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Abstract: Introduction: The COVID-19 pandemic caused by SARS-CoV-2 has been the major health concern in 2019 globally.
Considering the severity and phase of the disease, various pharmacotherapy schedules were proposed. Here, we set
out to provide close-up insights on the clinical utility of Tocilizumab (TCZ), a biologic monoclonal antibody in this re-
gard. Methods: In this comprehensive review, various databases, including Scopus, PubMed Central, Medline, Embase,
Google Scholar, and preprint publishers (med/bioRxiv) were searched until January 30, 2024, according to the keywords
and search criteria. Results: Besides the pros and cons, compelling evidence purported the safety and efficacy of TCZ
and indicated that it exhibits great potential to reduce short-term and all-cause (28-30-day) mortality. TCZ significantly
drops the adverse events if administered in the right time course (in the inflammatory phase) during critical/severe
COVID-19 pneumonia. Despite contradictory results, the benefits of TCZ appear significant, especially in combina-
tion with add-on therapies, such as corticosteroids. Although the safety of TCZ is acceptable, solid data is lacking as
to its benefits during pregnancy. There are limited data on TCZ combination therapies, such as hemoperfusion, in-
travenous immunoglobulin (IVIG), simple O2 therapy, vasopressor support, convalescent plasma therapy, and even in
vaccinated patients and COVID-19 reinfection, especially in elderly persons. In addition, the impact of TCZ therapy
on the long-lasting COVID-19 is unclear. Conclusion: Personalized medicine based on individual characteristics and
pertinent clinical conditions must be considered in the clinicians’ decision-making policy. Finally, to mitigate the risk-
to-benefit ratio of TCZ, a treatment algorithm, based on available literature and updated national institute of health
(NIH) and Infectious Diseases Society of America (IDSA) guidelines, is also proposed.
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1. Introduction

During the coronavirus disease (COVID-19) pandemic, from

December 2019 to May 2023, a highly contagious respiratory

infection caused by the severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) had spread worldwide (1). The

evolution of SARS-CoV-2 variants resulted in significant pub-

lic health concerns with a high rate of morbidity and mortal-

ity worldwide (2) and a likelihood of reinfection and relapse

(3).
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Despite available vaccines and emergency use authorization

(EUA), pharmacological therapy was still essential for man-

aging COVID-19, particularly in patients hospitalized due to

a critical form of the disease. However, currently, effective

and optimum therapeutic protocols should be globally con-

sidered in facing upcoming SARS-CoV-2 variants of concern

(VOCs) (4).

Since the COVID-19 pandemic, the world health organiza-

tion (WHO) has issued numerous interim guidelines consec-

utively updated according to the latest clinical reports. As a

result, the recent paradigm of COVID-19 therapy has been

predominately modified. Among the multiple proposed

medications, antiviral agents (e.g., Remdesivir and favipiravir

as broad-spectrum RNA polymerase inhibitors by mimick-

ing purine RNA constituents), Protease inhibitors (such as a

combination of lopinavir and ritonavir), corticosteroids (e.g.,

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).
Downloaded from: https://journals.sbmu.ac.ir/aaem/index.php/AAEM/index



A. Rezabakhsh et al. 2

Dexamethasone and methylprednisolone), anti-interleukin-

6 (IL-6) monoclonal antibodies (Tocilizumab, Sarilumab),

anti-IL-1 (anakinra), and Interferon (INF)- 1b and 1a modu-

lators, have indicated substantial clinical efficacy in viral and

inflammatory phases, respectively (5-9).

Calling attention, the dynamic levels of IL-6 are distinct be-

tween patients with mild and severe COVID-19 (10). In this

respect, the inhibition of IL-6 function via receptor antag-

onizing and direct blocking could be considered a target of

therapeutic strategy, particularly in severe cases and critically

ill patients (11, 12).

Tocilizumab (TCZ), as a biological agent, is defined as a re-

combinant humanized immunoglobulin G1k (IgG1k) sub-

class monoclonal antibody (mAb), specifically antagonizing

the IL-6 receptor, both IL-6 soluble receptor (sIL-6R) and

membrane receptor (mIL-6R). This function of TCZ is me-

diated in either JAK-STAT or MAPK/NF-kB-IL-6 pathway-

dependent manner to quench the pro-inflammatory effects

of IL-6 (13, 14).

Conventionally, TCZ is utilized as a main therapeutic option

for idiopathic and rheumatoid arthritis (RA), as well as off-

label use in systemic sclerosis (15, 16). Because of its long

half-life (8-30 days), TCZ can also exert a good safety pro-

file for the treatment of giant cell arteritis (GCA) and sys-

temic juvenile idiopathic arthritis (sJIA) (17), which has later

been considered to mitigate the cytokine release syndrome

(CRS) (18). The CRS mainly refers to excessive immune re-

sponses and subsequent release of pro-inflammatory medi-

ators, chemokines, and cytokines, observed during inflam-

matory diseases (19). Moreover, inflammation plays a crucial

role in the severity of COVID-19, and the majority of COVID-

19 hospitalized patients with evidence of acute respiratory

distress syndrome (ARDS) had CRS (20-23). Importantly, pa-

tients who developed COVID-19-related CRS could be can-

didates for off-label use of TCZ with promising suppressive

potential against the CRS phenomenon (24, 25).

In addition, it has been postulated that overwhelming in-

flammation stimuli may decrease the level of cytochrome

p450 (CYP450) enzyme expression (26). On the other hand,

IL-6 receptor blocking yielded by TCZ administration re-

trieves the CYP450 activity and simultaneously induces the

metabolism of substrates. This raises the risk of immuno-

suppression and thus could be considered in patients with

immunodeficiency conditions. In Figure 1, the TCZ-related

mechanism of action in favor of COVID-19-derived CRS has

been depicted. Albeit, a better understanding of the ap-

propriate dosage of TCZ in COVID-19 patients is impera-

tive, the heterogeneity of inclusion criteria, clinical conse-

quences, and follow-up duration in previous literature make

it challenging to draw practical and applicable conclusions,

across the entire spectrum of TCZ indication in hospitalized

patients. In this article, we delved deeper into tracking the

TCZ territory in the clinical setting during the COVID-19 pan-

demic and reviewed the available evidence regarding the TCZ

safety and efficacy in in-hospital COVID-19 patients, regard-

less of age, gender, race, and location, to answer critical ques-

tions listed below:

Is TCZ-based treatment effective for both short and long-

term mortalities?

Is the intensive care unit (ICU) length of stay and mortality

rate affected by the timely administration of TCZ?

Is there any synergistic effect of TCZ combination therapy

with other non-pharmacologic interventions (such as O2

therapy, hemoperfusion, convalescence plasma, intravenous

immunoglobulin (IVIG)?

Can a superior effect be observed with TCZ treatment follow-

ing vasopressor support in patients admitted to the ICU?

Can an additive effect also be observed with TCZ treatment

following corticosteroids and/or antiviral drug therapy?

Could TCZ administration be considered in vaccinated pop-

ulations with severe COVID-19 reinfection?

Furthermore, we evaluated the composite outcomes across

different subgroups with a special focus on pregnant women,

the time course of drug administration (early or late phase),

safety, and benefits of the combination therapy with other in-

flammatory agents e.g., corticosteroids. Finally, an algorithm

was designed for TCZ therapy based on multiple systematic

reviews and meta-analyses, accompanied by updated guide-

lines.

2. Methods

2.1. Search strategy

In this comprehensive review, various databases, includ-

ing Scopus, PubMed Central, MEDLINE, EMBASE, Google

Scholar, and preprint servers (medRxiv and bioRxiv) were

searched up to 30th January 2024, according to the listed key-

words resulting from Medical Subject Headings (MeSH), as

follows:

"coronavirus disease 2019" OR "2019 novel coronavirus in-

fection" OR "2019 ncov disease" OR "covid" OR "covid 19" OR

"covid 19 induced pneumonia" OR "covid 2019" OR "covid

10" OR "covid 19" OR "covid 19 induced pneumonia" OR

"covid 19 pneumonia" OR "covid19" OR "sars coronavirus 2

infection" OR "sars coronavirus 2 pneumonia" OR "sars cov

2 disease" OR "sars cov 2 infection" OR "sars cov 2 pneu-

monia" OR "sars cov2 disease" OR "sars cov2 infection" OR

"sarscov2 disease" OR "sarscov2 infection" OR "wuhan coro-

navirus disease" OR "wuhan coronavirus infection"

AND

"tocilizumab" OR "actemnitio ra" OR "actemra 200" OR

"atlizumab" OR "bat 1806" OR "bat1806" OR "lusinex" OR

"msb 11456" OR "msb11456" OR "r 1569" OR "r1569" OR

"rg 1569" OR "rg1569" OR "ro 4877533" OR "ro4877533" OR

"roactemra" OR "tocilizumab"

AND

"systematic review" OR "review systematic" OR "systematic

review" OR "review" OR "analysis, meta" OR "meta-analysis"

The publication date was not limited and recent ‘cited by’

or associated publications were also surveyed. All types of
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review articles that were clinically and scientifically relevant

to the scope of this article, including narrative review, sys-

tematic review, systematic review and meta-analysis, living

systematic review and meta-analysis, network meta-analysis,

Umbrella review(s), and case reports with literature review

were also included, reviewed and cited.

In terms of the PICO of this study, all patients with severe

forms of COVID-19 were defined as the study population.

The therapeutic intervention was TCZ administration, which

was further compared with anti-inflammatory medications,

antivirals, and other mAbs with similar structures, if avail-

able. Finally, the rate of mortality, ICU admission, mechani-

cal ventilation (MV) requirement, length of hospital stay, and

adverse events such as secondary infection were also evalu-

ated as the study outcomes.

2.2. Study selection and quality assessment

The initial electronic search yielded 1135 records. After re-

view by two authors, 341 duplicated articles, and seven in-

eligible reports, titles, and abstracts were excluded in the

initial screening via the Endnote software (ver. 21.0). The

two reviewers (AR and FM) independently agreed to ex-

clude 567 records because of irrelevancy. Out of 149 stud-

ies with relevant scope, 62 review articles, i.e., systematic

reviews with/without meta-analyses, and an umbrella re-

view were included (n=63). The study selection algorithm

was brought into the Preferred Reporting Items for System-

atic Reviews and Meta-Analyses (PRISMA) flowchart (Figure

2). Two reviewers independently evaluated publications con-

taining quantitative data for methodological validity using

the Joanna Briggs Institute (JBI) critical appraisal tool for sys-

tematic review and meta-analysis. Any disagreements be-

tween the reviewers were resolved through discussion or by

involving a third reviewer.

2.3. Eligibility criteria

All review articles (with or without meta-analysis) on hospi-

talized COVID-19 patients and TCZ treatment, with at least

one endpoint (primary/secondary) were included. As ex-

clusion criteria, all case-control, cross-sectional, and cohort

studies, as well as clinical trials were excluded from this as-

sessment.

2.4. Primary and secondary outcomes

The primary outcomes were any improvement in the rate of

mortality (short-term, 28-day, and all-cause mortalities), me-

chanical ventilation (MV) requirement, need for intubation,

length of hospital stay, and ICU transfer. Moreover, super-

imposed/secondary infection and organ failure (as adverse

events), neutropenia, indication in pregnancy, the synergis-

tic potential of combination therapies besides the adjuvant

therapeutic strategy, consisting of O2 therapy, receiving va-

sopressors, IVIG, Hemoperfusion (27), and vaccines (regard-

less of platform applied for vaccine synthesis) were also eval-

uated in comparison with the standard of care (SOC). The fi-

nal data were carefully entered into the data extraction table

by two authors, independently (AR and STT).

2.5. Data extraction

Using Microsoft Office Excel pre-formatted forms (version

2016), the extraction tables were categorized into seven and

nine headings, respectively, including 1) basic study spec-

ifications (the first co-author’s name, year of publication,

review type, tools used for assessment of risk of bias, ap-

plied methodology, the tools and/or models for analysis). 2)

Baseline characteristics (total number of participants, TCZ

dosage, and disease severity). 3) Clinical endpoints, includ-

ing mortality rate (short-term, and in hospital after 14 days,

28-30 days, and all-cause mortality), discharge rate, ICU

transfer, invasive/non-invasive MV, and possible adverse ef-

fects, i.e., secondary infection, neutropenia, and combina-

tion therapy, in details. The extraction was performed from

either the main text or tables of published articles (Tables 1

and 2).

2.6. Dose consideration

The National Institutes of Health (NIH) Guideline recom-

mended a single intravenous (IV) dose of TCZ (400-800 mg,

and an initial dose of 8 mg/kg weight-based dose). How-

ever, the criteria in the case of the initial dose, the need for

a second dose, the optimal number of doses, and the treat-

ment time course varied across the studies and mainly relied

on the clinician’s decision according to the patient’s condi-

tion. For instance, in some studies, the participants were ran-

domized to receive SOC only or SOC+ TCZ, IV, at a dose of

400–800 mg (adjusted according to body weight), and a sec-

ond dose of TCZ was given 12–24 h after the initial dose if

clinical improvement was not found (28). Of note, the RCT-

TCZ-COVID-19 trial also indicated that the early administra-

tion of TCZ could not alleviate the risk of disease progression

in patients with PaO2/FiO2 between 200-300 mmHg due to

lower IL-6 serum levels, and in those with fever or c-reactive

protein (CRP) ≥ 10 mg/dL (mild inflammation) (29).

According to the available evidence, TCZ is applicable in pa-

tients with CRP ≥ 75 mg/dL (hyper-inflammation) along with

higher levels of IL-6 (1̃00 pg/ml ) (30).

3. Findings and discussion

Characteristics of included studies
The selected studies were divided into three quality cate-

gories based on their scores: a total score exceeding 80% was

considered high quality, a score between 60% and 80% was

deemed medium quality, and a score below 60% was classi-

fied as low quality. Meanwhile, the quality of 72.8%, 18.2%,

and 9% of the included studies in Tables 1 and 2 were high,

medium, and low, respectively (Supplementary table I).

3.1. Survival rate

The strategies for the assessments of TCZ effectiveness on the

survival rate were inconsistent in the available literature. The
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results of subgroup analysis i.e., unadjusted, adjusted, per-

formed on the randomized clinical trials (RCTs) and obser-

vational studies were also controversial. For example, it has

been clarified that TCZ efficacy on 28-30 all-cause mortality

rate in non-severe patients was significant, while no mortal-

ity benefit was achieved in critically ill patients (31). Another

study indicates that TCZ resulted in a significantly lower risk

of all-cause mortality in RCTs (p = 0.03), but not in cohorts

(32). However, TCZ therapy was not associated with reduced

short-term mortality in RCT studies (33). In contrast, a meta-

analysis revealed that TCZ is associated with a great decrease

in mortality rate in both severe and critically ill patients ac-

cording to the data analysis of observational studies but not

RCTs (34).

Although most of the meta-analyses have provided positive

signals in reducing either short-term (14-day) (35) and 28-

30-day all-cause/overall mortality incidents (36-39) if admin-

istered at the right time (40), a network meta-analysis indi-

cates that TCZ was not clinically effective in reducing 28–30-

day mortality in COVID-19 patients (41), which was in line

with a living systematic review (42). At the same time, others

have reported that TCZ has the potential to reduce the mor-

tality rate in both observational and RCT studies (11% and

31%, respectively) in comparison with the control group (43).

However, some studies did not report which type of mortality

(long-term or short-term, in-hospital, or all-cause mortality)

has been assessed (44, 45). Another point is that the method

used for data analysis could affect the obtained results. For

example, in adjusted estimates, TCZ is effective in reducing

mortality rate (hazard ratio (HR): 0.50, 95% confidence inter-

val (CI): 0.38–0.64, p < 0.001 vs. odds ratio (OR): 0.74, [95% CI:

0.55–1.01, p = 0.057]) (46).

Together, timely administered TCZ appears to be effective

for the reduction of mortality rate in patients with severe

COVID-19. However, due to the heterogeneity, the meta-

analysis reported somewhat controversial results in either

different types of studies (RCTs vs. Cohorts) or following

adjusted/non-adjusted analysis.

3.2. Mechanical ventilation (MV)

3.1.1. Non-invasive MV
Noticeably, there is a direct link between CRS, especially el-

evated IL-6 serum level, and the need for mechanical venti-

lation. The eligibility criteria of RECOVERY and REMAPCAP

trials provided evidence that TCZ would be more practical in

hospitalized patients with systemic inflammation requiring

oxygen or in those receiving MV within the last 24 hours (47).

As a composite endpoint, among patients who received TCZ,

a substantially lower proportion of patients required non-

invasive/invasive MV or died within two weeks (48).

In this regard, a living systematic review and meta-analysis

was also designed to evaluate the effect of TCZ on MV re-

quirement as well as survival rate. The extracted cumula-

tive moderate-certainty evidence showed that of five RCTs,

four studies with 771 patients declared that TCZ has the po-

tential to reduce the risk of MV based on a pooled risk ratio

(49). In contrast, the meta-analysis conducted in the same

year (2021), revealed no differences (14.75% vs. 19.55%) (44).

Differences in the results of the two studies may be related

to either different methods applied for analysis or the num-

ber of included studies [using the Mantele–Haenszel meth-

ods and fixed effect model for analysis of four RCTs vs. using

a random-effects model for fifteen studies (including case-

control, RCT, and cohorts)]. A meta-analysis of the first eight

months of the pandemic on 15,000 patients with COVID-19-

induced pneumonia also reported that TCZ failed to prevent

MV requirement based on unadjusted estimation (46). In

the meta-analysis conducted by Jiang et al., the results of

both overall and subgroup analyses (considering ethnicity,

drug dose, disease severity, study type, and size) also showed

that there is no significant association between TCZ and esti-

mated risk of MV (50).

Even so, an umbrella review that included fifty eligible meta-

analyses, revealed that based on pooled estimates of eight

retrospective studies and seven RCTs with 5792 COVID-19

patients, TCZ reduced the risk of MV by up to 23% com-

pared with the SOC group. However, this improvement was

not significantly associated with a reduced risk of ICU ad-

mission (51). Moreover, the risk difference (RD) is consid-

ered a crucial measurement. They reported that in the TCZ

group, the NNT for MV is 9.1 in patients with severe COVID-

19 (37). Besides, the positive feedback of TCZ to avert MV

in a patient with progressive respiratory distress with no fur-

ther therapeutic response to SOC (including Hydroxychloro-

quine, azithromycin, and zinc), who was ultimately down-

graded from the ICU, underscored the significance of early

consecutive monitoring of IL-6 serum levels and other acute

phases reactants, such as ferritin, D-dimer, and C-reactive

protein (CRP), in optimal clinical decision-making in the

management of potentially ill patients with severe and crit-

ical COVID-19 (52).

In a living meta-analysis, the need for MV was evaluated at

two time points (14 and 28 days). According to the results of

the analysis, TCZ exerted benefits regarding the risk of MV,

while it did not result in a significant difference regarding

the ventilator-free days at 28 days when compared with the

control arm. In addition, in two trials ventilator-free days

at 28 days were reported without significant difference be-

tween TCZ and control arm [(median 22, 95% CI: 18.0–28.0)

vs. (median 16.5, 95% CI: 11.0–26.0), p = 0.32 and RR: 1.36

95% CI: 0.733–2.55)], respectively (31). To explain these non-

significant differences, it can most likely be attributed to

baseline characteristics such as disease severity, which was

more critical in the TCZ group (39).

3.1.2. Invasive MV/Intubation
Regarding the invasive MV (IMV), highlighting the impor-

tance of the individual’s assessment for TCZ therapy (34).

However, TCZ failed to show benefits in the rate of IMV ac-

cording to thirteen studies with 1703 patients (53).

Furthermore, the percentage of TCZ efficacy in the analysis
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of both primary and secondary endpoints revealed that TCZ

is associated with a 19% reduction of IMV/need for intuba-

tion based on RCTs (nine studies), which was in line with an-

other study that highlighted the reduction of intubation risk

in patients who received TCZ (n=1612, p = 0.04) (45). How-

ever, in the observational studies (n=43) TCZ could not ex-

ert a significant improvement. Albeit, it should be taken into

account that the heterogeneity in observational studies was

high when compared with the RCTs (I2 = 70.2%), and the

sample size was rather small (54).

3.1.3. Simple oxygen support
Beyond the IMV/non-IMV, accumulating data support the

fact that TCZ improved oxygenation (high-flow oxygen re-

quirement) in COVID-19 patients who underwent oxygen

support for better disease management, especially in the

inflammatory phase with substantially raised inflammatory

markers (55). Consistent with this, Bayesian Reanalysis per-

formed on a meta-analysis demonstrated that the group that

received simple oxygen only (defined as oxygen flow rate 15

L/min provided by face mask or nasal cannula) was associ-

ated with a probability of a significant clinical benefit from

TCZ with the posterior probability of any favorable associa-

tion (56). A case series with a literature review also indicated

that TCZ+ high-flow nasal cannula oxygenation exerted ben-

eficial effects following anti-viral therapy in critically ill pa-

tients, with remarkable improvement in respiratory rates and

arterial blood gas parameters (57).

Overall, regarding the MV requirement, two domains of be-

havior emerged following TCZ infusion: (i) reduction in the

need for MV and (ii) no superiority of TCZ compared to SOC

regarding MV requirement. Also, in the case of ventilator-free

days at 28 days and IMV, data was controversial. Yet, the re-

sults of the multiple meta-analyses and case reports under-

score the beneficial effects of TCZ in combination with sim-

ple O2 therapy.

3.2.1 ICU Admission/Transfer
The ICU transfer or ICU length of stay is usually catego-

rized as a secondary/surrogate endpoint in the setting of se-

vere/critical COVID-19. According to the data analysis ex-

tracted from the meta-analysis, considering the high level of

heterogeneity, TCZ exerted no effect on the risk of ICU ad-

mission and the outcome was similar between the TCZ and

control groups based on pooled risk ratio (RR) in four inde-

pendent studies, as follows:

a. 1.40 (95% CI: 0.64–3.06; P = 0.4; I2 = 88%) (53)

b. 0.98 (95% CI: 0.36–2.66; P = 0.99; I2 = 89.4%) (45)

c. 1.51 (95% CI: 0.33–6.78; I2 = 86%) (39)

d. RR of the composite endpoints of ICU admission + IMV =

1.08, 95% CI: 0.85–1.38, 95% PI: 0.67–1.73) (54)

e. RD: 0.003, 95% CI: -0.14–0.14, p = 1.00, I2 = 90.7% (37)

The analysis of the first eight months of pandemic (n=15000

patients with COVID-19 pneumonia) also emphasized that

although unadjusted estimates failed to show a benefit on

survival and ICU admission, adjusted estimates interestingly

reported a significant reduction in both mortality and ICU

admission rates [hazard ratio (HR) 0.50 (95% CI: 0.38–0.64),

p < 0.001, and OR 0.16 (95% CI: 0.06–0.43), p < 0.001, respec-

tively] (46). Taken together, TCZ, at least in part, indicated no

substantial effectiveness on the ICU admission of inpatients,

similar to SOC treatment. However, the majority of the stud-

ies claimed possible TCZ benefits in the setting of ICU ad-

mission, and mentioned the positive effects of the drug, es-

pecially in reducing the ICU mortality rate.

In Figure 3, the clinical benefits of TCZ therapy following hos-

pitalization are schematically illustrated in individuals with

severe COVID-19 infection.

3.3. Length of hospital stay (LOS)/ Duration of
hospitalization

According to the results of a meta-analysis, it has been de-

lineated that the TCZ group has a potential effect (but not

certainly) on LOS when compared with the SOC or placebo

counterpart [weighted mean difference (WMD) 1.96 days,

95% CI: 4.24 to 0.33] (58). Another meta-analysis determined

the TCZ effect on LOS according to the clinical study type. In

parallel with similar results, the pooled standardized mean

differences (SMDs) was 0.10 in the RCTs/cohorts, while the

mean ± SD LOS was shorter for the TCZ in comparison with

SOC, which was not significant (10.82 ± 5.18 vs. 16.56 ± 11.13

days; p = 0.23) (45). Optimal TCZ therapeutic implications

in the severe and critical COVID-19 were assessed on LOS,

which was adjusted based on CRP level. Surprisingly, the au-

thors noted that TCZ increased the LOS when the CRP value

was lower than 100 mg/L (36), highlighting the importance

of CRP levels for the right TCZ administration. In addition,

the results of a meta-analysis unveiled a non-significant re-

duction in the LOS following TCZ therapy in both RCTs and

observational studies considering a high level of heterogene-

ity (I2 = 99.0% and 97.5%, respectively) (54). Per available

data, the benefits of TCZ on LOS are insufficiently estab-

lished. However, TCZ could be more effective than SOC in

this regard. Moreover, there is a direct association between

serum levels of CRP and TCZ potential on LOS as a therapeu-

tic endpoint.

3.4. TCZ safety profile (Pharmacovigilance)

3.4.1. Adverse Events (AEs)
There is inadequate data to support the TCZ administration

as a precipitating factor in deriving COVID-19-induced ad-

verse events risk (59).

Following TCZ administration, thrombocytopenia, neu-

tropenia, pruritus, and elevated liver enzymes (hepatotox-

icity) could be observed in COVID-19 patients (25, 60, 61).

Moreover, TCZ is contraindicated in immunosuppressed pa-

tients with alanine transaminase (ALT) five times higher

than the upper limit normal, neutrophil count less than 500

cells/L, and platelet count less than 50 000 cells/L, as well

as in those at high risk for gastrointestinal perforation and

other serious infections (Figure 4) (62). Notably, Severino et

al. reported that the cumulative incidence of AEs caused by
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TCZ was 69.6% (95% CI: 63.5-76.6). Noteworthy, a rise in ALT

and aspartate aminotransferase (AST), as well as the devel-

opment of particular infections (reactivation of latent tuber-

culosis) were the most reported AEs, suggesting monitoring

blood count, liver function tests, and ruling out infection be-

fore TCZ administration (63, 64). Recently, a pharmacovigi-

lance study was performed on TCZ-induced AEs with a spe-

cial focus on designated medical events per the FDA Adverse

Event Reporting System (65). Statistically significant report-

ing odds ratios (RORs) were recorded for 13 designated med-

ical events (DMEs), with drug-induced liver injury (n= 91),

pancreatitis (n= 151), and pulmonary fibrosis (n= 222) as un-

predictable AEs (65).

3.4.1.1. Neutropenia
As mentioned above, the serious AEs observed upon the TCZ

treatments are rare and mostly indicated through case re-

ports and case series. For example, some rare AEs, such as

bilateral retinopathy were previously reported following TCZ

administration in patients suffering from RA (66). Neutrope-

nia can be also considered one of the most frequent hema-

tologic AEs (32). During the early phase of the safety and

efficacy assessments, an individual with COVID-19-induced

ARDS benefited from TCZ treatment; however, the develop-

ment of severe prolonged neutropenia occurred following

the administration of TCZ (67).

Another case report represented severe neutropenia (abso-

lute neutrophil count (ANC) = 300 cells/µl), and leukope-

nia as catastrophic events derived by acute COVID-19 in a

Nepalese male; however, the cautious treatment with TCZ

+ granulocytes-colony stimulating factor (G-CSF, Filgrastim)

with acceptable safety led to patient recovery and even re-

versed the neutropenia level in blood profile (68). In this

respect, the effect of some risk factors (i.e., genetic, race,

and ethnicity variety) should be taken into account in de-

termining the likelihood of secondary infection incidents. In

this line, Avni et al. also showed that the neutropenia inci-

dent (ANC < 500-1000 cells/µl) was significantly higher in the

group that received TCZ (31). Of note, African American pa-

tients are more likely to have lower ANC than other ethnici-

ties without increased risk of infection (in 66.7% ANC is less

than 2000 cells/µl), which is associated with the Duffy-null

phenotype (lack of the Duffy antigen expression on the red

blood cells) (69). Following acute neutropenia derived from

TCZ treatment, severe prolonged neutropenia was observed

in another COVID-19 patient of African American ethnicity

(for at least 4 weeks, neutropenia after TCZ: 0.52 × 109/L vs.

neutrophilia before receiving TCZ 9.8 × 109/L) (70). How-

ever, data is lacking to determine unequivocally whether or

not neutropenia is the most concerning AE attributed to TCZ

therapy in the general population.

3.4.1.2. Organ failure
In non-COVID-19 patients, the previous data indicated the

possible impacts of TCZ on the cardiovascular system, in-

cluding the shortening of the QT interval, hypertension, and

hypercholesterolemia. Furthermore, drug-drug interactions

have been also reported with some antiarrhythmics, an-

tiplatelet drugs, anticoagulants, statins, and beta-blockers

(71, 72). Calling attention, among medications defined in the

COVID-19 treatment protocols, TCZ has been introduced as

a safe agent in combination with antipsychotic drugs, most

likely due to the retrieval effect on CYP450 enzyme activ-

ity with a special effect on the increase of CYP3A4 substrate

metabolism, which was down-regulated following COVID-19

hyper-inflammatory responses (73). Given that multi-organ

failure is thought to be one of the complications associated

with the cytokine storm (74, 75), the benefits of TCZ in drop-

ping the risk of multi-organ failure in patients with severe

COVID-19 drew clinicians’ attention.

3.4.2. Secondary infections
Available evidence indicated that the secondary infections

among patients with severe COVID-19 and in those who

need IMV are mainly caused by multiple organisms (Pseu-

domonas aeruginosa, Escherichia coli (76), Burkholderia

cepacia, Stenotrophomonas maltophilia (77), Acinetobacter

baumannii, Klebsiella pneumonia, Aspergillus flavus, Can-

dida glabrata, and Candida albicans (78)).

In light of the higher risk of secondary infection incidents

among the patients admitted to ICU, or in critically ill pa-

tients, it is necessary to evaluate the rate of superimposed

infections following TCZ administration in these subgroups.

To establish TCZ safety, the meta-analysis conducted by Bel-

letti et al. provides evidence indicating that the risk of sec-

ondary infections and other adverse events did not increase

in the TCZ arm when compared with patients who received

SOC only (67). Similarly, a living systematic review and meta-

analysis showed a lower risk of secondary infections and no

higher risk of serious adverse events (49).

In the meta-analysis published in the JAMA, 28-day sec-

ondary infection was defined as the most important safety

outcome, which was approximately similar between the two

arms of the study. The authors also considered 90-day su-

perimposed infection as an additional secondary outcome,

but due to the data limitation, it could not be estimated (79).

Using the random-effects model, Rubio-Rivas et al. also re-

ported that the pooled risk of secondary infections in pa-

tients who received TCZ was low (80), which is in line with

Rezaei et al., findings with low pooled RR: 1.24 (95% CI: 0.98

to 1.56; p = 0.07; I2 = 66.5%) (45). However, some publications

documented the rising risk of superimposed infection and

candidemia subsequent to TCZ use, which is most likely due

to the suppression of the immune system (81), particularly

in patients with predisposing conditions and co-morbidities

(82, 83). In this line, a meta-analysis conducted by Peng et

al. also highlighted the higher risk of fungal co-infection af-

ter the TCZ administration (2.75%, p = 0.036), particularly in

Caucasian subgroups and patients received 400 mg TCZ in

comparison with other anti-inflammatory treatments such

as sarilumab and anakinra (84).

Besides, Hariyanto et al. performed a meta-analysis to as-

sess the risk of thromboembolism incidents beyond the sec-
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ondary infection.

Intriguingly, the results of the sub-group analysis showed

that treatment by TCZ has high safety, which was not asso-

ciated with either incidence of thromboembolism incident,

or secondary infection (85). However, they concluded that

TCZ did not exert therapeutic efficacy at least in part in the

setting of CRS-independent COVID-19 (85).

It can be concluded that TCZ is categorized as a safe biolog-

ical agent with a low risk of bacterial/fungal co-infections.

However, the rare reports of secondary infection incidents

following TCZ administration can be observed in Caucasian

patients, in those with immunodeficiency, and immunosup-

pressed recipients.

4. Combination therapy

Calling attention, the TCZ adjuvant therapy has been

deemed to exert significant clinical benefits compared with

the monotherapy strategy. In this regard, the function of

CYP450 enzymes in drug metabolism also plays a crucial role.

Noteworthy, the higher serum levels of IL-6 can suppress the

function of pivotal CYP enzymes, comprising 3A4, 2C19, 2C9,

and CYP1A2. Therefore, it can be inferred that inhibition of

IL-6 receptors mediated by TCZ can indirectly affect the ex-

pression of CYP 450 enzymes. According to this scenario,

the use of TCZ appears pharmacologically favorable due to

a lower rate of drug-drug interactions without needing dose

adjustment, when co-administered with other non-COVID-

19 medications (86).

4.1. Co-treatment of TCZ with steroid anti-
inflammatory drugs (Corticosteroids)

Corticosteroids (e.g., dexamethasone or methylpred-

nisolone) have become the SOC, while TCZ is merely

recommended for use in addition to corticosteroids in

hospitalized patients under certain conditions, such as rapid

respiratory decompensation, and systemic hyperinflamma-

tion induced by COVID-19 (62), because of supplementary

benefits in critically ill COVID-19 patients. A meta-analysis

of available RCTs suggested a higher efficacy of the TCZ-

corticosteroids therapy in favor of a higher survival rate

(87), and reduced risk of invasive MV in those with evidence

of systemic inflammation, needing oxygen, or receiving

ventilation within 24 h. Hence, large-scale RCTs are lacking

to better understand the safety and effectiveness of TCZ-

corticosteroid combination therapy.

To investigate the survival benefits in case of moderate-

to-severe COVID-19 in a non-ICU setting, the results of a

network meta-analysis revealed that a high-dose corticos-

teroid plus TCZ was associated with a low mortality rate (OR:

0.04, 95% CI: 0.01–0.17, p < 0.001) (88).

Intriguingly, the results of another meta-analysis yielded

favorable outcomes for TCZ and showed that TCZ was supe-

rior to corticosteroids in reducing mortality rate, particularly

in patients with severe COVID-19. However, evidence for a

beneficial effect in the reduction of invasive MV was lacking

(89). In the network meta-analysis, TCZ + corticosteroid

therapy indicates a reduction of mortality risk, with thirty-

five fewer deaths per 1000 severe or critical patients (90).

Based on the 2021 update of the European Alliance of As-

sociations for Rheumatology (EULAR) points to consider

(PtCs), it has been well-established that TCZ in combination

with glucocorticoids (mainly Dexamethasone) is associated

with clinical improvement in COVID-19 patients requiring

supplemental oxygen therapy and declines the disease

progression (91). Notably, a meta-analysis showed that in

TCZ + systemic corticosteroid therapy, both pooled crude

(unadjusted) and adjusted analysis, estimated that mortal-

ity rates were lower than the SOC arm (RR=0.62, 95% CI:

0.42–0.91; I2 = 60%, and RR = 0.58, 95% CI: 0.42– .81; I2 =

71%, respectively). Nonetheless, no significant difference

was found in superimposed infections (92).

4.2. Co-treatment of TCZ with antiviral medica-
tions

According to the results reported by a recent network meta-

analysis, in comparison with SOC and other interventions

(dexamethasone, Hydroxychloroquine, ritonavir/lopinavir),

remdesivir administration (100/200 mg, 10 days) was asso-

ciated with a lower occurrence of severe adverse events an-

alyzed by the fixed-effect model, which was followed by TCZ

(90). In addition, it has been also revealed that remdesivir is

superior to TCZ in terms of lower mortality risk, time of clin-

ical improvement, and clinical recovery (41). There is also

limited data supporting TCZ + remdesivir synergistic poten-

tial or even any contraindication in ill patients with COVID-

19.

4.3. Co-treatment of TCZ with IVIG/ Convales-
cent plasma/ Vasopressors/ Hemoperfusion

Beyond the TCZ benefits regarding the time required for clin-

ical recovery, the improvement of oxygenation, and subse-

quent reduction of the MV necessity, TCZ led to a short-

ened duration of vasopressor support, as well (93). Although

there is limited data about the possible benefit of TCZ+IVIG

administration in eligible patients, a systematic review as-

sessed the COVID-19-associated multisystem inflammatory

syndrome in children (MIS-C), the co-treatment of TCZ +

immunoglobulins (IVIG/ convalescence plasma, as an en-

riched source of neutralizing Abs) remarkably diminished the

mean LOS, increased the discharge rate (95.5%), and a signif-

icant improvement of discharge/deceased ratio, with a low

rate of complications (i.e., multi-organ failure and respira-

tory failure) was observed when compared with the groups

who did not receive a combination therapy (94). How-

ever, TCZ combination and convalescent plasma could not

be regarded as a therapeutic choice for COVID-19 patients

living in low- and middle-income countries (95). Overall,

the reduction of mortality rate is considered the main out-

come of combination pharmacotherapy, which is yielded by

a high dose of corticosteroids (especially dexamethasone)
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and TCZ in ill patients. However, the clinical importance of

the TCZ add-on to corticosteroid therapy in terms of time-to-

progression/recovery is unclear, yet.

5. TCZ administration in vaccinated
patients with recurrent infection with
SARS-CoV-2

In the next step, we intended to explore the efficacy of TCZ in

high-risk patients who received the vaccine but were hospi-

talized due to COVID-19 reinfection caused by evolved vari-

ants. However, the data was too limited in this area to be dis-

cussed in detail.

6. TCZ efficacy in pregnant women with
COVID-19

Given that pregnant women are commonly excluded from

the clinical studies designed for COVID-19, data is restricted.

Pregnant women are categorized as a high-risk population in

terms of the development of severe COVID-19-related com-

plications, underscoring the importance of receiving safe

and effective therapies (96). Clinical data on TCZ treatment

in the pregnant subgroup is mainly available from the Roche

Global Safety Database and the European League Against

Rheumatism (EULAR) task force (97, 98). Besides, the rate of

placental and breastmilk transport of maternal IgG1 (99) and

fetal exposure of TCZ is very low (due to the drug’s large size

and hydrophilicity), therefore, the first trimester could not be

considered a concerning teratogenicity risk against organo-

genesis in the primate model (100). Due to pharmacokinetic

reasons and increased blood volume during pregnancy, the

drug concentrations should be adjusted.

In comparison to the baseline rates in non-pregnant pa-

tients, there was no increased risk of congenital malfor-

mation incidence following TCZ treatment (pregnant group

4.5%; non-pregnant group 3.0–4.0%) (97). Whereas, spon-

taneous abortion (15–20%) and the rate of preterm deliv-

ery (31.1%), respectively, were higher in pregnant patients

who received TCZ (97). In the setting of COVID-19, although

there is limited data on drug safety in the second and third

trimesters, the TCZ administration was considered a thera-

peutic option, particularly in either non-critically ill pregnant

patients with respiratory failure who received corticosteroids

+ remdesivir, or in the critical ill subjects who received corti-

costeroid (96, 101).

According to Naranjo’s causality algorithm, some rare com-

plications such as hepatotoxicity and viral reactivation were

reported upon the TCZ treatment (102). Despite limited evi-

dence, the majority of data indicated that the TCZ utilized in

pregnant patients did not appear to have unfavorable effects

on both mothers and newborns. However, close monitoring

for preventing superimposed infections has been strongly

recommended (103). Taken together, it can be inferred that

TCZ has the potential to be categorized as a recommended

medication for pregnant patients with severe COVID-19. Al-

though preterm deliveries and abortions have been occa-

sionally observed among pregnant patients who received

TCZ, it could be attributed to other confounding factors.

In Table 1 and Table 2, we intended to extract the data

achieved by different types of reviews with/without meta-

analysis along with an umbrella review.

Figure 4 illustrates the algorithm of TCZ administration, de-

signed for optimum management and clinical improvement

of hospitalized COVID-19 patients, following the pooled esti-

mations and available guidelines.

Irrespective of the heterogeneity of the available meta-

analyses, overwhelming evidence reported the beneficial

effects of TCZ rather than the inefficacy or worsening of

the conditions caused by the drug. Also, numerous meta-

analyses with predefined primary and secondary endpoints

declared that TCZ represents a good safety profile, as well as

the desirable therapeutic efficacy, most likely in patients with

respiratory failure, severe, and/or critical COVID-19, but not

in non-severe cases. Hence, considering disease severity and

stage of the disease, TCZ therapy in hospitalized COVID-19

patients is currently being rather recommended in those with

worsening respiratory function, respiratory failure, hypoxia,

and high CRS levels according to laboratory assessment.

7. Limitations of studies

1) The eligibility criteria and primary/secondary outcomes

should be precisely selected based on the infectious dis-

ease’s underlying pathophysiology and the exact pharmacol-

ogy of the potential therapeutic agents to best assess clini-

cal efficacy. 2) Regarding severe adverse events, some arti-

cles did not indicate which events have been defined as ad-

verse events. 3) The time course of drug administration, re-

ceived dose (s), and dosage schedule were not mentioned,

in detail. 4) Most of the studies evaluated the TCZ poten-

tial in the development of secondary infection, and did not

indicate the kind of infections (bacterial or fungal, etc. . . )

and/or other adverse reactions. 5) A large body of recent

RCTs have mainly focused on TCZ benefits, while data on

other IL-6 receptor antagonists such as sarilumab are limited

and not supportive to further compare similar medications,

6) There are some variations in the definition of the SOC;

in some studies, it has not been determined which drugs

were considered the SOC. For example, some studies defined

SOC as a control group composite of Hydroxychloroquine

+ lopinavir/ritonavir (with/without azithromycin), while in

other studies patients treated with dexamethasone alone or

in combination with some anti-viral agents (such as remde-

sivir) were defined as SOC. 7) Due to the excessive overlap-

ping of clinical studies included in various meta-analyses, it

is challenging to estimate the exact number of affected pa-

tients and the validity of concluded results.

In the case of the recent Umbrella review, some limitations

were also specifically found as follows:

The type of mortality has not been defined and the authors
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merely indicated the alternation of mortality rate following

TCZ treatment. Moreover, the criteria for disease severity

and TCZ route of administration were not clear. The authors

also did not mention the kind of MV assessed (invasive/non-

invasive).

8. Conclusion

Based on the findings of the study: 1) the TCZ potentially re-

duced the mortality rate (both short-term and all-cause 28-

30-day mortalities) and MV requirement with minimized ad-

verse events derived by SARS-CoV-2 infection, if adminis-

tered in the right time course in severe COVID-19 with crit-

ical pulmonary symptoms. 2) Considering the safety of TCZ

in ICU patients, there is limited data regarding TCZ’s impact

on the length of ICU admission. However, according to the

adjusted estimations, the efficacy of TCZ, in reducing ICU

admission and ICU mortality rate, has been reported, partic-

ularly during the planned combination therapy with either

SOC or simple O2 therapy, 3) Regarding the TCZ effect in pa-

tients who received vasopressor support, it, at least in part,

led to a shortened duration of treatment.

4 & 5) Combination therapy with corticosteroids, IVIG, and

some non-pharmacological interventions (e.g., O2 therapy)

augmented the recovery time, particularly in favor of the sur-

vival rate of ill patients, and 6) Data is lacking to prove the

effectiveness of TCZ in patients with recurrent SARS-CoV-2

infection upon receiving the COVID-19 vaccine, which is rec-

ommended to be addressed in future research. Overall, it is

greatly recommended to consider some co-founding factors,

including race, ethnic differences, etc., for study design in

possible epidemic/pandemic conditions in the future. Also,

it is worth noting that personalized medicine based on the

treatment algorithm provided in Figure 4 could be consid-

ered in the clinician’s decision-making policy.
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Figure 1: Tocilizumab (TCZ) mechanism of action in patients with severe COVID-19. Following the Acute respiratory distress syndrome

(ARDS) induced by SARS-CoV-2, the robust release of pro-inflammatory cytokines, named cytokine storm, can occur, which subsequently

worsens the patients’ clinical symptoms. During the inflammatory phase, IV infusion of the anti-IL6 agent, TCZ, by blocking IL-6 both soluble

(sIL-6) and membrane (mIL-6) receptors, can remarkably alleviate cytokine release syndrome (CRS)-related adverse events. The figure was

created with BioRender.com.
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Figure 2: Study selection process based on PRISMA flow diagram. Preferred reporting items for systematic reviews and meta-analyses

(PRISMA) and the review criteria details are described in the Methods section.
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Figure 3: The Clinical improvement following Tocilizumab (TCZ) therapy in patients with severe COVID-19. The figure was created with

BioRender.com. CRS: cytokine release syndrome; ICU: intensive care unit; MV: mechanical ventilation.

Figure 4: Recommendations Tocilizumab (TCZ) administration in patients with confirmed COVID-19 based on available data and guidelines.

Created with BioRender.com. Abbreviations: CT: computed tomography; CRP: C-reactive Protein; ECMO: Extracorporeal Membrane Oxygena-

tion; IVIG: Intravenous immunoglobulin; HFNC oxygen: high-flow nasal cannula oxygen; IDSA: The Infectious Diseases Society of America;

IV: Intravenous; MV: Mechanical Ventilation; NIH: National Institutes of Health; NIV: Non-Invasive Ventilation; TCZ: Tocilizumab; ULN: upper

limit normal. The figure was created with BioRender.com.
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Table 1: Extracted Data from the included studies

Study Type of
review

Study size Risk of bias As-
sessment tool

Models of meta-analysis COVID-
19 Sever-
ity Scale

TCZ dose/ Route of ad-
ministration/ treatment
in early or late phase

Rezaei
Tolzali et
al., 2022
(51)

Umbrella Unable to report A Measurement
Tool to Assess
Systematic Re-
views 2 (AMSTAR
2) checklist

Dersimonian and Laird
random-effects method,
binary outcomes = RRs
and aHRs, continuous
outcomes= WMDs

Not men-
tioned.

Not mentioned.

Jiang et al .,
2021 (50)

Meta-
analysis

Case: 6568
Control: 11,660

Not assessed Dersimonian and Laird
method data in the
random-effects model
and used the Mantel-
Haenszel method in the
fixed-effects model

Severe-
Critical

IV, TCZ, at a dose of 8
mg/kg body weight (up to
800 mg), up to twice, 12 h
apart, 400mg, 400-800 mg

Belletti et
al., 2021
(67)

Meta-
analysis

15 multi-center RCTs
were included (9,320
patients)

Cochrane risk-
of-bias tool

Fixed-effects TSA Moderate
to Severe

IV, TCZ, at a dose of 8
mg/kg body weight (up to
800 mg), up to twice, 12 h
apart,200mg, 400-800 mg,
6 mg/kg

Domingo
et al., 2021
(79)

Meta-
analysis

Total 27 trials = 10 930
patients for three IL6
antagonists, 19 trials for
TCZ:

Rob 2 Fixed-effects meta-
analysis

Not men-
tioned.

Low: 4 mg/kg or high: >4
mg/kg

Avni et al.,
2021 (31)

Living SR
and meta-
analysis

Eight RCTs = 6481 pa-
tients

Cochrane risk-
of-bias tool

Fixed-effect model (Man-
tel–Haenszel method)

Severe
non-
critical
(mod-
erate to
severe)

IV, 8mg/kg within 24h of
organ support, the sec-
ond dose allowed after
12-24h

Alkofide et
al., 2021
(92)

Meta-
analysis

Seventeen studies Rob 2 Dersimonian and Laird
random-effects models

Severe
form

Methylprednisolone:
250 mg IV pulse or 0.5-1
mg/Kg daily for five days.
TCZ: IV 8 mg/kg as the
dose, SC in one study

Yousef et
al., 2020
(94)

SR 56 publications (n = 646
patients)

Not applicable Not assessed. Severe Not mentioned.

Grygiel-
Górniak et
al., 2021
(93)

Review Not assessed Not applicable Not applicable Severe pa-
tients

8 mg/kg up to 400 mg 28
60-minute single I.V. infu-
sion

Zhang et al.,
2021 (104)

Meta-
analysis

Eleven studies with
6579 patients were
included in our meta-
analysis, of which 3406
and 3173 were assigned
to TCZ and control
groups.

Cochrane risk-
of-bias tool

Random-effects model Not men-
tioned

The doses varied from
400 mg- 800 mg and were
administered I.V. for more
than 1 hour. The maxi-
mum dose was 800mg/d

Moosazadeh
et al., 2021
(87)

Meta-
analysis

Five studies (n= 460 pa-
tients)

Not assessed Random-effect model Not men-
tioned

Not mentioned
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Table 1: Extracted Data from the included studies (continue)

Study Type of
review

Study size Risk of bias As-
sessment tool

Models of meta-analysis COVID-
19 Sever-
ity Scale

TCZ dose/ Route of ad-
ministration/ treatment in
early or late phase

Mutua et
al., 2022
(105)

Meta-
analysis

RCTs= 3,358 partici-
pants

Cochrane risk-
of-bias tool

Random-effects model
using the Dersimonian
and Laird method

Progression
to severe
disease
(eval-
uated
in non-
severe
and se-
vere)

One RCT: single dose; 8 RCTs
allowed a second dose if
needed

Selvarajan
et al., 2021
(41)

Network
meta-
analysis

11 RCTs were multi-
center studies: 6579
patients

Revised
Cochrane Risk of
Bias tool for ran-
domized trials
(Rob)

Random-effects model Not men-
tioned

400 to 800 mg/d in the in-
cluded studies and the opti-
mal effective dose of TCZ re-
mains uncertain.

Piscoya et
al., 2022
(32)

Meta-
analysis

Nine Randomized con-
trolled trials (RCTs,
n=7,021) and nine IPTW
cohorts (n=7796)

Rob 2 and
ROBINS-I

Inverse variance random-
effects meta-analyses us-
ing GRADE methodology

Moderate
to severe

Nine RCTs used TCZ doses:
of 8 mg/kg and five of them
used a second dose; follow-
up times ranged between 14
and 28 days. The IPTW co-
hort studies had reported a
wider variety of dosing rang-
ing from 4–8 mg/kg or some
using a total daily dose of
400-800 mg.

aHRs: adjusted Hazard Ratios; GRADE: Grading of Recommendations, Assessment, Development, and Evaluation; ICU: Intensive
Care Unit; IPTW: Inverse Probability Treatment Weighting; IV: Intravenous; RCT: Randomized Clinical Trials; RRs: Risk Ratios;
Rob 2: Risk of Bias tool–version 2; SC: Subcutaneous; TCZ: Tocilizumab; TSA: Trial Sequential Analysis; WMDs: Weighted Mean
Differences; SR: systematic review; ROBINS-I: Risk Of Bias In Non-randomized Studies - of Interventions.

Supplementary table 1: The methodological quality of included studies using JBI appraisal tools (https://jbi.global/critical-appraisal-tools)

Author Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Quality*
Alkofide, 2021 Yes Yes Yes Yes Yes Yes Yes Yes No Unclear Yes Good
Avni, 2021 Yes Yes Yes Yes Yes Yes Yes Yes N/A Unclear Yes Good
Belletti, 2021 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Good
Domingo, 2021 Yes Yes Unclear Yes Yes Yes Yes Yes No Yes Yes Good
Grygiel-Górniak, 2021 A narrative review
Jiang, 2021 Yes Yes Unclear Yes No No Yes Yes Yes Yes Yes Medium
Moosazadeh, 2021 Yes Yes Unclear Yes Yes Unclear Unclear Yes Yes Yes Yes Medium
Mutua, 2022 Yes Yes Unclear Yes Yes Yes Yes Yes No Yes Yes Good
Piscoya, 2022 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Good
Selvarajan, 2021 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Good
Shaikh Yousef, 2021 Yes Yes Unclear Yes No No Yes N/A N/A Yes Yes Low
Zhang, 2022 Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Good
*Overall quality: > 80% = good; 60 – 80% = medium; 50 – 60% = low.
Q1. Is the review question clearly and explicitly stated?
Q2. Were the inclusion criteria appropriate for the review question?
Q3. Was the search strategy appropriate?
Q4. Were the sources and resources used to search for studies adequate?
Q5. Were the criteria for appraising studies appropriate?
Q6. Was critical appraisal conducted by two or more reviewers independently?
Q7. Were there methods to minimize errors in data extraction?
Q8. Were the methods used to combine studies appropriate?
Q9. Was the likelihood of publication bias assessed?
Q10. Were recommendations for policy and/or practice supported by the reported data?
Q11. Were the specific directives for new research appropriate?
N/A: not applicable.
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Table 2: The Clinical outcomes of various systematic reviews regarding the TCZ treatment in COVID-19

Author All-cause mortality
in-hospital mor-
tality (short-term,
14-day, 28-day
mortality

MV (Invasive,
non-invasive,
free-days)

Hospital dis-
charge

ICU transfer Secondary
infection/ Neu-
tropenia

Combination
Therapy
with TCZ

Outcomes

Rezaei
Tolzali
et al.,
2022
(51)

TCZ administration
resulted in substan-
tially lower odds of
death when com-
pared to the control
group (RR= 0.78;
95%CI: 0.71–0.85,
I2 = 40.8%). TCZ
treatment signif-
icantly decreased
the risk of mortality
by 48%

Eight retro-
spective studies
and seven RCTs
(n=5792 pa-
tients) had a
significantly
lower risk of re-
quiring MV (RR=
0.77; 95%CI:
0.64–0.92, I2

= 44.9%), in-
creased the
number of
ventilator-free
days, (WMD:
3.38; 95%, CI:
0.51–6.25, I2 =
75.8%). In sub-
group analysis:
RCTs, but not
retrospective
studies

In eleven retro-
spective cohorts
and four RCTs
(n=7159), a
significantly
higher rate of
hospital dis-
charge was ob-
served (RR= 1.12;
95%CI:1.03–1.22,
I2 = 64.1%, Sub-
group analysis:
in retrospective
cohort studies
showed im-
proved hospital
discharge.

Three retro-
spective studies,
one prospec-
tive cohort, and
four RCTs (n=
1052 patients)
revealed that
TCZ has no
potential to re-
duce the overall
risk of ICU ad-
mission (RR=
0.85; 95%CI:
0.65–1.11, I2 =
57.7%).

No elevated risk
of secondary
infection (RR=
1.00; 95%CI: 0.80
–1.26, I2 = 77.1%)

Not assessed TCZ reduced the
risk of intuba-
tion, mortality,
and the length
of hospital stay,
without in-
creasing the
risk of superim-
posed infections.
Therefore, TCZ
can be consid-
ered an effective
therapeutic
agent for treating
patients with
COVID-19.

Jiang et
al., 2021
(50)

TCZ significantly
decreased mortal-
ity (OR= 0.81, 95%
CI: 0.69–0.95, P =
0.008).

No significant
associations
were observed
between TCZ
and mechanical
ventilation.

No significant
associations
were observed
between TCZ
and hospital
discharge.

Not assessed No significant
associations
were observed
between TCZ
and elevated
secondary infec-
tion risk.

Not assessed TCZ signifi-
cantly decreased
mortality with
no increased
discharge, sec-
ondary infection
risk, adverse
events, and
mechanical
ventilation in a
meta-analysis.

Belletti
et al.,
2021
(67)

TCZ reduced all-
cause mortality at
the longest follow-
up (1315/5,380
[24.4%] in the IL-6
inhibitors group,
RR=0.90; 95% CI:
0.84 to 0.96; p
for effect=0.003,
I2=0%, TCZ and
Sarilumb 28/30-
day mortality
with a signifi-
cant improvement
(1193/4,967 [24%]
[RR=0.92; 95% CI:
0.85 to 0.99; p=0.03,
I2=0%)]

A significant
reduction in the
need for intuba-
tion (171/1933
[8.8%] ver-
sus 180/1649
[10.9%];
RR=0.73; 95%
CI: 0.60 to 0.88;
p=0.001; I2=0%

Not assessed Not assessed Not assessed Not assessed TCZ admin-
istration may
be beneficial
in COVID-19
pneumonia, by
reducing the risk
of death and
the risk of intu-
bation without
increasing the
risk of secondary
infections and
adverse events.

Domingo
et al.,
2021
(79)

The summary OR
TCZ/ Sarilumab+
Corticosteroid
treatment= 0.78,
TCZ/Sarilumab
alone= 1.09

0.77 (95% CI:
0.70- 0.85; P <
.001) for all IL-6
antagonists, 0.74
(95% CI: 0.66-
0.82) for TCZ,
and 1.00(95%
CI: 0.74-1.35) for
sarilumab

Not assessed Not assessed The ORs were
0.95 (95% CI:
0.77-1.16) for
TCZ and 1.03
(95% CI: 0.80-
1.32) for sar-
ilumab

CorticosteroidsThe 28-day
all-cause mor-
tality was lower
among patients
who received
IL-6 antagonists.
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Table 2: The Clinical outcomes of various systematic reviews regarding the TCZ treatment in COVID-19 (continue)

Author All-cause mortality
in-hospital mor-
tality (short-term,
14-day, 28-day
mortality

MV (Invasive,
non-invasive,
free-days)

Hospital dis-
charge

ICU transfer Secondary
infection/ Neu-
tropenia

Combination
Therapy
with TCZ

Outcomes

Avni et
al., 2021
(31)

Reduction of
28–30-day all-
cause mortality
(RR = 0.89, 95% CI:
0.82–0.96), but not
in subgroup anal-
ysis of critically ill
patients (RR = 0.94,
95% CI: 0.74–1.19)
Death or MV at
14/28 days reduc-
tion with TCZ,
RR= 0.83, 95% CI:
0.74–0.90, I2=0%.

TCZ significantly
reduced risk
for MV (RR=
0.79, 95% CI:
0.68–0.91, I2=
0%)

Not assessed TCZ Significantly
reduced risk for
ICU admission
(RR= 0.68, 95%
CI: 0.50–0.92,
I2=6%)

TCZ significantly
reduced the risk
of superinfec-
tions (RR= 8.70,
95% CI: 2.34–
32.39).

No mortal-
ity benefit
with TCZ
was demon-
strated in
studies
that used
steroids for
>80% of
patients.

TCZ reduces 28-
30-day all-cause
mortality, ICU
admission, super-
infections, and
MV, as well as the
combined end-
point of death or
MV. Among criti-
cally ill patients,
and when steroids
were used for most
patients, no mor-
tality benefit was
demonstrated.

Alkofide
et al.,
2021
(92)

The adjusted Mor-
tality rates were
also lower in the
combination arm
(RR= 0.58, 95%
CI: 0.42 – 0.81;
I2=71%).

Not assessed Not assessed Not assessed No change in risk
of superinfection
RR was 1.11, 95%
CI (0.81 – 1.53),
I2 was 0%, (p =
0.84)

Adjusted
mortality
rates were
lower in
combina-
tion with
corticos-
teroids
(RR=0.58,
95% CI:
0.42 – 0.81;
I2=71%).

TCZ and SCT com-
pared to SOC had
lower mortality
rates.

Yousef
et al.,
2020
(94)

Not assessed Not assessed A combination
treatment of
TCZ +IVIG had a
mean length of
stay in hospital
of 7 ± 3 days and
95.5% (n =21/22)

Not assessed Not assessed IVIG A combination
treatment of
TCZ and IVIG
improved the out-
come in COVID-19
patients with pedi-
atric inflammatory
multisystem syn-
drome

Grygiel-
Górniak
et al.,
2021
(93)

Mortality rate re-
duced.

TCZ decreased
the likelihood
of invasive
mechanical ven-
tilation.

Not assessed Not assessed Not assessed Not assessed TCZ minimizes the
duration of vaso-
pressor support

Zhang
et al.,
2022
(104)

Tocilizumab signif-
icantly reduced the
28 to 30-day mor-
tality (relative risk
[RR]= 0.89,95% CI
0.80-0.99, P=.04).

Incidence of
MV was signifi-
cantly reduced
(RR = 0.79, 95%
CI 0.71-0.89,
P<001).

TCZ signifi-
cantly reduced
time-to-hospital
discharge (haz-
ard ratio=1.30,
95%CI: 1.16-
1.45, P<.001).

TCZ signifi-
cantly reduced
ICU admission
(RR=0.64, 95%
CI 0.47-0.88,
P=.006).

TCZ significantly
reduced seri-
ous infection
(RR=0.61, 95%
CI: 0.40-0.94,
P=.02).

Not assessed Pregnant patients
with COVID-19
who received
TCZ were often
critically ill and
corticosteroid use
was uncommon.
There is little data
on TCZ exposure
in the second and
third trimesters
when transplacen-
tal transport is the
highest.
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Table 2: The Clinical outcomes of various systematic reviews regarding the TCZ treatment in COVID-19 (continue)

Author All-cause mortality
in-hospital mor-
tality (short-term,
14-day, 28-day
mortality

MV (Invasive,
non-invasive,
free-days)

Hospital dis-
charge

ICU transfer Secondary
infection/ Neu-
tropenia

Combination
Therapy with
TCZ

Outcomes

Moosazadeh
et al.,
2021 (87)

The risk of death
for COVID-19 pa-
tients treated with
the combination of
corticosteroids and
TCZ was 0.74 (95%
CI: 0.36–1.50).

Not assessed Not assessed Not assessed Not assessed Corticosteroids The risk of death
in COVID-19 pa-
tients who were
treated with cor-
ticosteroids and
TCZ was lower
than in the TCZ
alone (26%) and
control groups
(52%).

Mutua et
al., 2022
(105)

The overall mortal-
ity rate was lower in
the TCZ group, but
the difference was
not statistically sig-
nificant ([OR], 0.87;
95% CI: 0.73-1.04;
I2, 15%).

In the treatment
group with TCZ,
patients were
26% less likely to
progress to MV
(OR, 0.74; 95%
CI 0.64-0.86; I2,
0%).

Not assessed The TCZ group
had a 34 % lower
rate of ICU ad-
mission (OR=
0.66; 95% CI:
0.40-2.14; I2,
29%)

Over 43% lower
risk of severe
infection (OR,
0.57; 95% CI:
0.36-0.89; I2,
21%)

Not assessed TCZ is well tol-
erated. This
drug does not
exhibit signif-
icant benefits
on survival but
may have a role
in preventing
progression to
ICU admission
and MV.

Selvarajan
et al.,
2021 (41)

TCZ significantly
reduced the 28
to 30-day mortal-
ity (relative risk
[RR]=0.89, 95% CI:
0.80-0.99, P=.04).

TCZ significantly
decreased the
incidence of MV
(RR = 0.79, 95%
CI: 0.71-0.89,
P<.001)

TCZ significantly
reduced time-
to-hospital dis-
charge (HR=1.30,
95% CI 1.16-1.45,
P<.001)

TCZ signifi-
cantly reduced
ICU admission
(RR=0.64, 95%
CI: 0.47-0.88,
P=.006).

TCZ significantly
reduced sec-
ondary infection
(RR=0.61, 95%
CI: 0.40-0.94,
P=.02).

Not assessed TCZ reduced
short-term mor-
tality, incidence
of MV, compos-
ite outcome of
death or MV, in-
tensive care unit
admission, se-
rious infection,
serious adverse
events, and
time-to-hospital
discharge in
hospitalized
COVID-19 pa-
tients.

Piscoya et
al., 2022
(32)

TCZ reduced all-
cause mortality in
RCTs (RR= 0.89,
95%CI: 0.81–0.98,
p = 0.03) but not
cohorts.

TCZ significantly
reduced the
need for MV
(RR= 0.80, 95%
CI: 0.71–0.90, p
=0.001).

TCZ significantly
decreased the
length of stay
in the hospital
(MD:1.92 days,
95%CI: 3.46 to
-0.38, p =0.01).

Not assessed A higher risk
of neutropenia
and abnormal
liver function
with TCZ was
reported.

Not assessed TCZ has a po-
tential thera-
peutic role in
hospitalized
COVID-19 pa-
tients and non-
significantly
increased clin-
ical improve-
ment. No dif-
ferences in the
risk of adverse
events such as
bacteremia or
infection were
observed.

CI: Confidence Interval; ICU: Intensive Care Unit; IVIG: Intravenous immunoglobulin; MV: Mechanical Ventilation,
RCT: Randomized Clinical Trial; RR: Risk Ratio; SCT: Systemic Corticosteroid Therapy; SOC: Standard of care;
TCZ: Tocilizumab; OR: odds ratio; WMD: weighted mean difference; MD: mean difference.
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