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ABSTRACT The objective of this study was to investigate the efficacy and safety of early
treatment with sarilumab, added to standard of care (SOC), in hospitalized adults with
COVID-19. Methods included phase II, open-label, randomized, controlled clinical trial of
hospitalized patients with COVID-19 pneumonia and interleukin (IL)-6 levels $ 40 pg/mL
and/or d-dimer . 1,500 ng/mL. Participants were randomized (1:1:1) to receive SOC (con-
trol group), SOC plus a single subcutaneous dose of sarilumab 200 mg (sarilumab-200
group), or SOC plus a single subcutaneous dose of sarilumab 400 mg (sarilumab-400
group). The primary outcome variable was the development of acute respiratory distress
syndrome (ARDS) requiring high-flow nasal oxygenation (HFNO), non-invasive mechanical
ventilation (NIMV) or invasive mechanical ventilation (IMV) at day 28. One-hundred and
15 participants (control group, n = 39; sarilumab-200, n = 37; sarilumab-400, n = 39) were
included. At randomization, 104 (90%) patients had supplemental oxygen and 103 (90%)
received corticosteroids. Eleven (28%) patients in the control group, 10 (27%) in sarilu-
mab-200, and five (13%) in sarilumab-400 developed the primary outcome (hazard ratio
[95% CI] of sarilumab-400 vs control group: 0.41 [0.14, 1.18]; P = 0.09). Seven (6%)
patients died: three in the control group and four in sarilumab-200. There were no deaths
in sarilumab-400 (P = 0.079, log-rank test for comparisons with the control group). In
patients recently hospitalized with COVID-19 pneumonia and features of systemic inflam-
mation, early IL-6 blockade with a single dose of sarilumab 400 mg was safe and associ-
ated with a trend for better outcomes. (This study has been registered at ClinicalTrials.gov
under identifier NCT04357860.)
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Systemic inflammation seems to play a key role in the progression of COVID-19 to
acute respiratory distress syndrome (ARDS) (1, 2). A disordered inflammatory host

immune response ultimately leading to diffuse alveolar damage, endothelial injury,
and microvascular thrombosis is thought to be a crucial step in the pathogenesis of
severe COVID-19 (3, 4). Reinforcing this, adjuvant treatment with dexamethasone has
been associated with better outcomes in patients with COVID-19 requiring respiratory
support (5).

Interleukin (IL)-6 blockade has been proposed as an attractive immunomodulatory
approach to treat systemic inflammatory response in COVID-19. Although initial retro-
spective studies using tocilizumab (6–8), a membrane-bound monoclonal anti-IL-6
antibody, reported a survival benefit of this strategy, results from clinical trials have
been conflicting (9–14). A large meta-analysis including clinical trials assessing the effi-
cacy of IL-6 antagonists in patients hospitalized for COVID-19 released in July 2021 has
concluded that the use of IL-6 antagonists is associated with lower mortality (15).

Sarilumab, a human anti-IL-6 soluble receptor monoclonal antibody licensed for the
treatment of rheumatoid arthritis, is an alternative option for IL-6 blockade. In April
2020 the SARICOR trial was conceived with the aim to investigate the efficacy and
safety of early treatment with sarilumab added to standard of care (SOC) in hospital-
ized adults with COVID-19 pneumonia and features of systemic inflammation to pre-
vent progression to severe pulmonary forms of COVID-19 requiring high-flow nasal ox-
ygenation (HFNO) devices, non-invasive mechanical ventilation (NIMV), and/or invasive
mechanical ventilation (IMV).

RESULTS
Features of the study population. One-hundred and 20 patients were enrolled

between July 13, 2020 and March 5, 2021. Two patients were initially enrolled but were not
randomized due to screening failure (history of failure to complete treatment for tuberculo-
sis and age out of inclusion criteria, respectively). Additionally, one patient initially enrolled
and randomized to group 1 was excluded from the trial before receiving the intervention
due to screening failure (platelet count . 100 � 103/mL at screening but , 100 � 103/mL
at randomization). Two patients (one in sarilumab-200 and one in sarilumab-400) withdrew
their informed consent after randomization and before receiving treatment. Therefore, 39
patients assigned to the control group, 37 to the sarilumab-200, and 39 to the sarilumab-
400 were finally included and comprised the mITT study population. Fig. 1 summarizes the
disposition of patient during the trial. The main characteristics of the participants are sum-
marized in Table 1. Patients were enrolled in the trial after a median (Q1 to Q3) of 9 (7 to 11)
days from symptom onset and 1 (1 to 2) days from hospital admission. One-hundred and
four (90%) patients were receiving oxygen supplementation at randomization, 16 (14%) of
them. 15 liters per minute.

Concomitant medications. One-hundred and three (90%) patients were receiving
corticosteroids at randomization (Table 1). In 13 (11%) patients (four [10%] in control
group; four [11%] in sarilumab-200; five [13%] in sarilumab-400), dexamethasone was
changed to high and/or pulse doses of methylprednisolone during follow-up. Ten
patients received an immunomodulator agent other than sarilumab during the study.
In four of them, immunomodulators were used after achieving the primary outcome,
whereas in the remaining patients these agents were started before progression to
HFNO, NIMV, or IMV. A brief description of these 10 cases is provided in Table S1.

Primary outcome. Eleven (28%) patients in the control group, 10 (27%) in sarilu-
mab-200, and five (13%) in sarilumab-400 had a clinical progression requiring HFNO
devices, NIMV, or IMV during the first 28 days after randomization (P = 0.1, chi-square
for linear trend) (Table 2). The rate ratio (95% CI) for the primary outcome of the sarilu-
mab-400 group compared with the control group was 0.374 (0.116 to 1.205; P = 0.09).
Figure 2A shows the probability of progression to HFNO, NIMV, or IMV at 28 days
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according to the study group. When compared with the control group, the hazard
ratios (HR) for the primary outcome for sarilumab-400 was 0.412 (0.143 to 1.186;
P = 0.09) (Table 2). One-hundred and three patients received corticosteroids at ran-
domization. Of these, 10 (29%) patients in the control group, nine (27%) in sarilumab-
200, and five (14%) in sarilumab-400 developed the primary outcome (hazard ratio
[95% CI] of sarilumab-400 vs control group: 0.48 [0.16 to 1.41]; P = 0.18).

Three patients in the control group received tocilizumab due to clinical deteriora-
tion but prior to achieving the primary outcome. Moreover, one patient in the sarilu-
mab-200 group received anakinra due to progressive respiratory failure before achiev-
ing the primary outcome. Only one of these four patients progressed to the primary
outcome. Analyses after excluding these four patients are summarized in Table S2. The
primary outcome occurred in 28%, 28%, and 13% of the patients in the control, sarilu-
mab-200, and sarilumab-400 groups, respectively. Tocilizumab was used in two
patients in the control group due to severe respiratory failure before initiating HFNO,
NIMV, or IMV but after escalating to oxygen support . 15 L per minute. This was also
the case for the patient in the sarilumab-200 group receiving anakinra after randomiza-
tion. Due to this we performed a post hoc analysis including these three patients,
which were considered as failures. The probability of clinical progression during fol-
low-up with this approach was 32%, 30%, and 13% in the control, sarilumab-200, and
sarilumab-400 groups, respectively. The HR of receiving sarilumab 400 mg versus the
control group to prevent the need for HFNO, NIMV, or IMV was 0.370 (0.130 to 1.050;
P = 0.062) in this analysis.

Secondary outcomes. The analyses of secondary outcomes in the mITT population
are summarized in Table 2. Thirteen (11.3%) patients underwent IMV during the first

FIG 1 Disposition of patients in the trial.
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TABLE 1 Features of study population (N = 115)

All
(N = 115)

Control
(n = 39)

Sarilumab 200 mg
(n = 37)

Sarilumab 400 mg
(n = 39) P value

Age (yrs)a

,65
65 to 79
$80

59 (51-70)b

70 (61)
40 (35)
5 (4)

57 (51-71)
23 (59)
12 (31)
4 (10)

65 (53-72)
18 (49)
18 (49)
1 (2)

57 (49-67)
29 (74)
10 (26)
0 (0)

0.15

0.05

Male gender, no. (%) 78 (68) 26 (66) 23 (62) 29 (74) 0.51
BMIa,c

BMI$ 30
31 (26-33)
39 (56)

32 (29-35)
16 (66)

29 (25-31)
10 (45)

31 (26-33)
13 (56)

0.05
0.47

Comorbidities, no. (%)
Hypertension
Diabetes mellitus
Chronic heart disease
Chronic respiratory disease
Liver disease
Chronic renal disease
Charlson comorbidity indexa

47 (41)
17 (15)
4 (4)
15 (13)
3 (3)
2 (2)
0 (0-1)

13 (33)
6 (15)
2 (5)
6 (15)
1 (3)
0 (0)
0 (0-1)

17 (46)
9 (24)
1 (3)
4 (11)
2 (5)
2 (5)
0 (0-1)

17 (44)
2 (5)
1 (3)
5 (13)
0 (0)
0 (0)
0 (0-0)

0.53
0.06
0.78
0.83
0.31
0.10
1.0

Clinical characteristics and severity at baseline
Days from symptom onset to randomization
Days from hospitalization to randomizationa

SOFAa

Ordinal scale score, no. (%)
3
4
5

9 (7-11)
1 (1-2)
1 (1-2)

7 (6)
86 (75)
22 (19)

9 (7-11)
1 (1-3)
2 (1-2)

2 (6)
29 (74)
8 (20)

9 (7-12)
1 (1-2)
2 (1-2)

4 (11)
27 (73)
6 (16)

9 (8-11)
1 (1-3)
1 (0-2)

1 (3)
30 (77)
8 (20)

0.96
0.89
0.28

0.48

Respiratory parameters at baseline
Respiratory frequencya

Oxygen saturation while breathing room aira

,90%
Fraction of inspired oxygen (FiO2)a

Oxygen saturation/FiO2 ratioa

Supplemental oxygen, no. (%)
No
Nasal cannula
Non-rebreather face mask
Rebreather face mask

Oxygen flow (liter per min)a,d

,6 L/min
6 to 14 L/min
$15 L/min

20 (18-24)
92 (89-95)
31 (27)
36 (21-43)
261 (205-401)

11 (10)
79 (69)
7 (6)
18 (15)
4 (3-7)
67 (58)
21 (18)
16 (14)

20 (18-23)
93 (90-95)
8 (20)
36 (28-40)
261 (226-330)

3 (8)
28 (72)
2 (5)
6 (15)
4 (3-7)
23 (59)
8 (20)
5 (13)

20 (17-24)
92 (89-96)
10 (27)
36 (21-55)
250 (171-428)

6 (16)
22 (60)
3 (8)
6 (16)
5 (4-8)
16 (43)
10 (27)
5 (13)

20 (18-25)
92 (89-95)
13 (33)
32 (21-49)
290 (186-423)

2 (5)
29 (75)
2 (5)
6 (15)
4 (2-5)
28 (72)
3 (8)
6 (15)

0.98
0.81
0.20
0.61
0.78

0.95

0.06

0.78

Laboratory parameters at baseline
Absolute lymphocyte count (109/L)a

Platelets (103/microL)
Lactate dehydrogenase (U/L)a

Ferritin (ng/mL)a

D dimer (ng/mL)a

C-reactive protein (mg/L)a

Procalcitonin (ng/mL)a

Interleukin-6a,e

0.91 (0.61-1.27)
217 (179-273)
354 (293-494)
720 (412-1,420)
925 (480-1,825)
79 (41-127)
0.1 (0.06-0.16)
56 (41-89)

0.9 (0.6-1.27)
226 (179-281)
354 (296-433)
635 (301-1,207)
731 (464-1,510)
96 (30-127)
0.08 (0.04-0.13)
48 (38-80)

1.1 (0.71-1.37)
218 (176-290)
340 (290-421)
593 (332-1,441)
686 (436-1,670)
67 (42-136)
0. 11 (0.07-0.18)
59 (43-88)

0.81 (0.49-1.21)
212 (178-252)
424 (293-561)
890 (510-1,815)
1,090 (495-2,880)
80 (45-127)
0.1 (0.05-0.19)
70 (43-127)

0.15
0.94
0.43
0.13
0.36
0.96
0.06
0.35

Concomitant therapies, no. (%)
Corticosteroids at randomization
Dexamethasone$ 6 mg/day
Methylprednisolone 40 to 125 mg/day
Methylprednisolone 125 to 250 mg/day
Methylprednisolone. 250 mg/day

Remdesivir

103 (90)
60 (52)
13 (12)
10 (9)
20 (17)
14 (12)

34 (88)
21 (54)
5 (13)
3 (8)
5 (13)
4 (10)

33 (89)
17 (46)
5 (13)
3 (8)
8 (22)
3 (8)

36 (92)
22 (56)
3 (8)
4 (10)
7 (18)
7 (18)

0.76

0.45

(Continued on next page)
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28 days after randomization. Figure 2B shows the probability of requiring IMV by study
group. Seven (6%) patients died during the study, three in the control group and four
in the sarilumab-200 group. There were no deaths in the sarilumab-400 group. Figure
2C shows the probability of death during the study by treatment groups.

The probability of clinical improvement by day 28 on the basis of the ordinal scale
was 88%, 84%, and 94% in the control, sarilumab-200, and sarilumab-400 groups,
respectively (Table 2 and Fig. 2D). The rate ratio (95% CI) for clinical improvement with
sarilumab-400 compared with the control group was 2.625 (0.626 to 11.012; P = 0.176).
The proportion of patients treated with sarilumab-400 who discontinued oxygen sup-
port or were discharged during the study was numerically higher than that observed
in the control group and the sarilumab-200 group (Table 2).

Analyses were also performed of secondary outcomes after excluding 10 patients
who received anti-IL-1 or anti-IL-6 other than sarilumab at any time after randomiza-
tion and before day 28 (see Table S2). Three (9.1%) patients in the control group, three
(8.4%) in the sarilumab-200 group, and zero (0%) in the sarilumab-400 group died
(P = 0.094, chi square for linear trend; P = 0.059, log-rank test for the comparison of sar-
ilumab-400 vs the control group) (see Table S2).

Post hoc desirability of outcome ranking analysis. Table S3 shows the classifica-
tion of patients in the three desirability of outcome ranking (DOOR) categories. The
proportion of cases treated with sarilumab-200 with better DOOR than those treated in
the control group was 54.6% (95% CI, 51.9% to 57.3%). In a second DOOR analysis com-
paring sarilumab-400 versus the control, the proportion of cases treated with sarilu-
mab-400 with better DOOR than those treated in the control group was 63.2% (95% CI,
60.6% to 65.7%). A detailed description of the DOOR analyses is provided in Table S4.

Safety. Adverse events are shown in Table 3. No new safety signal for sarilumab
emerged. Overall, 10 (8.7%) patients had a secondary nosocomial infection during the
study period.

DISCUSSION

In this phase II trial, we found that in patients recently admitted to hospital with
COVID-19 pneumonia and features of systemic inflammation, early IL-6 blockade with
a single dose of sarilumab 400 mg was safe and associated with a trend for better out-
comes than the current SOC. These benefit signals were observed for primary and sec-
ondary outcomes and across different sensitivity and secondary analyses, providing a
rationale for continuing with larger, confirmatory phase III trials.

This was a phase II trial that aimed to explore if early blockade with two different
doses of the sarilumab human anti-IL-6 soluble receptor monoclonal antibody pre-
vents disease progression in COVID-19. As the study was conducted during the earlier
phases of the pandemic, sample size calculations were made on the basis of ICU admis-
sions and mortality rates at that time. Fortunately, mortality has evolved and fallen
since the beginning of the epidemic, which has notably affected the power of this trial
to detect differences between groups. In spite of this, our results suggest that adding
sarilumab 400 mg to SOC provides clinical benefit. Thus, when compared with the

TABLE 1 (Continued)

All
(N = 115)

Control
(n = 39)

Sarilumab 200 mg
(n = 37)

Sarilumab 400 mg
(n = 39) P value

Low mol wt heparin
Prophylactic dose
Intermediate dose
Full dose

100 (100)
51 (44)
38 (33)
26 (23)

39 (100)
19 (49)
11 (28)
9 (23)

37 (100)
14 (38)
12 (32)
11 (30)

39 (100)
18 (46)
15 (39)
6 (15)

0.57

aMedian (Q1-Q3).
bRange 28 to 82 years.
cAvailable in 69 patients.
dIn 104 patients receiving supplemental oxygen at randomization.
eAvailable in 100 patients.
BMI, body mass index; SOFA, sequential organ failure assessment.

Sarilumab in Hospitalized COVID Patients Antimicrobial Agents and Chemotherapy

February 2022 Volume 66 Issue 2 e02107-21 aac.asm.org 5

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/a

ac
 o

n 
03

 N
ov

em
be

r 
20

22
 b

y 
15

0.
24

4.
73

.1
46

.

https://aac.asm.org


TA
B
LE

2
Pr
im

ar
y
an

d
se
co
nd

ar
y
ou

tc
om

es
in

th
e
st
ud

y
p
op

ul
at
io
n
(N

=
11

5)

O
ut
co

m
e

N
o.

of
p
at
ie
n
ts

w
it
h
ev

en
tw

it
h
in

28
d
ay

s

%
of

p
at
ie
n
ts
w
it
h

ev
en

t
M
ed

ia
n
(9
5%

C
I)

d
ay

s
to

ev
en

t
H
az
ar
d
ra
ti
o

(9
5%

C
I)

Lo
g
-r
an

k
P
va

lu
e

D
ay

7
D
ay

14
D
ay

28
M
ea
su
re
s
of

w
or
se
ni
ng

Pr
im

ar
y
ou

tc
om

e:
p
ro
gr
es
si
on

to
H
FN

O
,N

IM
V
or

IM
V

0.
21

C
on

tr
ol

Sa
ril
um

ab
20

0
m
g

Sa
ril
um

ab
40

0
m
g

11 10 5

26
%

27
%

13
%

28
%

27
%

13
%

28
%

27
%

13
%

N
R

N
R

N
R

Re
fe
re
nc

e
gr
ou

p
0.
87

(0
.3
7-
2.
06

)
0.
41

(0
.1
4-
1.
18

)
0.
76

0.
09

Se
co
nd

ar
y
ou

tc
om

e:
N
ee

d
fo
rM

V
0.
48

C
on

tr
ol

Sa
ril
um

ab
20

0
m
g

Sa
ril
um

ab
40

0
m
g

4 6 3

3% 11
%

8%

10
%

16
%

8%

10
%

16
%

8%

N
R

N
R

N
R

Re
fe
re
nc

e
gr
ou

p
1.
68

(0
.4
7-
5.
98

)
0.
78

(0
.1
7-
3.
48

)
0.
41

0.
74

Se
co
nd

ar
y
ou

tc
om

e:
D
ea
th

0.
13

C
on

tr
ol

Sa
ril
um

ab
20

0
m
g

Sa
ril
um

ab
40

0
m
g

3 4 0

0% 0% 0%

0% 3% 0%

8% 11
%

0%

N
R

N
R

N
R

Re
fe
re
nc

e
gr
ou

p
1.
41

(0
.3
1-
6.
31

)
0.
01

(0
.0
0-
16

0.
68

)
0.
64

0.
07

M
ea
su
re
s
of

im
p
ro
ve
m
en

t
Se
co
nd

ar
y
ou

tc
om

e:
C
lin

ic
al
im

p
ro
ve
m
en

to
n
or
di
na

ls
ca
le

0.
41

C
on

tr
ol

Sa
ril
um

ab
20

0
m
g

Sa
ril
um

ab
40

0
m
g

32 30 36

23
%

30
%

36
%

73
%

74
%

75
%

88
%

84
%

94
%

10
(7
-1
2)

9
(7
-1
0)

8
(6
-1
0)

Re
fe
re
nc

e
gr
ou

p
0.
96

(0
.5
8-
1.
59

)
1.
28

(0
.7
9-
2.
06

)
0.
91

0.
28

Se
co
nd

ar
y
ou

tc
om

e:
D
is
co
nt
in
ua

ti
on

of
su
p
p
le
m
en

ta
lo

xy
ge

n
in

p
at
ie
nt
s
re
ce
iv
in
g
it
at

b
as
el
in
ea

0.
16

C
on

tr
ol

Sa
ril
um

ab
20

0
m
g

Sa
ril
um

ab
40

0
m
g

30 24 34

28
%

42
%

46
%

71
%

68
%

79
%

83
%

80
%

94
%

9
(7
-1
1)

8
(3
-1
2)

7
(4
-1
0)

Re
fe
re
nc

e
gr
ou

p
0.
89

(0
.5
2-
1.
53

)
1.
39

(0
.8
5-
2.
28

)
0.
69

0.
18

Se
co
nd

ar
y
ou

tc
om

e:
D
is
ch

ar
ge

al
iv
e
fr
om

ho
sp
it
al

0.
55

C
on

tr
ol

Sa
ril
um

ab
20

0
m
g

Sa
ril
um

ab
40

0
m
g

34 30 36

21
%

24
%

31
%

64
%

71
%

72
%

84
%

84
%

92
%

10
(7
-1
2)

9
(7
-1
0)

9
(6
-1
1)

Re
fe
re
nc

e
gr
ou

p
0.
98

(0
.6
0-
1.
60

)
1.
23

(0
.7
6-
1.
96

)
0.
94

0.
38

C
I,
co
nfi

de
nc

e
in
te
rv
al
;H

FN
O
,h
ig
h-
fl
ow

na
sa
lo

xy
ge

n;
N
IM

V,
no

n-
in
va
si
ve

m
ec
ha

ni
ca
lv
en

ti
la
ti
on

;I
M
V,
in
va
si
ve

m
ec
ha

ni
ca
lv
en

ti
la
ti
on

;N
R,
no

tr
ea
ch

ed
.

a
A
na

ly
si
s
re
st
ric

te
d
to

p
at
ie
nt
s
re
ce
iv
in
g
su
p
p
le
m
en

ta
lo

xy
ge

n
at

b
as
el
in
e
(c
on

tr
ol

gr
ou

p
,n

=
36

;s
ar
ilu

m
ab

20
0
m
g,
n
=
31

;s
ar
ilu

m
ab

40
0
m
g,
n
=
37

).

Merchante et al. Antimicrobial Agents and Chemotherapy

February 2022 Volume 66 Issue 2 e02107-21 aac.asm.org 6

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/a

ac
 o

n 
03

 N
ov

em
be

r 
20

22
 b

y 
15

0.
24

4.
73

.1
46

.

https://aac.asm.org


control group, a 15% lower rate of need for HFNO, NIMV, or IMV with sarilumab
400 mg was observed. Notably, there were no deaths among those receiving sarilu-
mab 400 mg. On the other hand, recovery tended to occur more frequently and
faster with sarilumab 400 mg, which could help to lessen the burden of COVID-19
in an overloaded health care system. Finally, post hoc analyses using DOOR meth-
odology were consistent with a clinically beneficial effect of this treatment. While
this trial cannot definitely conclude that sarilumab 400 mg reduces clinical progres-
sion or mortality due to its lack of potency, these results support the continuation
of the clinical evaluation of this strategy in further trials.

In addition to a relative low sample size, this trial has other limitations. First, it was
nonblinded, which has the potential for ascertainment bias. Besides, awareness of the
intervention assignment could affect management in the control group. In fact, three
patients in the control group received tocilizumab due to clinical deterioration but
prior to achieving the primary outcome, probably due to the perceived clinical benefit
of tocilizumab by many clinicians at that time during the trial. However, sensitivity
analyses excluding these patients showed similar results and other secondary out-
comes such as mortality are very unlikely to be influenced by the open design. Second,
recruitment extended over an 8-month period, which could potentially affect back-
ground care during the trial. Apart from the difficulties of conducting an academic clin-
ical trial during a pandemic, the wide use of IL-6 and IL-1 blockers by clinicians, even
before of any evidence of its efficacy, has been a constant in many parts of the world

FIG 2 Probability of developing the study outcomes in the first 28 days after randomization according to study groups in the modified intention-to-treat
population (N = 115). (A) Clinical progression requiring high-flow nasal oxygen (HFNO) devices, non-invasive mechanical ventilation (NIMV) or invasive
mechanical ventilation (IMV). (B) Need for IMV. (C) Overall mortality. (D) Clinical improvement. Clinical improvement was defined as a 2-point rise in a
seven-category ordinal scale or hospital discharge, whichever occurred first.
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and hindered recruitment in a trial including a control group, thus explaining the rela-
tively long recruitment period. However, results from the unique interventions that
have showed some clinical benefit, such as remdesivir or corticosteroids, were avail-
able before enrollment of the first patient. Indeed, almost all patients in the trial
received concomitant corticosteroids at baseline and overall mortality was 6%, reflect-
ing that our trial population is highly representative of the current clinical picture of
hospitalized COVID-19 patients in high-income countries.

Previous information on the use of sarilumab for the treatment of COVID-19 was
scarce and inconclusive. Apart from 48 patients included in the REMAP-CAP trial (9)
and two small observational studies (16, 17), information from larger randomized clini-
cal trials was limited to that announced by press releases (18, 19). A randomized dou-
ble-blind, placebo-controlled clinical trial including patients with COVID-19 pneumonia
requiring oxygen or critical care not showing efficacy of intravenous sarilumab 200 mg
or 400 mg compared with placebo has recently been published (20). Drawbacks of this
previous trial were that only 20% of patients received corticosteroids and more than
75% had normal IL-6. Thus, suboptimal backbone therapy and inadequate selection cri-
teria for evaluating immunomodulatory therapy might explain the negative findings.
By contrast, more than 90% of patients in our study were on oxygen support and
receiving corticosteroids at baseline and patients were enrolled on the basis of exhibit-
ing features of systemic inflammation. In such a population, our results are in line with
recent findings of the RECOVERY trial (21) with the use of tocilizumab and the WHO
REACT meta-analysis (15), suggesting a role of IL-6 blockade if combined with steroids
and in patients on oxygen support with high inflammatory markers.

Our study has several strengths. First, it was performed in a context of universal use
of corticosteroids and rates of 11% for IMV use and 6% overall mortality, which is a
more representative scenario of current COVID-19 care. Thus, interventions in this trial
were proven in a more exigent context than other larger clinical trials assessing treat-
ment interventions where mortality rates in the control group exceeded 30% (21).
Besides, unlike other large platform COVID-19 trials, our trial included a contemporane-
ous control group, which is the best way to guarantee that between-group differences
in outcomes can be attributed to interventions and to avoid unnoticed bias, as has
been recently noted (22). Finally, we have included a post hoc DOOR analysis, a meth-
odology designed to address several challenges in clinical trials that allows evaluating
the clinically relevant question of superiority of a new strategy based on the considera-
tion of all consequences (23). With this approach, our analyses suggest that receiving
sarilumab 400 mg promotes a clinical benefit when compared to the control group.

Like other trials using tocilizumab, treatment with sarilumab was safe and was not
associated with serious adverse events. Notably, we did not observe an increased risk
of serious infections when compared with patients in the control group, in spite of

TABLE 3 Adverse events

Event
All
(N = 115)

Control
(n = 39)

Sarilumab 200 mg
(n = 37)

Sarilumab 400 mg
(n = 39)

Mortality 7 (6) 3 (8) 4 (11) 0 (0)
AST and/or ALT elevations grade$ 3 2 (2) 1 (3) 0 (0) 1 (3)
Nosocomial infection
Bacteremia
Urinary tract infection
Ventilator-associated pneumonia

10 (9)
3 (3)
2 (2)
10 (9)

3 (8)
1 (3)
0 (0)
2 (5)

5 (13)
1 (3)
2 (5)
2 (5)

2 (5)
1 (3)
0 (0)
1 (3)

Pulmonary embolism 1 (1) 0 0 1 (3)
Tachyarrhythmia 3 (3) 2 (5) 0 1 (3)
Syncope 1 (1) 0 (0) 0 (0) 1 (3)
Acute confusional syndrome 1 (1) 1 (3) 0 0
Erythroderma 1 (1) 0 0 1 (3)
Thrombocytosis 2 (2) 0 1 (3) 1 (3)
Arthralgias 1 (1) 1 (3) 0 0

Data are expressed as number (%) of patients. ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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having used higher doses than commonly used for rheumatoid arthritis in one of the
arms of the study. As with other interventions, long-term safety, including assessing
the risk of secondary infections beyond 28 days should be confirmed.

The role of IL-6 blockade in the treatment of COVID-19 is being clarified by recent
studies. REMAP-CAP (9) and RECOVERY (21) trials have recently provided evidence of a
survival benefit of tocilizumab in critically ill patients and in patients with hypoxia and
evidence of inflammation receiving systemic corticosteroids, respectively. A reduction
in all-cause mortality has been also found in a large meta-analysis (15). Our results sug-
gest that combining sarilumab at high doses with corticosteroids early on in the course
of COVID-19 pneumonia reduces clinical progression and shortens the time to hospital
discharge. Whether similar clinical benefits can be expected with tocilizumab or sarilu-
mab is not known, as comparative clinical trials are lacking. In the meantime, it is rea-
sonable to prioritize the use of tocilizumab as the cumulative safety and efficacy with
such a drug is larger than for sarilumab and to consider the use of sarilumab as an al-
ternative option based on our results. The increasing demands of tocilizumab have led
to shortage of the drug during the pandemic, which can occur again due to its wide-
spread use. Our study provides evidence for the use of sarilumab as an alternative
option if access to tocilizumab is limited. As our study has not included patients with
critical COVID, the use of tocilizumab should be prioritized in this specific scenario.

In summary, patients hospitalized with COVID-19 pneumonia requiring oxygen sup-
port and markers of systemic inflammation receiving corticosteroids might benefit
from early blockade of IL-6 with sarilumab 400 mg during the first 48 h of admission.
The efficacy of this strategy should be confirmed in a well-powered randomized clinical
trial.

MATERIALS ANDMETHODS
Trial design and oversight. SARICOR was a phase II, open-label, randomized, multicenter, con-

trolled clinical trial conducted in 10 hospitals in Andalusia, Southern Spain. SARICOR was an academic
trial funded by the COVID-19 Research Program of the Regional Government of Andalusia (project code
COVID-0013-2020). SANOFI-AVENTIS had no role in the trial. The trial was approved by the Committee
for Biomedical Research Ethics of the Reina Sofía University Hospital and was conducted in accordance
with the International Conference on Harmonization E6 Guideline for Good Clinical Practice and ethical
principles of the Declaration of Helsinki. Authorization was also obtained from the Spanish Agency of
Medicines and Medical Products (AEMPS, 20-0262). The trial is registered in accessible public databases
such as the Spanish Clinical Studies Registry (REec), EUDRACT (2020-001531-27), and ClinicalTrials.gov
(NCT04357860). A detailed description of the study protocol is also available (24).

Patients. Patients were eligible for enrollment if they met the following inclusion criteria: (i) age
$18 years; (ii) hospitalization due to COVID-19 with SARS-CoV-2 infection confirmed by a positive anti-
gen detection test or a PCR assay; (iii) interstitial pneumonia confirmed by the presence of infiltrates on
chest radiograph or a computer tomography scan; and (iv) IL-6 levels $40 pg/mL and/or d-dimer
.1,500 ng/mL or $1,000 if progressive increments were documented in at least two determinations af-
ter admission. Key exclusion criteria were the presence of ARDS requiring HFNO or mechanical ventila-
tion at randomization (or expected to be started in the first 24 h after randomization as deemed by deci-
sion of the investigator) and patients in which the decision was made to not progress to mechanical
ventilation in the event of clinical deterioration. The full list of exclusion criteria is provided in the full
version of the protocol (see supplementary material). Patients' informed consent was obtained before
inclusion. Written informed consent was preferable but initial oral consent before a witness documented
in the clinical record and ratified later in writing was also an option, which was in accordance with
Spanish Agency of Medicines and Medical Products exceptional measures applicable to clinical trials to
manage problems arising from the COVID-19 emergency (https://www.aemps.gob.es/informa-en/exceptional
-measures-applicable-to-clinical-trials-to-manage-problems-arising-from-the-covid-19-emergency/?lang=en).

Randomization and treatment. Patients were randomized in a 1:1:1 ratio to receive SOC alone
(control group); SOC plus a single subcutaneous dose of 200 mg sarilumab (sarilumab-200 group); or
SOC plus a single subcutaneous dose of 400 mg sarilumab (sarilumab-400 group). Concealed randomiza-
tion was carried out by means of electronic case report forms after obtaining informed consent and
stratified according to the presence of an oxygen saturation (SatO2) ,90% while breathing room air
and/or a partial pressure of arterial oxygen (PaO2) ,60 mm Hg. Sarilumab was administered the same
day of trial inclusion, generally within 3 h after informed consent was obtained.

Patients received SOC according to local practice, which included any individual drug or combina-
tion of drugs listed in the protocol of the Spanish Ministry of Health (https://www.mscbs.gob.es) and the
Spanish Agency of Medicines and Medical Products (www.aemps.gob.es) during the study period.
Dexamethasone was the preferred backbone therapy since the press release of the RECOVERY trial, but
high and/or pulse doses (.1 mg methylprednisolone or equivalent per kilogram of body weight) of
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corticosteroids were also permitted. Once the primary endpoint was achieved, the use of immunomodu-
lator agents other than sarilumab was allowed at the discretion of the investigator at each site.
Otherwise, the use of tocilizumab and/or other immunomodulator agents before reaching the primary
endpoint was considered a protocol deviation.

Outcomes. The primary outcome variable was the development of ARDS requiring HFNO, NIMV, or
IMV during the first 28 days after randomization. Secondary outcome variables were all-cause mortality,
need for ICU admission and/or IMV, time to clinical improvement (as defined on the basis of an ordinal
scale), time until oxygenation improvement, and duration of hospitalization. Clinical improvement was
defined as a 2-point increase on a seven-category ordinal scale or hospital discharge, whichever
occurred first (24). Oxygenation improvement was defined as discontinuation of supplemental oxygen
for at least 48 h in patients requiring it at baseline. Clinical status was recorded at baseline and every
day during hospitalization for a total of 28 days after randomization. Patients discharged before day 28
had a clinical and/or telephone visit at day 28 to assess their clinical and vital status and as a safety fol-
low-up visit.

Statistical analysis. We calculated that a sample size of 120 patients, 40 for each arm, would pro-
vide a power of 80% to detect a 30% difference in the primary outcome between treatment groups,
with an alpha error of 0.05 and assuming that the modified intention-to-treat population would be
90% of randomized patients. Efficacy analyses of the primary outcome were performed both in the
modified intention-to-treat (ITT) population, which included all randomized patients receiving treat-
ment, and in the per protocol (PP) population, where patients in the control group receiving tocilizu-
mab and/or other immunomodulator agents before achieving the primary endpoint were excluded.
Secondary analyses were performed in both the mITT population and in the PP population. For sec-
ondary analyses, patients receiving tocilizumab or immunomodulator agents other than sarilumab at
any time after randomization were excluded in the PP population. The safety population included all
patients who underwent randomization and received therapy. Outcome variables were firstly assessed
by means of a time-to-event approach. Time was computed for each specific outcome event as the
days elapsed from baseline, considered as the day of randomization, to the date of each specific event
or censoring date (day 28). Survival curves were compared according to the Kaplan-Meier method
using the log-rank test. The differences between the treatment groups were estimated as HR with 95%
confidence intervals (CI) from stratified Cox proportional hazards models. Additionally, the proportion
of patients developing the different outcomes of the study in each arm of the study were compared
using the chi square test and the relative risk (RR) with 95% CI was estimated. Sensitivity analyses of
the time to hospital discharge and time to clinical improvement adjusting for death as a competing
risk were also performed.

To provide additional information on the different components of the primary endpoint, a post
hoc analysis with DOOR was performed. Patients were classified in three mutually exclusive hier-
archical levels according to the following ordinal system (descending order of desirability): (i) cate-
gory 1: no death at day 28 and no development of ARDS requiring HFNO/NIMV/IMV; (ii) category 2:
no death at day 28 but development of ARDS requiring HFNO/NIMV/IMV; and (iii) category 3: death
at day 28. For those who survived and did not develop ARDS requiring HFNO/NIMV/IMV in the first
28 days (category 1), the time to clinical improvement was considered to tiebreak (the shorter the
time until improvement, the better the DOOR). The probability of a better ranking among patients
treated in each sarilumab arm than among the patients in the control group was calculated where
the lower bound of the 95% CI of the probability should be .50% to suggest superiority of
sarilumab.

All analyses were performed using SPSS statistical software package release 24.0 (IBM Corporation,
Somers, NY, USA) and STATA software. The incidence and severity of adverse events were evaluated.
These events were determined and classified according to the National Cancer Institute’s Common
Terminology Criteria for Adverse Events (CTCAE) version 5.0.

Data availability. Deidentified participant data is available upon request and after specific approval
by the Regional Government of Andalusia and the Spanish Agency of Medicines and Medical Products.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.2 MB.
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