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ARTICLE INFO ABSTRACT

Keywords: Background: Monoclonal antibodies (mAbs) are currently under investigation as a potential therapeutic option for
Anakinra COVID-19. Clinical trials are examining their efficacy in lowering mortality rates and the requirement for me-
COVID-19

chanical ventilation (MV). It is necessary to conduct a thorough examination of current randomized controlled
trials (RCTs) in order to provide more definitive evidence on their effectiveness for COVID-19 patients. This meta-
Sarilumab analysis aims to analyze RCT results on the impact of three mAbs (Anakinra, Sarilumab, Tocilizumab) on COVID-
SARS-CoV-2 19 patient outcomes.

Tocilizumab Method: The meta-analysis was conducted in accordance with the PRISMA guidelines. Eligible RCTs were con-
ducted to evaluate the effectiveness of three mAbs in treating patients with COVID-19. These trials were iden-
tified by searching various databases up to April 1, 2024. In total, this meta-analysis incorporated 19 trials with a
total of 8097 patients. Pooled relative risk and studies’ heterogeneity were assessed by statistical analysis, which
involved the use of fixed effects models and subgroup analysis.

Result: The administration of mAbs (Tocilizumab, Sarilumab, and Anakinra) showed various results in the
management of COVID-19 patients. While the overall pooled data did not reveal a significant reduction in the
need for MV, the study found that the use of mAbs was associated with a decreased risk of clinical worsening
(pooled relative risk: 0.75, 95 % CI [0.59, 0.94], p = 0.01) and an increased probability of discharging COVID-19
patients by day 28 or 29 (pooled relative risk: 1.17, 95 % CI [1.10, 1.26]). Notably, the subgroup analysis
revealed that Tocilizumab had a significant effect in reducing the risk of clinical worsening compared to Sar-
ilumab. Additionally, the analysis of mortality outcomes indicated that the administration of mAbs had the
potential to decrease the overall risk of mortality over time (pooled RR: 0.90, 95 % CI [0.83, 0.97], p = 0.01).
Conclusion: In summary, our meta-analysis suggests that mAbs, particularly Tocilizumab, may play a valuable role
in managing COVID-19 by reducing the risk of clinical worsening, improving hospital discharge rates, and
decreasing mortality.

Monoclonal antibody
Randomized Controlled Trial

1. Introduction cumulative reported COVID-19 cases worldwide up to February 11th,
2024 amount to a staggering 774,631,444 [2]. Rapid progression of

Late in 2019, the first case of infection with severe acute respiratory COVID-19 to acute respiratory distress syndrome is estimated to occur in
syndrome coronavirus 2 (SARS-CoV-2) was reported. Coronavirus dis- up to 41 % of severe COVID-19 patients [3]. The range of symptoms
ease 2019 (COVID-19) was identified as a significant global health risk associated with COVID-19 can vary from asymptomatic to experiencing
[1]. The World Health Organization (WHO) has estimated that the total minor respiratory disorders, severe pneumonia, and even acute
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Table 1
Information on included articles in the meta-analysis.
ID First Author Published Country” Monoclonal Dose N. Reported Comparator Sample Mechanical Death Sample Mechanical Death Clinical Effect LCI  UCI Discharged Effect LCI UCI References
(Reference) Year Ab" dose Day arm® size (IG) ventilation (IG)  size ventilation (CG) Worsening size at day 28 size
(0(&)] (CQ) (CG) (Effect Size) value (Effect size) value
1 Stone et al. 2020 us T 8mg/kg 1 28 P 161 11 9 82 8 3 HR 1.11  0.59 21 HR 1.08 0.81 1.43 [20]
2 Hermine etal. 2020 France T 8mg/kg 1 14 uc 63 5 7 67 14 6 - - - - - - - - [21]
3 Hermine etal. 2020 France T 8 mg/kg 1 28 ucC 63 - 7 67 - 8 - - - - - - - - [21]
4 Salama et al. 2020 MC T 8mg/kg 1/2 28 P 249 — 26 128 — 11 HR 0.55 0.33 0.93 HR 1.16  0.91 1.48 [22]
5 Salvarani et al. 2021 Italy T 8 mg/kg 2 14 ucC 60 5 1 63 2 1 Rate Ratio 1.05 0.59 1.86 — - - = [23]
6 Sancho-Lopez 2021 Spain S 200mg 1 28 ucC 28 - - 102 — — Relative 0.2 0.03 1.57 — — - = [24]
et al. Risk
7 Sancho-Lopez 2021 Spain S 400mg 1 28 ucC 70 — — 102 - - Relative 1.34 0.61 297 — - - - [24]
et al. Risk
8 Sancho-Lopez 2021 Spain S 200/400 1 28 18[¢) 99 — 2 102 — 2 Relative 1.03 0.48 22 — - - - [24]
et al. [overall] mg Risk
9 Veiga et al. 2021 Brazil T 8mg/kg 1 15 ucC 65 7 11 64 11 2 - - - - - - - = [25]
10 Veiga et al. 2021 Brazil T 8mg/kg 1 29 uc 65 4 14 64 4 6 — — — - - - - = [25]
11 Kharazmi et al. 2021 Iran A 100 mg 14 14 ucC 15 0 5 15 2 7 - - - — - - - - [26]
12 Mariette et al. 2022 France S 400 mg 1/2* 14 ucC 68 15 6 76 9 8 - - - - - - - - [33]
13 Mariette et al. 2022 France S 400mg 1/2 28 ucC 68 - 8 76 - 14 - - - - HR 1.19 0.81 1.75 [33]
14 Soin et al. 2021 India T 6 mg/kg 1/2 28 ucC 91 14 11 88 13 15 - - - — - - - - [27]
15 Soin et al. 2021 India T 6mg/kg 1/2 14 uc 91 - 8 88 - 9 Risk Diff -3.7 -18211.2 — - - - [27]
16 Abani et al. 2021 UK T 400-800 1/2 28 uc 2022 265 621 2094 343 729 - - - — RateRatio 1.22 1.12 1.33 [28]
mg
17 Tharaux et al. 2021 France A 100&200 3&6 14 ucC 59 - 9 55 - 13 - - - - - - - - [29]
mg
18 Tharaux et al. 2021 France A 100&200 3&6° 28 uc 59 - 13 55 - 13 - - - - HR 0.91 0.56 1.48 [29]
mg
19 Lescureetal. 2021 MC S 200mg 1 29 P 159 - 16 84 - 7 - - - - - - - - [30]
20 Lescure etal. 2021 MC S 400mg 1 29 p 173 - 14 84 — 7 - - - - = - - - [30]
21 Rosas et al. 2021 MC T 8 mg/kg 1 28 P 430 45 78 210 20 41 - — - — HR 0.97 0.78 1.19 [32]
22 Bréu et al. 2021 MC T 8mg/kg 1/2 28 p 294 51 58 144 33 28 HR 0.61 0.4 0.94 HR 1.35 1.02 1.79 [31]
23 Audemard- 2022 France A 200&400 7&3' 14 uc 35 4 6 32 3 0 - - - - - - - - [34]
Verger et al. mg
24 Audemard- 2022 France A 200&400 7&3' 28 ucC 35 0 9 32 1 3 - - - - - - - = [34]
Verger et al. mg
25 Merchante et al. 2022 Spain S 200mg 1 28 ucC 37 6 4 39 4 3 HR 0.87 0.37 2.06 HR 098 0.6 1.6 [35]
26 Merchante et al. 2022 Spain S 400mg 1 28 ucC 39 3 0 39 4 3 HR 0.41 0.14 1.18 HR 1.23  0.76 1.96 [35]
27 Jonas et al. 2023 Sweden A 100mg 28 28 ucC 28 3 2 27 6 2 - - - - - - - - [37]
28 Jonas et al. 2023 Sweden T 8mg/kg 1 28 ucC 22 3 2 27 6 2 - — - - - — - = [37]
29 Patricia et al. 2023 Spain A 100 mg 60 28 ucC 84 - 4 81 - 5 - - - - - - - - [36]
30 Kyriazopoulou 2024 Rome A 100mg 10 28 P 263 - 10 130 - 12 - - - - - - - - [38]
et al.

# . MC(Multiple-Country).

: T(Tocilizumab), A(Anakinra), S(Sarilumab).

¢ : UC (Usual care), P(Placebo).

" Additional dose was considered based on the patient’s condition by the physician.

T The patients were administered an IV injection of anakinra at a dose of 400 mg/day (100 mg every 6 h) for 3 days, followed by an IV injection of anakinra at a dose of 200 mg/day (100 mg every 12 h) for 7 days.
¥ Anakinra was given intravenously at a dose of 200 mg twice daily for a total of 400 mg on days 1-3, followed by 100 mg twice daily for a total of 200 mg on day 4, and 100 mg once on day 5.
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Identification of studies via PubMed and Scopus databases

Records identified from
Databases (N = 18763)

Screening

Records screened
(N =5902)

v

Reports assessed for eligibility
(N=67)

v

Studies included in review
N=19)

Records removed before screening:
o Duplicate records removed (N = 12861)

Records excluded by title and abstract screening
o Unrelated title and abstract (N = 4397)

eReview article (N = 1008)

o conference abstract article and letter (N=430)

Records excluded by full-text analyzing
o irrelevant data (N=48)

Fig. 1. The PRISMA flow diagram for screening process of the recovered records.



Table 2

JBI Critical Appraisal Checklist for Randomized Controlled Trials; Y: Yes, N: NO, U: Unclear, NA: Not available, I: Included.

Questions

Salvarani
et al.

Lopez
et al.

Veiga
et al.

Kharazmi
et al.

Mariette
et al.

Soin
et al.

Salama
et al.

Verger
etal.

Merchante
et al.

Hermine
et al.

Abani
et al.

Stone
et al.

Tharaux
et al.

Lescure
et al.

Rosas
et al.

Brau
et al.

Patricia
et al.

Kyriazopoulou
etal.

Jonas
et al.

1. Was true randomization used
for assignment of participants
to treatment groups?

2. Was allocation to treatment
groups concealed?

3. Were treatment groups
similar at the baseline?

4. Were participants blind to
treatment assignment?

5. Were those delivering
treatment blind to treatment
assignment?

6. Were outcomes assessors
blind to treatment
assignment?

7. Were treatment groups
treated identically other than
the intervention of interest?

8. Was follow up complete and
if not, were differences
between groups in terms of
their follow up adequately
described and analyzed?

9. Were participants analyzed
in the groups to which they
were randomized?

10. Were outcomes measured in
the same way for treatment
groups?

11. Were outcomes measured in
a reliable way?

12. Was appropriate statistical
analysis used?

Was the trial design appropriate
for the topic, and any
deviations from the standard
RCT design accounted for in
the conduct and analysis?

Overall appraisal:

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y
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Risk Ratio Weight

Study Year with 95% CI (%)
Hermine et al., 2020 —a— 0.38[0.15, 0.99] 6.95
Stone et al., 2020 —a— 0.70[0.29, 1.67] 847
Salvarani et al., 2021 ———&—263[0.53, 13.02] 2.51
Veiga et al., 2021 —— 0.72[0.34, 1.51] 11.67
Rosas et al., 2021 - 1.10[0.67, 1.81] 25.68
Soin et al., 2021 —— 1.04[0.52, 2.09] 13.28
Kharazmi et al., 2021 0.20[0.01, 3.85] 0.74
Mariette et al., 2022 —i— 1.86[0.87, 3.98] 11.16
Merchante et al.,* 2022 — 1.58[0.48, 5.16] 4.60
Merchante et al.,* 2022 —_— 0.75[0.18, 3.13] 3.14
Verger et al., 2022 —_— 097[0.27, 3.51] 3.89
Jonas et al.,t 2023 0.61[0.17, 2.18] 4.01
Jonas et al.,t 2023 048[0.13, 1.74] 3.92
Overall fes 0.94[0.73, 1.21]
Heterogeneity: I = 6.81%, H* = 1.07
Testof 6, = 6;: Q(12) = 12.88, p = 0.38
Testof 6=0:z=-0.48, p=0.63

1164 1/8 1 8

Fig. 2. A fixed effects model was used to calculate the pooled risk ratio (RR). Overall, monoclonal antibodies (mAbs) did not significantly reduce the risk of requiring
mechanical ventilation (MV), with a pooled RR of 0.94, 95 % CI [0.73, 1.21], p = 0.63. * Merchante et al., administered two different doses of Sarilumab (200 mg and
400 mg) with varying sample sizes for each dose.  Jonas et al., examined two types of mAbs (Tocilizumab and Anakinra) with different sample sizes for each.

respiratory distress syndrome (ARDS) [4]. Despite an overall mortality
rate of 6.36 %, it is noteworthy that the predominant cause of mortality
was severe COVID-19 infections [5]. Creating the best and most efficient
treatments for COVID-19 is crucial for reducing the severity and death
rate of the disease. Potential targets for the management of COVID-19
include components of the virus and the host immune system. SARS-
CoV-2 infection may cause an exaggerated immune response, resulting
in cytokine storms and leading to severe respiratory distress and organ
failure [6]. Monoclonal antibodies (mAbs) are suggested as a potential
treatment for COVID-19. Recently, mAbs targeting inflammatory cyto-
kines have received emergency use permission (EUA) from the FDA as
investigational therapy for COVID-19 [7]. Monoclonal antibodies iden-
tify a single epitope of an antigen, whereas polyclonal antibodies iden-
tify several epitopes. The different regions can be used to target specific
molecules such as the S2-protein, cytokines, and cytokine receptors [8].

Tocilizumab and Sarilumab are monoclonal antibodies designed to
selectively bind to the interleukin-6 receptor (IL-6R), a crucial compo-
nent in the inflammatory response linked to severe cases of COVID-19
[9,10]. Further, Anakinra is a recombinant human interleukin-1 recep-
tor antagonist that inhibits the action of interleukin-1, a cytokine that
plays a role in the inflammatory response [11]. mAbs have the potential
to reduce inflammation and enhance outcomes in patients at risk of
developing respiratory failure [12]. The previous meta-analysis (up to
February 30th, 2022) included different study settings (prospective and
retrospective studies) [13]. However, our meta-analysis assessed the
efficacy of administering Tocilizumab, Sarilumab, and Anakinra in
reducing the need for mechanical ventilation (MV), mortality rates,
progression to clinical worsening, and discharging COVID-19 hospital-
ized patients in RCTs.

2. Method
2.1. Eligibility criteria
Only RCTs assessing the clinical effectiveness of tocilizumab, sar-

ilumab, or anakinra and their comparators in treating COVID-19. All
RCT records which had examined the effect of considered mAbs, with at

least one outcome, such as mortality or the need for MV were included in
our study.

Filtered criteria included: (i) case reports, (ii) single-arm studies, (iii)
cohort studies, (iv) pharmacokinetic studies, and (v) in vitro studies.

2.2. Search strategy

All included studies were initially identified by conducting a sys-
tematic search on Scopus, PubMed, Web of Science up to April 1, 2024,
using the following keywords: “SARS”, ‘“Corona”, ‘“Coronaviruses”,
“SARS-CoV-2”, “SARS-CoV”, “COVID 197, “COVID-19”, “monoclonal
antibody”, “antibodies”, “monoclonal”, “Sarilumab”, “Anakinra”,
“Tocilizumab”, “TCZ”. In order to ensure meticulousness, a manual
search was conducted using reference lists of previous studies.

2.3. Selection process

Tow authors (M.A and A.T) separately conducted the search process
and investigated the identified papers to reduce possible biases. The
differences were resolved by the third author (M.H.P). The systematic
search of online databases was performed using the databases’ fit syntax
andEndNote (version 20) was recruited to manage the recovered re-
cords. After removing duplicate entries, the screening flow was pro-
ceeded via scrutiny of title, abstract anf full text. To reach the precise
data the Rayyan online screening tool was also used [14].

2.4. Data items

The extracted data from each record includes the first author, pub-
lication year, country, doses of mAbs, name of mAb, sample size for the
control group and intervention group, number of deaths related to
COVID-19, number of patients requiring MV, number of patients pro-
gressing to clinical worsening, and number of patients discharged at day
28 in each group.



Y. Jafari Abarghan et al. 1JC Heart & Vasculature 54 (2024) 101483

Risk Ratio Weight

Study Year with 95% CI (%)
America

Hermine etal., 2020 — 0.38[0.15, 0.99] 6.95
Salvaranietal., 2021 ——8——263[0.53, 13.02] 2.51
Heterogeneity: I = 75.70%, H’ = 4.12 <= 0.63[0.28, 1.45]

Testof 8,=6;:Q(1) =4.12, p=0.04

Europe

Stone et al., 2020 —— 0.70[0.29, 1.67] 847
Veiga et al., 2021 —— 0.72[0.34, 1.51] 11.67
Mariette et al., 2022 - 1.86[0.87, 3.98] 11.16
Merchante et al., 2022 —t— 1.58[0.48, 5.16] 4.60
Merchante et al., 2022 — 0.75[0.18, 3.13] 3.14
Verger et al., 2022 . 0.97[0.27, 3.51] 3.89
Jonas et al., 2023 —_— 0.61[0.17, 2.18] 4.01
Jonas et al., 2023 —— 0.48[0.13, 1.74] 3.92
Heterogeneity: I’ = 0.00%, H* = 1.00 < 0.93[0.65, 1.33]

Testof 8, = 6;: Q(7) = 6.37, p = 0.50

Asia

Soin et al., 2021 —— 1.04[0.52, 2.09] 13.28
Kharazmi etal., 2021 0.20[0.01, 3.85 0.74
Heterogeneity: I = 11.81%, H* = 1.13 e 0.96[0.49, 1.88]

Testof 6,=6:Q(1)=1.13,p=0.29

Multi-Country
Rosas et al., 2021 1.10[0.67, 1.81] 25.68
Heterogeneity: I = 0.00%, H* = 1.00 1.10[0.67, 1.81)

Testof 8,= 6;: Q(0) =0.00,p=.

Overall O 0.94[0.73, 1.21]
Heterogeneity: I’ = 6.81%, H* = 1.07
Testof 6, = 6 Q(12) = 12.88, p = 0.38

Test of group differences: Q,(3) = 1.26, p = 0.74

164  1/8 1 8

Fixed-effects inverse-variance model
Sorted by: ID

Fig. 3. Subgroup analysis of monoclonal antibody efficacy in reducing the risk of MV in different regions. No significant difference was found in the region subgroup
analysis (p = 0.74).
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Risk Ratio Weight

Study Year with 95% CI (%)
Tocilizumab

Hermine et al., 2020 —a— 0.38[0.15, 0.99] 6.95
Stone et al., 2020 —— 0.70[0.29, 1.67] 847
Salvaranietal.,, 2021 —t—8—263[0.53, 13.02] 251
Veiga et al., 2021 —i— 0.72[0.34, 1.51] 11.67
Rosas et al., 2021 1.10[0.67, 1.81] 25.68
Soin et al., 2021 1 1.04[0.52, 2.09] 13.28
Jonas et al., 2023 ——— 0.61[0.17, 2.18] 4.01
Heterogeneity: I* = 8.48%, H* = 1.09 3 0.87[0.65, 1.17]

Testof 8, = 6: Q(6) = 6.56, p = 0.36

Sarilumab

Mariette et al., 2022 —i— 1.86[0.87, 3.98] 11.16
Merchante et al., 2022 — 158048, 5.16] 4.60
Merchante et al., 2022 —— 0.75[0.18, 3.13] 3.14
Heterogeneity: I* = 0.00%, H* = 1.00 <> 1.54[0.86, 2.76)
Testof8,=6: Q(2)=1.22, p=0.54

Anakinra

Kharazmietal.,, 2021 0.20[0.01, 3.85] 0.74
Verger et al., 2022 — 0.97[0.27, 3.51] 3.89
Jonas et al., 2023 —_— 048[0.13, 1.74] 3.92

Heterogeneity: I* = 0.00%, H* = 1.00
Testof 8 = 6: Q(2) = 1.18, p = 0.56

Overall
Heterogeneity: I* = 6.81%, H’ = 1.07
Testof 6, = 6;: Q(12) = 12.88, p = 0.38

Test of group differences: Q,(2) = 3.93, p = 0.14

0.61[0.26, 1.46]

& 0.94[0.73, 1.21]

1/64

Fixed-effects inverse-variance model

oo 4

118 1

Fig. 4. Comparative efficacy of different monoclonal antibody types in reducing MV risk. None of the mAbs demonstrated significant effect against the requirement

for mechanical ventilation.

2.5. Quality assessment of included articles

Critical appraisal checklist JBI (JBI RCTs Appraisal tool 2017) was
utilized to assess the risk of bias of included RCTs [15].

2.6. Statistical analysis

Statistical analysis was conducted using STATA 17.0 (STATA Corp.,
LLC, Revision, June 14, 2021). Heterogeneity was assessed using the
Cochran’s Q test and Higgins I? index, with significance defined as
P<0.1 [16,17]. The fixed effects model (Invers-variance method) was
utilized to pool the relative risks of studies. Statistically significant
outcomes were determined by 95 % CIs for the pooled relative risk not
covering 1 in the forest plot.

Sensitivity analyses using the leave-one-out approach were con-
ducted with the metaninf command. Publication bias was evaluated by
employing Egger’s linear regression test and Begg’s methods, consid-
ering statistical significance as a two-sided P-value P<0.05 [18,19].

3. Result
3.1. Descriptive statistics

After removing duplicates, 5902 records were identified as a result of
a systematic search of databases. Of these, 5835 studies were excluded
based on title and abstract screening for the following reasons: meta-
analysis, review, conference abstract article without full text, irrelevant
data, and non-RCT article.

In the full-text review, 48 articles were excluded due to irrelevant
data. Ultimately, 19 papers were included in the meta-analysis Table 1.
The selection procedure summary was depicted in the Prisma flowchart
(Fig. 1). Three articles were published in 2020 [20-22], followed by ten
in 2021 [23-32], three in 2022 [33-35], and two in 2023 [36,37].
Additionally, one paper was published in 2024 [38]. France has con-
ducted the most research among the countries. Ten articles investigated
Tocilizumab, four specifically targeted Sarilumab, and six trials evalu-
ated the efficacy of Anakinra. Table 2 displays the results of the quality
assessment.
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Treatment Control Risk ratio Weight
Study Yes No Yes No with 95% CI (%)
First Check (Day 14 /15)
Hermine et al., 5 58 14 53 M 0.38[0.15, 0.99] 6.95
Salvarani et al., 5 65 2 61 ——a———263[0.53, 13.02] 2.50
Veiga et al., 7 58 11 53 —— 0.63[0.26, 1.51] 824
Kharazmi et al., 0 15 2 13 0.20[0.01, 3.85] 0.73
Mariette et al., 15 53 9 67 —l— 1.86[0.87, 3.98] 11.15
Verger et al., 4 31 3 29 — 1.22[0.30, 5.03] 3.19
Heterogeneity: I’ = 50.52%, H’ = 2.02 <> 0.95[0.61, 1.47]
Test of 6, = 6;: Q(5) = 10.10, p = 0.07
Second Chek (Day 28/29)
Stone et al., 11 150 8 74 —i— 0.70[0.29, 1.67] 846
Veiga et al., 4 61 4 60 0.98[0.26, 3.77] 3.56
Rosas et al., 45 385 20 190 1.10[0.67, 1.81] 25.66
Soin et al., 14 77 13 75 1.04[0.52, 2.09] 13.26
Merchante et al., 6 31 4 35 —t 1.58[0.48, 5.16] 4.59
Merchante et al., 3 36 4 35 — 0.75[0.18, 3.13] 3.14
Verger et al., 0 3% 1 31 0.31[0.01, 7.24] 0.64
Jonas et al., 3 19 6 21 — 0.61[0.17, 2.18] 4.00
Jonas et al., 3 25 6 2 — 048[0.13, 1.74] 391
Heterogeneity: I = 0.00%, H* = 1.00 < 0.94[0.69, 1.27]
Test of 6,=6: Q(8) =3.70, p = 0.88
Overall 3 0.94[0.73, 1.21]
Heterogeneity: I* = 0.00%, H* = 1.00
Testof 6,=6: Q(14) = 13.81, p = 0.46
Test of group differences: Q,(1) = 0.00, p = 0.96

164  1/8 1 8

Fixed-effects inverse-variance model

Fig. 5. Efficacy of monoclonal antibodies in reducing MV risk over time (first and second checkpoint). Non-significant outcome was observed in terms of the efficacy
of mAbs to reduce the risk of needing MV over time.

Relative Risk ~ Weight

Study Year with 95% CI (%)
Salama, et al. 2020 —— 0.55[0.33, 0.92] 19.92
Stone, et al. 2020 L 1.11[0.59, 2.09] 13.27
Salvarani, et al. 2021 —+—— 1.05[059, 1.86] 16.22
Brau, et al. 2021 —— 0.61[0.40, 0.94] 29.29
Sancho-Lo’pez, et al.* 2021 L 1.03[048, 2.21] 9.22
Merchante, et al.* 2022 i 0.64[0.33, 1.25] 12.09
Overall . 0.75[0.59, 0.94]
Heterogeneity: I = 15.65%, H’ = 1.19

Test of 6, = 6: Q(5) = 5.93, p = 0.31

Testof 6=0:z=-2.48,p=0.01

Fixed-effects inverse-variance model

Fig. 6. Efficacy of monoclonal antibodies in reducing the risk of clinical worsening. the pooled data demonstrated that the use of mAbs significantly reduced the risk
of clinical worsening (p = 0.01). *The extracted relative risks from each study that examined different doses of a specific mAb were pooled together, without
consideration of time or dose.
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Relative Risk ~ Weight

Study Year with 95% CI (%)
Tocilizumab
Salama, et al. 2020 —— 0.55[0.33, 0.92] 19.92
Stone, et al. 2020 ——&@— 1.11[0.59, 2.09] 13.27
Salvarani, et al. 2021 —+—@— 1.05[0.59, 1.86] 16.22
Brau, et al. 2021 —— 0.61[0.40, 0.94] 29.29
Heterogeneity: I* = 40.45%, H* = 1.68 e 0.74[0.57, 0.95)
Test of 6, = 6: Q(3) =5.04, p=0.17
Sarilumab
Sancho-Lo’pez, etal.* 2021 L 1.03[0.48, 2.21] 9.22
Merchante, et al.* 2022 — 0.64[0.33, 1.25] 12.09
Heterogeneity: I* = 0.00%, H* = 1.00 — T 0.79[0.48, 1.30]
Testof 6, = 6;: Q(1) =0.83, p = 0.36
Overall = 0.75[0.59, 0.94]
Heterogeneity: I = 15.65%, H* = 1.19
Test of 6, = 6: Q(5) = 5.93, p = 0.31
Test of group differences: Q,(1) = 0.06, p = 0.81

112 1 2

Fixed-effects inverse-variance model

Fig. 7. Comparative efficacy of Tocilizumab and Sarilumab in reducing the risk of clinical worsening in COVID-19 Patients. Results revealed that Tocilizumab had a
significant effect against the clinical worsening (pooled relative risk of 0.74, 95 % CI [0.57, 0.95]). *The extracted relative risks from each study that examined
different doses of a specific mAb were pooled together, without consideration of time or dose.

Relative Risk ~ Weight
Study Year with 95% ClI (%)
Salama et al., 2020 e 1.16[0.91, 1.48] 7.71
Stone et al., 2020 —_— 1.08[0.81, 1.43] 5.64
Abani et al., 2021 - 1.22[1.12, 1.33] 61.74
Rosas et al., 2021 — 0.97[0.79, 1.20] 10.22
Brau et al., 2021 —+—=—— 1.35[1.02, 1.79] 5.76
Tharaux et al., 2021 0.91[0.56, 1.48] 1.93
Mariette et al., 2022 —— 1.19[0.81, 1.75] 3.07
Merchante et al., 2022 0.98[0.60, 1.60] 1.90
Merchante et al., 2022 1.23[0.77, 1.98] 2.03
Overall <@ 1.17[1.10, 1.26]
Heterogeneity: I* = 0.00%, H* = 1.00
Test of 6, = 6;: Q(8) = 6.81, p=0.56
Testof 6 =0:z=4.65, p=0.00

0.56

Fixed-effects inverse-variance model

Fig. 8. Effect of mAbs on time to hospital discharge in COVID-19 patients. The analysis demonstrates that the probability of discharging by day 28 or 29 is

significantly higher in the treatment group compared to the control (p = 0.00).

3.2. Required for mechanical ventilation

The need for MV in COVID-19 patients who received mAbs was
compared to control groups (Fig. 2). The Risk Ratio (RR) for MV,
without considering the specific types of mAbs, was not significant
(pooled RR: 0.94, 95 % CI [0.73, 1.21], p = 0.63, IZ = 6.81 %).

3.2.1. Subgroup analysis for MV

In addition to the overall RR, the risk of MV was analyzed in three
subgroups based on mAb type, region, and checkpoint. Fig. 3 shows that
there is a high heterogeneity in studies conducted in the American
continent (I2 = 75.70 %, p = 0.04). Furthermore, there was no

significant difference in the region subgroup analysis, p = 0.74.

Fig. 4 shows that, while insignificant, Anakinra yielded a more
favorable outcome in reducing the need for MV (RR: 0.61, 95 % CI [0.26,
1.46]) compared to the other groups. Conversely, Sarilumab was asso-
ciated with the worst outcome (RR: 1.54, 95 % CI [0.86, 2.76]). How-
ever, none of the groups (Tocilizumab, Sarilumab, Anakinra)
demonstrated significant pooled data against the requirement for MV (p
= 0.36, p = 0.54, p = 0.56 respectively). Based on the time duration,
Fig. 5 depicts that the first (day 14 or 15) and the second (day 28 or 29)
checkpoints yield similar outcomes (non-significant) in terms of the ef-
ficacy of mAbs to reduce the risk of needing MV. This efficacy has
remained relatively stable over time, with an RR of 0.95, 95 % CI [0.61,
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Relative Risk ~ Weight

Study Year with 95% ClI (%)
Tocilizumab
Salama et al., 2020 D 1.16[0.91, 1.48] 7.71
Stone et al., 2020 —_—— 1.08[0.81, 1.43] 5.64
Abani et al., 2021 —.— 1.22[1.12, 1.33] 61.74
Rosas et al., 2021 — 0.97[0.79, 1.20] 10.22
Brau et al., 2021 ——s—— 1.35[1.02, 1.79] 5.76
Heterogeneity: I = 22.39%, H’ = 1.29 <> 1.18[1.10, 1.27]
Test of 6, = 6;: Q(4) =5.15, p=0.27
Sarilumab
Mariette et al., 2022 ——  1.19[0.81, 1.75] 3.07
Merchante etal., 2022 0.98[0.60, 1.60] 1.90
Merchante etal., 2022 1.23[0.77, 1.98] 2.03
Heterogeneity: I = 0.00%, H* = 1.00 e 1.14[0.88, 1.47]
Test of 6, = 6;: Q(2) =0.51, p=0.77
Anakinra
Tharaux et al., 2021 0.91[0.56, 1.48] 1.93
Heterogeneity: I = 0.00%, H* = 1.00 —_— 0.91[0.56, 1.48]
Test of 6, = 6;: Q(0) =0.00,p=.
Overall <> 1.17 [1.10, 1.26]
Heterogeneity: I = 0.00%, H* = 1.00
Testof 6, = 6: Q(8) = 6.81, p=0.56
Test of group differences: Q,(2) = 1.15, p = 0.56

0.56 1.98

Fixed-effects inverse-variance model

Fig. 9. Subgroup analysis based on mabs in reducing hospital stay duration. Among the studied antibodies, only Tocilizumab showed a significant relative risk (1.18,

95 % CI [1.10, 1.27])

1.47] for the first checkpoint and 0.94, 95 % CI [0.69, 1.27] for the
second checkpoint.

3.3. Clinical worsening risk

All studies evaluating the risk of clinical worsening were included
(each used their own set of criteria to define clinical worsening).
Generally, clinical worsening can be defined as a clinical event that leads
to treatment failure. According to the studies provided, clinical wors-
ening can encompass several occurrences, including death, withdrawal
from the study while hospitalized, transfer to the intensive care unit
(ICU), initiation of invasive MV, utilization of high-flow nasal oxygen,
CPAP, and non-mechanical ventilation.

Intriguingly, Among the studies reporting the risk of clinical wors-
ening (Fig. 6), the pooled data indicated that the use of mAbs in the
treatment group significantly reduced the overall risk of progression to
clinical worsening (overall pooled relative risk: 0.75, 95 % CI [0.59,
0.94], p = 0.01).

3.3.1. Subgroup analysis for clinical worsening

Subgrouping the data based on mAbs revealed that Tocilizumab had
a significant effect against the progression to clinical worsening (pooled
relative risk of 0.74, 95 % CI [0.57, 0.95]) but not Sarilumab (pooled
relative risk 0.79, 95 % CI [0.48, 1.30])(Fig. 7).
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3.4. Discharging by day 28 or day 29

Upon analyzing the pooled data from studies, it was found that the
probability of discharging by day 28 or 29 was higher in the treatment
group compared to the control group (Fig. 8), with a pooled relative risk
of 1.17, 95 % CI [1.10, 1.26]. Subgroup analysis revealed that both
Tocilizumab and Sarilumab were associated with positive effects in
reducing the time of hospital discharge, but only Tocilizumab showed a
significant effect size (Fig. 9).

3.5. Mortality

The pooled effect size indicates that in total (Fig. 10), the adminis-
tration of mAbs (Tocilizumab, Sarilumab, Anakinra) has the potential to
reduce the risk of mortality over time when compared to control groups,
with a pooled RR of 0.90, 95 % CI [0.83, 0.97], (p = 0.01).

3.5.1. Mortality subgroup analysis

Based on data from European patients, the use of mAbs showed a
significant therapeutic response, with a decrease in mortality rate
(pooled RR: 0.88, 95 % CI [0.81, 0.96]) (Fig. 11). Notably, Tocilizumab
has demonstrated a particularly positive outcome compared to other
treatments in reducing mortality rates (pooled RR: 0.91, 95 % CI [0.84,
0.98]) (Fig. 12). Furthermore, there is potential benefit in administering
a higher dose of sarilumab (400 mg) rather than a lower dose (200 mg),
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Risk Ratio Weight
Study Year with 95% CI (%)
Salama et al., 2020 —— 1.22[0.62, 2.38] 1.31
Hermine et al., 2020 -1 1.06[0.53, 2.14] 1.21
Stone et al., 2020 1.53[043, 549] 0.36
Salvarani et al., 2021 1.05[0.07, 16.41] 0.08
Veiga et al., 2021 —_— 2.89[1.34, 6.20] 1.01
Soin et al., 2021 — 0.76[0.44, 1.34] 1.89
Sancho-Lo’pez et al,, 2021 — 1.03[0.15, 7.17] 0.16
Lescure et al.,* 2021 —_ 1.21[0.52, 2.82] 0.82
Lescure et al.,* 2021 S 097[0.41, 232] 0.78
Rosas et al., 2021 —-— 093[0.66, 1.31] 5.12
Brau et al., 2021 —— 1.01[0.68, 1.52] 3.62
Abani et al., 2021 [ | 0.88[0.81, 0.96] 76.70
Tharaux et al., 2021 —e— 0.79[0.48, 1.32] 2.28
Kharazmi et al., 2021 e 0.71[0.29, 1.75] 0.74
Mariette et al., 2022 — 0.71[0.38, 1.34] 149
Merchante et al., T 2022 — 1.41[0.34, 5.86] 0.29
Merchante et al.,t 2022 0.14[0.01, 2.68] 0.07
Verger et al., 2022 3.46[1.13, 10.54] 0.48
Patricia et al., 2023 e 0.77[0.21, 2.77] 0.36
Jonas et al.,t 2023 — 1.23[0.19, 8.02] 0.17
Jonas et al.,} 2023 E— 0.96[0.15, 6.37] 0.17
Kyriazopoulou et al., 2024 — 0.41[0.18, 0.93] 0.90
Overall C) 0.90[0.83, 0.97]
Heterogeneity: I = 13.20%, H* = 1.15
Test of 6, = 6;: Q(21) =24.19,p=0.28
Testof 6 =0:z=-2.63, p=0.01

11128

116

112 4

Fig. 10. Overall risk of mortality with mAbs treatment. *{Merchante et al., and Lescure et al., administered two different doses of Sarilumab (200 mg and 400 mg)
with varying sample sizes for each dose. } Jonas et al., examined two types of mAbs (Tocilizumab and Anakinra) with varying sample sizes for each.

as it may further decrease the risk of mortality, although this effect was
not statistically significant (pooled RR: 0.83, 95 % CI [0.36-1.91] vs
1.26, 95 % CI [0.61-2.60]) (Fig. 13). Additionally, studies evaluating
the risk of mortality at a longer time point (second checkpoint) have
shown significant results in reducing mortality. however, such an
outcome was not observed for the first checkpoint (Fig. 14), suggesting
that the effectiveness of mAbs in reducing mortality may fulfill over time
(pooled RR: 0.90, 95 % CI [0.83, 0.97]).

3.6. Publication bias

The Egger’s test, Begg’s test (Table 3), and visual inspection of funnel
plots (Fig. 15) were utilized to assess the bias of publications for each
outcome. The analytical outcomes revealed that there is no potential
publication bias and methodological uniformity across included
publications.

3.7. Sensitivity analysis

Sensitivity analysis was conducted to evaluate the influence of each
publication on the overall effect size (ES). The systematic elimination of
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studies, one by one, from each group is presented in Fig. 16.
4. Discussion

Our meta-analysis examined the impact of three monoclonal anti-
bodies (Tocilizumab, Sarilumab, and Anakinra) on the treatment of
COVID-19 patients in comparison with control group. The findings
suggest that mAbs, particularly Tocilizumab, could potentially reduce
the severity of COVID-19 and improve clinical outcomes, such as
reducing the risk of clinical worsening, improving hospital discharge
rates, and decreasing mortality. The lack of significant effect on the need
for MV across the different mAbs is an interesting observation that
warrants further investigation.

Furthermore, it is important to investigate the optimal dosing and
timing strategies for mAbs administration, as the meta-analysis findings
suggest different effect sizes for each dose, of Sarilumab. The decrease in
risk of mortality may be more pronounced at longer time period. Un-
derstanding the temporal dynamics of the immune response and the
evolution of the disease could guide the most effective treatment
protocols.

In a subgroup analysis, the results suggest that mortality reduction
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Risk Ratio Weight

Study Year with 95% Cl (%)
America

Stone et al., 2020 —+——— 153[043, 549] 036
Veiga et al., 2021 ——  289[1.34, 6.20] 1.01
Heterogeneity: I> = 0.00%, H® = 1.00 <& 244127, 4.71]

Test of 6, = 6; Q(1) = 0.70, p = 0.40

Europe

Hermine et al., 2020 —— 1.06[0.53, 2.14] 1.21
Salvarani et al., 2021 1.05[0.07, 16.41] 0.08
Sancho-Lo'pez etal., 2021 ————  1.03[0.15, 7.17] 0.16
Abani et al., 2021 [ ] 0.88[0.81, 0.96] 76.70
Tharaux et al., 2021 —— 0.79[048, 1.32] 228
Mariette et al., 2022 — 0.71[0.38, 1.34] 149
Merchante et al., 2022 e 141[0.34, 5.86] 0.29
Merchante et al., 2022 0.14[0.01, 268] 0.07
Verger et al., 2022 ——— 346[1.13, 10.54] 048
Patricia et al., 2023 —_—r 0.77[0.21, 2.77] 0.36
Jonas et al., 2023 — 1.23[0.19, 8.02] 0.17
Jonas et al., 2023 s 0.96[0.15, 6.37] 0.17
Kyriazopoulou et al., 2024 — 0.41[0.18, 0.93] 0.90

Heterogeneity: I2 = 0.88%, H? = 1.01 0.88[0.81, 0.96]
Testof 6,= 6; Q(12) = 12.11, p = 0.44

Asia

Soin et al., 2021 —er 0.76[0.44, 1.34] 1.89
Kharazmi et al., 2021 R 0.71[0.29, 1.75] 0.74
Heterogeneity: 1> = 0.00%, H* = 1.00 ‘ 0.75[0.47, 1.20]

Test of 6, = 6;: Q(1) =0.02, p = 0.90

Multi_Country

Salama et al., 2020 —— 1.22[0.62, 2.38] 1.31
Lescure et al., 2021 — 1.21[0.52, 2.82] 0.82
Lescure et al., 2021 e 097041, 232] 0.78
Rosas et al., 2021 —— 0.93[0.66, 1.31] 5.12
Brau et al., 2021 —— 1.01[0.68, 1.52] 3.62

Heterogeneity: I> = 0.00%, H* = 1.00
Test of 6, = 6: Q(4) =0.70, p = 0.95

Overall C

Heterogeneity: 1> = 13.20%, H* = 1.15
Test of 6, = 6: Q(21) =24.19,p=0.28

S 4

1.01[0.80, 1.26]

0.90[0.83, 0.97]

N\

Test of group differences: Q,(3) = 10.67, p = 0.01

1128 116 112 4

Fig. 11. Therapeutic efficacy of mAbs in mortality rate accordance with regional subgroup analysis. Studies on European patients, showed a significant decrease in
mortality rate in mAbs treating group in comparison with control group (pooled RR: 0.88, 95 % CI [0.81, 0.96]).
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Risk Ratio Weight

Study Year with 95% Cl (%)
Tocilizumab

Salama et al., 2020 —— 1.22[0.62, 2.38] 1.31
Hermine et al., 2020 —— 1.06[0.53, 2.14] 1.21
Stone et al., 2020 I 1.53[043, 549] 0.36
Salvarani et al., 2021 1.05[0.07, 16.41] 0.08
Veiga et al., 2021 —_— 289[1.34, 6.20] 1.01
Soin et al., 2021 — 0.76[0.44, 1.34] 1.89
Rosas et al., 2021 - 0.93[0.66, 1.31] 5.12
Brau et al., 2021 —— 1.01[0.68, 1.52] 3.62
Abani et al., 2021 [ ] 0.88[0.81, 0.96] 76.70
Jonas et al., 2023 ——— 1.23[0.19, 8.02] 0.17
Heterogeneity: I> = 21.93%, H* = 1.28 0.91[0.84, 0.98]

Test of 8, = 8 Q(9) = 11.53, p = 0.24

Sarilumab

Sancho-Lo’pez etal., 2021 R I — 1.03[0.15, 7.17] 0.16
Lescure et al., 2021 o 1.21[0.52, 2.82] 0.82
Lescure et al., 2021 —_— 097[0.41, 232] 0.78
Mariette et al., 2022 — 0.71[0.38, 1.34] 1.49
Merchante et al., 2022 —_— 141[0.34, 586] 0.29
Merchante et al., 2022 0.14[0.01, 2.68] 0.07
Heterogeneity: I* = 0.00%, H? = 1.00 & 0.89[0.60, 1.34]

Test of 6, = 6 Q(5) =2.93, p=0.71

Anakinra

Tharaux et al., 2021 — 0.79[0.48, 1.32] 2.28
Kharazmi et al., 2021 — 0.71[0.29, 1.75] 0.74
Verger et al., 2022 ——— 3.46[1.13, 10.54] 0.48
Patricia et al., 2023 —_— 0.77[0.21, 2.77] 0.36
Jonas et al., 2023 _— 0.96[0.15, 6.37] 0.17
Kyriazopoulou et al., 2024 — 0.41[0.18, 0.93] 0.90
Heterogeneity: I = 46.13%, H* = 1.86 ¢ 0.80[0.57, 1.14]

Testof 6,=6;: Q(5) =9.28, p=0.10

Overall
Heterogeneity: I> = 13.20%, H> = 1.15
Test of 6, = 6 Q(21) = 24.19, p = 0.28

o
N\

0.90[0.83, 0.97]

Test of group differences: Q,(2) = 0.45, p = 0.80

1128 116 112 4

Fig. 12. Evaluating the risk of mortality in different mAbs groups. Tocilizumab showed a significant positive outcome compared to other mAbs in reducing mortality
rates (pooled RR: 0.91, 95 % CI [0.84, 0.98]).
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Risk Ratio Weight

Study Year with 95% CI (%)
Dose: 200 mg
Lescure et al., 2021 —l— 121[052, 2.82] 4187
Merchante etal., 2022 —l—1.41[0.34, 5.86] 14.77
Heterogeneity: I = 0.00%, H* = 1.00 e 1.26 [0.61, 2.60]
Testof 6, = 6: Q(1) =0.03, p = 0.86
Dose: 400 mg
Lescure et al., 2021 —— 0.97[0.41, 2.32] 39.86
Merchante etal., 2022 0.14[0.01, 2.68] 3.51
Heterogeneity: I = 33.78%, H’ = 1.51 - 0.83[0.36, 1.91]
Testof 6,=6: Q(1) =1.51, p=0.22
Overall E— 1.05[0.61, 1.82]
Heterogeneity: I = 0.00%, H* = 1.00
Test of 6, = 6;: Q(3) =2.08, p = 0.56
Test of group differences: Q,(1) = 0.53, p = 0.47

1128 1/16 112 4

Fixed-effects inverse-variance model

Fig. 13. Forest plot comparing the mortality risk in subgroups for two different doses of Sarilumab. No statistically significant difference was observed between mAbs

(p = 0.47).

was particularly pronounced in European patients, highlighting a po-
tential regional variation in response. The meta-analysis identified sig-
nificant heterogeneity across studies’ region, concerning MV outcomes,
emphasizing the need for further research to understand the factors
contributing to this variability.

While the subgroup analyses provide valuable insights, they are
limited by the number of studies within each subgroup, especially in the
region subgroup for MV and optimized dose for Sarilumab. Larger, well-
designed studies are needed to confirm the observed trends.

Tocilizumab, Sarilumab, and Anakinra are kinds of mAbs that target
different pathways and can efficiently decrease multisystem inflamma-
tion. Tocilizumab and Sarilumab block the interleukin-6 (IL-6) receptor,
which inhibits IL-6 signaling and reduces inflammation. Tocilizumab
binds both soluble and membrane-bound IL-6 receptors, while Sar-
ilumab only binds to the membrane-bound receptor [9]. By blocking IL-
6 signaling, these agents can efficiently control conditions resulting from
high IL-6 levels, such as acute respiratory distress syndrome and sys-
temic juvenile idiopathic arthritis [39,40].

Anakinra is a recombinant protein that selectively targets
interleukin-1 (IL-1), a significant pro-inflammatory cytokine. Anakinra
functions by competitively blocking IL-1 receptors, therefore inhibiting
the effects of IL-1 [11]. Anakinra may be superior to IL-6 inhibitors for
conditions in which IL-1 is the primary driver of the disease. Each of the
three biomolecular agents has the potential to reduce inflammation by
targeting IL-6 or IL-1, allowing for personalized therapy strategies based
on the causes of multisystem inflammation in patients.

According to the results, categorizing patients based on their cyto-
kine levels could improve the treatment success rate. In addition, the
timing of the intervention is essential.

A systematic review and meta-analysis was conducted by Piscoya
et al., to assess the efficacy and safety of Tocilizumab in hospitalized
COVID-19 patients [41].

They considered major databases including PubMed, EMBASE, Sco-
pus, Web of Science, Cochrane Library, medRxiv, and Preprints to be
searched from inception to March 4, 2021. RCTs and higher quality
inverse probability of treatment weighting (IPTW) cohort studies
comparing Tocilizumab with standard care in hospitalized adult COVID-
19 patients were included. A total of nine RCTs involving 7021 patients
and nine IPTW cohorts involving 7796 patients met the inclusion
criteria. In compliance with our study, their meta-analysis showed that
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Tocilizumab significantly reduced all-cause mortality compared to
standard care in RCTs (RR: 0.89, 95 % CI 0.81-0.98, moderate quality of
evidence) but the reduction was not significant in cohorts (RR: 0.67, 95
% CI 0.44-1.02, very low quality of evidence). Contrary to our study,
they concluded that Tocilizumab significantly decreased the need for
MV in RCTs (RR: 0.80, 95 % CI 0.71-0.90, moderate quality of evi-
dence). They found that there were no significant differences in clinical
worsening between the two groups. While a significant protective effect
was discovered for Tocilizumab in our study. The moderate quality of
evidence indicates more research is still needed.

Furthermore, Gupta et al. provided a systematic review and meta-
analysis to examine the effects of Tocilizumab in hospitalized patients
with COVID-19 who did not require MV [42]. They performed an online
database search on PubMed, Embase, Google Scholar, and the Cochrane
Library from inception until April 19, 2021. The inclusion criteria con-
sisted of RCTs that compared the efficacy of Tocilizumab with standard
care treatment (steroids, antibiotics, antivirals) in adult patients who
were hospitalized with COVID-19 and were not on MV at the time of
receiving Tocilizumab. The main result was a composit of either needing
MV or mortality within 28 days. The secondary outcomes were the
mortality rate within 28 days and the incidence of serious adverse
events. A total of 6 RCTs involving 3013 patients (1651 in the Tocili-
zumab group and 1362 in the control group) were included. This sys-
tematic review and meta-analysis showed that Tocilizumab significantly
reduced the primary composite outcome of MV or 28-day mortality in
hospitalized COVID-19 patients.. While 28-day mortality was not
significantly reduced, this may be a limitation of using short-term
mortality as an outcome in critical trials. Some limitations included
variability in outcomes reported across studies and limited data on long-
term outcomes and adverse events.

On the other hand, a systematic search of major databases including
PubMed, Cochrane Library, Embase, medRxiv and bioRxiv was con-
ducted to identify studies comparing the efficacy of Tocilizumab to other
treatments for COVID-19. Only retrospective observational studies
published until May 24, 2020 reporting outcomes such as mortality, ICU
admission, and need for MV were included [43]. After screening, seven
retrospective studies with a total of 592 patients were included in the
meta-analysis. The Tocilizumab group had 240 patients while the control
group consisted of 352 patients. Mortality in the Tocilizumab group was
16.3 % compared to 24.1 % in the control group, though the difference
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Treatment Control Risk Ratio Weight
Study Year Yes No Yes No with 95% ClI (%)
First Check (Day 14/15)
Hermine et al., 2020 7 56 6 61 —— 1241044, 349] 055
Salvarani et al., 2021 1 59 1 62 s 1.05[0.07, 16.41] 0.08
Veiga et al., 2021 11 54 2 62 542[1.25, 2347] 0.28
Soin et al., 2021 8 83 9 79 — 0.86[0.35, 2.13] 0.72
Tharaux et al., 2021 9 50 13 42 — 0.65[0.30, 1.39] 1.01
Kharazmi et al., 2021 5 10 7 8 —r 0.71[0.29, 1.75] 0.74
Mariette et al., 2022 6 62 8 68 — 0.84[0.31, 229 058
Audemard-Verger et al., 2022 6 29 0 32 +—11.92[0.70, 203.43] 0.07
Heterogeneity: I” = 31.28%, H’ = 1.46 9 0.97[0.66, 1.42]
Testof 6,=6;: Q(7) =10.19, p=0.18
Second check (Day 28/29)
Salama et al., 2020 26 223 11 117 - 1.22[0.62, 2.38] 1.31
Hermine et al., 2020 7 56 8 59 —t— 0.93[0.36, 242] 0.65
Stone et al., 2020 9 152 3 79 S 1.53[043, 549] 0.36
Veiga et al., 2021 14 51 6 58 — 2.30[0.94, 561 074
Soin et al., 2021 11 80 15 73 — 0.71[0.34, 1.46] 1.14
Sancho-Lo’pez et al., 2021 2 97 2 100 —_— 1.03[0.15, 7.17] 0.16
Lescure et al., 2021 16 143 7 77 —— 1.21[0.52, 2.82] 0.82
Lescure et al., 2021 14 159 7 77 —_ 0.97[041, 232] 0.78
Rosas et al., 2021 78 352 41 169 - 0.93[0.66, 1.31] 5.12
Brau et al., 2021 58 236 28 116 - 1.01[0.68, 1.52] 3.62
Abani et al., 2021 621 1,401 729 1,365 [ ] 0.88[0.81, 0.96] 76.70
Tharaux et al., 2021 13 46 13 42 —— 093[047, 1.83] 1.30
Mariette et al., 2022 8 60 14 62 — 0.64[0.29, 143] 091
Merchante et al., 2022 4 33 3 36 —_— 141[0.34, 586] 0.29
Merchante et al., 2022 0 39 3 36 — 0.14[0.01, 2.68] 0.07
Audemard-Verger et al., 2022 9 26 3 29 — 2.74[0.81, 9.25] 040
Jonas et al., 2023 2 20 2 25 —_—t 1.23[0.19, 8.02] 0.17
Patricia et al., 2023 4 80 5 76 e 0.77[0.21, 277] 0.36
Jonas et al., 2023 2 26 2 25 —_—t 0.96[0.15, 6.37] 0.17
Kyriazopoulou et al., 2024 10 253 12 118 — 0.41[0.18, 0.93] 0.90

Heterogeneity: I> = 0.00%, H* = 1.00

Test of 6, = 6;: Q(19) = 16.72, p = 0.61

Overall

Heterogeneity: I> = 0.15%, H* = 1.00

Test of 6, = 6;: Q(27) = 27.04, p = 0.46

Test of group differences: Q,(1) = 0.14, p = 0.71

0.90[0.83, 0.97]

C) 0.90[0.84, 0.97]

T T T

1128 158 2 32

Fig. 14. Comparison of the impact of mAbs at different time points (first and second checkpoint) on the risk of mortality. Second checkpoint showed significant

results compared to the first checkpoint.

Table 3
The results of publication bias in each outcome.

Outcome Egger’s P value Begg’s P value
Mechanical ventilation (MV) 0.348 0.669

Clinical worsening risk 0.181 0.452
Discharging by day 28 or day 29 0.216 0.466
Mortality 0.317 1.00
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was not statistically significant (RR: 0.62, 95 % CI 0.31-1.22, 2 = 68 %).
Risk of ICU admission and MV requirements were also similar between
the two groups.

However, some limitations were notified for this publication
including lack of randomized studies, small sample sizes, heterogeneous
populations and treatments. Finally, they stated that the earlier
administration of Tocilizumab may potentially show better results but
timing effects remain unclear. Adverse events associated with Tocili-
zumab like secondary infections also require further investigation.

Our meta-analysis provided valuable data for decision-making in
clinicacl guidline., informing public health policies, and preparing for
future pandemics, considering the economic burden and potential risks
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Fig. 15. Funnel plots of studies, A. Mechanical ventilation (MV), B. Clinical worsening risk, C. Discharging by day 28 or day 29, D. Mortality. The funnel plots
depicted a relative symmetry in the included studies. This suggests the absence of potential publication bias and reveals methodological uniformity across all

publications.
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Fig. 16. The Metaninf function was utilized to perform a sensitivity analysis, assessing the impact of each included study on the overall effect size (ES). A. Me-
chanical ventilation; The sensitivity analysis indicates that the pooled effect size was not influenced by any of the studies. B. Clinical worsening risk; The sensitivity
analysis indicates that the pooled effect size was significantly sensitive to Salama et al., (2020) and Brau et al., (2021) studies. If these studies are excluded, the
pooled effect size is not significant., C. Discharging by day 28 or day 29; The sensitivity analysis reveals that the pooled effect size is significantly influenced by the
study conducted by Abani et al., (2021). Excluding the study results in a non-significant pooled effect size., D. Mortality; The pooled effect size is significantly
sensitive to the study of Abani et al., (2021). Excluding the study leads to a non-significant pooled effect size.

associated with mAbs use during the COVID-19 pandemic.
5. Conclusion

To sum up, our meta-analysis provides valuable insights into the
potential role of mAbs, especially Tocilizumab, in the management of
COVID-19. The findings suggest a beneficial effect on reducing the risk
of clinical worsening, improving hospital discharge rates, and
decreasing mortality.
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