysis of 48 randomized 
controlled trials
Qinglin Cheng, PhDa,b,* , Gang Zhao, PhDa, Junfang Chen, BSa, Qingjun Jia, MDa, Zijian Fang, MDa

Abstract 
Background: To date, there has been little agreement on what drug is the "best" drug for treating severe COVID-19 patients. 
This study aimed to assess the efficacy and safety of different medications available at present for severe COVID-19.

Methods: We searched databases for randomized controlled trials (RCTs) published up to February 28, 2022, with no language 
restrictions, of medications recommended for patients (aged 16 years or older) with severe COVID-19 infection. We extracted 
data on trials and patient characteristics, and the following primary outcomes: all-cause mortality (ACM), and treatment-emergent 
adverse events (TEAEs).

Results: We identified 4021 abstracts and of these included 48 RCTs comprising 9147 participants through database searches 
and other sources. For decrease in ACM, we found that ivermectin/doxycycline, C-IVIG (i.e., a hyperimmune anti-COVID-19 
intravenous immunoglobulin), methylprednisolone, interferon-beta/standard-of-care (SOC), interferon-beta-1b, convalescent 
plasma, remdesivir, lopinavir/ritonavir, immunoglobulin gamma, high dosage sarilumab (HS), auxora, and imatinib were effective 
when compared with placebo or SOC group. We found that colchicine and interferon-beta/SOC were only associated with the 
TEAEs of severe COVID-19 patients.

Conclusion: This study suggested that ivermectin/doxycycline, C-IVIG, methylprednisolone, interferon-beta/SOC, interferon-
beta-1b, convalescent plasma (CP), remdesivir, lopinavir/ritonavir, immunoglobulin gamma, HS, auxora, and imatinib were 
efficacious for treating severe COVID-19 patients. We found that most medications were safe in treating severe COVID-19. More 
large-scale RCTs are still needed to confirm the results of this study.

Abbreviations: ACM = all-cause mortality, CI = confidence interval, C-IVIG = hyperimmune anti-COVID-19 intravenous 
immunoglobulin, COVID-19 = coronavirus disease 2019, CP = convalescent plasma, CQ = chloroquine, DS = duration of study, 
HCQ = hydroxychloroquine, HS = high dosage sarilumab, IFN-β = interferon beta, IG = immunoglobulin gamma, LPV/r = lopinavir/
ritonavir, LS = low dosage sarilumab, NMA = network meta analysis, OR = odds ratio, RCTs = randomized controlled trials, RRB 
= risk of reported bias, SOC = standard of care, SS = sample size, SUCRA = surface under the cumulative ranking area, TEAEs 
= treatment-emergent adverse events, WHO = World Health Organization.
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1. Introduction

To date, the World Health Organization has confirmed over 
480 million cases.[1] The mortality in patients with COVID-19 
was estimated at 1.28%.[1] For the current analyses, COVID-
19 infection is the leading cause of the global burden of disease 
and public health, which has increased significantly since 2019, 
driven mainly by high morbidity, high impact, and mortality.[2]

Analysis of the data showed many pharmacologic interven-
tions have been used to treat COVID-19 patients, which have 
been effective against COVID-19 infection.[3–5] However, there 
were many compounds that differ in efficacy and safety, and 
it was not clear which drug was the “best” drug for treating 
severe COVID-19 patients. Due to the small sample size and 
time-updated lagged in previous meta-analyses and studies, 
there has been debate about the effectiveness and safety of 
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drugs, with some findings contradicting each other for COVID-
19 infection.[6,7]

Of primary concern was the medications on COVID-19 with 
all infection levels (i.e., mild, moderate and severe infection) in 
prior studies.[8] Here, we had a critical shortage that we lacked 
an analysis stratified by different infection levels in medications 
of COVID-19. It is well known that the disease varies in infec-
tion, which could lead to individual treatment of different infec-
tion subgroups in patients.[9]

Though the network meta analysis (NMA) has been per-
formed in prior reports,[7] there was little published data on the 
network study for the therapy of severe COVID-19 patients. 
Additionally, we found that there have been further randomized 
controlled trials (RCTs) of some other drugs for the treatment 
of COVID-19 through the literature search.[10] Some large-scale 
RCTs have been completed in the treatment of COVID-19 infec-
tion. We urgently need an updated assessment of the available 
evidence to support clinical decision-making.

How do we select pharmacological interventions for severe 
COVID-19 patients in clinical practice? In order to fill this gap, 
we did an updated NMA of RCTs for drug interventions of 
severe COVID-19 infection. The purpose of this study is to eval-
uate the efficacy and safety of medications based on RCTs of the 
available evidence for severe COVID-19 infection.

2. Materials and Methods

2.1. Protocol and registration

We performed the present NMA in accordance with the guide-
lines of the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses statement.[11] This study was a review arti-
cle and did not involve a research protocol requiring approval 
by a relevant institutional review board or ethics committee. 
Informed consent was also not applicable. We registered the 
protocol in the International Prospective Register of Systematic 
Reviews (PROSPERO) (CRD42021293879).

2.2. Search strategy and selection criteria

We conducted a systematic literature search in 8 electronic 
databases (PubMed, Elsevier Science Direct, Cochrane Library, 
Google Scholar, Springer Link, MedRxiv, China National 
Knowledge Infrastructure, and Wanfangdata) for RCTs pub-
lished, with no language restrictions from their inception to 
February 28, 2022. We included the RCTs on the treatment of 
severe COVID-19 patients (aged 16 years or older). The appen-
dix had full search strategies listed (Supplemental Appendix 1, 
http://links.lww.com/MD/H533). We extracted data on RCTs, 
patient and medications characteristics (Table 1).

To determine their eligibility, we reviewed the abstracts and 
full-texts of potentially relevant articles. We selected articles 
for the evaluation based on the criterion: at least one statisti-
cal analysis of the association between severe COVID-19 and 
medications was presented and described as an assessment for 
efficacy or safety.

All RCTs that measured the efficacy or safety between drug 
interventions and severe COVID-19 infection were consid-
ered for inclusion. We listed full inclusion and exclusion cri-
teria in the appendix (Supplemental Appendix 2, http://links.
lww.com/MD/H534). During the selection of qualified studies, 
we resolved any ambiguity through mutual discussion and 
consensus.

2.3. Data extraction

At least 2 independent investigators (JQJ, CJF, and FZJ) 
extracted and entered onto all data through a standard-
ized data extraction form. The main data extracted was the 

assessments of efficacy and safety. We collected the following 
information: basic characteristics, including author name, pub-
lication year, country/countries of origin, study design, method 
of COVID-19 testing, patient population, age, gender, sample 
size, interventions, treatment medication dose, controls, con-
trol medication dose, follow-up time, and primary outcomes; 
Primary outcomes, including all-cause mortality (ACM) and 
rate of treatment-emergent adverse events (TEAEs). We also 
contacted the authors if they did not report the above data 
information in the published article. One independent inves-
tigator undertook a preliminary extraction of studies, and 
another investigator reviewed the extraction. Differences were 
discussed, and a third researcher participated (CQL) if they 
reached no agreement.

2.4. Quality assessment

At least 2 investigators (ZG, CQL, JQJ, CJF, and FZJ) evalu-
ated the risk of bias for all studies. We estimated the risk of bias 
with the Cochrane Risk-of-Bias Tool.[12] We assessed the cer-
tainty of evidence by using the Grading of Recommendations 
Assessment, Development, and Evaluation approach for the 
NMA.[13]

2.5. Outcome measures and definitions

The severe COVID-19 infection represented patients with fever 
or suspected respiratory infection, plus one of the following: 
respiratory rate > 30 breaths/min, severe respiratory distress, 
or SpO2 ≤ 93% on room air.[14,15] The primary outcomes were 
the ACM and TEAEs for severe COVID-19 patients, from the 
beginning of treatment to the end of follow-up. The definitions 
of ACM, TEAEs, and severe COVID-19 patients can refer to our 
previous study.[14]

2.6. Data analysis

2.6.1. Assessment of the transitivity assumption. Transitivity 
is the fundamental assumption of indirect comparisons and 
NMA. We investigated the distribution of potential effect 
modifiers to assess the transitivity assumption. Potential 
effect modifiers included multicenter study, duration of study 
(DS), blinding, crossover design, sample size (SS), industry 
sponsorship, and risk of reported bias (RRB).

2.6.2. Network meta-analysis. We used STATA statistical 
software (Version 15, Stata Corporation, and College Station, 
Texas, USA) to conduct NMAs. We analyzed binary variables 
(ACM and TEAEs) using odds ratio (OR) with 95% confidence 
interval (CI). The appendix reported additional details 
(Supplemental Appendix 3, http://links.lww.com/MD/H535). 
We defined statistical significance as the P value < .05.

We merged simultaneously the direct evidence and indirect 
evidence or different indirect evidence through an NMA. In 
NMA, we analyzed the effect of intervention using group-level 
data. A fixed-effect model (i.e., I2 ≤ 50%) or a random-effect 
model (i.e., I2 > 50%) was used to summarize the effect sizes of 
NMA. We ranked the therapeutic effect for each outcome using 
the surface under the cumulative ranking area (SUCRA) curve 
and mean ranks.[16] In addition, the endpoints which lower was 
better would show rank 1 was the best and rank N was the 
worst based on figures and vice versa.

2.6.3. Assessment of heterogeneity and inconsistency. We 
used the node splitting method (i.e., split evidence on a specific 
comparison into direct and indirect evidence) to estimate the 
inconsistency of NMAs.[17] There was no significant inconsistency 
in outcomes if P > .05.

http://links.lww.com/MD/H533
http://links.lww.com/MD/H534
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http://links.lww.com/MD/H535


3

Cheng et al. • Medicine (2022) 101:41 www.md-journal.com

T
a

b
le

 1

C
ha

ra
ct

er
is

ti
cs

 o
f 

ra
nd

o
m

iz
ed

 c
o

nt
ro

lle
d

 t
ri

al
s 

o
f 

p
ha

rm
ac

o
lo

g
ic

al
 in

te
rv

en
ti

o
ns

 in
 s

ev
er

e 
p

at
ie

nt
s 

w
it

h 
C

O
V

ID
-1

9.

Au
th

or
 n

am
e 

(r
ef

er
en

ce
) 

Pu
bl

ic
at

io
n 

yr
 

Co
un

tr
y/

Co
un

tr
ie

s 
of

 
or

ig
in

 
St

ud
y 

de
si

gn
 

M
et

ho
d 

of
 

CO
VI

D-
19

 
te

st
in

g 
Nu

m
be

rs
 o

f 
pa

rt
ic

ip
an

ts
 

Ge
nd

er
* 

Ag
e 

(y
rs

) 
In

te
rv

en
tio

ns
 

Tr
ea

tm
en

t m
ed

ic
at

io
n 

do
se

 
Co

nt
ro

ls
 

Co
nt

ro
l m

ed
ic

at
io

n 
do

se
 

Fo
llo

w
-u

p 
tim

e 
(d

) 
Pr

im
ar

y 
ou

tc
om

es
 

Ab
sa

ló
n-

Ag
ui

la
r 

A 
et

 a
l [1

8]

20
21

M
ex

ic
o

TR
PC

Ts
RT

-P
CR

11
6

M
al

es
 (n

 =
 7

6)
; 

Fe
m

al
es

 (n
 

=
 4

0)

≥ 
18

Co
lc

hi
ci

ne
 (n

 
=

 5
6)

Pa
tie

nt
s 

re
ce

ive
d 

1.
5 

m
g 

of
 

co
lc

hi
ci

ne
 a

t b
as

el
in

e,
 w

hi
ch

 
co

rre
sp

on
de

d 
to

 th
e 

da
y 

of
 

th
e 

pa
tie

nt
’s

 re
cr

ui
tm

en
t i

n 
th

e 
st

ud
y, 

an
d,

 th
en

, 0
.5

 m
g 

PO
 B

ID
 fo

r 1
0 

da
ys

Pl
ac

eb
o 

(n
 =

 
60

)
Pa

tie
nt

s 
re

ce
ive

d 
pl

ac
eb

o 
PO

 a
t b

as
el

in
e,

 w
hi

ch
 

co
rre

sp
on

de
d 

to
 th

e 
da

y 
of

 th
e 

pa
tie

nt
’s

 re
-

cr
ui

tm
en

t i
n 

th
e 

st
ud

y, 
an

d,
 th

en
, 0

.5
 m

g 
PO

 
BI

D 
fo

r 1
0 

da
ys

10
AC

M
; 

ra
tio

 o
f 

TE
AE

s

Ad
er

 F
 e

t a
l [1

9]
20

22
Eu

ro
pe

M
DR

CT
s

RT
-P

CR
32

8
No

t s
pe

ci
fie

d
≥ 

18
Re

m
de

si
vir

/S
OC

 
(n

 =
 1

61
)

Re
m

de
si

vir
 w

as
 a

dm
in

is
te

re
d 

in
-

tra
ve

no
us

ly 
at

 a
 lo

ad
in

g 
do

se
 

of
 2

00
 m

g 
on

 d
ay

 1
 fo

llo
w

ed
 

by
 a

 1
00

 m
g,

 1
-h

 in
fu

si
on

 
on

ce
-d

ai
ly 

fo
r a

 to
ta

l d
ur

at
io

n 
of

 1
0 

da
ys

SO
C 

(n
 =

 
16

7)
Lo

pi
na

vir
–r

ito
na

vir
 

(L
PV

/R
), 

LP
V/

R 
an

d 
in

te
rfe

ro
n 

be
ta

-1
a,

 o
r 

hy
dr

ox
yc

hl
or

oq
ui

ne

29
AC

M

Al
i S

 e
t a

l [2
0]

20
21

Pa
ki

st
an

RC
Ts

RT
-P

CR
50

M
al

es
 (n

 =
 3

5)
; 

Fe
m

al
es

 (n
 

=
 1

5)

≥ 
18

Hy
pe

rim
m

un
e 

an
-

ti-
CO

VI
D-

19
 

In
tra

ve
no

us
 

Im
m

un
og

lo
b-

ul
in

 (C
-IV

IG
) (

n 
=

 4
0)

5%
 C

-IV
IG

 d
os

ag
e 

ar
m

s 
(0

.1
5,

 
0.

20
, 0

.2
5,

 0
.3

0 
g/

kg
)

SO
C 

(n
 =

 
10

)
No

t s
pe

ci
fie

d
28

AC
M

; 
ra

tio
 o

f 
TE

AE
s

Al
Qa

ht
an

i M
et

 
al

.[2
1]

20
21

Ba
hr

ai
n

RC
Ts

RT
-P

CR
40

M
al

es
 (n

 =
 3

2)
; 

Fe
m

al
es

 (n
 

=
 8

)

≥ 
21

Co
nv

al
es

ce
nt

 
pl

as
m

a 
(n

 
=

 2
0)

Th
e 

do
sa

ge
 o

f C
P 

w
as

 4
00

 m
L,

 
gi

ve
n 

as
 2

00
 m

L 
ov

er
 2

 h
 o

ve
r 

2 
su

cc
es

si
ve

 d
ay

s

SO
C 

(n
 =

 
20

)
Po

ss
ib

le
 th

er
ap

y 
in

cl
ud

in
g 

an
tiv

ira
l m

ed
ic

at
io

ns
, 

to
ci

liz
um

ab
 a

nd
 a

nt
i-

ba
ct

er
ia

l m
ed

ic
at

io
n

28
AC

M
; 

ra
tio

 o
f 

TE
AE

s

Al
Sh

eh
ry

 N
et

 
al

. [2
2]

20
21

Sa
ud

i A
ra

bi
a

RC
Ts

RT
-P

CR
16

4
M

al
es

 (n
 =

 1
37

); 
Fe

m
al

es
 (n

 
=

 2
7)

≥ 
18

Co
nv

al
es

ce
nt

 
pl

as
m

a/
SO

C 
(n

 =
 4

0)

30
0 

m
L 

(2
00

–4
00

 m
L/

tre
at

m
en

t 
do

se
) c

on
va

le
sc

en
t p

la
sm

a 
at

 le
as

t o
nc

e,
 a

nd
 if

 re
qu

ire
d,

 
da

ily
 fo

r u
p 

to
 5

 s
es

si
on

s

SO
C 

(n
 =

 
12

4)
No

t s
pe

ci
fie

d
30

AC
M

Am
an

 J
et

 a
l. 

[1
0]

20
21

Ne
th

er
la

nd
s

DR
PC

Ts
RT

-P
CR

38
5

M
al

es
 (n

 =
 2

64
); 

Fe
m

al
es

 (n
 =

 
12

1)

≥ 
18

Im
at

in
ib

 (n
 =

 
19

7)
80

0 
m

g 
on

 d
ay

 0
 fo

llo
w

ed
 b

y 
40

0 
m

g 
da

ily
 o

n 
d 

1–
9

Pl
ac

eb
o 

(n
 =

 
18

8)
No

t s
pe

ci
fie

d
28

AC
M

Av
en

da
no

 S
ol

a 
C 

et
 a

l [2
3]

20
20

Sp
ai

n
M

RC
Ts

RT
-P

CR
81

M
al

es
 (n

 =
 4

4)
; 

Fe
m

al
es

 (n
 

=
 3

7)

≥ 
18

Co
nv

al
es

ce
nt

 
pl

as
m

a 
(n

 
=

 3
8)

Re
ce

ive
 1

 d
os

e 
(2

50
-3

00
 m

L)
 o

f 
co

nv
al

es
ce

nt
 p

la
sm

a
SO

C 
(n

 =
 

43
)

No
t s

pe
ci

fie
d

97
AC

M
; 

ra
tio

 o
f 

TE
AE

s
Be

ltr
an

-
Go

nz
al

ez
 

JL
et

 a
l. 

[2
4]

20
21

M
ex

ic
o

DR
PC

Ts
RT

-P
CR

10
6

M
al

es
 (n

 =
 6

6)
; 

Fe
m

al
es

 (n
 

=
 4

0)

53
 ±

 1
6.

9
Hy

dr
ox

yc
hl

o-
ro

qu
in

e 
(n

 
=

 3
3)

Hy
dr

ox
yc

hl
or

oq
ui

ne
 4

00
 m

g 
ev

er
y 

12
 h

 o
n 

th
e 

fir
st

 d
ay

 a
nd

 
su

bs
eq

ue
nt

ly,
 2

00
 m

g 
ev

er
y 

12
 h

 fo
r 4

 d
ay

s

Pl
ac

eb
o 

(n
 =

 
37

)
No

t s
pe

ci
fie

d
30

AC
M

Be
ltr

an
-

Go
nz

al
ez

 J
L 

et
 a

l [2
4]

20
21

M
ex

ic
o

DR
PC

Ts
RT

-P
CR

10
6

M
al

es
 (n

 =
 6

6)
; 

Fe
m

al
es

 (n
 

=
 4

0)

53
 ±

 1
6.

9
Ive

rm
ec

tin
 (n

 
=

 3
6)

Ive
rm

ec
tin

, 1
2 

m
g 

or
 1

8 
m

g
Pl

ac
eb

o 
(n

 =
 

37
)

No
t s

pe
ci

fie
d

30
AC

M

(C
on

tin
ue

d)



4

Cheng et al. • Medicine (2022) 101:41 Medicine

Au
th

or
 n

am
e 

(r
ef

er
en

ce
) 

Pu
bl

ic
at

io
n 

yr
 

Co
un

tr
y/

Co
un

tr
ie

s 
of

 
or

ig
in

 
St

ud
y 

de
si

gn
 

M
et

ho
d 

of
 

CO
VI

D-
19

 
te

st
in

g 
Nu

m
be

rs
 o

f 
pa

rt
ic

ip
an

ts
 

Ge
nd

er
* 

Ag
e 

(y
rs

) 
In

te
rv

en
tio

ns
 

Tr
ea

tm
en

t m
ed

ic
at

io
n 

do
se

 
Co

nt
ro

ls
 

Co
nt

ro
l m

ed
ic

at
io

n 
do

se
 

Fo
llo

w
-u

p 
tim

e 
(d

) 
Pr

im
ar

y 
ou

tc
om

es
 

Br
ue

n 
Ce

t a
l[2

5]
20

22
US

A
DR

PC
Ts

RT
-P

CR
26

1
M

al
es

 (n
 =

 1
76

); 
Fe

m
al

es
 (n

 
=

 8
5)

≥ 
18

Au
xo

ra
/S

OC
 (n

 =
 

13
0)

Au
xo

ra
 w

as
 a

dm
in

is
te

re
d 

by
 a

 
4-

h 
IV

 in
fu

si
on

 a
t 2

.0
 m

g/
kg

 (1
.2

5 
m

L/
kg

) a
t 0

-h
 a

nd
 

1.
6 

m
g/

kg
 (1

 m
L/

kg
) a

t 2
4 

an
d 

48
 h

Pl
ac

eb
o/

SO
C 

(n
 =

 
13

1)

Pl
ac

eb
o 

w
as

 d
os

ed
 a

t 
1.

25
 m

L/
kg

 a
t 0

-h
 a

nd
 

1 
m

L/
kg

 a
t 2

4 
an

d 
48

 h

60
AC

M

Ca
o 

Be
t a

l.[2
6]

20
20

Ch
in

a
RC

Ts
RT

-P
CR

19
9

M
al

es
 (n

 =
 1

20
); 

Fe
m

al
es

 (n
 

=
 6

9)

≥ 
18

Lo
pi

na
vir

/ri
to

na
-

vir
 (n

 =
 9

9)
Lo

pi
na

vir
–r

ito
na

vir
 (4

00
 m

g 
an

d 
10

0 
m

g:
 re

sp
ec

tiv
el

y)
 tw

ic
e 

a 
da

y 
fo

r 1
4 

da
ys

SO
C 

(n
 =

 
10

0)
No

t s
pe

ci
fie

d
28

AC
M

; 
ra

tio
 o

f 
TE

AE
s

Ca
o 

Ye
t a

l.[2
7]

20
20

Ch
in

a
RP

CT
s

RT
-P

CR
41

M
al

es
 (n

 =
 2

4)
; 

Fe
m

al
es

 (n
 

=
 1

7)

≥ 
18

Ru
xo

lit
in

ib
/S

OC
 

(n
 =

 2
0)

5 
m

g 
tw

ic
e 

a 
da

y
Pl

ac
eb

o 
(n

 =
 

21
)

No
t s

pe
ci

fie
d

28
AC

M
; 

ra
tio

 o
f 

TE
AE

s
Ca

ric
ch

io
 R

 e
t 

al
 [2

8]

20
21

Eu
ro

pe
 a

nd
 

th
e 

Un
ite

d 
St

at
es

DR
PC

Ts
RT

-P
CR

45
4

M
al

es
 (n

 =
 2

67
); 

Fe
m

al
es

 (n
 =

 
18

7)

≥ 
18

Ca
na

ki
nu

m
ab

/
SO

C 
(n

 =
 

22
5)

A 
si

ng
le

 in
tra

ve
no

us
 in

fu
si

on
 

of
 c

an
ak

in
um

ab
 (4

50
 m

g 
fo

r 
bo

dy
 w

ei
gh

t o
f 4

0-
<

60
 kg

, 
60

0 
m

g 
fo

r 6
0-

80
 kg

, a
nd

 
75

0 
m

g 
fo

r >
 8

0 
kg

; n
 =

 2
27

)

Pl
ac

eb
o/

SO
C 

(n
 =

 
22

3)

No
t s

pe
ci

fie
d

29
AC

M
; 

ra
tio

 o
f 

TE
AE

s

Cr
em

er
 P

Ce
t 

al
.[2

9]

20
21

US
A

M
DR

PC
Ts

RT
-P

CR
40

M
al

es
 (n

 =
 2

6)
; 

Fe
m

al
es

 (n
 

=
 1

4)

≥ 
18

M
av

ril
im

um
ab

 (n
 

=
 2

1)
Re

ce
ive

 m
av

ril
im

um
ab

 6
 m

g/
kg

 a
s 

a 
si

ng
le

 in
tra

ve
no

us
 

in
fu

si
on

Pl
ac

eb
o 

(n
 =

 
19

)
No

t s
pe

ci
fie

d
28

AC
M

; 
ra

tio
 o

f 
TE

AE
s

Da
vo

ud
i-

M
on

fa
re

d 
Ee

t a
l.[3

0]

20
20

Ira
n

RC
Ts

RT
-P

CR
81

M
al

es
 (n

 =
 4

4)
; 

Fe
m

al
es

 (n
 

=
 3

7)

≥ 
18

In
te

rfe
ro

n-
be

-
ta

-1
a/

SO
C 

(n
 

=
 4

2)

44
 m

g/
m

L 
(1

2 
m

illi
on

 IU
/m

L)
 

do
se

 o
f i

nt
er

fe
ro

n-
be

ta
-1

a 
3 

tim
es

 w
ee

kl
y 

fo
r 2

 c
on

se
cu

-
tiv

e 
w

ee
ks

SO
C 

(n
 =

 
39

)
HC

Q 
(4

00
 m

g 
tw

ic
e 

a 
da

y 
[B

ID
] o

n 
th

e 
fir

st
 d

ay
 

an
d 

th
en

 2
00

 m
g 

BD
) 

pl
us

 L
PV

/r 
(4

00
 a

nd
 

10
0 

m
g:

 re
sp

ec
tiv

el
y:

 
BD

) o
r a

ta
za

na
vir

-r
i-

to
na

vir
 (3

00
 a

nd
 1

00
 

m
g:

 re
sp

ec
tiv

el
y:

 d
ai

ly)
 

fo
r 7

–1
0 

da
ys

28
AC

M

de
 A

le
nc

ar
 

JC
Ge

t a
l. 

[3
1]

20
21

Br
az

il
DR

PC
Ts

RT
-P

CR
13

5
M

al
es

 (n
 =

 8
0)

; 
Fe

m
al

es
 (n

 
=

 5
5)

≥ 
18

N-
ac

et
ylc

ys
te

in
e 

(N
AC

, n
 =

 6
7)

N-
ac

et
ylc

ys
te

in
e 

(N
AC

,2
8 

m
g/

m
L 

an
d 

14
 m

g/
m

L)
Pl

ac
eb

o 
(n

 =
 

68
)

De
xt

ro
se

 5
%

 in
 w

at
er

 
(1

00
0 

m
L 

in
 to

ta
l) 

in
tra

ve
no

us
ly

9
AC

M

De
qu

in
 P

Fe
t 

al
.[3

2]

20
20

Fr
an

ce
DR

PC
Ts

RT
-P

CR
14

9
M

al
es

 (n
 =

 1
04

); 
Fe

m
al

es
 (n

 
=

 4
5)

≥ 
18

Hy
dr

oc
or

tis
on

e 
(n

 =
 7

6)
20

0 
m

g/
d 

un
til

 d
ay

 7
, 1

00
 m

g/
d 

fo
r 4

 d
ay

s 
an

d 
50

 m
g/

d 
fo

r 3
 

da
ys

, f
or

 a
 to

ta
l o

f 1
4 

da
ys

Pl
ac

eb
o 

(n
 =

 
73

)
No

t s
pe

ci
fie

d
14

AC
M

Ed
al

at
ifa

rd
 M

 e
t 

al
 [3

3]

20
20

Ira
n

RC
Ts

RT
-P

CR
62

M
al

es
 (n

 =
 3

9)
; 

Fe
m

al
es

 (n
 

=
 2

3)

≥ 
18

M
et

hy
lp

re
dn

is
-

ol
on

e/
SO

C 
(n

 
=

 3
4)

In
tra

ve
no

us
 in

je
ct

io
n:

 2
50

 m
g 

pe
r d

ay
 fo

r 3
 d

ay
s

SO
C 

(n
 =

 
28

)
HC

Q 
su

lfa
te

: l
op

in
av

ir 
an

d 
na

pr
ox

en
48

AC
M

T
a

b
le

1

(C
on

ti
n

u
ed

)

(C
on

tin
ue

d)



5

Cheng et al. • Medicine (2022) 101:41 www.md-journal.com

Au
th

or
 n

am
e 

(r
ef

er
en

ce
) 

Pu
bl

ic
at

io
n 

yr
 

Co
un

tr
y/

Co
un

tr
ie

s 
of

 
or

ig
in

 
St

ud
y 

de
si

gn
 

M
et

ho
d 

of
 

CO
VI

D-
19

 
te

st
in

g 
Nu

m
be

rs
 o

f 
pa

rt
ic

ip
an

ts
 

Ge
nd

er
* 

Ag
e 

(y
rs

) 
In

te
rv

en
tio

ns
 

Tr
ea

tm
en

t m
ed

ic
at

io
n 

do
se

 
Co

nt
ro

ls
 

Co
nt

ro
l m

ed
ic

at
io

n 
do

se
 

Fo
llo

w
-u

p 
tim

e 
(d

) 
Pr

im
ar

y 
ou

tc
om

es
 

El
y 

EW
et

 a
l[3

4]
20

22
Ar

ge
nt

in
a,

 
Br

az
il,

 
M

ex
ic

o,
 a

nd
 

th
e 

US
A

M
DR

PC
Ts

RT
-P

CR
10

1
M

al
es

 (n
 =

 5
5)

; 
Fe

m
al

es
 (n

 
=

 4
6)

≥ 
18

Ba
ric

iti
ni

b/
SO

C 
(n

 =
 5

1)
Ba

ric
iti

ni
b 

4 
m

g 
pl

us
 S

OC
 w

as
 

cr
us

he
d 

fo
r n

as
og

as
tri

c 
tu

be
 

de
liv

er
y 

(o
r g

ive
n 

or
al

ly 
w

he
n 

fe
as

ib
le

) a
nd

 g
ive

n 
on

ce
 

da
ily

 fo
r u

p 
to

 1
4 

da
ys

 o
r 

un
til

 d
is

ch
ar

ge
 fr

om
 h

os
pi

ta
l, 

w
hi

ch
ev

er
 o

cc
ur

re
d 

fir
st

Pl
ac

eb
o/

SO
C 

(n
 =

 
50

)

M
at

ch
ed

 p
la

ce
bo

 p
lu

s 
SO

C
60

AC
M

; 
ra

tio
 o

f 
TE

AE
s

Fu
rta

do
 R

HM
et

 
al

.[3
5]

20
20

Br
az

il
M

DR
CT

s
 R

T-
PC

R
39

7
M

al
es

 (n
 =

 2
62

); 
Fe

m
al

es
 (n

 =
 

13
5)

≥ 
18

Az
ith

ro
m

yc
in

/
SO

C 
(n

 =
 

21
4)

50
0 

m
g 

az
ith

ro
m

yc
in

 o
nc

e 
da

ily
 

pl
us

 S
OC

 fo
r 1

0 
da

ys
SO

C 
(n

 =
 

18
3)

SO
C 

w
ith

ou
t m

ac
ro

lid
es

: 
at

 th
e 

di
sc

re
tio

n 
of

 
tre

at
in

g 
hy

si
ci

an
s 

an
d 

ac
co

rd
in

g 
to

 lo
ca

l 
gu

id
el

in
es

29
AC

M

Gh
ar

eb
ag

hi
 N

et
 

al
.[3

6]

20
20

Ira
n

DR
PC

Ts
RT

-P
CR

59
M

al
es

 (n
 =

 4
1)

; 
Fe

m
al

es
 (n

 
=

 1
8)

≥ 
18

Im
m

un
og

lo
bu

lin
 

ga
m

m
a 

(n
 

=
 3

0)

IV
Ig

 (h
um

an
) fl

eb
og

am
m

a 
5%

 
DI

F 
GR

IF
OL

S 
da

ily
 fo

r 3
 

co
ns

ec
ut

ive
 d

ay
s

Pl
ac

eb
o 

(n
 =

 
29

)
No

t s
pe

ci
fie

d
28

AC
M

Ha
sh

im
 H

Ae
t 

al
.[3

7]

20
21

Ira
q

RC
Ts

RT
-P

CR
14

0
M

al
es

 (n
 =

 7
3)

; 
Fe

m
al

es
 (n

 
=

 6
7)

16
 to

 8
6

Ive
rm

ec
tin

/
do

xy
cy

cl
in

e 
(n

 
=

 7
0)

Tr
ea

te
d 

w
ith

 2
00

ug
/k

g 
PO

 o
f 

Ive
rm

ec
tin

 p
er

 d
ay

 fo
r 2

-3
 

da
ys

 a
lo

ng
 w

ith
 1

00
 m

g 
PO

 
do

xy
cy

cl
in

e 
tw

ic
e 

pe
r d

ay
 fo

r 
5-

10
 d

ay
s

SO
C 

(n
 =

 
70

)
No

t s
pe

ci
fie

d
28

AC
M

He
rn

an
de

z-
Ca

rd
en

as
 

Ce
t a

l. 
[3

8]

20
21

M
ex

ic
o

DR
PC

Ts
RT

-P
CR

21
4

M
al

es
 (n

 =
 1

61
); 

Fe
m

al
es

 (n
 

=
 5

3)

≥ 
18

Hy
dr

ox
yc

hl
or

o-
qu

in
e 

(n
 =

 
10

6)

20
0 

m
g 

ev
er

y 
12

 h
, f

or
 1

0 
da

ys
Pl

ac
eb

o 
(n

 =
 

10
8)

No
t s

pe
ci

fie
d

30
AC

M
; 

ra
tio

 o
f 

TE
AE

s
Kr

ol
ew

ie
ck

i A
et

 
al

. [3
9]

20
21

Ar
ge

nt
in

a
RC

Ts
RT

-P
CR

32
M

al
es

 (n
 =

 1
7)

; 
Fe

m
al

es
 (n

 
=

 1
5)

≥ 
18

Ive
rm

ec
tin

 (n
 

=
 2

0)
Pa

tie
nt

s 
in

 th
e 

ive
rm

ec
tin

 g
ro

up
 

re
ce

ive
d 

or
al

 tr
ea

tm
en

t f
or

 
5 

co
ns

ec
ut

ive
 d

ay
s 

w
ith

 
ei

th
er

 b
re

ak
fa

st
 o

r l
un

ch
 a

t 
ap

pr
ox

im
at

el
y 

24
 h

 in
te

rv
al

s.
 

Ive
rm

ec
tin

 6
 m

g 
ra

nu
ra

te
d 

ta
bl

et
s 

(IV
ER

 P
, L

ab
or

at
or

io
s 

El
ea

/P
ho

en
ix,

 a
nd

 A
rg

en
tin

a)
 

w
er

e 
us

ed
 in

 a
ll 

ca
se

s 
at

 a
 

do
se

 o
f 6

00
 m

g/
kg

/d
ay

 b
as

ed
 

on
 b

as
el

in
e 

w
ei

gh
t r

ou
nd

in
g 

to
 th

e 
lo

w
er

 fu
ll 

(6
 m

g)
 a

nd
 

ha
lf 

(3
 m

g)
 d

os
e.

SO
C 

(n
 =

 
12

)
No

t s
pe

ci
fie

d
30

Ra
tio

 o
f 

TE
AE

s

(C
on

tin
ue

d)

T
a

b
le

1

(C
on

ti
n

u
ed

)



6

Cheng et al. • Medicine (2022) 101:41 Medicine

Au
th

or
 n

am
e 

(r
ef

er
en

ce
) 

Pu
bl

ic
at

io
n 

yr
 

Co
un

tr
y/

Co
un

tr
ie

s 
of

 
or

ig
in

 
St

ud
y 

de
si

gn
 

M
et

ho
d 

of
 

CO
VI

D-
19

 
te

st
in

g 
Nu

m
be

rs
 o

f 
pa

rt
ic

ip
an

ts
 

Ge
nd

er
* 

Ag
e 

(y
rs

) 
In

te
rv

en
tio

ns
 

Tr
ea

tm
en

t m
ed

ic
at

io
n 

do
se

 
Co

nt
ro

ls
 

Co
nt

ro
l m

ed
ic

at
io

n 
do

se
 

Fo
llo

w
-u

p 
tim

e 
(d

) 
Pr

im
ar

y 
ou

tc
om

es
 

Le
sc

ur
e 

FX
et

 
al

.[4
0]

20
21

Ar
ge

nt
in

a,
 

Br
az

il,
 C

an
a-

da
, C

hi
le

, 
Fr

an
ce

, G
er

-
m

an
y, 

Is
ra

el
, 

Ita
ly,

 J
ap

an
, 

Ru
ss

ia
, a

nd
 

Sp
ai

n

M
DR

PC
Ts

RT
-P

CR
41

6
M

al
es

 (n
 =

 2
61

); 
Fe

m
al

es
 (n

 =
 

15
5)

≥ 
18

Sa
ril

um
ab

 
20

0 
m

g 
(n

 =
 

15
9)

In
tra

ve
no

us
 s

ar
ilu

m
ab

 2
00

 m
g

Pl
ac

eb
o 

(n
 =

 
84

)
No

t s
pe

ci
fie

d
60

AC
M

; 
ra

tio
 o

f 
TE

AE
s

Le
sc

ur
e 

FX
et

 
al

.[4
0]

20
21

Ar
ge

nt
in

a,
 

Br
az

il,
 C

an
a-

da
, C

hi
le

, 
Fr

an
ce

, G
er

-
m

an
y, 

Is
ra

el
, 

Ita
ly,

 J
ap

an
, 

Ru
ss

ia
, a

nd
 

Sp
ai

n

M
DR

PC
Ts

RT
-P

CR
41

6
M

al
es

 (n
 =

 2
61

); 
Fe

m
al

es
 (n

 =
 

15
5)

≥ 
18

Sa
ril

um
ab

 
40

0 
m

g 
(n

 =
 

17
3)

In
tra

ve
no

us
 s

ar
ilu

m
ab

 4
00

 m
g

Pl
ac

eb
o 

(n
 =

 
84

)
No

t s
pe

ci
fie

d
60

AC
M

; 
ra

tio
 o

f 
TE

AE
s

Li
 L

et
 a

l.[4
1]

20
20

Ch
in

a
M

RC
Ts

RT
-P

CR
10

3
M

al
es

 (n
 =

 6
0)

; 
Fe

m
al

es
 (n

 
=

 4
3)

≥ 
18

Co
nv

al
es

ce
nt

 
pl

as
m

a/
SO

C 
(n

 =
 5

2)

Th
e 

do
se

 o
f c

on
va

le
sc

en
t 

pl
as

m
a 

w
as

 a
pp

ro
xim

at
el

y 
4 

to
 1

3 
m

L/
kg

 o
f r

ec
ip

ie
nt

 b
od

y 
w

ei
gh

t.

SO
C 

(n
 =

 
51

)
No

t s
pe

ci
fie

d
74

AC
M

Li
bs

te
r R

et
 

al
.[4

2]

20
21

Ar
ge

nt
in

a
DR

PC
Ts

RT
-P

CR
16

0
M

al
es

 (n
 =

 6
0)

; 
Fe

m
al

es
 (n

 =
 

10
0)

≥ 
65

Co
nv

al
es

ce
nt

 
pl

as
m

a 
(n

 
=

 8
0)

Co
nv

al
es

ce
nt

 p
la

sm
a 

25
0 

m
L 

w
ith

 a
n 

Ig
G 

tit
er

 g
re

at
er

 th
an

 
1:

10
00

Pl
ac

eb
o 

(n
 =

 
80

)
No

t s
pe

ci
fie

d
25

AC
M

M
ille

r J
et

 a
l.[4

3]
20

20
Am

er
ic

an
RC

Ts
RT

-P
CR

30
M

al
es

 (n
 =

 1
4)

; 
Fe

m
al

es
 (n

 
=

 1
6)

≥ 
18

Au
xo

ra
 (n

 =
 2

0)
Au

xo
ra

 w
as

 a
dm

in
is

te
re

d 
on

 
3 

co
ns

ec
ut

ive
 d

ay
s 

as
 a

 
4-

h 
co

nt
in

uo
us

 in
tra

ve
no

us
 

in
fu

si
on

. T
he

 in
iti

al
 d

os
e 

w
as

 
2.

0m
g/

kg
 (m

ax
 2

50
 m

g)
: 

an
d 

su
bs

eq
ue

nt
 d

os
es

 w
er

e 
1.

6 
m

g/
kg

 (m
ax

 2
00

 m
g)

 a
t 

24
 a

nd
 4

8 
h

SO
C 

(n
 =

 
10

)
No

t s
pe

ci
fie

d
30

AC
M

M
un

ch
 M

W
et

 
al

.[4
4]

20
21

De
nm

ar
k,

 
Sw

ed
en

, 
Sw

itz
er

la
nd

 
an

d 
In

di
a

M
DR

PC
Ts

RT
-P

CR
30

M
al

es
 (n

 =
 2

4)
; 

Fe
m

al
es

 (n
 

=
 6

)

≥ 
18

Hy
dr

oc
or

tis
on

e 
(n

 =
 1

6)
Hy

dr
oc

or
tis

on
e 

20
0m

g 
pe

r d
ay

 
fo

r 7
da

ys
 o

r u
nt

il 
di

sc
ha

rg
e

Pl
ac

eb
o 

(n
 =

 
14

)
No

t s
pe

ci
fie

d
90

AC
M

Ol
en

de
r S

Ae
t 

al
.[4

5]

20
20

Un
ite

d 
St

at
es

RC
Ts

RT
-P

CR
11

14
M

al
es

 (n
 =

 6
72

); 
Fe

m
al

es
 (n

 =
 

44
2)

≥ 
18

Re
m

de
si

vir
 (n

 =
 

29
8)

Re
m

de
si

vir
 2

00
 m

g 
on

 d
ay

 1
: f

ol
-

lo
w

ed
 b

y 
re

m
de

si
vir

 1
00

 m
g 

da
ily

 o
n 

da
ys

 2
–5

; o
r S

OC
 

pl
us

 re
m

de
si

vir
 2

00
 m

g 
on

 
da

y 
1:

 fo
llo

w
ed

 b
y 

re
m

de
si

vir
 

10
0 

m
g 

da
ily

 o
n 

da
ys

 2
–1

0

SO
C 

(n
 =

 
81

6)
Al

lo
w

ed
 to

 re
ce

ive
 

m
ed

ic
at

io
ns

 th
at

 
m

ay
 p

ot
en

tia
lly

 tr
ea

t 
CO

VI
D-

19
: e

xc
lu

di
ng

 
re

m
de

si
vir

30
AC

M

T
a

b
le

1

(C
on

ti
n

u
ed

)

(C
on

tin
ue

d)



7

Cheng et al. • Medicine (2022) 101:41 www.md-journal.com

Au
th

or
 n

am
e 

(r
ef

er
en

ce
) 

Pu
bl

ic
at

io
n 

yr
 

Co
un

tr
y/

Co
un

tr
ie

s 
of

 
or

ig
in

 
St

ud
y 

de
si

gn
 

M
et

ho
d 

of
 

CO
VI

D-
19

 
te

st
in

g 
Nu

m
be

rs
 o

f 
pa

rt
ic

ip
an

ts
 

Ge
nd

er
* 

Ag
e 

(y
rs

) 
In

te
rv

en
tio

ns
 

Tr
ea

tm
en

t m
ed

ic
at

io
n 

do
se

 
Co

nt
ro

ls
 

Co
nt

ro
l m

ed
ic

at
io

n 
do

se
 

Fo
llo

w
-u

p 
tim

e 
(d

) 
Pr

im
ar

y 
ou

tc
om

es
 

Pa
te

l J
et

 a
l.[4

6]
20

21
UK

DR
PC

Ts
RT

-P
CR

80
6

M
al

es
 (n

 =
 5

77
); 

Fe
m

al
es

 (n
 =

 
22

9)

18
 to

 7
9

Ot
ilim

ab
 (h

um
an

 
an

ti-
GM

-C
SF

 
m

on
oc

lo
na

l) 
(n

 =
 4

03
)

A 
si

ng
le

 d
os

e 
of

 o
til

im
ab

 re
su

lte
d 

in
 m

ea
n 

Cm
ax

 o
f 2

0.
2 

μg
/m

L 
af

te
r d

os
in

g 
on

 D
ay

 1
 a

nd
 1

.9
 

μg
/m

L 
on

 D
ay

 7

Pl
ac

eb
o 

(n
 =

 
4 

03
)

No
t s

pe
ci

fie
d

28
AC

M

Ra
hm

an
i H

et
 

al
. [4

7]

20
20

Ira
n

RC
Ts

RT
-P

CR
66

M
al

es
 (n

 =
 3

9)
; 

Fe
m

al
es

 (n
 

=
 2

7)

≥ 
18

In
te

rfe
ro

n-
be

-
ta

-1
b 

(n
 =

 
33

)

Pa
tie

nt
s 

in
 th

e 
in

te
rfe

ro
n 

gr
ou

p 
re

ce
ive

d 
in

te
rfe

ro
n-

be
ta

-1
b 

(2
50

 m
cg

 s
ub

cu
ta

ne
ou

sl
y 

ev
er

y 
ot

he
r d

ay
 fo

r 2
 c

on
se

c-
ut

ive
 w

ee
ks

) a
lo

ng
 w

ith
 th

e 
na

tio
na

l p
ro

to
co

l m
ed

ic
at

io
ns

SO
C 

(n
 =

 
33

)
Pa

tie
nt

s 
re

ce
ive

d 
on

ly 
th

e 
na

tio
na

l p
ro

to
co

l 
m

ed
ic

at
io

ns
 (l

op
in

av
ir/

rit
on

av
ir 

or
 a

ta
za

-
na

vir
/ri

to
na

vir
 p

lu
s 

hy
dr

ox
yc

hl
or

oq
ui

ne
 fo

r 
7–

10
 d

ay
s

28
AC

M

Ra
sh

ee
d 

AM
et

 
al

. [4
8]

20
20

Ira
q

RC
Ts

RT
-P

CR
49

No
t s

pe
ci

fie
d

≥ 
18

Co
nv

al
es

ce
nt

 
pl

as
m

a 
(n

 
=

 2
1)

No
t s

pe
ci

fie
d

SO
C 

(n
 =

 
28

)
No

t s
pe

ci
fie

d
60

AC
M

; 
ra

tio
 o

f 
TE

AE
s

Re
a-

Ne
to

 A
et

 
al

.[4
9]

20
21

Br
az

il
RC

Ts
RT

-P
CR

10
5

M
al

es
 (n

 =
 7

0)
; 

Fe
m

al
es

 (n
 

=
 3

5)

≥ 
18

Ch
lo

ro
qu

in
e 

(C
Q)

/h
yd

ro
xy

-
ch

lo
ro

qu
in

e 
(H

CQ
) (

n 
=

 
53

)

CQ
 4

50
 m

g 
BI

D 
on

 d
ay

 1
 a

nd
 

45
0 

m
g 

on
ce

 d
ai

ly 
fro

m
 d

ay
 2

 
to

 5
 a

nd
 H

CQ
 4

00
 m

g 
BI

D 
on

 
da

y 
1 

an
d 

40
0 

m
g 

on
ce

 d
ai

ly 
fro

m
 d

ay
 2

 to
 5

SO
C 

(n
 =

 
52

)
No

t s
pe

ci
fie

d
28

AC
M

Re
a-

Ne
to

 A
 e

t 
al

[4
9]

20
21

Br
az

il
RC

Ts
RT

-P
CR

10
5

M
al

es
 (n

 =
 7

0)
; 

Fe
m

al
es

 (n
 

=
 3

5)

≥ 
18

Ch
lo

ro
qu

in
e 

(C
Q)

 
(n

 =
 2

4)
CQ

 4
50

 m
g 

BI
D 

on
 d

ay
 1

 a
nd

 
45

0 
m

g 
on

ce
 d

ai
ly 

fro
m

 d
ay

 
2 

to
 5

SO
C 

(n
 =

 
52

)
No

t s
pe

ci
fie

d
28

AC
M

Re
a-

Ne
to

 A
et

 
al

.[4
9]

20
21

Br
az

il
RC

Ts
RT

-P
CR

10
5

M
al

es
 (n

 =
 7

0)
; 

Fe
m

al
es

 (n
 

=
 3

5)

≥ 
18

Hy
dr

ox
yc

hl
or

o-
qu

in
e 

(H
CQ

) (
n 

=
 2

9)

HC
Q 

40
0 

m
g 

BI
D 

on
 d

ay
 1

 a
nd

 
40

0 
m

g 
on

ce
 d

ai
ly 

fro
m

 d
ay

 
2 

to
 5

SO
C 

(n
 =

 
52

)
No

t s
pe

ci
fie

d
28

AC
M

Ro
sa

s 
IO

et
 

al
.[5

0]

20
21

Eu
ro

pe
 a

nd
 

No
rth

 
Am

er
ic

a

M
DR

PC
Ts

RT
-P

CR
43

8
M

al
es

 (n
 =

 3
06

); 
Fe

m
al

es
 (n

 =
 

13
2)

≥ 
18

To
ci

liz
um

ab
 (n

 =
 

29
4)

8 
m

g 
pe

r k
ilo

gr
am

 o
f b

od
y 

w
ei

gh
t, 

w
ith

 a
 m

ax
im

um
 d

os
e 

of
 8

00
 m

g

Pl
ac

eb
o 

(n
 =

 
14

4)
No

t s
pe

ci
fie

d
28

AC
M

; 
ra

tio
 o

f 
TE

AE
s

Se
hg

al
 IS

et
 

al
.[5

1]

20
21

In
di

a
DR

PC
Ts

RT
-P

CR
42

M
al

es
 (n

 =
 2

9)
; 

Fe
m

al
es

 (n
 

=
 1

3)

≥ 
18

M
yc

ob
ac

te
ri-

um
-w

 (n
 =

 
20

)

Ea
ch

 d
os

e 
of

 0
.1

 m
L 

M
w

 
co

nt
ai

ns
 0

.5
 ×

 1
09

 h
ea

t k
ille

d 
M

yc
ob

ac
te

riu
m

 w
, 0

.9
%

 
so

di
um

 c
hl

or
id

e,
 a

nd
 0

.0
1%

 
th

im
er

os
al

 (a
s 

pr
es

er
va

tiv
e)

Pl
ac

eb
o 

(n
 =

 
22

)
0.

9%
 s

od
iu

m
 c

hl
or

id
e,

 
0.

01
%

 th
io

m
er

sa
l

28
AC

M
; 

ra
tio

 o
f 

TE
AE

s

Sh
i L

et
 a

l. 
[5

2]
20

21
Ch

in
a

DR
PC

Ts
RT

-P
CR

10
0

M
al

es
 (n

 =
 5

6)
; 

Fe
m

al
es

 (n
 

=
 4

4)

≥ 
18

Hu
m

an
 u

m
bi

lic
al

 
co

rd
-d

er
ive

d 
m

es
en

ch
ym

al
 

st
em

 c
el

ls
 

(U
C-

M
SC

s)
 (n

 
=

 6
5)

UC
-M

SC
s 

(4
 ×

 1
07

 c
el

ls
 p

er
 

in
fu

si
on

)
Pl

ac
eb

o 
(n

 =
 

35
)

No
t s

pe
ci

fie
d

28
Ra

tio
 o

f 
TE

AE
s

T
a

b
le

1

(C
on

ti
n

u
ed

)

(C
on

tin
ue

d)



8

Cheng et al. • Medicine (2022) 101:41 Medicine

Au
th

or
 n

am
e 

(r
ef

er
en

ce
) 

Pu
bl

ic
at

io
n 

yr
 

Co
un

tr
y/

Co
un

tr
ie

s 
of

 
or

ig
in

 
St

ud
y 

de
si

gn
 

M
et

ho
d 

of
 

CO
VI

D-
19

 
te

st
in

g 
Nu

m
be

rs
 o

f 
pa

rt
ic

ip
an

ts
 

Ge
nd

er
* 

Ag
e 

(y
rs

) 
In

te
rv

en
tio

ns
 

Tr
ea

tm
en

t m
ed

ic
at

io
n 

do
se

 
Co

nt
ro

ls
 

Co
nt

ro
l m

ed
ic

at
io

n 
do

se
 

Fo
llo

w
-u

p 
tim

e 
(d

) 
Pr

im
ar

y 
ou

tc
om

es
 

Si
m

on
ov

ic
h 

VA
et

 a
l. 

[5
3]

20
20

Ar
ge

nt
in

a
RP

CT
s

RT
-P

CR
33

3
M

al
es

 (n
 =

 2
25

); 
Fe

m
al

es
 (n

 =
 

10
8)

≥ 
18

Co
nv

al
es

ce
nt

 
pl

as
m

a 
(n

 =
 

22
8)

Re
ce

ive
d 

co
nv

al
es

ce
nt

 p
la

sm
a

Pl
ac

eb
o 

(n
 =

 
10

5)
No

t s
pe

ci
fie

d
30

AC
M

; 
ra

tio
 o

f 
TE

AE
s

Si
va

pa
la

si
ng

am
 

Se
t a

l. 
[5

4]

20
21

US
A

DR
PC

Ts
RT

-P
CR

12
6

M
al

es
 (n

 =
 5

31
); 

Fe
m

al
es

 (n
 =

 
21

9)

≥ 
18

Sa
ril

um
ab

 
20

0 
m

g 
gr

ou
p 

(n
 =

 5
0)

In
tra

ve
no

us
 s

ar
ilu

m
ab

 2
00

 m
g

Pl
ac

eb
o 

(n
 =

 
25

)
No

t s
pe

ci
fie

d
22

AC
M

; 
ra

tio
 o

f 
TE

AE
s

Si
va

pa
la

si
ng

am
 

Se
t a

l. 
[5

4]

20
21

US
A

DR
PC

Ts
RT

-P
CR

12
6

M
al

es
 (n

 =
 5

31
); 

Fe
m

al
es

 (n
 =

 
21

9)

≥ 
18

Sa
ril

um
ab

 
40

0 
m

g 
gr

ou
p 

(n
 =

 5
1)

In
tra

ve
no

us
 s

ar
ilu

m
ab

 4
00

 m
g

Pl
ac

eb
o 

(n
 =

 
25

)
No

t s
pe

ci
fie

d
22

AC
M

; 
ra

tio
 o

f 
TE

AE
s

So
la

ni
ch

 X
et

 
al

.[5
5]

20
21

Sp
ai

n
RC

Ts
RT

-P
CR

55
M

al
es

 (n
 =

 2
3)

; 
Fe

m
al

es
 (n

 
=

 2
1)

≥ 
18

M
et

hy
lp

re
dn

is
o-

lo
ne

 p
ul

se
s 

(n
 

=
 2

7)

m
et

hy
lp

re
dn

is
ol

on
e 

pu
ls

es
 o

f 
12

0 
m

g/
da

y 
ha

d 
to

 b
e 

ad
m

in
-

is
te

re
d 

on
 3

 c
on

se
cu

tiv
e 

da
ys

SO
C 

(n
 =

 
28

)
No

t s
pe

ci
fie

d
56

AC
M

Te
m

es
ge

n 
Z 

et
 

al
 [5

6]

20
21

US
A 

an
d 

Br
az

il
DR

PC
Ts

RT
-P

CR
47

9
M

al
es

 (n
 =

 3
10

); 
Fe

m
al

es
 (n

 =
 

16
9)

≥ 
18

Le
nz

ilu
m

ab
 (n

 =
 

23
6)

Th
re

e 
do

se
s 

of
 le

nz
ilu

m
ab

 
(6

00
 m

g,
 e

ac
h)

 o
r p

la
ce

bo
 

w
er

e 
ad

m
in

is
te

re
d 

8 
ho

ur
s 

ap
ar

t v
ia

 a
 1

-h
ou

r I
V 

in
fu

si
on

Pl
ac

eb
o 

(n
 =

 
24

3)
No

t s
pe

ci
fie

d
28

AC
M

; 
ra

tio
 o

f 
TE

AE
s

Ve
ig

a 
VC

et
 

al
.[5

7]

20
21

Po
rtu

ga
l

DR
CT

s
RT

-P
CR

12
9

M
al

es
(n

 =
 8

8)
; 

Fe
m

al
es

(n
 

=
 4

1)

≥ 
18

To
ci

liz
um

ab
/S

OC
 

(n
 =

 6
5)

Si
ng

le
 in

tra
ve

no
us

 in
fu

si
on

 o
f 

8 
m

g/
kg

SO
C 

(n
 =

 
64

)
No

t s
pe

ci
fie

d
15

AC
M

Zh
an

g 
Je

t 
al

. [5
8]

20
21

Ch
in

a
RC

Ts
RT

-P
CR

56
M

al
es

 (n
 =

 3
6)

; 
Fe

m
al

es
(n

 
=

 2
0)

18
 to

 8
0

Hi
gh

-d
os

e 
in

tra
ve

no
us

 
vit

am
in

 C
 

(H
DI

VC
) (

n 
=

 2
7)

50
 m

L 
ev

er
y 

12
 h

 fo
r 7

 d
ay

s 
at

 a
 

ra
te

 o
f 1

2 
m

L/
ho

ur
Pl

ac
eb

o 
(n

 =
 

29
)

Ba
ct

er
io

st
at

ic
 w

at
er

 fo
r 

in
je

ct
io

n 
(5

0 
m

L 
ev

er
y 

12
 h

 fo
r 7

 d
ay

s 
at

 a
 

ra
te

 o
f 1

2 
m

l/h
ou

r)

28
AC

M

Zh
on

g 
M

et
 

al
.[5

9]

20
20

Ch
in

a
RP

CT
s

RT
-P

CR
17

M
al

es
 (n

 =
 1

3)
; 

Fe
m

al
es

 (n
 

=
 4

)

51
 to

 9
1

α
-L

ip
oi

c 
ac

id
 (n

 
=

 8
)

12
00

 m
g/

d,
 in

tra
ve

no
us

 in
fu

si
on

Pl
ac

eb
o 

(n
 

=
 9

)
Eq

ua
l v

ol
um

e 
sa

lin
e 

in
fu

si
on

 (p
la

ce
bo

) f
or

 
7 

da
ys

30
AC

M

AC
M

 =
 a

ll-
ca

us
e 

m
or

ta
lit

y, 
DR

PC
Ts

 =
 d

ou
bl

e-
bl

in
d,

 ra
nd

om
ize

d 
pl

ac
eb

o-
co

nt
ro

lle
d 

tri
al

s,
 C

OV
ID

-1
9 

=
 c

or
on

av
iru

s 
di

se
as

e 
20

19
, M

DR
CT

s 
=

 m
ul

tic
en

te
r, 

do
ub

le
-b

lin
d,

 ra
nd

om
ize

d 
co

nt
ro

lle
d 

tri
al

s,
 M

DR
PC

Ts
 =

 m
ul

tic
en

te
r, 

do
ub

le
-b

lin
d,

 ra
nd

om
ize

d 
pl

ac
eb

o-
co

nt
ro

lle
d 

tri
al

s,
 M

RC
Ts

 
=

 m
ul

tic
en

te
r, 

ra
nd

om
ize

d 
co

nt
ro

lle
d 

tri
al

s,
 R

CT
s 

=
 ra

nd
om

ize
d 

co
nt

ro
lle

d 
tri

al
s,

 R
PC

Ts
 =

 ra
nd

om
ize

d 
pl

ac
eb

o-
co

nt
ro

lle
d 

tri
al

s,
 R

T-
PC

R 
=

 re
ve

rs
e 

tra
ns

cr
ip

tio
n-

po
lym

er
as

e 
ch

ai
n 

re
ac

tio
n,

 S
OC

 =
 s

ta
nd

ar
d 

of
 c

ar
e,

 T
EA

Es
 =

 tr
ea

tm
en

t-
em

er
ge

nt
 a

dv
er

se
 e

ve
nt

s,
 T

RP
CT

s 
=

 th
re

e-
bl

in
d,

 
ra

nd
om

ize
d 

pl
ac

eb
o-

co
nt

ro
lle

d 
tri

al
s,

 U
C-

M
SC

s 
=

 h
um

an
 u

m
bi

lic
al

 c
or

d-
de

riv
ed

 m
es

en
ch

ym
al

 s
te

m
 c

el
ls

.
*If

 th
e 

to
ta

l n
um

be
r o

f g
en

de
r i

s 
no

t e
qu

al
 to

 th
e 

nu
m

be
r o

f p
ar

tic
ip

an
ts

, i
t i

s 
du

e 
to

 lo
ss

 to
 fo

llo
w

-u
p 

fro
m

 p
ar

tic
ip

an
ts

.

T
a

b
le

1

(C
on

ti
n

u
ed

)



9

Cheng et al. • Medicine (2022) 101:41 www.md-journal.com

2.6.4. Assessment of the risk of bias. We assessed the risk 
of bias of included studies using the Cochrane Collaboration’s 
Tool for Assessing Risk of Bias,[12] classifying the risk of bias as 
high, unclear, or low. We evaluated the small-study effect using 
comparison adjusted funnel plots.[17]

2.6.5. Sensitivity analysis. The inclusion of various study 
designs and populations might contribute to heterogeneity and 
inconsistency. We used sensitivity analysis to evaluate the effect 
of our conclusions. We analyzed the data using the following 
restrictions: multicenter study, DS, blinding, crossover design, 
SS, industry sponsorship, and RRB.

We used the “netmeta” package in R (version 4.0.5) to dupli-
cate the NMAs of primary outcomes.

3. Results

3.1. Description of included studies

The search identified 4021 citations, out of which 3670 were 
excluded for duplications, wrong study design or population (i.e., 
non-severe COVID-19 infection), inappropriate intervention, 
not outcome/drug of interest, non-clinical studies, non-RCTs, 
review articles, commentaries, guidelines, and meta-analysis by 
checking titles and abstracts. The full texts of 351 articles were 
obtained to check eligibility, in which we excluded 308 articles 
for non- fulfilling eligibility criteria, unable to check eligibility 
and duplications. Finally, 43 studies[10,18–59] were included in our 
NMA. Figure  1 shows the selection process for the included 
studies.

Forty-eight RCTs, including 9147 patients, were included 
(Fig.  1) and described in Table  1. This analysis had a mean 
sample size of 106 [interquartile range 58–238]. The age of 
subjects was greater than or equal to 16 years. The median 
duration of follow-up treatment was 28 days (interquartile 
range 27–30).

3.2. Quality appraisal

The included RCTs were of good quality (Fig. 2). Figure 2 also 
showed the risk of bias summary.

3.3. Network of evidence

In the network of connected RCTs (Fig. 3), the width of the lines 
corresponded to the number of trials included each treatment 
comparison. From Figure 3, we could see that the result was well 
connected. As shown in Figure 3A, the standard of care (SOC) 
was the most well-connected treatment, with chloroquine (CQ), 
hydroxychloroquine (HCQ), CQ/HCQ, convalescent plasma 
(CP), CP/SOC, remdesivir, remdesivir/SOC, lopinavir/ritonavir 
(LPV/r), interferon-beta-1b (IFN-β-1b), C-IVIG (i.e., a hyper-
immune anti-COVID-19 intravenous immunoglobulin), iver-
mectin/doxycycline, IFN-β/SOC, tocilizumab, ruxolitinib/SOC, 
methylprednisolone, azithromycin/SOC, and auxora directly 
connected to it. Sarilumab such as high dosage sarilumab (HS) 
and low dosage sarilumab (LS), CQ/HCQ, ivermectin, canak-
inumab, colchicine, baricitinib, immunoglobulin gamma (IG), 
α-Lipoic acid, imatinib, mavrilimumab, lenzilumab, mycobac-
terium-w, otilimab, N-acetylcysteine, tocilizumab, high-dose 
intravenous vitamin C, hydrocortisone, and CP were directly 
connected to placebo in this network plot. Several sources of 
indirect evidence were available to inform comparisons between 
ivermectin, tocilizumab, HCQ, CP, auxora, placebo, and SOC 
(Fig.  3A). In Figure  3B, there was also a direct connection 
between SOC and C-IVIG, CP, LPV/r, ruxolitinib/SOC, iver-
mectin, IFN-β/SOC, and tocilizumab, or between placebo and 
HS, LS, mycobacterium-w, mavrilimumab, colchicine, canaki-
numab, baricitinib, human umbilical cord-derived mesenchymal 
stem cells, HCQ, lenzilumab, CP or tocilizumab. Several indirect 
connections were available between SOC and CP, tocilizumab, 
placebo (Fig. 3B).

3.4. Efficacy outcomes

Forty-one studies[10,18–38,40–51,53–59] reported ACM as outcome mea-
surement (Supplemental Table S1, http://links.lww.com/MD/
H536). We found that C-IVIG (OR 0.22, 95% CI 0.05-0.95), 
methylprednisolone (OR 0.27, 95% CI 0.09-0.77), IFN-β/SOC 
(OR 0.30, 95% CI 0.11-0.83), CP (OR 0.49, 95% CI 0.26-0.94), 
remdesivir (OR 0.58, 95% CI 0.37-0.93), and HS (OR 0.45, 95% 
CI 0.20-0.99) were associated with the decrease of ACM when 
compared with the SOC group (Fig. 4). Unfortunately, there was 

Figure 1. PRISMA flow-chart for study selection.

http://links.lww.com/MD/H536
http://links.lww.com/MD/H536
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no significant difference in other 27 medications (e.g., ivermectin/
doxycycline, IFN-β-1b, LPV/r, IG, LPV/r, and imatinib) or pla-
cebo for ACM when compared with SOC.

For a decrease in ACM, ivermectin/doxycycline (OR 0.06, 
95% CI 0.00-0.88), C-IVIG (OR 0.12, 95% CI 0.02-0.61), 
methylprednisolone (OR 0.15, 95% CI 0.04-0.52), IG (OR 0.27, 
95% CI 0.08-0.85), IFN-β/SOC (OR 0.17, 95% CI 0.05-0.56), 

IFN-β-1b (OR 0.16, 95% CI 0.03-0.98), auxora (OR 0.37, 
95% CI 0.18-0.78), imatinib (OR 0.49, 95% CI 0.25-0.96), CP 
(OR 0.27, 95% CI 0.11-0.64), remdesivir (OR 0.32, 95% CI 
0.14-0.74), and LPV/r (OR 0.32, 95% CI 0.12-0.85) were effec-
tive when compared with the placebo group (Fig. 4). We did not 
identify that there was a difference between placebo and other 
22 medications (e.g., ruxolitinib/SOC, ivermectin, tocilizumab, 

Figure 2. The quality of the included randomized controlled trials. (A) Risk of bias summary (Note: The yellow circle with question mark represents “unclear 
risk of bias”, the red one with minus sign represents “high risk of bias” and the green one with plus sign represents “low risk of bias”). (B) Risk of bias graph.
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HS, and mavrilimumab) or SOC for the ACM of severe COVID-
19 infection (Fig. 4).

The Supplemental Figure S1, http://links.lww.com/MD/H538 
presented the ranking for the ACM of medications in severe 
COVID-19 patients based on cumulative probability plots and 
SUCRA.

3.5. Safety outcomes

In the safety outcome, data from 19 studies[18,20,21,23,26–29,34,38–

40,48,50–54,56]were merged for analysis (Supplemental Table S2, 

http://links.lww.com/MD/H537). We found that colchicine (OR 
2.77, 95% CI 1.03-7.42) and IFN-β/SOC (OR 18.98, 95% CI 
1.70-211.84) seemed to increase the risk of TEAEs when com-
pared with the SOC group. Moreover, IFN-β/SOC (OR 19.00, 
95% CI 2.36-153.10) were associated with the increase of 
TEAEs when compared with placebo. We found no significant 
difference in TEAEs in other 15 medications for severe COVID-
19 patients when compared with SOC or placebo (Fig. 5).

The figure of SUCRA showed that baricitinib had the high-
est cumulative probability (SUCRA: 88.3%) becoming the 
best intervention in TEAEs, followed by LPV/r (SUCRA: 
78.8%), SOC (SUCRA: 76.0%), lenzilumab (SUCRA: 72.6%),  

Figure 3. Network plot of eligible comparisons for all-cause mortality (A), and the ratio of treatment-emergent adverse events (B) for medications in patients 
with severe COVID-19. ALA= α-Lipoic acid, C-IVIG = hyperimmune anti-COVID-19 intravenous immunoglobulin, COVID-19 = coronavirus disease 2019, CP = 
convalescent plasma, IFN-β= interferon-beta, IG = immunoglobulin gamma, HDIVC = high-dose intravenous vitamin C, HS = high dosage sarilumab, LS = low 
dosage sarilumab, SOC = standard-of-care, UC-MSCs = human umbilical cord-derived mesenchymal stem cells.

http://links.lww.com/MD/H538
http://links.lww.com/MD/H537
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C-IVIG (SUCRA: 68.5%), tocilizumab (SUCRA: 63.6%), pla-
cebo (SUCRA: 53.1%), ivermectin (SUCRA: 52.3%), canaki-
numab (SUCRA: 51.9%), mycobacterium-w (SUCRA: 50.1%), 
LS (SUCRA: 49.3%), mavrilimumab (SUCRA: 47.1%), ruxoli-
tinib/SOC (SUCRA: 46.8%), CP (SUCRA: 44.5%), HS (SUCRA: 
31.0%), HCQ (SUCRA: 29.5%), human umbilical cord-derived 
mesenchymal stem cells (SUCRA: 29.1%), colchicine (SUCRA: 
14.2%), and IFN-β/SOC (SUCRA: 3.2%) (Supplemental Figure 
S2, http://links.lww.com/MD/H539).

3.6. Evaluation of inconsistency

According to the inconsistency test (Table  2), no signifi-
cant inconsistency or qualitative difference was available for 

the ACM and TEAEs. Thus, the consistency hypothesis was 
accepted in this NMA.

Figure 4. Network meta-analyses of the relative efficacy and safety of medications for all-cause mortality among patients with severe COVID-19 infection. The 
red font and asterisk indicated comparisons that were statistically significant. ALA= α-Lipoic acid, C-IVIG = hyperimmune anti-COVID-19 intravenous immu-
noglobulin, CI = confidence interval, COVID-19 = coronavirus disease 2019, CP = convalescent plasma, HDIVC = high-dose intravenous vitamin C, HS = high 
dosage sarilumab, IFN-β=interferon-beta, IG = immunoglobulin gamma, LS = low dosage sarilumab, OR = odds ratio, SOC = standard-of-care.

Figure 5. Network meta-analyses of the relative efficacy and safety of medications for the ratio of treatment-emergent adverse events among patients with 
severe COVID-19 infection. The red font and asterisk indicated comparisons that were statistically significant. C-IVIG = hyperimmune anti-COVID-19 intravenous 
immunoglobulin, CI = confidence interval, COVID-19 = coronavirus disease 2019, CP = convalescent plasma, HS = high dosage sarilumab, IFN-β=interferon-
beta, LS = low dosage sarilumab, OR = odds ratio, SOC = standard-of-care, UC-MSCs = human umbilical cord-derived mesenchymal stem cells.

Table 2

The evaluation of inconsistency for the efficacy and safety of 
medications among severe COVID-19 patients.

Network meta-analysis Number of dimensions Chi² value P value 

All-cause mortality 34 2.37 .668
The ratio of treatment-

emergent adverse events
18 0.69 .407

COVID-19 = coronavirus disease 2019.

http://links.lww.com/MD/H539
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3.7. Sensitivity analysis and publication bias

We analyzed the potential sources of heterogeneity or incon-
sistency by using subgroup and meta-regression analyses. 
Univariable meta-regression and subgroup analyses indicated 
that there were heterogeneous sources (such as DS, blinding and 
RRB) for the ACM (P < .05) (Fig. 6A). Whilst the SS and RRB 
were the heterogeneity source of TEAEs based on the sensitivity 
analysis (P < .05) (Fig. 6B).

None of the funnel plots of outcomes (ACM and TEAEs) 
indicated a significant asymmetry (Supplemental Figure S3, 
http://links.lww.com/MD/H540).

4. Discussion
This study was based on 48 RCTs, which included 9147 severe 
patients randomly assigned to 35 medications or SOC or pla-
cebo. Our NMA indicated that 12 medications (i.e., ivermec-
tin/doxycycline, C-IVIG, methylprednisolone, IFN-β/SOC, 
IFN-β-1b, CP, remdesivir, LPV/r, HS, IG, auxora, and imatinib) 
were efficacious for the therapy of severe COVID-19 infection 
based on the controls of SOC or placebo. For a decrease in 
ACM, on the one hand, C-IVIG, methylprednisolone, IFN-β/
SOC, HS, remdesivir, and CP were more efficacious than SOC; 
on the other hand, the efficacy of ivermectin/doxycycline, 
C-IVIG, methylprednisolone, IFN-β/SOC, IFN-β-1b, CP, rem-
desivir, LPV/r, IG, auxora, and imatinib were superior to pla-
cebo in all 35 drug interventions. From this, we can infer that 
there is a difference in the findings of medications for severe 
COVID-19 patients from different control conditions in RCTs.

Curiously, our findings differed from our earlier pilot stud-
ies,[14,60] which have only indicated 2 effective medications 
(i.e., IG and methylprednisolone) in the decreased ACM for 
severe COVID-19 patients. In addition, the CP group showed 
lower TEAEs than the placebo for severe COVID-19 infection 
in our earlier NMAs.[14,60] These inconsistencies may be due 
to an increase in sample size in the updated NMA. The study 
extended the previous work that provided a reference for select-
ing the medication for patients with severe COVID-19 infec-
tion.[61] The present study raises the possibility that we cannot 

completely discount the efficacy of other medications for severe 
COVID-19 infection in clinic. So far, maybe it’s because there 
was inadequate evidence of a benefit in ACM for them. In either 
case, it is noteworthy that we must fully consider its efficacy and 
safety when the medications are used in treating severe COVID-
19 patients. Some medications (e.g., tocilizumab, otilimab, and 
mavrilimumab) might be a selection of combination treatment 
for COVID-19 infection.[62,63]

It is particularly worth mentioning that host factors, including 
age, prior-medical history, demographics, and medical facility, 
may be key determinants of disease severity and progression.[64] 
Similarly, the above factors are associated with the drug treat-
ment effect of COVID-19 infection. Several studies have reported 
that aging and prior-medical history (such as cancer or chronic 
kidney/liver/lung diseases) might be 2 prominent impact factors 
for medical therapy from COVID-19.[65,66] Kopel et al suggested 
that some demographics factors (such as gender, ethnic group 
and socioeconomic status) were associated with the therapy of 
COVID-19 infection.[67,68] In another study in India, Sarkar et 
al[69] reported that different strains of SARS-CoV-2 were asso-
ciated with the efficacy of antiviral drugs. It has also been sug-
gested that medical facilities may be an impact factor for the 
COVID-19 treatment.[70] We have considered these impact fac-
tors in the overall therapy for COVID-19 patients during this 
NMA design. To reduce the impact of age, we included all of 
studies based on patient age greater than or equal to 16 years. 
As is well known, the design principles of RCTs are randomiza-
tion, control, blinding, and repetition.[71] According to the 48 
RCTs data analysis of this NMA, we confirmed that age, pri-
or-medical history, gender and racial ratios for participants were 
balanced between experimental and control groups (P > .05). 
In view of this, we suggest that the effects of age, prior-medical 
history, gender and racial ratios in the findings are small in this 
NMA study. This might present one of the main strengthens of 
this NMA. Unfortunately, the description of most studies was 
insufficient in the gender-specific, different strains and medical 
facilities for COVID-19 therapy in previous RCTs. We could not 
explore the efficacy of drugs treatment from the gender-specific 
or different strains as well as the impact from medical facilities 
for COVID-19 therapy.

Figure 6. Meta-regression and sensitivity analyses for the efficacy and safety of medications in patients with severe COVID-19 infection. (A) all-cause mortality. 
(B) the ratio of treatment-emergent adverse events. CD = crossover design, COVID-19 = coronavirus disease 2019, DS = duration of study, IS = industry spon-
sorship, MS = multicenter study, RRB = risk of reported bias, SS = sample size.

http://links.lww.com/MD/H540
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4.1. Efficacy of current medications

This study supported evidence from previous observations.[72,73] 
As we know, intravenous immunoglobulin has already been 
validated as an effective antiviral drug for treating COVID-
19, SARS and Middle East respiratory syndrome.[20,74,75] This is 
consistent with our results (i.e., C-IVIG, HS, and IG). Recent 
evidence suggested that anti-cytokine effects, inhibition of 
complement activation, and down-regulation of B and T cells’ 
functions by C-IVIG can prevent organ failure and subsequent 
mortality in severe COVID-19 patients.[20] Our findings also 
confirmed that sarilumab could prevent patients with COVID-
19 from progressing to death. Sarilumab is a fully human anti-
body against the interleukin (IL)-6 receptor, which can rapidly 
lower C-reactive protein and mediate COVID-19 clearance.[76] 
Prolonged glucocorticoid treatment is associated with improved 
outcomes of acute respiratory distress syndrome.[77] Several 
reports have also shown that treatment with methylpredniso-
lone could significantly reduce the risk of death among patients 
with acute respiratory distress syndrome.[78] This also accords 
with our observations, which suggested that methylpredniso-
lone was associated with decreased ACM in severe COVID-19 
patients.

The SUCRA indicated that ivermectin/doxycycline was the 
highest ranked intervention with a SUCRA of 0.821. Previous 
studies showed that ivermectin or doxycycline is effective in 
treating COVID-19 patients.[79,80] We attribute this to a couple of 
reasons. First, ivermectin or doxycycline might possess antiviral 
as well as immunomodulatory activity.[79,80] Second, they might 
have anti-inflammatory and immunomodulatory agents and can 
curb over-reacting innate and cellular immune responses.[81] One 
possible implication may be that the ivermectin/doxycycline is 
an excellent selection for treating severe COVID-19 patients. 
Of note, based on the result of meta-regression analysis on 
the heterogeneity (such as DS, blinding, and RRB), the present 
result may need further verification. Thus, statistical indications 
of clinical superiority in this network analysis required careful 
interpretation.

Interestingly, we found that small-molecule protein kinase 
inhibitors (i.e., auxora and imatinib) were efficacious for the 
therapy of severe COVID-19 infection. Recent research has 
established that a calcium release-activated calcium channel 
inhibitor, such as auxora, can reduce the occurrence of COVID-
19 death due to blocking the release of multiple pro-inflamma-
tory cytokines, including IL-6. Additionally, evidence showed 
that imatinib might play its potentially antiviral and benefi-
cial immunomodulatory role in severe COVID-19 patients.[82] 
These results further support those of previous studies.[25,83] 
Collectively, the present findings indicate that the small-mole-
cule protein kinase inhibitors provide a new, and perhaps supe-
rior, avenue for the severe COVID-19 treatment. In addition, 
our results may provide a robust strategy for clinical combina-
tion therapy among severe COVID-19 patients.

We have demonstrated that IFN-β/SOC, IFN-β-1b, remde-
sivir, LPV/r and CP were associated with a reduction of ACM 
in severe COVID-19 infection. Several lines of evidence sug-
gested that IFN deficiency was a hallmark of severe COVID-
19.[84] IFN might treat severe COVID-19 infection through 
adapted anti-inflammatory therapies that target IL-6 or TNF-
β.[84,85] Data from prior studies suggested that remdesivir was 
a broad-spectrum antiviral activity against RNA viruses, 
which could improve the survival of COVID-19 infection 
due to inhibiting viral replication.[86] Recent studies reported 
that LPV/r displayed inhibitory activities against SARS-CoV-2 
main protease and inhibited SARS-CoV-2 replication in Vero 
E6 cells.[87] Similarly to other antibodies therapy, CP can pre-
vent the death of severe COVID-19 patients because of allevi-
ating the inflammation and overreaction of the immune system 
through antibodies.[88] These findings further support the idea 
of our NMA study.

Conversely, no significant difference was found in other 21 
medications (e.g., HCQ, α-Lipoic acid, hydrocortisone, otilimab, 
and mavrilimumab) for the ACM of severe COVID-19 infection 
when compared with SOC or placebo. This finding was contrary 
to previous studies which have suggested that some antiviral 
drugs (hydrocortisone, mavrilimumab, etc) were associated with 
decreased ACM in patients with COVID-19.[29,32,89,90] It is diffi-
cult to explain this result, but it might be related to the difference 
of participants’ selection in differential studies. For instance, the 
findings of this NMA were based on a larger sample size (i.e., 
more participants were included). Correspondingly, most of 
the previous studies presented a smaller sample size.[29,32] The 
present study differed from earlier studies,[90,91] which selected 
subjects with all infection levels (i.e., mild, moderate and severe 
infections). Furthermore, prior studies were inadequate for the 
analyses stratified by different infection levels (i.e., non-severe 
and severe infection) in medications of COVID-19.[29,32,89,90] 
Prior studies suggested that COVID-19 patients at different 
infection levels often led to different outcomes of treatment.[92] 
Another possible explanation for this was that we compared 
the efficacy and safety of SOC, which existed the bias due to 
the differential SOC of every country (i.e., the SOC is not stan-
dardized) except for the reasons given above.[21,23,45] The present 
study raised the possibility that our findings might be beneficial 
to guiding the selection of drug interventions for clinicians in 
severe COVID-19 patients.

4.2. Safety of current medications

In terms of safety, we summarized the TEAEs. We found that 
colchicine and IFN-β/SOC were only associated with the TEAEs 
of severe COVID-19 patients in this study. Recent meta-analy-
sis studies and large-scale RCTs[45,46,92] seemed to be consistent 
with our findings, which identified most pharmacological treat-
ments had a good safety in treating severe COVID-19. However, 
as mentioned in the present study, colchicine and IFN-β/SOC 
should be chosen cautiously in treating severe COVID-19 
patients based on safety. Colchicine might increase the TEAEs 
in treating patients with severe COVID-19 infection. It is diffi-
cult to explain this result, but it might be related to the toxicity 
(e.g., gastrointestinal mucosal damage) in the case of colchicine 
treatment.[93] In addition, it is possible that the use of IFN-β in 
combination with SOC was associated with increased TEAEs 
in treating severe COVID-19, which should be weighed in all 
future IFN-β studies.[94]

In summary, clinicians might need to select treatment regi-
mens based on the ranks of efficacy and safety (i.e., SUCRA) 
when medications are used in treating severe COVID-19 
patients. Additionally, it should be reminded that further stud-
ies, which reduce the effects of SS and RRB, will need to be 
undertaken based on the result of sensitivity analysis.

Some limitations constrained this study. Firstly, included 
studies might be small in this NMA, which should be con-
sidered when interpreting the findings. Secondly, the pub-
lished data we extracted included only 2 types of outcomes, 
some important outcomes such as discharge ratio, clinical 
improvement ratio, and the ratio of virological cure, were 
not analyzed. Thirdly, although we did our best to include all 
available RCTs, we cannot eliminate the possibility of missing 
data. Fourthly, some nodes in our network included only a 
few trials. The sample size of actual head-to-head trials was 
very small. Hence, comparative efficacy and safety between 
interventions was frequently based on indirect comparisons. 
Finally, the sensitivity analysis showed that there were several 
heterogeneity sources, which may conceal or exaggerate the 
effect size of this network analysis. Further large-scale RCTs, 
which control these confounding factors, will need to be 
undertaken to verify our findings. Though there are still many 
shortcomings in our research, it is certain that the prevention 
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and therapy of COVID-19 is set to change for the better in 
the future.

5. Conclusions
In conclusion, this NMA demonstrated that ivermectin/doxycy-
cline, C-IVIG, methylprednisolone, IFN-β/SOC, IFN-β-1b, CP, 
remdesivir, LPV/r, IG, HS, auxora, and imatinib were effective for 
treating severe COVID-19 patients. There may be a difference in 
the findings of medications for severe COVID-19 patients from 
different control conditions (i.e., placebo and SOC) in RCTs. 
We found that most medications were safe in treating severe 
COVID-19. The present NMA reported uncertain estimates on 
the efficacy and safety of medications in the severe COVID-19 
treatment. Maybe it’s because there was inadequate evidence of 
a reduction in ACM and the absence of TEAEs. However, this 
study had 2 strengths. One was that a comprehensive meta-anal-
ysis strategy was used to reduce the risk of publication bias. The 
other was that the SUCRA was used to assess possibly the best 
intervention.

Despite these limitations, to date, the present findings might 
represent the most comprehensive meta-analysis of the available 
evidence for severe COVID-19 infection. Future guidelines and 
decision-making treatment plan should consider these results 
for the severe COVID-19 treatment. Importantly, the govern-
ment, academia and researchers should collaborate to develop 
more large-scale RCTs studies and further estimate the efficacy 
and safety of treatment interventions on mortality, virologi-
cal and clinical outcomes for different levels of infection with 
COVID-19.
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