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Abstract

Background: There is an urgent need to improve health outcomes among severe COVID-19 patients. Therefore, this study
aimed to demystify efficacy and safety of tocilizumab among those patients based on the best available evidence. Methods: Nine
electronic databases were searched for relevant studies by three authors in July using search terms “tocilizumab”, “COVID”,
“SARS”. The last date checked was 26 August, 2020. Eligible studies were assessed through an inclusion criterion focused
on cohort studies and severe COVID-19 adult patients. Any disagreement between the authors was resolved by discussions.
Primary outcomes were mortality and clinical improvement, while secondary outcomes were tocilizumab-related adverse effects.
Results: Tocilizumab reduced the mortality rate by 41%, 40%, 28%, and 37% in 7, 14, 21, and 28 days. There was neither
statistically significant difference between the tocilizumab group and the control group in the clinical improvement (pooled risk
ratiol.21 [0.89, 1.64]|) nor in respiratory support change. There were no difference between the two groups in the occurrence
of serious adverse events (pooled risk difference 0.00 [-0.02, 0.03]), bacteremia (pooled risk ratio 1.25 [0.80, 1.97]), elevation of
liver functions (pooled risk difference -0.00 [-0.03, 0.02]) and infusion related reactions (pooled risk difference 0.01 [-0.02, 0.03]).
However, the occurrence of neutropenia (pooled risk ratio 9.23 [1.06, 80.24]) and new infections (pooled risk difference 0.07
[0.00, 0.14]) were more likely in the tocilizumab group. Conclusion: Because of the reported adverse effects of tocilizumab in
treating severe COVID-19 patients, the use of that biological agent should be limited to selected patients based on the best

available evidence.
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Summary:

Background: There is an urgent need to improve health outcomes among severe COVID-19 patients. There-
fore, this study aimed to demystify efficacy and safety of tocilizumab among those patients based on the
best available evidence.

Methods: Nine electronic databases were searched for relevant studies by three authors in July using search
terms "tocilizumab”, "COVID”, "SARS”. The last date checked was 26 August, 2020. Eligible studies were
assessed through an inclusion criterion focused on cohort studies and severe COVID-19 adult patients. Any
disagreement between the authors was resolved by discussions. Primary outcomes were mortality and clinical
improvement, while secondary outcomes were tocilizumab-related adverse effects.

Results: Tocilizumab reduced the mortality rate by 41%, 40%, 28%, and 37% in 7, 14, 21, and 28 days.
There was neither statistically significant difference between the tocilizumab group and the control group
in the clinical improvement (pooled risk ratiol.21 [0.89, 1.64]) nor in respiratory support change. There
were no difference between the two groups in the occurrence of serious adverse events (pooled risk difference
0.00 [-0.02, 0.03]), bacteremia (pooled risk ratio 1.25 [0.80, 1.97]), elevation of liver functions (pooled risk
difference -0.00 [-0.03, 0.02]) and infusion related reactions (pooled risk difference 0.01 [-0.02, 0.03]). However,
the occurrence of neutropenia (pooled risk ratio 9.23 [1.06, 80.24]) and new infections (pooled risk difference
0.07 [0.00, 0.14]) were more likely in the tocilizumab group.

Conclusion: Because of the reported adverse effects of tocilizumab in treating severe COVID-19 patients,
the use of that biological agent should be limited to selected patients based on the best available evidence.
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Introduction

SARS COV 2 is a member of Corona virus family, which was first recognized in December 2019 in the Chinese
city of Wuhan and caused what is known nowadays as the COVID 19 pandemic (Cascella, Rajnik, Cuomo,
Dulebohn, & Di Napoli, 2020). The virus is believed to be transmitted by droplets and aerosols causing
various clinical conditions ranging from mild flu-like symptoms up to very severe conditions such as acute
respiratory distress syndrome (ARDS) (Jayaweera, Perera, Gunawardana, & Manatunge, 2020). Expected
death rate among severe ARDS cases is estimated to be up to 62 % (Huang et al., 2020) which is assumed
to be a result of what is known as a cytokine storm (Ulhaq & Soraya, 2020). Global attention was therefore
paid to the emerging pandemic, in particular the development of new vaccines (Chugh, 2020).

Expanding evidence shows that inflammatory mediators, such as interferons, interleukins, chemokines,
tumor-necrotic factors, etc, may be activated by severe COVID-19 condition in the case of a hyperac-
tive immunological response (Yuki, Fujiogi, & Koutsogiannaki, 2020). These mediators are inherent in the
innate immune system that attacks foreign infectious agents. However, in very severe conditions it triggers a
life-threatening immunological reaction, including a massive release of cytokines which is supposed to cause
a cytokine storm (Ye, Wang, & Mao, 2020). This cytokine storm is followed by the immune system attacking
the body, which in turn causes ARDS and multiple organ failure (Siracusano, Pastori, & Lopalco, 2020; Z.
Xu et al., 2020). Recent studies have demonstrated that patients with severe COVID-19 have elevated serum
levels of pro-inflammatory cytokines, including interleukins-6 (IL-6) (Huang et al., 2020; Wang et al., 2007).



Based on that hypothesis, modulating the hyperinflammatory status associated with COVID-19 has been
targeted by some drugs in clinical trials including dexamethasone that showed promising improvement in
RECOVERY trial (Horby et al., 2020), while the others failed to show significant improvement such as
hydroxychloroquine in a recent meta-analysis of clinical trials (Elsawah, Elsokary, Elrazzaz, & ElShafey,
2020).

Tocilizumab is a humanized anti-IL-6 receptor IgG1 monoclonal antibody used for the treatment of rheuma-
toid arthritis and other chronic inflammatory diseases (Arnaldez et al., 2020). By blocking of IL-6- receptor
binding, tocilizumab inhibits signal transduction mediated by IL-6 (Nishimoto & Kishimoto, 2008). Chi
Zhang in China first highlighted the cytokine storm hypothesis in severe COVID-19 and the potential im-
pact of tocilizumab against 11.-6 and recommended further evidence-based studies to co-relate the potential
benefits (Chi, Zhao, Jia-Wen, Hong, & Gui-Qiang, 2020). Furthermore, Xiaoling Xu et al ., claimed effective
clinical improvement and successful repression of clinical deterioration in severe COVID-19 patients in their
single arm observational study (X. Xu et al., 2020).

Another observational case control study conducted in Italy by Ruggero Capra et al ., showed promising
data showing a significant reduction in the mortality rates in the tocilizumab group compared to the control
group (Capra et al., 2020). On the other hand, a phase 3 clinical trial conducted by Roche failed to show
beneficial outcome regarding clinical status (Hoffmann-La Roche, 2020). Meanwhile, cohort studies were
conducted to investigate different outcomes including the overall improvement, length of stay, mortality
rates and safety profile (Campochiaro et al., 2020; Colaneri et al., 2020; Guaraldi et al., 2020). In view
of the conflicting results, we aimed to systemically review these cohort studies and conduct an updated
meta-analysis to provide the best evidence. Our stated objectives are to disclose possible protective effects
of tocilizumab from the need for mechanical ventilation and mortality in severe COVID-19 patients, to pool
any clinical improvement associated with tocilizumab use, and to summarize the adverse effects reported
with tocilizumab use in severe COVID-19 patients.

Methods:

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Checklist was followed
to improve reporting this meta-analysis

Protocol registration:

The protocol was registered in the International Prospective Reregister of Systematic Review with registra-
tion number CRD42020204233 in August 2020.

1.

Criteria for considering studies for this review

Types of the studies:

Cohort studies either prospective or retrospective comparing the use of tocilizumab with placebo in presence
of standard of care that was given to all patients according to need. Case-control studies were excluded.

Types of participant:

Patients with severe COVID-19 patients defined as those with at least reduced oxygen saturation (< 94%)
or required ICU admission and patients with PCR~confirmed COVID-19. Evidence of hyperinflammatory
status is not necessary but will be highlighted.



Types of interventions:

Tocilizumab intravenous (IV) with dose 400 to 800 mg once and could be repeated for another dose.

Types of outcome measures
Efficacy and adverse effects that were reported up to 28 days follow-up period
Primary outcomes

Mortality during 28 days-follow-up, need for mechanical ventilation, and clinical improvement including
hospital discharge and change in respiratory support.

Secondary outcomes

Serious adverse effects and occurrence of new infections

Additional outcomes

Incidence of elevation in liver enzymes, infusion-related reaction, neutropenia, and bacteremia.

1.

Search methods for identification of studies

Information sources:

The following databases have been checked from the first of July 2020 and continued through August to
identify relevant studies: ClinicalTrial.gov, ProQuest, PubMed, Embase, Cochrane, Google Scholar, Science
direct, Chinese Clinical Trial Registry (ChiCTR), and medRxiv.

The following search terms were used: "actemra’; "tocilizumab”, "SARS” and "COVID.” In addition, a deep
manual search through checking references in bibliography of original articles and relevant reviews was
performed.

Study selection:

Studies were selected based on PRISMA flow diagram (Fig. 1 ). Two authors (HKE and MAE) inde-
pendently selected potentially eligible studies from screened ones based on the title and/or abstract. The
full text has been presented in order to review the articles screened for inclusion criteria. The reasons for
excluded studies were discussed and any disagreements were resolved through discussion. A third author
(MS) revised the process of the study selection and eligibility assessment.

Data collection and analysis:

Data was extracted using a predefined extraction form. The form included:
Study characteristics: title, authors, year of publication, country, and journal name.

Study design: type of the study design, hospital name, time of interventions, time of follow-up, and other
settings

Population: age, sex, baseline clinical factors, disease severity definition, inflammation status, inclusion and
exclusion criteria, and the disease onset

Intervention: Tocilizumab dose, route of administration, and duration.
Comparator: Any other treatment or care that was given to the patients

Outcomes: All outcomes either efficacy or safety-related were extracted extensively including numbers or
data presented with graphs that were transformed with a specific software; Get Data Graph Digitizer 2.26



Assessment of risk of bias in included studies:

The methodological quality of selected cohort studies were assessed based on the basis of ” risk of bias in non-
randomized studies of interventions” (ROBINS-I) (Sterne et al., 2016); a tool provides a more comprehensive
framework for identifying potential sources of bias (Losilla, Oliveras, Marin-Garcia, & Vives, 2018). The
following points were scored as low, moderate, serious, critical or no information (where 'low’ indicated that
the study was less risk to bias and thus best quality), and were reported in a "Risk of bias figure” bias due
to confounding, bias in selection of participants into the study, bias in classification of interventions, bias
due to deviations from intended interventions, bias due to missing data, bias in measurement of outcomes,
and bias in selection of the reported result.

A consensus criteria in the present meta-analysis for bias judgment included that a study was judged at low
risk of bias if all key domains were judged at low risk of bias, a study was judged at high risk of bias if two
or more key domains were judged at high risk of bias, otherwise the study was judged at unclear risk of bias.

Studies of low quality were not excluded, instead they were involved in data synthesis after performing
sensitivity analysis.

Synthesis of the quantitative results

Measures of treatment effect: risk ratios (RR) with 95%confidence intervals (CI) was used to analyze di-
chotomous data. None of our included studies reported continuous data.

Data synthesis: The overall treatment effect was estimated by the pooled RR with 95% CI by RevMan
version 5.4 using a fixed-effect model (Mantel-Haenszel). A random effects model was used in cases of
significant heterogeneity.

Assessment of heterogeneity: Chi-square test of heterogeneity and the I? statistic of heterogeneity were
used to assess effects heterogeneity. For Chi-square test, the data study findings were considered to be
heterogeneous if P -value was [?] 0.05. When a significant heterogeneity occurred, the differences were
explained as they related to types of participants and study design.

Sensitivity analysis: Sensitivity analysis was conducted for only those cohort studies assessed as having a
low overall risk of bias based on our consensus criteria in key domains.

Publication bias: The publication bias was assessed by using funnel plots when there were more than 10
studies reporting the same effect measure of an outcome.

Results:

Study selection:

PRISMA flow diagram in figure (1) shows that 826 studies were identified after removal of duplications,
then 789 irrelevant studies were excluded after titles and abstracts screening. Finally, 37 full articles were
assessed for eligibility based on the prespecified inclusion criteria. The remaining 6 studies were included in
the systematic review and meta-analysis. Some studies were excluded because they had case-control designs
(Klopfenstein et al., 2020; Rojas-Marte et al., 2020; Rossotti et al., 2020), while the others were preprint
(Rossi et al., 2020) that may be included in the next updates.

Study characteristics:

The population of the included studies had a severe COVID-19 infection. The disease severity criteria are
well defined in each study with minor variations. A prespecified severity criteria were found in four studies
which include impaired oxygenation in common (Campochiaro et al., 2020; Colaneri et al., 2020; Guaraldi et



al., 2020; Kewan et al., 2020) in addition to typical radiological findings (Campochiaro et al., 2020; Guaraldi
et al., 2020; Kewan et al., 2020), while the other two studies focused on critical care patients (Ip et al., 2020)
and those who required mechanical ventilation (Somers, Eschenauer, Troost, Golob, Gandhi, Wang, Zhou,
Petty, Baang, Dillman, et al., 2020). Evidence of hyperinflammation was required for tocilizumab indication
in three studies (Campochiaro et al., 2020; Ip et al., 2020; Kewan et al., 2020)

TCZ regimen was one or two doses, each was 400-800 mg.

Routine treatment was given to all patients according to needs and varied widely among the studies. It
included: supportive care, symptomatic treatment, steroids, antibiotics, hydroxychloroquine, anticoagulants
and antivirals (Table 1 ).

Median onset of COVID-19 symptoms before starting the treatment in tocilizumab and control group re-
spectively was 11 and 9 days in Campochiaro et al ., study (Campochiaro et al., 2020), 4 and 5 days in
Guaraldi et al ., study (Guaraldi et al., 2020), and 5 days in Andrew et al ., study (Ip et al., 2020).

Risk of bias within studies:

The risk of bias is summarized in Table (2). As an observational study, cohort design is highly vulnerable
to confounding, therefore it is necessary to show comparable groups in baseline factors that can predict
the outcomes. Two studies did not give enough data about the significance of these differences (Colaneri
et al., 2020; Kewan et al., 2020), while another two showed serious bias risk (Guaraldi et al., 2020; Ip et
al., 2020). Selection bias and misclassification bias were low in all studies. Bias due to deviations from
intended interventions was moderate in three studies because of unequal background treatment including
steroids between the groups (Guaraldi et al., 2020; Ip et al., 2020; Kewan et al., 2020) . Bias in measurement
of outcomes was moderate in all studies because of the retrospective design-related recall bias risk. Bias
in selection of the reported result was moderate in two studies (Kewan et al., 2020; Somers, Eschenauer,
Troost, Golob, Gandhi, Wang, Zhou, Petty, Baang, & Dillman, 2020) as they did not report data about
many clinical outcomes and adverse effects associated with tocilizumab use.

Synthesis of results:

Included studies recruited 1473 patients with confirmed severe COVID-19. Of them, 472 patients received
tocilizumab while 1001 patients served as a control. Male participants were predominant in all the studies.
The male sex OR in TCZ treated group relative to control pooled from the studies using fixed effect model
was 1.59 [1.24, 2.04].

The main outcomes:

1. As demonstrated in Fig. 2, the pooled mortality risk from the included six studies was significantly
reduced by 41 % in 7 days, 40 % in 14 days, 28 % in 21 days, and 37% in 28 days in the tocilizumab
treated group, compared to the control group using the fixed-effect model. Heterogeneity was not
significant (P > 0.05).

2. In Fig. 3, the clinical improvement was not statistically significant between the two groups. RR
pooled from two studies (Campochiaro et al., 2020; Kewan et al., 2020) using fixed effect model was
1.21 [0.89, 1.64|. Heterogeneity was not significant (P = 0.72).

3. There was no statistically significant difference between the two groups in the change in respiratory
support. RR of improvement and worsening in respiratory support pooled from two studies (Cam-
pochiaro et al., 2020; Kewan et al., 2020) using fixed effect model was 1.20 [0.91, 1.57] and 0.52 [0.26,
1.04], respectively. Heterogeneity was not significant (P > 0.05).



Additional outcomes:

1. In Fig. 4, the occurrence of serious adverse events was not significant between the two groups. RD
pooled from three studies (Campochiaro et al., 2020; Colaneri et al., 2020; Guaraldi et al., 2020) using
fixed effect model was 0.00 [-0.02, 0.03]. Heterogeneity was not significant (y? = 0.32,P = 0.85).

2. The occurrence of bacteremia was not significant between the two groups. RR pooled from three
studies (Campochiaro et al., 2020; Guaraldi et al., 2020; Ip et al., 2020) using fixed effect model was
1.25 [0.80, 1.97]. Heterogeneity was not significant (y? = 0.16, P = 0.92)

3. The elevation of liver functions was not significant between the two groups. RD pooled from three
studies (Campochiaro et al., 2020; Colaneri et al., 2020; Guaraldi et al., 2020) using fixed effect model
was -0.00 [-0.03, 0.02]. Heterogeneity was not significant (y? = 0.24, P = 0.89).

4. Neutropenia was 9.23 more likely to be occurred in tocilizumab treated group than control group. RR
pooled from two studies (Campochiaro et al., 2020; Guaraldi et al., 2020)using fixed effect model was
9.23 [1.06, 80.24]. Heterogeneity was not significant (¥2 = 0.08, P = 0.77)

5. The occurrence of new infections was significant between the two groups. RD pooled from six studies
(Campochiaro et al., 2020; Colaneri et al., 2020; Guaraldi et al., 2020; Ip et al., 2020; Kewan et al.,
2020; Somers, Eschenauer, Troost, Golob, Gandhi, Wang, Zhou, Petty, Baang, & Dillman, 2020) using
fixed and random effect model was 0.09 [0.05, 0.12] and 0.07 [0.00, 0.14] respectively. Heterogeneity
was significant (y? = 18.73, P = 0.002).

6. The occurrence of infusion related reaction was not significant between the two groups. RD pooled
from two studies (Campochiaro et al., 2020; Guaraldi et al., 2020) using Fixed effect model was 0.01
[-0.02, 0.03]. Heterogeneity was not significant (y? = 0.12, P = 0.73).

Sensitivity analysis:

Based on our assessment of risk of bias, the only two studies showed serious risk of confounding bias, Guaraldi
G. et al., and Ip A.et al., were excluded. The same analysis of the combined outcomes was done, and there
was no significant difference between the two analyses.

Discussion

To the best of our knowledge, this study is the first meta-analysis built only on the most recent cohort
studies to investigate the safety and efficacy of tocilizumab in severe COVID-19. The study searched for the
best available evidence evaluating the role of tocilizumab in patients with severe COVID-19 and provided
moderate to high quality retrospective cohort studies including 1473 patients in 6 studies. Tocilizumab
succeeded in reducing the mortality rate significantly at all-time points; 7, 14, 21, 28 days pooled from all
the included studies. Moreover, heterogeneity among the study findings was not significant ensuring that
the study findings are consistent. The preventive effect tocilizumab from all-cause mortality was confounded
by unequal distribution of some baseline factors, therefore sensitivity analysis was performed after removing
the most confounded studies. Repeating the analysis after exclusion of the only two studies with serious risk
of confounding bias ensured that the conclusion is robust through finding a little or not at all change in the
results after exclusion of the two studies.

Tocilizumab was not superior to the control group regarding improvement in the respiratory supportive
level and clinical improvement. This may be due to the low number of patients and studies included in the
analysis to estimate pooled RR of either clinical improvement or improvement in the respiratory support
level.



In contrast to our results, a recently published meta-analysis that was conducted by Lan et al., (Lan et al.,
2020) failed to show significant reduction in all-cause mortality associated with tocilizumab. These results
could be explained by the difference in the included studies, where they pooled case-control studies and
pre-print studies. Furthermore, the safety of tocilizumab was not investigated.

Regarding the safety of the tocilizumab, the present meta-analysis reported that the incidence of neutropenia
and new infections were the only statistically significant parameters in the tocilizumab group. The overall
safety outcome favored the control group, although it did not affect the mortality rate because the majority
of the reported cases were mild.

Many side effects of tocilizumab have been reported since it has been approved for us in different indica-
tions. It includes neutropenia, thrombocytopenia, increased liver enzymes, hypersensitivity, hyperlipidemia,
infection, and injection site reactions..etc (Bannwarth & Richez, 2011).

A recent phase 3 clinical trial conducted by Roche was published in August 2020 and provided disappointing
results regarding the efficacy of the tocilizumab in the treatment of severe COVID-19 patients (Roche, 2020).
This comes congruent with the results provided by our systematic review and metanalysis.

We recommend further randomized clinical trials including larger sample size to be conducted in different
stages of the disease, and further studies to clearly identify the exact pathogenesis behind the COVID-19
cytokine storm.

The current evidence of using tocilizumab in severe COVID-19 was based on having a hyper inflammatory
conditions (Campochiaro et al., 2020; Ip et al., 2020; Kewan et al., 2020) rather than using H-score to
predict cytokines storm which is not validated in COVID-19 patients (Leverenz & Tarrant, 2020). Actually,
it was validated to predict hemophagocytic lymphohistiocytosis (HLH) in rheumatic patients (Fardet et al.,
2014). Patients’ stratification and well-defined criteria for hyper inflammation-related COVID-19 should be
addressed in the future studies to maximize the tocilizumab benefits.

Limitation:

There are some limitations in this study. Firstly, the patients could not be stratified by baseline mechanical
ventilation assuming that tocilizumab efficacy is the same because of the low number of the included studies.
Secondly, cohort studies are highly susceptible for confounding that may affect the internal validity of the
treatment-effect relationship. Thirdly, immunomodulators such as steroids were given beyond tocilizumab
in three studies (Guaraldi et al., 2020; Ip et al., 2020; Kewan et al., 2020) which could have an effect change.
Finally, some other outcomes could not be combined due to difference in the follow-up time such as a rate of
mechanical ventilation during 14 (Guaraldi et al., 2020), 21 (Kewan et al., 2020), and 28 days (Campochiaro
et al., 2020).

Conclusion:

Tocilizumab administration in subjects with severe COVID-19 infection reduced the mortality rate in all
time points, however, the incidence of adverse effect was higher. Therefore, patients with severe COVID-
19 specially those with hyperinflammation may benefit from tocilizumab use taking into consideration the
adverse effects of the biological drug. However, the limitations of the study would encourage researchers to
conduct further investigations with randomized clinical trials.
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Table (1): Characteristics of the included studies:

Study ID

Campochiaro

C. et al
(Cam-
pochiaro et
al., 2020)

Age median,
(IQR), Male
%

TCZ: 64 (53 -
75), 90.6
Control: 60
(55-75.5), 81.8

TCZ arm
(follow up)

IV 400 mg
once, 2nd dose
if needed (28
days)

Routine Outcomes

treatment (combinable
and not
combinable)

HCQ, 1-Mortality

lopinavir/ritonavir,

ceftriaxone,

azithromycin,

enoxaparin

11

2.
Requirement
of MV

3- Hospital
Discharge

4- Clinical
improvement
5- Serious
adverse
events

6-
Bacteremia
7-
pulmonary
embolism

8- Elevated
liver
functions

9-
Neutropenia

Events TCZ
(control)

5/32 (11/33)

0/32 (3/33)

20/32
(16/33)
22/32
(20/33)
8/32 (9/33)
4/32 (4/33)

2/32 (3/33)

5/32 (6/33)

5/32 (0/33)

Events TCZ
(control)

5/32 (11/33)

0/32 (3/33)

20,32
(16/33)
22/32
(20/33)
8/32 (9/33)
4/32 (4/33)

2/32 (3/33)

5/32 (6/33)

5/32 (0/33)



10- Changes in  Improved Improved

respiratory 24/32 (20/33)  24/32 (20/33)
support Worsened 5/32  Worsened 5/32
(12/33) No (12/33) No
change 3/32 change 3/32
(1/33) (1/33)
Guaraldi G.  TCZ: 63 IV 8mg/kh, Oxygen 1-Mortality 6/88 (73/365)  6/88 (73/365)
et al (54-72), 72.7 Max 800, twice supply, HCQ,
(Guaraldi et  Control: 69 (14 days) azithromycin,
al., 2020) (57-78), 63.6 lopinavir—
ritonavir and
low molecular
weight heparin
2- 16/88 16/88
Requirement  (57/365) (57/365)
of MV
3- Serious 1/179 1/179
adverse (0/365) (0/365)
events
5- 3/179 3/179
Bacteremia (4/365) (4/365)
6- New 24/179 24/179
infections (14/965) (14/965)
7- Elevated 0/179 0/179
liver (1/365) (1/365)
functions
8 1/179 1/179
Neutropenia (0/365) (0/365)
Colaneri M. TCZ: 63.74 IV 8mg/kh, HCQ, 1-Mortality 5/21 (19/91) 5/21 (19/91)
et al (16.32), 90.5 Max 800, azithromyecin,
(Colaneri et  Control: 62.33  twice (7 days) low weight
al., 2020) (18.68), 69.2 heparin, and
methylprednisolone
2-ICU 3/21 (12/91)  3/21 (12/91)
admission
Kewan T. et TCZ: 62 (53 IV 8mg/kh, HCQ, 1-Mortality 3/28 (2/23) 3/28 (2/23)
al (Kewan et 71), 714 Max 400 (21 Azithromycin
al., 2020) Control: 62 days)
(53 - 71), 47.8
2 2/9 (6/18) 2/9 (6/18)
Requirement
of MV
3- Hospital 11/28 11/28
Discharge (13/23) (13/23)
4- Clinical 18/28 18/28
improvement (13/23) (13/23)
5- New 5/28 (5/23) 5/28 (5/23)
infections

12



6- Changes in Improved Improved
respiratory 18/28 (13/23)  18/28 (13/23)
support Worsened 5/28 Worsened 5/28

(6/23) No
change 5/28
(4/23)

(6/23) No
change 5/28
(4/23)

Somers EC.  TCZ: 55 + 8 mg/kg HCQ, 1- Mortality 14/78 (27/76)  14/78 (27/76)

et al 14.9, 68 (maximum 800 Redmsivir

(Somers, Control: 60 £  mg) once (28 (only 2

Eschenauer, 14.5, 64.5 days) patients in

Troost, each group,

Golob, NSAIDs, Ac-

Gandhi, etaminophen

Wang, Zhou, and

Petty, anticoagulants

Baang,

Dillman, et

al., 2020)
2- New 42/78 42/78
infections (20/76) (20/76)

Ip A. et al TCZ: 62 IV 400mg HCQ, 1-Mortality 1-Mortality 12/134

(Ip et al., (53-70), 73.9 single, second  azithromycin (25/413)

2020) Control: 69 dose given to

(58-77), 62.2 small number
of patients (28
days)

2- 2- 60/134
Bacteremia Bacteremia (227/413)
3- New 3- New 12/134
infections infections (25/413)

TCZ: Tocilizumab, HCQ: hydroxychloroquine, SD: standard deviation
Table (2): Risk of bias assessment

Tool Campochiaro C. et al Guaraldi G. et al Colaneri M. et al Kewan
Bias due to confounding 1 3 ? ?
Bias in selection of participants into the study 1 1 1 1
Bias in classification of interventions 1 1 1 1
Bias due to deviations from intended interventions 1 2 1 2
Bias due to missing data 1 1 1 1
Bias in measurement of outcomes 2 2 2 2
Bias in selection of the reported result 1 1 ? ?

Hosted file

Fig. 1.docx available at https://authorea.com/users/360174/articles/481861-tocilizumab-in-
treatment-of-severe-covid-19-patients-a-systematic-review-and-meta-analysis-of-cohort-
studies
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Experimental Control

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI

2.1.1 7-days mortality

Andrew 29 134 132 413 61.6%
Corrado 5 32 5 33 47%
Emily 4 78 8 76 T77%
Giovanni 0 179 30 365 19.2%
Marta 5 21 19 91 6.8%
Subtotal (95% CI) 444 978 100.0%
Total events 43 194

Heterogeneity: Chi? = 8.01, df = 4 (P = 0.09); I* = 50%
Test for overall effect: Z = 3.50 (P = 0.0005)

2.1.2 14-days mortality

Andrew 47 134 196 413 61.8%
Corrado 5 32 11 33 7.0%
Emily 7 78 20 76  13.0%
Giovanni 6 88 73 365 18.2%
Subtotal (95% CI) 332 887 100.0%
Total events 65 300

Heterogeneity: Chi = 6.81, df = 3 (P = 0.08); I = 56%
Test for overall effect: Z = 4.46 (P < 0.00001)

2.1.3 21-days mortality

Andrew 57 134 217 413 735%
Corrado 5 32 11 33 7.5%
Emily 1" 78 25 76 17.5%
tariq 3 28 2 23 1.5%
Subtotal (95% CI) 272 545 100.0%
Total events 76 255

Heterogeneity: Chi = 4.83, df = 3 (P = 0.18); I> = 38%
Test for overall effect: Z = 3.16 (P = 0.002)

2.1.4 28-days mortality

Andrew 60 134 277 413 78.0%
Corrado 5 32 11 33 6.2%
Emily 14 78 27 76 157%
Subtotal (95% CI) 244 522 100.0%
Total events 79 315

Heterogeneity: Chi? = 1.30, df = 2 (P = 0.52); 1= 0%
Test for overall effect: Z = 4.87 (P < 0.00001)

Test for subaroup differences: Chi = 2.18, df = 3 (P = 0.54), I* = 0%

Experimental Control

Risk Ratio
M-H, Fixed, 95% CI

0.68 [0.48, 0.96]
1.03[0.33, 3.23]
0.49[0.15, 1.55]
0.03[0.00, 0.54]
1.14 [0.48, 2.70]
0.59 [0.44, 0.79]

0.74 [0.57, 0.95]
0.47[0.18, 1.20]
0.34[0.15, 0.76]
0.34[0.15, 0.76]
0.60 [0.47, 0.75]

0.81[0.65, 1.01]
0.47[0.18, 1.20]
0.43[0.23,0.81]
1.23[0.22, 6.76]
0.72[0.59, 0.88]

0.67 [0.55, 0.82]
0.47[0.18, 1.20]
0.51[0.29, 0.89]
0.63 [0.52, 0.76]

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI

4.3.1 clinical improvement 21 days

Corrado 21 32 17
tariq 18 28 13
Subtotal (95% CI) 60

Total events 39 30

Heterogeneity: Chi? = 0.13, df = 1 (P = 0.72); 1= 0%
Test for overall effect: Z = 1.23 (P = 0.22)

4.3.2 No change in respiratory support

Corrado 3 32 1
tariq 5 28 4
Subtotal (95% CI) 60

Total events 8 5

Heterogeneity: Chi? = 0.76, df = 1 (P = 0.38); 1= 0%
Test for overall effect: Z = 0.65 (P = 0.52)

4.3.3 Improvement in respiratory support

Corrado 24 32 20
tariq 18 28 13
Subtotal (95% CI) 60

Total events 42 33

Heterogeneity: Chi? = 0.09, df = 1 (P =0.77); 1= 0%
Test for overall effect: Z = 1.28 (P = 0.20)

4.3.4 Worsening in respiratory support

Corrado 5 32 12
tariq 5 28 6
Subtotal (95% CI) 60

Total events 10 18

Heterogeneity: Chi? = 0.43, df = 1 (P = 0.51); 1= 0%
Test for overall effect: Z = 1.85 (P = 0.06)

33 54.0%
23  46.0%
56 100.0%

33 18.3%
23 81.7%
56 100.0%

33 58.0%
23 42.0%
56 100.0%

33 64.2%
23 35.8%
56 100.0%

0.05 02 1 20

5
Favours [experimental] Favours [control]

Risk Ratio
M-H, Fixed, 95% CI

1.27[0.84, 1.93]
1.14[0.72, 1.79]
1.21[0.89, 1.64]

3.09[0.34, 28.21]
1.03[0.31, 3.39]
1.41[0.50, 3.93]

1.24[0.88, 1.74]
1.14[0.72, 1.79]
1.20 [0.91, 1.57]

0.43[0.17, 1.08]
0.68 [0.24, 1.96]
0.52 [0.26, 1.04]

Test for subaroup differences: Chi* = 5.38, df = 3 (P = 0.15). I* = 44.2%
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Experimental Control
Study or Subgroup  Events Total Events Total Weight

Risk Difference
M-H, Fixed, 95% CI

Risk Difference
M-H, Fixed, 95% ClI

5.1.1 Serious adverse effects

Corrado 8 32 9 33 10.6%
Giovanni 1 179 0 365 78.3%
Marta 0 21 0 91 11.1%
Subtotal (95% CI) 232 489 100.0%
Total events 9 9

Heterogeneity: Chi = 0.32, df =2 (P = 0.85); I* = 0%
Test for overall effect: Z=0.15 (P = 0.88)

5.1.2 Bactremia

Andrew 18 134 44 413 426%
Corrado 4 32 4 33  6.8%
Giovanni 3 179 4 365 50.6%
Subtotal (95% CI) 345 811 100.0%
Total events 25 52

Heterogeneity: Chi? = 0.87, df = 2 (P = 0.65); 12 = 0%

Test for overall effect: Z = 0.93 (P = 0.35)

5.1.3 Elevated liver functions

Corrado 5 32 6 33 10.6%
Giovanni 0 179 1 365 783%
Marta 0 21 0 91 11.1%
Subtotal (95% CI) 232 489 100.0%
Total events 5 7

Heterogeneity: Chi? = 0.24, df =2 (P = 0.89); I = 0%
Test for overall effect: Z = 0.43 (P = 0.67)

5.1.4 Neutropenia

Corrado 5 32 0 33 11.9%
Giovanni 1 179 0 365 88.1%
Subtotal (95% CI) 211 398 100.0%
Total events 6 0

Heterogeneity: Chiz = 10.29, df = 1 (P = 0.001); I = 90%
Test for overall effect: Z = 2.26 (P = 0.02)

5.1.5 New infection

Andrew 12 134 25 413 33.1%
Corrado 4 32 1 33  53%
Emily 42 78 20 76 12.6%
Giovanni 24 179 14 365 39.3%
Marta 0 21 0 91 5.6%
tariq 5 28 5 23 4.1%
Subtotal (95% CI) 472 1001 100.0%
Total events 87 65

Heterogeneity: Chi? = 18.73, df = 5 (P = 0.002); 1> = 73%

Test for overall effect: Z = 4.73 (P < 0.00001)

5.1.6 Infusion related reaction

Corrado 0 32 0 33 18.6%
Giovanni 1 88 0 365 81.4%
Subtotal (95% CI) 120 398 100.0%
Total events 1 0

Heterogeneity: Chi = 0.12, df = 1 (P = 0.73); I = 0%
Test for overall effect: Z = 0.73 (P = 0.47)

-0.02[-0.24,0.19]
0.01[-0.01, 0.02]
0.00 [-0.06, 0.06]
0.00 [-0.02, 0.03]

0.03 [-0.04, 0.09]
0.00 [-0.16, 0.16]
0.01[-0.02, 0.03]
0.02 [-0.02, 0.05]

-0.03[-0.21, 0.16]
-0.00 [-0.01, 0.01]

0.00 [-0.06, 0.06]
-0.00 [0.03, 0.02]

0.16 [0.02, 0.29]
0.01[:0.01,0.02]
0.02 [0.00, 0.04]

0.03 [-0.02, 0.08]
0.09 [-0.03, 0.22]
0.28[0.13, 0.42]
0.10[0.04, 0.15]
0.00 [-0.06, 0.06]
-0.04 [-0.26, 0.18]
0.09 [0.05, 0.12]

0.00 [-0.06, 0.06]
0.01 [-0.02, 0.04]
0.01[-0.02, 0.03]

Test for subaroup differences: Chi? = 20.07, df =5 (P = 0.001), I?= 75.1%
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