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Abstract

Introduction: The results of studies of tocilizumab (TCZ) in COVID-19 are contradic-
tory. Our study aims to update medical evidence from controlled observational stud-
ies and randomized clinical trials (RCTs) on the use of TCZ in hospitalized patients with
COVID-19.

Methods: We searched the following databases from January 1, 2020 to April 13,
2021 (date of the last search): MEDLINE database through the PubMed search en-
gine and Scopus, using the terms (“COVID-19" [Supplementary Concept]) AND "toci-
lizumab" [Supplementary Concept]).

Results: Sixty four studies were included in the present study: 54 were controlled
observational studies (50 retrospective and 4 prospective) and 10 were RCTs. The
overall results provided data from 20,616 hospitalized patients with COVID-19: 7668
patients received TCZ in addition to standard of care (SOC) (including 1915 patients
admitted to intensive care units (ICU) with reported mortality) and 12,948 patients
only receiving SOC (including 4410 patients admitted to the ICU with reported mor-
tality). After applying the random-effects model, the hospital-wide (including ICU)
pooled mortality odds ratio (OR) of patients with COVID-19 treated with TCZ was
0.73 (95% confidence interval (Cl) = 0.56-0.93). The pooled hospital-wide mortality
OR was 1.25 (95% Cl = 0.74-2.18) in patients admitted at conventional wards versus
0.66 (95% Cl = 0.59-0.76) in patients admitted to the ICU. The pooled OR of hospital-
wide mortality (including ICU) of COVID-19 patients treated with TCZ plus corticos-
teroids (CS) was 0.67 (95% Cl = 0.54-0.84). The pooled in-hospital mortality OR was
0.71 (95% Cl = 0.35-1.42) when TCZ was early administered (<10 days from symptom
onset) versus 0.83 (95% Cl 0.48-1.45) for late administration (>10 days from symptom
onset). The meta-analysis did not find significantly higher risk for secondary infections
in COVID-19 patients treated with TCZ.

Conclusions: TCZ prevented mortality in patients hospitalized for COVID-19. This
benefit was seen to a greater extent in patients receiving concomitant CS and when

TCZ administration occurred within the first 10 days after symptom onset.
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1 | INTRODUCTION

After more than 1 year into the COVID-19 pandemic, only a few
therapies have withstood the inexorable push of scientific evidence.
Basically, treatments aimed at blocking the cytokine storm that ac-
companies COVID-19 persist, including corticosteroids (CS) and to-
cilizumab (TCZ).

Tocilizumab is a humanized monoclonal antibody of the
IgG1 subclass that inhibits signaling of interleukin 6 (IL-6). A pleio-
tropic cytokine, IL6, mediates inflammation, immune response,
and hematopoiesis and has been implicated in a range of lymphop-
roliferative and autoimmune diseases. Cytokine release syndrome
(CRS) is a potentially life-threatening complication of chimeric an-
tigen receptor T (CAR T)-cell therapy and of autoimmune diseases.
CRS is characterized by fever, arthralgia, headache, rash, and di-
arrhea in mild cases, and a systemic inflammatory response with
multiple organ involvement in severe cases. The pathophysiology
stems from activation of lymphocytes and myeloid cells with the
release of inflammatory cytokines including tumor necrosis factor
(TNF) alpha, interferon gamma (IFNy), IL-1 beta (IL-1p), IL-2, IL-6,
IL-8, and IL-10. IL-6 is thought to be a central mediator of toxicity
in CRS. Trans-signaling is particularly important in CRS, with high
levels of IL6 leading to enhanced downstream signaling in many
cells.

Although in the case of CS, there is more unanimity in favor of
their benefits,? published evidence of TCZ treatment in patients
with COVID-19 has been still controversial, lengthening the debate
on its use to this day. Interestingly, there are almost a hundred un-
controlled®3? and controlled*®~?® observational studies published
to date, in which TCZ generally improved survival in hospitalized
patients with COVID-19. On the contrary, randomized clinical trials
(RCTs) evaluating the efficacy of TCZ in COVID-19 have been re-
ported scarcely, with mixed results.”*~1”

A few systematic reviews and meta-analyses (SRMAs) of TCZ in
COVID-19 have been published, also with changing results as new
studies are published.’°8-2! Our study aims to update published ev-
idence from controlled observational studies and trials on the effect
of TCZ use in different subgroups of patients with COVID-19 requir-

ing hospitalization.

2 | METHODS

This report describes the results of a systematic review and meta-
analysis following the guidance of the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) statement.}??
The protocol was published in the National Institute for Health

Research international register of systematic reviews (PROSPERO)

(registration number CRD42020204934). A clinical question under
the Population-Intervention-Comparison-Outcome (PICO) frame-

work format was created (Supporting Information S1).

2.1 | Datasources and searches

The search strategy was developed by three investigators (M.R-R.,
C.G.F,,and X.C.), which was revised and approved by the other inves-
tigators (J.M.M-L., AM, F.F, N.A.H., J.A-A, L.S., and J.R.). Preprint
articles were not included in the present study. We searched the fol-
lowing databases from January 1, 2020 to April 13, 2021 (date of the
last search): MEDLINE database through the PubMed search engine
and Scopus, using the terms (“COVID-19" [Supplementary Concept])
AND "tocilizumab" [Supplementary Concept]).

2.2 | Study selection

Full-text observational studies and trials in any language reporting
beneficial or harmful outcomes on the use of TCZ in adults hospi-
talized with COVID-19 were included. Six investigators (M.R-R.,
JMM-L, AM,, N.A.H., JA-A, and L.S.) independently screened
each record title and abstract for potential inclusion. Restriction of
publication types was manually applied: secondary analyses of pre-
viously reported trials, protocols, and abstracts-only were excluded.
Potentially relevant articles were retrieved for full-text review. Two
investigators (M.R-R. and F.F.) read the full text of the abstracts se-
lected. Discrepancies were resolved through discussion or by a third
investigator (X.C.).

Publications were included if they met all of the following crite-
ria: (1) the study reported data on adults 218 years with COVID-19,
diagnosed by polymerase chain reaction (PCR), and admitted
hospital-wide or in intensive care units (ICUs); (2) the study design
was an observational or experimental investigation providing origi-
nal data on TCZ use in COVID-19, either intravenous or subcutane-
ous; and (3) the study data collection finished after January 1, 2020.

Studies reported as “case-control studies,” in which subjects
from the control group also presented COVID-19, just as those from
the TCZ group, were also included in the present review. Studies
focusing on a sole subgroup of patients (e.g., renal transplant recip-
ients) were excluded. Furthermore, studies with overlapping data
(e.g., the same series reported in different studies) were rejected to
avoid bias due to data overexpression. In such cases, the latest and/
or largest study was selected. For this purpose, a careful revision
was performed of patients’ origins included in studies from the same
country not to include patients from the same hospital. When pa-
tients came from the same hospital, the larger study was chosen.
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FIGURE 1 PRISMA 2009 flow diagram. From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med 6(7): e1000097. 10.1371/journal.pmed1000097

The search was completed by the bibliography review of every arti- intervention or exposure characteristics, including medication dose
and duration; patient characteristics, including the severity of dis-

ease; and outcomes, including mortality, admission to the ICU, ad-

cle selected for full-text examination.

verse events such as secondary infections, and length of hospital

2.3 | Data extraction and quality assessment stay. Discrepancies were resolved by discussion in consultation with
a third investigator (X.C.).
Two investigators (M.R-R. and J.M.M-L.) independently abstracted Early administration of TCZ was set before Day 10 from symp-

the following details: study characteristics, including setting; tom onset. The time chosen was arbitrary considering that patients


https://doi.org/10.1371/journal.pmed1000097

RUBIO-RIVAS ET AL.

TABLE 1 Controlled studies: General data

Author

Rodriguez-Baiio
etal.*°

Quartuccio et al.*t

Martinez-Sanz et al.*?
|43

Guaraldi et a

Campochiaro et al.*

Colaneri et al.*

Price et al.*¢

Maeda et al.*’

Capraetal.*®

Rossotti et al.*’

Eimer et al.”®

Kimmig et al.>

Tsai et al.>?

Kewan et al.>®
Patel K et al.>*
Rojas-Marte et al.”®
Roumier et al.>®
Rossi et al.>”
Potere et al.®
Klopfenstein et al.*®

Canziani et al.¢°

Country
SPA

ITA

SPA

ITA

ITA

ITA

us

us

ITA

ITA

SWE

us

us

us

us

us

FR

FR

ITA

FR

ITA

Type of study

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

NOS

NTCZ/
controls

88/344
151/344

42/69

260/969

179/365

32/33

21/91

153/86

23/201

62/23

74/148

22/22

54/57

66/66

28/23

42/41

96/97

49/47

106/140

40/40

30/176

64/64

Study period
(2020)

FEB 2-MAR 31

FEB 29-APR 6

JAN 31-APR 23

FEB 21-APR 30

MAR 13-MAR 19

MAR 14-MAR 27

MAR 10-MAR 31

MAR 13-MAR 31

MAR 13-APR 2

MAR 13-APR 3

MAR 11-APR 15

MAR 1-APR 27

MAR 1-MAY 5

MAR 13-APR 19

MAR 16-APR 17

MAR 8-APR 25

MAR 9-APR 11

MAR 23-NA

MAR 28-APR 21

APR 1-MAY 11

FEB 23-MAY 9

asP
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TCZ criteria

238°C + increase in oxygen support
to maintain Sp02>92%+ 1 out of:
ferritin>2000 ng/ml, D-dimer>1500
mcg/ml, IL6>50 pg/ml

High CRP and IL6

NA

230 bpm+Sp02<93%+Pa02/
FiO2<300 mmHg

Sp02<92% + PaO2/Fi02 <300 mmHg
+LDH>220 U/l + CRP2100 mg/l or
ferritin 2900 ng/ml

CRP>5 mg/dl+procalcitonin<0.5 ng/
mL+Pa0O2/
Fi02<300 mmHg+ALT<500 U/L.

02 2 31 to maintain Sp02>93% or MV

NA

1 out of:230 bpm+Sp02<93%-+Pa02/
FiO2<300 mmHg

230 bpm + SpO2 < 93% + PaO2/FiO2 <
300 mmHg or ICU + CRP>1 mg/dl or
IL-6 > 40 pg/ml or D-dimer >1.5 mcg/
ml or ferritin >500 ng/ml

Sp02<94 on 51 02 + 1 out of: CRP >
100 mg/L, LDH > 8 pkat/L, IL6 >
40 ng/L, D-dimer>2 mg/L, troponin T
> 15 ng/L, ferritin>500 pg/L

Progressive clinical deterioration
+inflammation markers

Sp02<94% + ferritin > 300 mcg/ml

CRP = 3 g/dl or ferritin>400 ng/ml

NA

02 mask/HFNC up to 10l to maintain
SpO2 2 95% or MV

>61 02 + high CRP

Sp02<96%+on 61 O2+non-ICU

Pneumonia + CRP 2 20 mg/dl + SpO2 <
90%

24 |/min O2 + 22 out of: high ferritin/
CRP/D-dimer/LDH and lymphopenia

Respiratory worsening + High CRP,
ferritin, CK, ALT, D-dimer, or
lymphopenia

(Continues)
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Author Country
Biran et al.%? us
Albertini et al.®? FR
Galvan-Roman et al.®® SPA

Moreno-Pérez et al.®* SPA

Zheng et al.®® CHI
Moiseev et al.®® RUS
Roomi et al.®” us
Holt et al.®® us
Menzella et al.*’ ITA
Gupta et al.”® uUs
Masi et al.”* SPA

Gokhale et al.”? IND
Widysanto et al.”® IDN
Tian et al.”* CHI
Ruiz-Antoran’® SPA
Fisher et al.”® us

Castelnovo et al.”” ITA
Buzén-Martin et al.”® SPA
Cavallietal.®”? ITA
Chachar et al.8° PAK
Gokhale et al.® IND

RUBIO-RIVAS ET AL.

Type of study
Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Prospective
cohort

Prospective
cohort

Retrospective
cohort

Prospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

NOS

NTCz/
controls

210/420

22/22

58/88

77/159

92/89

83/54

76/115

32/144

32/30

41/38

419/3492

89/121

70/91

14/16

65/130

268/238

45/70

50/62

163/211

55/275

33/60

151/118

Study period
(2020)

MAR 1-APR 22

APR 6-APR 21

FEB 24-MAR 23

MAR 12-MAY 2

JAN-FEB

MAR 16-MAY 5

MAR 1-MAY 30

NA

MAR 10-APR 14

MAR 4-MAY 10

MAR 10-APR 17

APR 20-JUNE 5

NA

JAN 20-MAR 18

MAR 3-APR 20

MAR 10-APR 2

MAR 6-MAY 30

MAR 3-MAY 7

FEB 25-MAY 20

MAY 12-JUN 12

MAR 31-JUL 5

TCZ criteria

ICU
25| O2 + high CRP

MV+SOFA23+1L6>40 pg/ml or D-dimer
>1500 ng/ml

Respiratory failure+IL6>40 pg/ml,
ferritin>1000 mg/I, CRP>5 mg/dl,
lymphocytes<900/mm?®, LDH>300 U/I
or D-dimer>500 mcg/ml

Pulmonary progression + high IL6
Respiratory support + ICU+high CRP
NA

NA

NA

ICU admission

Respiratory progression + inflammation:
lymphopenia or high IL6, ferritin, D-
dimer or CRP

Inflammatory markers + SpO2 < 94%
despite O2 5 1/min or PaO2/FiO2 <
200 mmHg

NA
Pneumonia + elevated IL-6

Pneumonia at ward + Brescia-COVID
scale 2-3 + 1 of: IL6 > 40 pg/ml or
LDHx2 or high CRP or D-dimer >
1500 ng/ml or lymphocytes <1200/ul
or ferritin > 500 ng/ml

HFNC or higher + cytokine storm

CPAP with FiO2 > 40% or VMK > 50%
+ D-dimer > 1500 ng/ml or ferritin >
500 ng/ml

ARDS + ferritin >1000 ng/ml and/or IL6
> 50 pg/ml
Hyperinflammation

Cytokine storm

Bilateral pneumonia +high CRP, LDH,
ferritin

(Continues)
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N TCZ/ Study period
Author Country Type of study NOS controls (2020) TCZ criteria
Huang et al.®? uUs Retrospective 7 55/41 MAR 1-MAY 18 Sp02<90% +2 out of: IL6>10 pg/ml, CRP
cohort > 35 mg/lferritin > 500 ng/ml, D-
dimer > 1 mcg/I, LDH > 200 U/I
Lopez-Medrano SPA Retrospective 7 80/181 MAR 3-MAY 1 1 out of: 230 bpm + Sp0O2 <92%, CRP
etal 8 cohort >10 mg/dl IL6 >40 pg/ml, D-dimer
>1000 ng/ml
Mehta et al.8 uUs Retrospective 7 33/74 MAR 2-APR 14 Pneumonia + elevated inflammatory
cohort markers
Van den Eynde et al.®’ SPA Retrospective 8 21/118 MAR 9-APR 9 Severe respiratory illness + 1 out of
cohort ferritin >700 ng/ml or D-dimer
>2000 ng/ml
Ip et al.B¢ uUs Retrospective 7 134/413 MAR 1-MAY 5 ICU admission
cohort
Hill et al.®” uUs Retrospective 7 43/45 MAR 19-APR 24 Respiratory failure +IL6x5
cohort
Lewis et al.®® us Retrospective 8 497/497 MAR 1-APR 24 NA
cohort
Petit et al.%’ us Retrospective 7 74/74 MAR 1-MAY 25 Progressing hypoxia + D-dimer >
cohort 2 mg/l, CRP > 100 mg/I or ferritin >
600 mcg/|
Somers et al.”® us Retrospective 8 78/76 MAR 9-APR 20 Invasive mechanical ventilation
cohort
Mikulska et al.”* ITA Prospective 8 29/66 MAR-MAY Severe pneumonia + systemic
cohort inflammation
Okoh et al.”? uUs Retrospective 8 20/40 MAR 10-APR 10 High ferritin, CRP, LDH or lymphopenia
cohort
Nasa et al.”® IND Retrospective 6 22/63 MAR 15-MAY 15  ICU
cohort

Abbreviations: ALT, alanine aminotransferase; ARDS, acute respiratory distress syndrome; BRA, Brazil; CHI, China; CK, creatine kinase; CRP, C-
reactive protein; FR, France; HFNC, high flow nasal cannula; ICU, intensive care unit; IDN, Indonesia; IL6, interleukin 6; IND, India; ITA, Italy; LDH,
lactate dehydrogenase; MV, mechanical ventilation; NA, not applicable/available; NOS, Newcastle-Ottawa scale; SOFA, sequential organ failure
assessment; SWE, Sweden; TCZ, tocilizumab; UK, United Kingdom; US, United States.

#Mix of TCZ and Sarilumab.

are admitted around Day 7 from symptom onset and that inflamma-
tory escalation usually occurs in the second week of illness. Thus, it
would give a margin of 2-3 days for early administration of TCZ on
the first days of admission.

Quality assessment was performed by three investigators (M.R-
R., C.G.F,, and N.A.H) using the Newcastle-Ottawa Scale (NOS) for
observational studies*?® and the risk of bias for trials.** In case of
disagreement, a third author (J.R.) independently determined the

quality assessments.

2.4 | Datasynthesis and analysis

Categorical variables were described as sample size-weighted abso-
lute numbers and percentages. When the number of events and the
sample size were small (and followed a Poisson distribution), con-
fidence intervals were estimated using Wilson's method.*?>12% We
carried out a meta-analysis of the pooled mortality odds ratio (OR) of

mortality in TCZ-treated patients versus non-TCZ-treated patients
(OR of 1).

2.5 | Statistical analysis

We conducted random-effects meta-analysis assuming that there is
an underlying effect for each study which varies randomly across
studies, with the resulting overall effect an average of these.'?’
Studies with O events in one arm were not included in the meta-
analysis as recommended, using restricted maximum likelihood
(REML), stratified by study design.'?® Aggregated effect sizes were
calculated as combined ORs and 95% confidence intervals (CI).
Homogeneity across trials was assessed using Cochran's Q test with
nominal level 0.05 and quantified the percentage of variability be-
tween as indicated by Higgins 12 parameter and between-study vari-
ability by the Tau?. 1 values over 50% were considered as presenting
substantial heterogeneity.
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TABLE 2 Controlled studies. Drugs and outcomes

Author

Rodriguez-Bafio et al.*°

Quartuccio et al.**

Martinez-Sanz et al.*?
Guaraldi et al.*®
Campochiaro et al.**
Colaneri et al.*®
Price et al.#¢

Maeda et al.*”
Capra et al.*®
Rossotti et al.*’
Eimer et al.>®
Kimmig et al.>*

Tsai et al.>?

Kewan et al.>®

Patel K et al.’*

Rojas-Marte et al.>®

Roumier et al.>

Rossi et al.””

Potere et al.>®

Klopfenstein et al.>?

Canziani et al.¢°

Biran et al.%?

Albertini et al.¢?

Galvan-Roman et al.¢®

Moreno-Pérez et al.®*

Zheng et al.®”

Moiseev et al.®

Roomi et al.®’

Holt et al.®

Menzella et al.*’

Gupta et al.”®

Masia et al.”*

Gokhale et al.”?

Widysanto et al.”®

Tian et al.”*

Ruiz-Antoran 7

Fisher et al.”®

Castelnovo et al.””

Buzén-Martin et al.”®

Cavalli et al.?”?

Chachar et al.8°
Gokhale et al.®

Huang et al.®?

Age (years) TCZ
patientsMean (SD or
range) or median [IQR]
66 [56-72]

65 [58-74]
62.4(11.8)

65 [55-76]

64 [54-72]

64 [53-75]
62.3[18-68]
65 [NA]

NA

63 [54-73]

59 [51-71]
60.5 [48.5-64]
64.5(13.6)
62.4(13.5)

62 [53-71]

68 [NA]

58.8 (13.6)
57.8 (11.5)
64.3 (13)

56 [50-73]
75.7 (11.3)
63(10)

62 [53-71]

64 (41-80)

61 [54-70]

62 [53-72]
68.8 (25-87)
56 [48-63]

60 [53-67]
65.5 (NA)

NA

63.3(10.6)

62 [53-73]

62 [56.8-77]
52 [44-57]
58.7 (10.1)

71 [63-75]
65(11.7)

56.2 (14.7)

61 (9)
64.5[57.5-72.5]
58 [52-74]

60 [36-74]

53 [44-60]
63.6 (14.8)

Males TCZn (%)
64(72.7)
109 (71.9)
33(78.6)
191(73)
127 (71)
29 (91)

19 (90.5)
88 (58)
NA

45 (73)
61 (82.4)
21(95.5)
37 (68.5)
46 (69.7)
20 (71)
21 (50)
74(77.1)
40(82)
70 (66)
26 (65)
21 (70)
47 (73)
155 (74)
16 (72.7)
40 (69)
50 (64.9)
57 (62)
56 (67.5)
42 (55.3)
60 (72.3)
NA

29 (71)
271 (64.7)
54 (71.1)
47 (67.1)
12 (75)
48(73.9)
184 (68.7)
29 (64.4)
35 (70)
130(79.6)
48 (87)
22 (66.7)
107 (70.9)
36(81.8)

Days from onset to TCZ
infusionMean (SD or
range) ormedian [IQR]
10 [8-13]

11 [8-13]
8.4(3.7)

NA

7 [4-10]

11 [8-14]
NA

7 [4.5-10]
NA

NA

NA
10.5[8-13.5]
NA

NA

NA

NA

NA

10 (3)
8.3(4.2)

NA

11.7 (5-21)
13(5)

9 [6-12]

10 (3-21)
11[8-12.5]
10 [7.5-12]
NA

NA

NA
NA
NA
NA
NA
NA
NA
NA
11.7 (5.2)
NA
NA
NA
NA
NA
NA
NA

TCZ doses
NA

8 mg/kg iv
600-800 mg iv
8 mg/kg iv or 162 mg sc
400 mg iv

8 mg/kg iv

8 mg/kg iv

NA

400 mg iv

8 mg/kg iv

8 mg/kgiv
160-800 mg iv
400-800 mg iv
4-8 mg/kgiv
NA

NA

8 mg/kg iv
400 mg iv

324 mg sc

8 mg/kgiv

8 mg/kg iv
400 mg-8 mg/kg iv
600-800 mg

8 mg/kg iv
400-600 mg iv
4-8 mg/kg iv
400 mg iv

NA

NA

8 mg/kgiv or 162 mg sc
NA

400-600 mg iv
400 mg iv

NA

4-8 mg/kgiv
4-8 mg/kgiv
4-8 mg/kgiv
NA

NA

400 mg iv

800 mg iv

400 mg iv

400 mg iv
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TCZ infusion1/ 22
NA

42/0
NA
0/179
23/9
21/0
NA
NA
62/0
NA
NA
NA
62/4
28/0
NA
96/0
34/15
106/0
0/40
3/27
3/61
185/25
2/20
0/58
NA
NA
NA

NA
NA
0/41
NA
NA
70/0
NA
49/16
154/114
42/3
1/49
NA
46/9
NA
151/0
55/0

CSTCZ/controlsn (%)

Ovs.0

88 (100) vs. 0

16 (38.1) vs. 0

242 (93) vs. 340 (35)
Ovs.0

Ovs.0

21 (100) vs. 91 (100)
47 (31) vs. 1(1.2)
NA

Ovs.0

Ovs.0

5(22.7) vs. 8 (36.3)
13(24.1) vs. 8 (14)
12 (18.2) vs. 5 (7.6)
20(71) vs. 11 (47.8)
12 (29) vs. 14 (34.1)
41(42.7) vs. 32 (33)
8(16.3) vs. 6 (12.8)
43 (40.6) vs. 47 (33.6)
26 (65) vs. 23 (57.5)
16 (53) vs. 39 (22)
31 (48) vs. 26 (40.6)
97 (46) vs. 191 (45)
Ovs.0

38 (67) vs. 47 (55)
NA

NA

NA

26 (86.7) vs. 4 (13.3)
NA

28 (68) vs. 27 (71)

62 (14.8) vs. 467 (13.4)
24 (31.6) vs. 3 (4.8)

70 (100) vs. 91 (100)
NA

52(81.3) vs. 94 (72.3)
87 (32.5) vs.26 (10.9)
33(73.3) vs. 55(78.6)
50 (100) vs. 37 (59)
162(99.3) vs.188(89.1)
6(3.3) vs. 54 (19.6)

0 vs. 60 (100)

151 (100) vs. 118 (100)
1(1.8)vs. 1(2.4)

RemdesivirTCZ/
controlsn (%)
Ovs.0

Ovs.0
3(7.1)vs.0
Ovs.0

Ovs.0

Ovs.0

Ovs.0

Ovs.0

Ovs.0

Ovs.0

7(9.5) vs. 12 (8.1)
Ovs.0

Ovs.0

Ovs.0

Ovs.0

NA

12(12.5) vs.9(9.3)
Ovs.
Ovs.
Ovs.
Ovs.
Ovs.
Ovs.
Ovs.
O vs.

Ovs.

O O O O O O o o o o

O vs.

NA

NA

NA

NA

Ovs.0
Ovs.1(0.7)
Ovs.0

NA

Ovs.0

1(0.4) vs. 1(0.4)
NA

Ovs.0

Ovs.0

Ovs.0

Ovs.0

Ovs.0

8(14.5) vs. 1(2.4)

Follow-up, daysMean (SD) or
median [IQR]
21 [16-21]
20[11-21]
NA

13 [10-17]
12 [6-17]

28 (NA)

7 (NA)

12 [8-22]
NA

9 [5-19]

7 (NA)

NA

NA

NA

11 [6-22]

19 [14-25]
NA

NA

28 (NA)

35 (NA)

NA

30 (NA)

22 [11-53]
14 (NA)

61 [58-64]
83 [78-86.5]
NA

NA

NA

NA

NA

27 [14-37]
NA

16 [4.5-50]
NA

NA

12 [7-18]
30 [NA]
NA

NA

28 [NA]
NA

NA

NA

PHARMACOTHERAPY  9¢<P

MortalityTCZ/controlsn
(%)

2(2.3)vs. 41 (11.9)
19 (12.6) vs. 41 (11.9)
4(9.5)vs. 0

61 (23) vs. 120 (12)
13(7) vs. 73 (20)
5(16) vs. 11 (33)
5(23.8) vs. 19 (20.9)
23(15) vs. 10 (11.6)
8(33.3) vs. 33 (16.4)
2(3.2) vs. 11 (47.8)
8(11.8) vs. NA
5(22.7) vs. 7 (31.8)
19 (35.2) vs. 11 (19.3)
18(27.3) vs. 18 (27.3)
3(11) vs. 2(9)
11(26.2) vs. 11 (26.8)
43(44.8) vs. 55 (56.7)
5(10.2) vs. 6 (12.8)
36 (34) vs. 80 (57.1)

2 (5) vs. 11 (27.5)
8(26.7) vs. 66 (37.5)
17 (27) vs. 24 (38)
102 (49) vs. 256 (61)
3(13.6) vs. 2 (9.1)

14 (24.1) vs. 16 (18.2)
10(12.9) vs. 3(1.9)
9(9.8)vs. 1(1.1)

27 (32.5) vs. 12 (22.2)
47 (61.8) vs. 73 (63.5)
6(18.8) vs. 13 (9)

10 (31.3) vs. 9 (30)

10 (24) vs. 20 (53)
125 (28.9) vs. 1419 (40.6)
2(2.6) vs. 8 (12.9)

33 (47.1) vs. 61 (67)

4 (28.6) vs. 6 (37.5)
14 (21.5) vs. 42 (32.3)
45 (16.8) vs.75 (31.5)
13(28.9) vs. 28 (40)
6(12) vs. 21 (33.9)
13(8) vs. 51 (24.2)

45 (82) vs. 187 (68)
6(18.2) vs. 4 (6.7)

79 (52.3) vs. 74 (62.7)
8(14.5) vs. 15 (36.6)

(Continues)
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PHARMACOTHERAPY 9P
TABLE 2 (Continued)

Age (years) TCZ
patientsMean (SD or

Days from onset to TCZ
infusionMean (SD or

Author range) or median [IQR] Males TCZn (%) range) ormedian [IQR] TCZ doses
Lépez-Medrano et al.&® 74.4 (7) 45 (56.2) 11 [9-16] 400 mg iv
Mehta et al.®* 54.6 (NA) 25 (76) NA 400-800 mg iv
Van den Eynde et al.®% 61.5[51.2-71.4] 16 (76.2) NA 400-800 mg iv
Ip et al.2 62 [53-70] 99 (73.9) NA 4-8 mg/kg iv
Hill et al.®” NA 30 (70) NA 400 mg iv
Lewis et al.5 61 [52-69] 352 (70.8) NA 400 mg iv

Petit et al.®’ 66(13.7) 43 (58) 9 (NA) 400 mg iv
Somers et al.”® 55 (14.9) 53 (68) NA 8 mg/kg iv
Mikulska et al.”* 67.4 [NA] 24 (82.8) NA 8 mg/kg iv or 162 mg sc
Okoh et al.?”? 54 (41.6) 10 (50) NA 8 mg/kg iv
Nasa et al.”® 51 (NA) 22 (100) NA 8 mg/kg iv

Abbreviations: CS, corticosteroids; IQR, interquartile range; NA, not applicable/available; SD, standard deviation; TCZ, tocilizumab.

247 patients treated with TCZ and 3 with Sarilumab.

Forest plots were depicted accordingly. Publication bias was as-
sessed visually based on contour funnel plot symmetry, with asymme-
try suggesting possible publication bias, and using the Begg and Egger
test in the meta-analysis and p-values <0.05 as indications that publi-
cation bias existed.’?? The presence of influential small-study effects
was assessed using Peter's test for log-odds ratios, and significance
would be achieved if there was a correlation between the sample size
and odd ratios, indicating potential for publication bias.!%C Statistical
significance for treatment effect size and meta-regression parame-
ters was pre-defined at p > 0.05. Additionally, potential outlier studies
were assessed graphically using LAbbé plots.** When outliers were
detected, we conducted sensitivity analysis removing them from the
aggregated results. We performed meta-regression analysis sources of
heterogeneity when it occurred. We tested for potential factors add-
ing heterogeneity as covariates using a mixed model (random-effects
meta-regression model). Factors included patient age, the percentage
of male patients, days since symptom onset, length of treatment on
corticosteroids, NOS value, and observed risk in the control group.
The univariate linear meta-regression model was as follows: log
(ORi) = BO + B1Xi + pi + ei, where logORi is the effect size in the ith
study, BO is model intercept, B1 is the regression coefficient capturing
the association between OR and study variable under examination, Xi
is the study variable which is hypothesized associate effect size, pi is
the study i random effect, and ei error as estimated in the random-
effects model. Thus, B1 represents the amount of heterogeneity that
can be decomposed according to a certain study characteristic and can
be interpreted as the logOR (or, if exponentiated, directly as the OR)
associated with that effect. Statistical analysis was performed using
STATA Statistical Software release 16.0, College Station, TX: Stata
Corp LLC and IBM SPSS Statistics for Windows, version 26.0. Armonk,
NY, USA: IBM Corp.

3 | RESULTS

A total of 3420 articles were identified in our search. Of these, 150 qual-
ified for full-text review following title and abstract screening, of which
64 studies*0-7699100.103-107 \yara included in the analysis. The PRISMA
flow diagram is detailed in Figure 1. The majority of included studies were
carried out in different hospitals from countries in America and Europe,
such as the United States (US)*6:4751-5561,67687076,82.8486-9092.94 |t/
(ITA) 41:43-45.48.49,58,60.69.77799195  ain (SPA)A042:63,64717578.8385 4
France (FRA).>¢°75%6296 A |esser number was conducted in Sweden
(SWE)*°, India (IND)"28173103 ' |ran?”%8  Russia (RUS)®, Brazil (BRA)'®,
Pakistan (PAK)®, Indonesia (IDN)3, and China (CHI)®>7#1%, The distri-

bution of the studies worldwide is shown in Supporting Information S2.

3.1 | Searchresults

Of the total 64 studies included, 54 were controlled observational
cohort studies (50 retrospective and 4 prospective) and 10 were
RCTs. Four single-arm, open-label trials have been included in tables
but not in the analyses. The risk of bias of the included RCTs is shown
in Supporting Information S3. After removing the overlapping stud-
ies, 57 studies remained: 47 observational (44 retrospective and 3
prospective) and 10 RCTs.

The overall results provided data from 20,616 hospitalized pa-
tients with COVID-19: 7668 patients treated with TCZ in addition to
standard of care (SOC) (including 1915 patients admitted to the ICU
with reported mortality) and 12,948 patients only received SOC (in-
cluding 4410 patients admitted to the ICU with reported mortality).
SOC was basically antiviral therapy (remdesivir, lopinavir/ritonavir),

antimalarials (hydroxychloroquine), or azithromycin. As of mid-2020,
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PHARMACOTHERAPY

RemdesivirTCZ/ Follow-up, daysMean (SD) or MortalityTCZ/controlsn
TCZ infusionl/ 22 CSTCZ/controlsn (%) controlsn (%) median [IQR] (%)
NA 80 (100) vs.181 (100) 7 (8.8) vs. 1 (0.6) 28 [NA] 22 (27.5) vs. 86 (47.5)
30/3 Ovs.0 2(6.1) vs. 4 (5.9) 28 [NA] 8(24) vs.8 (11)
NA Ovs.0 NA NA 7 (33.3) vs. 69 (58.5)
104/30 89 (25) vs. 263 (75) NA NA 61/134 vs. 231/413
40/3 Ovs.0 NA 28 [NA] 9(21) vs. 15 (33)
497/0 257 (51.7) vs. 474 (15.4) NA NA 145 (29.2) vs. 211 (42.5)
66/8 NA 21(28)vs.27(36.5) 58 (NA) 29 (39) vs. 17 (23)
78/0 23(29) vs. 15 (20) 2(3)vs.2(3) 47 [NA] 14 (18) vs. 27 (36)
22/7 Ovs.0 Ovs.0 NA 4(14.2) vs. 19 (28.1)
NA 1(5) vs. 8 (20) NA NA 2 (10) vs. 3(8)
0/22 NA NA 28 [28] 2(9.1) vs. 36 (57.1)

CS were accepted as SOC. This is reflected in studies with 100% or
close to 100% use of CS in the control group. Anyway, the possible
effect due to CS has been adjusted in the present study. A com-
parison between the TCZ group and the control group is detailed
in Tables 1-6. Of the TCZ group, 5271 patients (68.8%) were male,
with a mean age of 62.4 (standard deviation (SD) 15.1) and median
age of 61.8 [interquartile range (IQR) 58-63] years, according to the
data provided. TCZ was given as a single dose in 2547/3345 patients
(76.1%) and as two or more doses in 798/3345 (23.9%) patients.

Concomitantly to TCZ use, additional treatment with corticoste-
roids was given in 4122/7389 patients in the TCZ group (55.8%) ver-
sus 5161/12,547 (41.1%) in the control group (p < 0.001). Comparing
both groups, remdesivir was used in 394/6471 (6.1%) patients
treated with TCZ versus 327/11,326 (2.9%) in the control group
(p < 0.001). Finally, TCZ was administered at a median of 10.2 [IQR
8-11] days after the onset of COVID-19 symptoms, in those studies
in which these data were provided.

3.2 | In-hospital mortality

After applying the random-effects model, hospital-wide (includ-
ing ICUs) pooled mortality OR of patients with COVID-19 treated
with TCZ was 0.73 (95%Cl = 0.56-0.93) with a high, significant
heterogeneity (1> = 82%) (p < 0.001) (Figure 2). Across designs,
the pooled overall number needed to treat (NNT) to avoid one
death was 16.9 (95%Cl 10.9 to 40.0): 14.1 (95%Cl 9.1 to 40.0) in
retrospective cohorts, -3.8 (95%Cl -20.0 to 7.69) in prospective
cohorts, and 58.8 (95%Cl -25.6 to 90.9) in RCTs. The pooled mor-
tality OR without outliers of patients with COVID-19 treated with
TCZ was 0.67 (95% C10.55-0.83) (12 = 76%) (p < 0.001). Sensitivity
analysis excluding these studies showed an 8% significant increase
in the effect size and 5% reduction in heterogeneity Egger's test
did not find significant publication bias (beta 1 = 0.58, p = 0.55).
The Abbé plot of variance-weighted values showed four studies as

outliers in effect size.*?#8%455 The Forest plot in the retrospective
studies by country is shown in the Supporting Information S4. It
was found that the country of the study was a significant cause
of heterogeneity, but sensitivity analyses excluding country by
country did not show significant impact on pooled ORs, with non-
significant changes after excluding individually country of study
in ORs from +1% (excluding IDN, PAK, SWE, and the US) to -3%
(excluding SPA). Further analysis by country of study did not show
any impact on results; thus, it was not considered a potential con-
founder at the aggregated level of analysis.

The pooled mortality OR without outliers of patients with COVID-19
treated with TCZ was 0.67 (95% Cl 0.55-0.83) (I> = 76%) (p < 0.001).
Sensitivity analysis excluding these studies showed an 8% significant in-
crease in the effect size and 5% reduction in heterogeneity (Supporting
Information S5). Meta-regression results indicate the study variables ex-
plaining heterogeneity (Supporting Information S6). The country of study
added significant heterogeneity. As for continuous variable, a higher
number of TCZ patients in the ICU increased estimated TCZ effects. A
higher mortality rate in control groups and the percentage of patients
with more than one TCZ infusion decreased the effects. Multivariable
meta-regression on control mortality rates and the percentage of pa-
tients undergoing more than one TCZ infusion (proxy of perceived se-
verity) decrease heterogeneity down to 58% (acceptable). This result
indicates that patient selection and severity (using the percentage of pa-
tients with more than one TCZ infusion as a perceived severity indicator)
explain 26% interstudy heterogeneity. The funnel plot did not show signs
of asymmetry indicating publication bias (Supporting Information S7).

3.3 | In-hospital mortality in the TCZ group
receiving additional corticosteroids

After applying the random-effects model, the pooled OR of hospital-
wide mortality (including ICUs) of COVID-19 patients treated with
TCZ plus CS was 0.67 (95% Cl = 0.54-0.84).
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(Continued)

TABLE 3

InfectionsTCZ vs.
controls, n/N (%)

TCZ prescribed at the wardmortality

TCZ vs. controls, n/N (%)

NA

TCZ prescribed at ICUmortality TCZ
vs. controls, n/N (%)
NA

ICU admissionTCZ vs.
controls, n/N (%)

NA

Length of stay TCZ/controls days, mean

(SD or range) or median [IQR]

NA

Author

Overall 3/80 (3.8) vs.

Lépez-Medrano et al.&®

11/181 (6.1)
Overall 10/33 (30) vs.

NA

NA

NA

NA

Mehta et al.84

17/74 (23)

NA

NA
NA

NA

NA
NA

NA
NA

Van den Eynde et al.®’

Ip et al.8¢

Overall 18/134 (13) vs.

61/134 vs. 231/413

44/413 (11)
Overall 4 (9) vs. 2 (4)

NA
NA

NA
NA

NA
NA

NA
NA

Hill et al.®”

Overall 171 (34.4) vs. 53

Lewis et al.®®

(10.7)
Overall 12/74 vs. 3/74

Fungal 3/74 vs. 1/74

NA

NA

NA

15.5 (NA) vs. 10.3 (NA)

Petit et al.®?

Overall 42/78(54) vs.

14 (18) vs. 27 (36) NA

NA

20.5[13.8-35.8]

Somers et al.”®

20/76(26)

NA
NA
NA

NA

NA
NA

NA
NA
NA

NA
NA
NA

Mikulska et al.”*
Okoh et al.??

2 (10) vs. 3 (8)

NA

2(9.1) vs. 36 (57.1)

Nasa et al.”®

Abbreviations: ICU, intensive care unit; IQR, interquartile range; NA, not available/applicable; SD, standard deviation; TCZ, tocilizumab.

2Estimate.

3.4 | In-hospital mortality in the TCZ group
receiving early vs. late TCZ administration

After applying the random-effects model, the pooled mortality OR
for COVID-19 patients treated with TCZ was 0.71 (95% Cl = 0.35-
1.42) in patients with early administration (<10 days from symptom
onset) versus 0.83 (95% Cl = 0.48-1.45) in those with late adminis-

tration (>10 days from symptom onset).

3.5 | In-hospital mortality in the ward vs. ICU

After applying the random-effects model, the pooled mortality OR
for COVID-19 patients treated with TCZ in the conventional ward
was 1.25 (95% Cl = 0.74-2.18) versus 0.66 (95% Cl = 0.59-0.76) in
the ICU (Supporting Information S8 and S9).

3.6 | Riskof ICU admission

After applying the random-effects model, the pooled risk of the ICU
admission OR for COVID-19 patients in whom TCZ was adminis-
tered in the conventional ward was 3.70 (95% Cl = 1.25-10.80).

3.7 | Follow-up and safety

The median follow-up of the overall cohort was 28 [range 7-83]
days. After applying the random-effects model, the pooled risk of
secondary infections OR for COVID-19 patients treated with TCZ
was 1.04 (95% Cl = 0.72-1.52) (Supporting Information S10).

4 | DISCUSSION

To date, 14 published SRMAs have assessed the beneficial and
harmful effects of TCZ in COVID-19.18-12! These previously pub-
lished SRMAs differed widely in the number and type of studies
included—preprints, controlled and uncontrolled observational
studies, or RCTs. Consequently, results have also been controver-
sial. Some reported SRMAs showed a benefit of TCZ use in terms

108’109’111_114'116'119’120, clinical improve-

of preventing mortality
ment*?!, or progression to mechanical ventilation (MV) and ICU ad-
mission, 1091112117118 1y \vever, other SRMAs did not show a clear
beneficial effect of TCZ use 110115116 |y general, positive effects of
TCZ in COVID-19 have been seen in SRMAs that include real-world
observational data.

The present study is the most updated SRMA summarizing cur-
rent published evidence from controlled observational studies and
RCTs on the effect of TCZ in different subgroups of patients with
COVID-19 requiring hospitalization. Furthermore, our work is the
first SRMA as such showing a beneficial effect of TCZ in severe

COVID-19 in improving survival across controlled observational
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Treatment Control Favors Favors Log Odds-Ratio = Weight

Study Yes No Yes No Tocilizumab Controls with 95% CI (%)
Zeng 9 83 1 88 | S — 2261 017, 434] 0.71
Tian 14 51 42 88 # -055[ -1.25, 0.14] 2.1
Martinez-Sanz 61 199 120 849 ] 0.77[ 043, 1.12] 259
Guaraldi 13 166 73 292 I -1.16[ -1.78, -0.54] 2.22
Canziani 17 47 24 40 -051[ -1.26, 0.24] 2.03
Galvan-Roman 14 44 16 72 0.36[ -0.45, 1.17] 1.94
Cavalli 45 10 187 88 0.75[ 0.02, 1.48] 2.06
Biran 102 108 256 164 -0.50[ -0.84, -0.17] 2.60
Lewis 145 352 211 286 -0.58[ -0.85, -0.32] 267
Kimmig 19 35 1 46 0.82[ -0.04, 1.68] 1.86
Ip 61 73 231 182 -0.42[ -0.81, -0.03] 2.53
Tsai 18 48 18 48 000[ -077, 0.77] 200
Huang 8 a7 15 26 -1.22[ -220, -0.24] 1.70
Petit 29 45 17 57 0.77[ 0.06, 1.49] 2.08
Roomi 6 26 18 431 0.84[ -021, 190] 1.60
Mehta 8 25 8 66 097[ -011, 205] 156
Ruiz-Antoran 45 223 75 163 -0.82[ -1.25, -0.40] 2.49
Lopez-Medrano 22 58 86 95 -0.87[ -1.44, -0.30] 2.29
Buzdn-Martin 13 150 51 160 -1.30[ -195, -065] 218
Gupta 125 294 1,419 2,073 -0.48[ -0.70, -0.26] 2.70
Castelnovo 6 44 21 41 -1.32[ -2.33, -032] 1.67
Rojas-Marte 43 53 55 42 -0.48[ -1.05, 0.09] 229
Van den Eynde 7 14 69 49 -1.04[ -2.01, -0.06] 1.70
Roumier 5 44 6 41 -0.25[ -1.51, 1.01] 1.35
Somers 14 64 27 49 -0.92[ -1.67, -0.18] 2.04
Price 23 130 10 76 0.30[ -0.50, 1.09] 1.96
Fisher 13 32 28 42 -0.50[ -1.30, 0.31] 1.85
Okoh 2 18 3 37 0.32[ -1.56, 2.19] 0.83
Eimer 5 17 7 15 -0.46[ -1.80, 0.88] 1.27
Moreno-Pérez 10 67 3 156 205[ 073, 337] 129
Campochiaro 5 27 " 22 -0.99[ -2.19, 0.20] 1.42
Capra 2 60 1 12 -3.31[ -494, -169] 1.01
Kewan 3 25 2 21 023[ -165 211] 083
Colaneri 5 16 19 72 0.17[ -096, 1.29] 1.51
Nasa 2 20 36 27 -2.59[ -4.13, -1.05] 1.08
Patel K 11 31 1 30 -0.03[ -1.01, 0.94] 1.71
Hill 9 34 15 33 -0.54[ -1.50, 0.41] 173
Rossi 36 70 80 60 -0.95[ -1.48, -0.43] 2.36
Gokhale et al. 79 72 74 44 -0.43[ -092, 0.06] 240
Klopfenstein 8 42 66 110 -050[ -1.37, 0.36] 1.86
Albertini 3 19 2 20 0.46[ -1.44, 2.35] 0.82
Chachar 6 27 4 56 1.13[ -0.21, 2.48] 1.26
Potere 2 38 1 29 -1.98[ -3.56, -0.39] 1.04
Widysanto 4 10 6 10 -0.41[ -1.94, 1.13] 1.08
Mikulska 4 25 19 47 -0.93[ -2.11, 0.26] 1.44
Menzella 10 31 20 18 -1.24[ -2.19, -028] 1.73
Masia 2 87 8 113 -1.12[ -270, 045] 1.05
Wang 1 33 4 27 -1.59[ -3.84, 066] 0.64
Gordon 98 255 142 260 -0.35[ -066, -0.04] 262
Hermine 7 57 8 59 -0.10[ -1.18, 098] 157
Salvarani 2 58 1 65 0.81[ -162, 3.23] 057
Rosas 58 236 28 116 i 0.02[ -0.48, 0.52] 2.39
Stone 9 152 3 78 —'—JI— 0.43[ -090, 1.77] 1.27
Horby 596 1,426 694 1,400 i -0.17[ -0.30, -0.04] 2.76
Veiga 14 51 6 58 I‘—I— 0.98[ -0.05, 2.00] 1.64
Soin 1" 80 15 73 t -0.40[ -1.24, 0.44] 1.90
Salama 26 224 11 116 020[ -054, 094] 204
Overall ‘ -0.30[ -0.51, -0.10]
Heterogeneity: T° = 0.39, I = 82.22%, H* = 5.62 |

Test of B, = 8 Q(56) = 204.95, p = 0.00 |

Testof 6=0:z=-291,p=0.00 |

5 0 5

Random-effects REML model

FIGURE 2 Forest plot of mortality
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studies and RCTs. Country of study did not cause significant hetero-
geneity so that ecological results concerning health systems are not
likely to cause differences in results. Rather, heterogeneity seems
related to inclusion criteria and specific care practices in each study.
Unfortunately, the definition of severe COVID-19 is very heteroge-
neous in the different studies included. In general, the definition of
severe COVID-19 included a respiratory status criterion (i.e., acute
respiratory distress syndrome (ARDS) or SpO2<93%) and some ana-
lytical inflammatory parameter. In addition, there are studies carried
out in ICU patients, others in the hospital ward, and others (the most
frequent) in a mixture of ICU and ward patients. These differences
in the NNT between observational studies and RCTs are basically
explained by the different severity of the patients included in the
control group. The RCTs included patients with much lower disease
severity and, above all, patients who were much less inflamed, which
therefore may dilute a possible beneficial effect of TCZ. A good way
to realize this fact is to look at the mortality ratio of the control
group or the inflammatory parameters published in the RCTs.

Looking specifically at the present results reported from the
high-quality controlled observational studies and RCTs included in
the present SRMA, it seems clear that TCZ has a beneficial role in
preventing mortality and improving other clinical outcomes in hospi-
talized patients with COVID-19. However, a crucial point was to de-
termine if included patients received TCZ not only because of their
need for oxygenation but also due to the presence of a hyperinflam-
matory syndrome. TCZ is a humanized monoclonal antibody against
the interleukin-6 receptor (IL-6R), which plays an important role in
the host immune response implicated in the pathogenesis of many
diseases, including severe COVID-19. Accordingly, TCZ should not
be used to treat COVID-19 patients with hypoxemia not due to the
lung injury and systemic hyperinflammation shown in the advanced
stages of the disease. In this respect, the present SRMA showed a
major benefit of TCZ when it was administered early in those highly
inflamed patients. Therefore, TCZ is not expected to confer benefit
in patients with low inflammatory states.

A common main limitation of real-world observational studies
was the mixture of patients included, either admitted to the conven-
tional ward or ICU, and most patients receiving TCZ with concomi-
tant corticosteroids. Consequently, it was not possible to assess the
separate effect of corticosteroids from that of TCZ, as well as the
efficacy and safety of TCZ in patients with different levels of sever-
ity, treated in hospital wards or in ICUs. Moreover, the time frame of
published studies is mostly constricted to the initial pandemic period
(all studies were initiated by the end of January and ended as of May
2020, and 90% had a duration of 90 days or less). Thus, the literature
reviewed in our SRMA reflects the impact of treatment in population
care practices during the initial phases of the COVID-19 pandemic.
The effect of current care practices and, of course, the impact of the
vaccines is not reflected in the studies.

Although RCTs are studies that allow control of potential bias
and confounding factors, not all trials published to date and included
in this SRMA met the criteria for an appropriate indication of TCZ
use in hospitalized patients with COVID-19. The RCTs evaluated in

this SRMA relied heavily on the oxygenation/ventilation status of
patients but little on the degree of inflammation of included patients.
TCZ has generally been prescribed based on inflammatory parame-
ters with good results in real life and not so much based on respira-
tory status as the criteria for inclusion of patients treated with TCZ
in many RCTs. In this respect, the potential beneficial effect of TCZ
was likely diluted in those trials in which an important proportion
of non- or low-inflamed population were included. Unfortunately,
several of the RCTs carried out to date assessed the effect of TCZ
use in hospitalized COVID-19 patients with low laboratory values of
inflammatory parameters such as ferritin, C-reactive protein (CRP),
lactate dehydrogenase (LDH), D-dimer, and lymphopenia. We believe
that a good classification strategy to better define severe COVID-19
into different grades of inflammation based on these parameters
has been published recently by our group.132 Patients at high risk of
severe COVID-19 according to analytical inflammatory parameters
would benefit most from the use of TCZ. Furthermore, in-hospital
mortality rates in hospitalized patients with COVID-19 have been
reported to be around 20% or higher. In this regard, it should be re-
membered that the placebo arm of the RECOVERY trial (dexametha-
sone vs. placebo) had a mortality rate of 25%.2 However, COVID-19
patients included in some trials, such as the one by Stone et al.?%,
showed a very low mortality rate of 4.9% in the placebo group,
which was more representative of an outpatient population not re-
quiring immunosuppressive treatments, rather than that of patients
who met hospitalization criteria used worldwide.

In an ideal scenario, it would be necessary to perform subanaly-
ses to analyze the true efficacy and safety of TCZ at different stages
of the disease and in different settings. For example, the potential
beneficial or harmful effect of TCZ may not be the same in stud-
ies performed in inflamed versus noninflamed patients, in patients
receiving TCZ with corticosteroids compared with TCZ alone, in
patients treated in conventional wards compared with ICUs, in de-
veloped versus developing countries, or at the first wave of the pan-
demic in the spring of 2020 compared with the current days more
than 1 year after the start of the COVID-19 pandemic.

In general, the patients included in the different studies included
in this SRMA received a single dose of TCZ. However, some patients
received two doses and very rarely three doses. It is not possible
from the data we have to analyze whether the number of doses in-
fluences in-hospital mortality. Furthermore, it should be taken into
account that those patients who received more than one dose were
patients who were somehow interpreted by their physicians to be
more severely ill. Thus, it is possible that paradoxically, we found
that the more doses of TCZ, the greater the mortality risk.

The low use of remdesivir in the included studies is striking.
Possibly, this is due to the poor availability of the drug at many times
during the pandemic and in certain countries. At least it helps us in
the present SRMA as the use of remdesivir does not add a confound-
ing factor to the results.

From the subanalysis performed taking into account the day of
TCZ administration, it is intuited that early administration before
Day 10 of symptoms could be beneficial. It is only an approximation
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based on the mean of the day of TCZ administration in the study
and, therefore, includes patients in a wide range on the day of ad-
ministration. On the other hand, it has been said that the escalation
of inflammation occurs in the second week from the onset of symp-
toms. This is more of a philosophical model than a real one based
on scientific evidence. The reality is that there are patients who
become inflamed in the second week, whereas others present very
early inflammation.

The higher OR found in our study of admission to the ICU in pa-
tients with COVID-19 who received TCZ should not lead us to think
that by receiving this drug, more patients will require admission to
the ICU. These data clearly indicate that patients with greater dis-
ease severity have more easily received TCZ. For this reason, in an
RCT, it is so important to define the disease severity of the patient
when receiving TCZ or the corresponding SOC. We believe that this
disease severity should be evaluated not only with the respiratory
status but also with the degree of analytical inflammation of the
patient.

In the present SRMA, we found a greater benefit with the use of
TCZ versus SOC in ICU patients compared with ward patients. The
more inflamed the patients are, the more these differences will be
seen. Patients admitted to the ICU for COVID-19 generally have a
high degree of inflammation, and therefore, the beneficial effect of
TCZ becomes more evident. However, in conventional ward patients
who are often not inflamed or have mild degrees of inflammation,
if these inflamed ward patients are not well-selected, the possible
beneficial effect of TCZ is diluted.

Regarding the safety of TCZ, we can say that from the data an-
alyzed in our SRMA, it seems to be a safe drug in terms of the rate
of secondary infections. The current meta-analysis did not find a
significantly higher risk for secondary infections in patients with
COVID-19 treated with TCZ. As TCZ has been administered to more
severe patients with COVID-19, many of them in the ICU or requiring
ICU admission during the follow-up, a higher incidence of infections
is to be expected in this subpopulation. The causes are known and
multifactorial, especially related to a greater number of invasive pro-
cedures, including MV, in more severely ill patients.

In this SRMA, we tried to approximate these subanalyses in ac-
cordance with the data provided in the included studies. Despite
limitations, we believe that the scientific community is getting closer
to the truth regarding the effect of TCZ use in COVID-19 and will
get even closer in the future as patient selection in these studies
improves, particularly if patient selection is increasingly based on
inflammatory severity criteria.’® The sooner we define this sub-
population of patients who meet severe inflammatory criteria,
the sooner we will probably see the real effects of TCZ therapy in
treating COVID-19. Our opinion, based on data obtained from this
SRMA, is that TCZ would be indicated early, in combination with
CS, in COVID-19 patients with lung injury and systemic hyperin-
flammatory syndrome requiring hospitalization. This inflammation
should be based on ferritin, CRP, LDH, D-dimer, and the presence of
lymphopenia. Respiratory status or admission to the ICU is still only

surrogates for disease severity or inflammation status of patients
with COVID-19.
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