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Abstract
Background: Cytokine storm is the main cause of mortality in COVID-19. Tocilizumab, an IL-6 inhibitor, is being tested for its therapeutic potential in this
condition. To evaluate the e�cacy and safety of Tocilizumab in comparison to Standard therapy in the treatment of COVID-19 in adult patients.

Methods: Using Medline (via PubMed), The Cochrane Central Register of Controlled Trials, preprint server (medRxiv) and clinicaltrials.gov, a �nal search was
conducted on 26th June 2020. All types of clinical studies (prospective or retrospective cohort studies, observational case-control studies, clinical trials) aiming
to evaluate the role of Tocilizumab in the treatment of patients with COVID-19 were considered eligible for this systematic review. Tocilizumab was considered
as the intervention group and standard of care or drugs other than tocilizumab as control group. Meta-analysis was performed by Cochrane review manager 5
(RevMan) version 5.3. For quality assessment, ROBINS-I (The Risk Of Bias In Non-randomised studies – of Interventions) assessment tool for observational
studies was used. The overall quality of evidence for each of the outcomes was assessed using the GRADE Pro GDT.

Results: Out of 362 records identi�ed, 13 studies were included in qualitative and quantitative analysis. Tocilizumab treatment was associated with 46%
decrease in probability of mortality rate [Adjusted HR = 0.54 (95% CI = 0.44-0.68), p<0.00001; I2=74%] and 66% odds decrease in progression of disease [OR =
0.34 (95% CI = 0.21 – 0.55), p<0.0001; I2=76%] compared to control. However, there was no difference in hospital discharge [OR = 1.35 (95% CI = 0.84 – 2.18),
p=0.22; I2=22%] and clinical improvement [OR = 1.02 (95% CI = 0.61 – 1.69), p=0.95; I2=84%] with tocilizumab. There was statistically signi�cant increase in
risk of secondary bacteraemia [OR = 2.75 (95% CI = 1.86 – 4.06), p< 0.00001] and superinfections [OR = 2.93 (95% CI = 1.92 – 4.46), p< 0.00001].

Conclusions: With current evidence on e�cacy and safety of tocilizumab, we recommend use of tocilizumab treatment for moderate to severe COVID-19
patients caused by SARS-CoV-2, along with caution for superinfections.

Systematic review registration: PROSPERO registration number: CRD42020189517

Background
In December 2019, a novel coronavirus disease (COVID-19), caused by infection with SARS-CoV-2, has caused pandemic and was main cause of mortality all
over the world. Increased proin�ammatory cytokines was pathognomic �nding in �rst death reported from severe SARS-CoV-2 infection.[1] Excessive immune
response to infection with the SARS-CoV-2 virus has been incriminated in the respiratory distress and multiorgan failure that is seen in some patients — the so-
called “cytokine storm.” Previous studies of the cytokine storm associated with other coronavirus (SARS-CoV-1 and MERS) and in�uenza virus infections have
shown high levels of interleukin (IL)-6 and other cytokines. A large population of critically ill patients infected with COVID-19 develop cytokine storm mediated
by overproduction of proin�ammatory cytokines.[2, 3]

It is observed that excess cytokines secretion by pathogenic T-cells and monocytes may evoke a rapid in�ammatory response. Flow cytometric pro�les of
COVID-19 patients have revealed increased IL-6, IL-17, GM-CSF, IFN-γ and other in�ammatory cytokines in COVID-19 patients with severe disease, whereas no
signi�cant increase in TNF-α secretion from CD4+ T cells of COVID-19 patients has been observed.[1, 4] So, it is believed that increased IL-6 and IL-17 have led
to in�ammatory storm or cytokine storm, resulting in impairment of alveolar–capillary blood–gas exchange and hampering oxygen diffusion. Increased TH-
17 as well as increase cytokine response, especially IL-6 and IL-17 ultimately causes thromboembolic phenomenon leading to cardiac arrest, pulmonary
�brosis and multi-organ failure. Therefore, IL-6 have been implicated to be a major contributor to the cytokine storm, and interfering of IL-6 might be a
potential therapeutic strategy for severe and critical COVID-19 patients. IL-6 can be used to evaluate the severity of the infection and predict the prognosis.[5]

Patients suffering from cytokine storm progress to, multiple organ failure, cardiovascular complications, happy hypoxia, eventually leading to death.
Therefore, early identi�cation, treatment, and prevention of cytokine storm in COVID-19 is of crucial importance for the patients in order to reduce mortality due
to this highly infectious disease. Tocilizumab have previously been used to circumvent the cytokine storm induced by chimeric antigen receptor T-cell therapy
for non-Hodgkin lymphoma.[6] Tocilizumab (TCZ), a monoclonal antibody against interleukin-6 (IL-6), has emerged as an alternative treatment for COVID-19
patients with a risk of cytokine storm.

Various observational studies have been done, which have shown e�cacy of Tocilizumab in reducing mortality rate in COVID-19 patients.[7, 8] However, few
have shown no e�cacy[9, 10] or con�icting results.[11] Randomized controlled clinical trials to assess the bene�t-risk ratio of tocilizumab in COVID-19
patients are still lacking. This review was planned with an objective to assess the e�cacy and safety of tocillizumab in the treatment of adult COVID-19
patients compared to standard of care.

Methods
Protocol and registration

The present systematic review methodology was based upon the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement
and guidelines of the Cochrane Handbook for Systematic Reviews of Interventions. The protocol was registered with the PROSPERO (International Prospective
Register of Systematic Reviews) database with protocol number as CRD42020189517.

Criteria for study inclusion

In current review, prospective or retrospective cohort studies, randomized or non-randomized clinical trials evaluating the role of tocilizumab compared to
standard of care or other drugs in the treatment of COVID-19 patients were included. Case reports or case series were excluded. In addition, the in-vitro studies,
expert opinions and literature review articles were excluded.
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Search strategy and study selection

We conducted one preliminary literature search on 4th June, 2020 to identify all the relevant articles in published, non-published and pre-print domains. In view
of continually evolving literature for SARS-CoV-2, an additional literature search was undertaken on 26th June, 2020 to extract any pertinent published articles
which was further updated in the existing searches.

Electronic search was conducted using PubMed, The Cochrane Central Register of Controlled Trials, preprint server (medRxiv) and international clinical trial
register (clinicaltrials.gov) for all relevant articles. Bibliographic searching was done to manually identify any more studies (not indexed in the above
databases) from reference lists of relevant publications selected by electronic searching. No language or publication status restriction was applied. Search
strategy using the following search terms and their associated medical subject headings was developed: ‘SARS-CoV 2’, ‘COVID-19’, ‘Toiclizumab’, ‘COVID’,
‘novel coronavirus’.

The titles and abstracts retrieved by electronic searching were assessed by two independent researchers (NM and SS) for potential eligibility and duplicates
removed. Full text articles of potentially eligible studies were obtained for further quality assessment by two researchers (NM and SS) independently with
disagreement if any, resolved by consensus with a third review author (DK).

Data extraction

Data extraction was done using a pre-tested structured data extraction form, which included items such as general study information in addition to study
design, study interventions and regimens, number of subjects, study population characteristics, e�cacy and safety outcomes.

Study outcomes

The primary outcomes included in our review were mortality (de�ned as deaths in each group) and virological cure (negative nasopharyngeal swabs for SARS-
CoV-2 RNA by RT-PCR). The secondary outcomes assessed were clinical improvement, discharge from hospital, progression of disease (de�ned as ICU
admission, intubation, severe illness or CT progression). Safety outcomes included adverse events like superimposed bacterial infection or pneumonia. 

Quality assessment of studies

Two independent reviewers (DK and AC) assessed the quality of included studies in accordance with Cochrane Collaboration risk of bias assessment tool
ROBINS-I [12] (The Risk Of Bias In Non-randomized studies of Interventions) for observational studies. In ROBINS-I, studies were assessed for bias as a result
of confounding, selection of participants, classi�cation and deviation from intended interventions, missing data, outcome measurement and selective
reporting of results and were assessed as Critical, Serious, Moderate, Low, No information. Robvis (visualization tool)[13] was used for synthesis of plots for
risk of bias.[13]

For assessment of publication bias, funnel plot was generated along with Egger’s regression test.

Data synthesis and summary measures

Dichotomous data were summarized as odd ratios (OR) and adjusted hazard ratios (HR) with 95% con�dence intervals (CI) wherever applicable. Review
Manager 5 (RevMan) Version 5.3. (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014) was used for all the analyses.[14]
Heterogeneity was assessed using I2 with values of 25, 50, and 75% indicating low, medium, and large heterogeneity, respectively [15, 16]. For pre-decided
signi�cant heterogeneity as I2 > 50%, sensitivity analysis was done to decrease the heterogeneity less than 50% or heterogeneity was explained wherever
possible. The results of �xed effect model presented as applying random effect model for increased heterogeneity can underestimate the overall effect
estimate, by awarding more weight to smaller studies [15, 17]. The generic inverse variance approach, giving more weight to studies with more precise results,
was applied. P value <0.05 was considered signi�cant.

Assessment of Quality of Evidence - GRADE Pro analysis

The overall quality of evidence for each of the outcomes was assessed using GRADE pro GDT (guideline development tool) software based on the principles
of Grades of Recommendations, Assessment, Development and Evaluations (GRADE).[18] Study design, risk of bias, directness of evidence, consistency and
precision of results, risk of publication bias, magnitude of the effect, dose-response gradient, and in�uence of residual plausible confounding were assessed
for grading the overall quality of evidence for individual outcomes. Optimal information size (OIS) was calculated to be 188 patients in each group. Final
overall GRADE may be high, moderate, low or very low. The online version of GRADE pro GDT software was accessed from the site: https://gradepro.org/. [19]

Results
Study selection

The study selection and exclusion process has been documented using the PRISMA �ow diagram (Figure 1). Out of total 362 records screened, 13
observational studies [7-11, 20-27] were included in qualitative (systematic) review as well as in quantitative analysis. Non-comparative intervention studies
(n=10) were not included in meta-analysis.

Study characteristics

https://gradepro.org/
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Study characteristics and outcomes data reported in various observational studies included in this systematic review are included in Table 1. Studies done by
Garcia et al[22], Kewan et al[9], Klopfenstein et al[23], Quartuccio et al[24], Ramaswamy et al[10], Sanz et al[11] and Wadud et al[27] had signi�cantly more
severe disease patients (higher level of in�ammation, systemic disease and organ damage) in tocilizumab group that can affect the primary outcomes like
mortality, whereas all other studies[7, 8, 20, 21, 25, 26] had similar disease severity in both treatment groups. Four studies [8, 20-22] were done in mild to
moderate disease whereas nine studies[7, 9-11, 23-27] were done in moderate to severe disease group of patients (Table 1).

Risk of bias (ROB) within the studies

The overall risk of bias was assessed as moderate except for three studies, Campochiaro et al[20] has been assessed as low risk of bias and Klopfenstein et
al[23] and Quartuccio et al[24] evaluated as having serious risk of bias. Overall ROB is similar to bias due to confounding in individual studies. Andrews et
al[7], Somers et al[26] and Quartuccio et al[24] had moderate bias in selection of participants. Andrews et al had moderate bias with missing data. (Figure 2),
(Figure 1S – Weighted Summary plot). Overall ROB for observational studies was assessed as moderate, as majority studies were assessed as having
moderate ROB. In addition, adjusted mortality rates were presented, which were less likely to be affected by confounding factors as these factors were
adjusted during analysis. Hence ROB assessed for GRADE was regarded as having no serious issues.

E�cacy outcomes

Mortality

For unadjusted mortality rate, pooled analysis revealed no difference with tocilizumab treatment in comparison to control group [OR = 0.90 (95% CI = 0.74 -
1.11), p=0.33; I2=81%] (Figure 3a). This data was extracted from twelve observational studies (OS) with a total of 819 and 1931 patients in tocilizumab and
control group, respectively. Sensitivity analysis with exclusion of study done by Sanz et al and Capra et al resulted in I2 = 14%, with signi�cant decrease in
overall mortality odds with tocilizumab [OR = 0.65 (95% CI = 0.50 – 0.84), p=0.001; I2=14%]. Subgroup analysis revealed that tocilizumab signi�cantly
decrease mortality in mild to moderate patients [OR = 0.40 (95% CI = 0.23 – 0.69), p=0.001; I2=76] but no difference in severe patients [OR = 1.05 (95% CI =
0.84 – 1.31), p=0.68; I2=81%].

For adjusted mortality, pooled analysis showed decrease in adjusted hazard ratio (HR) with tocilizumab versus control group [HR = 0.54 (95% CI = 0.44-0.68),
p<0.00001; I2=74%; 6 OS] (Figure 3b). Sensitivity analysis was not performed as all studies showed decrease mortality with tocilizumab and hence
heterogeneity was ignored.

Progression of Disease – ICU admission or Need for ventilation (Intubation)

Pooled analysis revealed statistically signi�cant decrease in number of individuals with progression of disease with tocilizumab treatment in comparison to
control group [OR = 0.34 (95% CI = 0.21 – 0.55), p<0.0001; I2=76%] (Figure 4). This data was extracted from �ve OS with a total of 212 patients in tocilizumab
group and 266 in control group. Sensitivity analysis was not performed as heterogeneity is because of difference in characteristics of patients included in
studies of review. Therefore, GRADE quality of evidence is downgraded for increased heterogeneity.

Hospital discharge

Pooled analysis revealed that there was no difference in odds of hospital discharge in tocilizumab group as compared to standard of care [OR = 1.35 (95% CI
= 0.84 – 2.18), p=0.22; I2=22%] (Figure 2S). Data extracted from 4 OS with 157 and 175 patients in two groups respectively.

Clinical Improvement

No statistically signi�cant difference in the rate of clinical improvement was observed between two treatment groups [OR = 1.02 (95% CI = 0.61 – 1.69),
p=0.95; I2=84%] (Figure 3S). Results derived from 4 OS with 164 and 148 patients in tocilizumab and control group, respectively.

Safety outcomes

Secondary Bacteraemia

There was a signi�cant increase in odds of secondary bacteraemia in individuals treated with tocilizumab versus control [OR = 2.75 (95% CI = 1.86 – 4.06), p<
0.00001; I2=84%] (Figure 5a). This data was extracted from 3 OS with a total of 254 and 558 patients in tocilizumab and control groups, respectively.

Secondary pneumonia or superinfections

There was a signi�cant increase in odds of secondary pneumonia or superinfections in individuals treated with tocilizumab versus control [OR = 2.93 (95% CI
= 1.92 – 4.46), p< 0.00001; I2=77%] (Figure 5b). This data was extracted from 4 OS with a total of 282 and 581 patients in tocilizumab and control groups,
respectively.

Publication bias

Publication bias was low, the funnel plot for twelve studies appears to be asymmetrical around the intervention effect estimate for mortality rate (Figure 4S).
Regression test for funnel plot asymmetry showed the value of t = -1.3752 and p-value of 0.1991, indicating low publication bias. Egger’s regression test for
progression of disease (t = 0.1022, p-value = 0.9251), hospital discharge (t = -0.8767, p-value =0.4731) and clinical improvement (t = -2.4392, p-value =0.1349)
showed low publication bias. Hence, overall publication bias was concluded as low for systematic review.
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GRADE analysis of the primary and secondary outcomes (Table 2)

The GRADE recommendation for the primary outcome adjusted HR for mortality was ‘HIGH’ evidence quality as there were no serious issues in the ROB
analysis, inconsistency, indirectness with lack of imprecision. ROB is regarded as low as all the confounders were adjusted during analysis. As all the studies
showed mortality bene�t with tocilizumab with adjusted HR, heterogeneity was ignored. However, for non-adjusted mortality rate, recommendation is low, as
there is high heterogeneity along with high ROB. In addition, there was imprecision of results along with plausible confounding suggesting spurious effect.
The GRADE recommendation for progression of disease was graded as ‘Moderate’ evidence quality because of moderate ROB and high heterogeneity. The
recommendation for hospital discharge and clinical improvement were graded as “Low” and “Very Low” respectively. The GRADE recommendation for
secondary bacteraemia and pneumonia or superinfections were “High” and “Moderate” evidence quality respectively, as there was presence of serious issues
with ROB and high heterogeneity. The GRADE recommendation is shown in table 2.

Discussion
Despite the existing dilemma on whether there is bene�t with the use of tocilizumab in COVID patients and increased risk of secondary infections, tocilizumab
is being recommended worldwide and is being used by many clinicians in critically ill patients or patients with cytokine storm. The existing review was done
for the risk-bene�t assessment of tocilizumab in high-risk COVID-19 patients.

Amongst 13 studies shortlisted for analysis, �ve studies recruited moderate severity patients from ward or who were not on mechanical ventilation. While in
other �ve studies, design criteria included only severely diseased patients either in ICU or on some form of non-invasive or invasive ventilation. Unlike
randomized controlled trials, observational studies have inherent biases in patient allocations that cannot be fully adjusted for during statistical analyses.
Although propensity modelling to mitigate known imbalances was done, it is possible that unmeasured confounding factors may still be important. Out of
thirteen, 6 studies had a treatment selection bias as tocilizumab was started or given to worsening or only severely ill patients. 

Colaneri et al in their study of 21 patients not requiring mechanical ventilation at admission found no signi�cant bene�t of Tocilizumab in preventing ICU
admission or mortality. It may be because their outcome of mortality was measured at 7 day time line in contrast to other studies who assessed 28 day
mortality.

Similarly Campochiaro et al studied moderately diseased COVID patients outside ICU and reported mortality rate of 15% in tocilizumab group versus 33% in
non- tocilizumab group. However there was no statistically signi�cant mortality bene�t of tocilizumab over standard care. This again may support the existing
literature that tocilizumab is advocated for severely ill patients and in moderate disease, bene�t is not very evident.

In current systematic review, unadjusted ORs for mortality demonstrated that tocilizumab was associated with no mortality bene�t as compared to control.
However adjusted HR showed there was signi�cant decrease in probability of death with tocilizumab. The results of adjusted HR were more valid as there
were higher number of co-morbidities or more severe patients in tocilizumab group in six studies. Hence, the results of unadjusted OR should be interpreted in
the light of adjustment of these covariates. This could be appreciated most in the study by Sanz et al in which Tocilizumab group had patients with greater
disease severity in terms of more patients with pre-existing lung disease and diabetes. Thus the unadjusted OR favoured the control group while adjusted
hazards ratio addressing the severity bias turned the results in favour of tocilizumab decreasing the chances of mortality. Andrew et al did a proportional
hazard model in which patients were strati�ed into propensity score quintiles for adjustment of factors contributing signi�cantly to the outcome other than
treatment. Most of the studies have added tocilizumab to the intervention group over and above the standard therapy. However in study by Andrews et al,
standard therapy as adjunct was given to statistically signi�cant less number of patients in tocilizumab group. Had tocilizumab been administered along with
standard therapy the results could have been more in favour of experimental group. Andrews et al had the largest weight amongst the studies due to
maximum number of events with a large sample size and thus had a great in�uence in the �nal result. Capra et al performed Cox proportional-hazard model,
adjusting for baseline variables age, sex, comorbidities like diabetes, hypertension, heart disease and serum polymerase chain reaction (PCR) at baseline.
Ramaswamy’s study was similar to Capra et al with inclusion of adjustment for Elixhauser-van Walraven comorbidity score, average modi�ed early warning
score (MEWS), highest level of care (ICU, Progressive, etc.), if mechanical ventilation was required, number of opioid doses, number of anti-diabetic drug doses,
number of anticoagulant doses and number of antibiotic doses. Rossi et al did propensity score matching at baseline with additional Cox multivariate
analysis with adjustment of confounders. Somers et al performed multivariable Cox regression with propensity score inverse probability weighting (IPTW).

Increased heterogeneity is because of variation in study population in the included studies. Hence, there is difference in effect estimate and con�dence interval
of included studies. Sensitivity analysis with exclusion of Sanz et al and Capra et al showed mortality bene�t with tocilizumab group as compared to standard
therapy along with low heterogeneity of 14%. Sanz et al was excluded in the sensitivity analysis as signi�cantly more severe patients were enrolled in
tocilizumab group (pulmonary disease, along with increased CRP and IL-6). In Sanz et al study, sensitivity analysis of subjects with baseline CRP levels above
150 mg/L and treated with tocilizumab had experienced lower rates of death (aHR 0.34, 95% CI 0.17 - 0.71, p=0.005) and ICU admission/death (aHR 0.39, 95%
CI 0.19 – 0.80, p=0.011) as compared to standard care. In sub-group with baseline CRP levels ≤150 mg/dL, this effect was not observed.

Sensitivity analysis was not performed for progression of disease and clinical improvement. In addition, no adjustment was done for the confounding factors,
more prevalent in tocilizumab group. Hence, these outcomes were downgraded for evidence both for ROB and inconsistency in GRADE quality assessment. In
addition as there is no difference in pooled effect estimate, both outcomes were downgraded for lack of imprecision also.

We found that patients receiving tocilizumab were associated with 66% decrease in odds of disease progression compared to control group, even though the
drug was administered to more severe patients. There was no signi�cant difference in odds of discharge from hospital as well as clinical improvement in two
treatment group. This may be due to lesser number of studies that had reported these two outcomes. Usually it was expected to have increase clinical
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improvement as well as hospital discharge. The other reason attributed could be the fact that patients with greater disease severity were administered
Tocilizumab at times even after failure of standard therapy.[23]

Serious adverse event of concern with tocilizumab is secondary bacteraemia and secondary pneumonia. Signi�cant increase in odds of secondary
bacteraemia and secondary pneumonia in patients treated with tocilizumab versus control was found in our systematic review. This is due to decrease in IL-6
inside the body, which is essential in combating the life threatening infections. However despite high rates of superinfection reported with tocilizumab no
statistically signi�cant deaths were reported.[26] Capra et al and Colaneri et al have reported absence of any adverse events in their cohorts. Capra et al
included all moderately diseased patients and administered a dose of 400mg of Tocilizumab irrespective of weight which could have resulted in the absence
of any adverse effects noted. It could be implied that in mild to moderate patients with minimal oxygen requirement lesser dose may be advocated to
minimize adverse events. Higher tocilizumab dose (maximum 800 mg) could have played a role in the increased rate of infections observed in other studies.
Colaneri et al evaluated end point at 7 days which could have been the reason for no adverse events reported.

The proposed mechanism of action of tocilizumab is inhibition of IL-6. This is one of the major cytokine involved in cytokine storm as well as patients with
happy hypoxia. Hence, inhibition of this cytokine has led to colossal bene�t with regard to mortality. To assess whether repeated tocilizumab administrations
were associated with different clinical outcomes, further studies may be required. Though we compared re-treated patients with those treated with a single
tocilizumab infusion; however, no statistically significant difference emerged.

Limitations And Strengths
A major shortcoming is our systematic review is of observational studies only, due to no completed clinical trials to date. Inherent selection bias in
observational studies due to higher likelihood of administering tocilizumab to patients with severs disease and poor prognostic factors must be duly
considered while interpreting our conclusions.

The strength is that we did GARDE analysis on the basis of which the results of unadjusted mortality rate were not given due consideration as further research
is very likely to have impact on our con�dence in the estimate of effect and likely to change the unadjusted mortality rate. Therefore, adjusted HR for mortality
was interpreted (High quality evidence - GRADE) and conclusion of decrease mortality with tocilizumab was drawn.

Quality of Evidence: (GRADE)

The overall quality of systematic review is moderate to high as the critical outcomes like mortality (adjusted HR) and progression of disease have high to
moderate quality of evidence respectively. Other critical outcomes like secondary pneumonia and superinfections also have a high and moderate quality of
evidence, respectively. This evidence suggests that further research is likely to have an important impact on our con�dence in the estimate and may change
the estimate in case of progression of disease and superinfections but unlikely to have an effect on estimate in case of mortality (adjusted HR).

Conclusion
Existing evidence from present systematic review of observational studies of tocilizumab in COVID-19 patients indicates a signi�cant reduction in mortality
rate (adjusted HR – 46% reduction of probability) with tocilizumab, alongside high quality of evidence. Progression of disease was observed in a signi�cantly
less number of individuals using tocilizumab with moderate quality of evidence. No difference in hospital discharge and clinical improvement was observed in
patients using tocilizumab, with low and very low quality of evidence. Tocilizumab usage was associated with 1.75 and 1.93 increased odds of secondary
bacteraemia and superinfections, with high and moderate quality evidence, respectively.

Further randomized clinical studies will be useful in order to better clarify the current results that seem to provide initial support to the administration of
tocilizumab in patients with COVID-19 pneumonia in order to prevent the complications due to cytokine storm and reduce mortality.

Abbreviation List
COVID-Corona Virus Disease

IL-6 - Interleukin (IL)-6

TNF-α- Tumour Necrosis Factor

GM-CSF- Granulocyte-macrophage colony stimulating factor

TH-17 – T-helper cells

TCZ - Tocilizumab

HCQ- Hydroxychloroquine

PRISMA - Preferred Reporting Items for Systematic Reviews and Meta-Analyses

PROSPERO - International Prospective Register of Systematic Reviews

ROBINS-I - The Risk Of Bias In Non-randomized studies of Interventions
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CI: Con�dence interval

OR - Odd ratios

HR - Hazard ratios

GRADE pro GDT - Grades of Recommendations, Assessment, Development and Evaluations (GRADE) guideline development tool

OIS - Optimal information size

PCR - Polymerase chain reaction

MEWS - Modi�ed early warning score

CRP - C-REACTIVE PROTEIN

CRS - Cytokine release syndrome

IPTW - Inverse probability weighting (propensity score)
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Table 1. Characteristics of clinical studies evaluating tocilizumab for treatment of COVID-19
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Study ID

(Study
design)

Institution/
Country of
study
conduct

Study
Interventions
(N)/
Regimen

Study control (N)/
Regimen

Study
population

characteristics

Study outcomes

Andrew et al
2020 [15]

(Retrospective
multicenter
cohort study)

Hackensack
Meridian
Health
network
(HMH)

New Jersey

Tocilizumab
(134); at
least 1 dose
after
entering ICU

No tocilizumab
(413)

Hospitalised
(ICU) COVID-
19 patients;

Males:
356/547
(65%)

Age [median
(IQR)]: 67 (58-
76)years

Mortality: Tocilizumab: [adjusted Hazard ratio (aHR: 0.76;
95%CI: 0.57-1.00; P=0.053)]; 30 day mortality rate : 46% in
tocilizumab vs 56% in control groups

Campochiaro
et al 2020 [16]
(single center
retrospective
cohort study)

San
Raffaele
Hospital,
Milan,
Italy

Tocilizumab
(32)

Standard treatment
(33)

Hospitalised
(non-ICU)
COVID-19
patients;
Males: 56
(86%), Age
[median
(IQR)]:64 (53-
75) in
tocilizumab vs
60 (55-75.5)
yrs in control
group

Over 28-day follow-up: Mortality: 5 (16%) patients in
tocilizumab vs 11 (33%) in control groups; p= 0.15. Need for
mechanical ventilation: 4(13%) vs 2(6%) in tocilizumab and
control groups respectively;p=0.43. Rate of discharge from
hospital:  20(63%) vs 16(49%) in tocilizumab and control
groups respectively; p=0.32. Median time to discharge: 13.5 (10
– 16.7) for tocilizumab versus 14 (12 – 15.5) days for control; p
= 0.99. Clinical improvement: 22 (69%) patients of the
tocilizumab group and in 20 patients (61%) of the control group,
p = 0.61. Serious adverse events: 8 (25%) patients in
tocilizumab group vs 9 (27%) patients in control group

Capra et al
2020 [17]
(retrospective
observational
study)

Montichiari
Hospital,
Italy

Tocilizumab
(62)

Standard (HCQ +
Lopinavir/ritonavir)
(23)

Hospitalised
patients with
COVID-19
related
pneumonia
and
respiratory
failure, not
needing
mechanical
ventilation;
Males: 64
(75%), Age
[median
(IQR)]:65
[54.5-73], yrs

Mortality: adjusted hazard ratio: 0.035 (0.004-0.347) p=0.004.
Mortality rate, n (% on patients with known clinical outcome): 2
(8%) in tocilizumab vs 11 (57.9%) in control groups.
Improved/discharged, n (% on patients with known clinical
outcome): 23(92%) vs 8 (42.1%) in tocilizumab and control
groups respectively. Days to discharge, median(range):12.5 (4-
18) vs 8 (7-15) days in tocilizumab and control groups
respectively.    

Colaneri et al
2020 [18]
(registry
analysis)

IRCCS
Policlinico
San Matteo
Hospital,
Pavia, Italy

Tocilizumab
(21)

Standard of care
(SOC) (91)

Critically ill
patients with
severe COVID-
19
pneumonia;

Males: 82
(73%); Age: 
63.5 (16.9) yrs

ICU admission: Odds Ratio: 0.11(0.00- 3.38); p = 0.22. 7-day
mortality rate: odds ratio: 0.78 (0.06- 9.34); p = 0.84. Safety: no
adverse events in tocilizumab group

Garcia et al
2020 [19]
(retrospective
study)

Hospital
clinic of
Barcelona,
Spain

Tocilizumab
(77)

SOC (HCQ +
Lopinavir/ritonavir,
antibiotics) (94)

Non-critically
ill COVID-19
patients.

Males: 112
(65.5%); Age:
61.5 (12.4) yrs
in tocilizumab
vs 61.4 (16)
yrs in control
group

Patients in Tocilizumab group has more frequently fever,
pneumonia (interstitial in�ltrates) and more need of oxygen
therapy. In addition, increased C-reactive protein (CRP) levels
(p=0.04) in tocilizumab group.

ICU admission: 10.3% in tocilizumab vs. 27.6% in control group,
p= 0.005. Need of invasive ventilation: 0 vs 13.8% in
tocilizumab and control groups respectively; p=0.001. Mortality:
10.3% vs 18% in tocilizumab and control groups respectively.

Kewan et al
[14]

(retrospective
cohort study)

Cleveland
Clinic
Fairview
Hospital, US

Tocilizumab
(28)

Standard of care
(23)

Hypoxic
COVID-19
patients.

Males: 20
(71%); Age
median: 62
yrs in
tocilizumab vs
70 yrs in
control group

Tocilizumab cohort was sicker because more patients required
admission to intensive care unit (86% vs. 70%, p = 0.19),
invasive mechanical ventilation (75% vs. 48%, p = 0.046),
vasopressor support (57% vs. 39%, p = 0.2), and renal
replacement therapy (25% vs. 9%, p = 0.16) during
hospitalization as compared to patients in no tocilizumab
cohort.

Single intravenous infusion of low-dose tocilizumab
(8mg/kgupto400mg).

Hospital discharge – 11 (39%) – Tocilizumab and 13 (57%) –
Control group.

Mortality – 3 (10.7%) and 2 (8.7%) in tocilizumab and control
groups respectively.

 



Page 11/16

Klopfenstein
et al 2020 [21]

(retrospective
case-control
study)

Nord
Franche-
Comté
Hospital,
France

Tocilizumab
(20)

Standard of care
(HCQ +
Lopinavir/ritonavir,
antibiotics) (25)

Critically ill
COVID-19
patients. Age:
76.8 (52-93)
yrs in
tocilizumab
and 70.7 (33-
96) yrs in
control group.

Tocilizumab group have high Charlson comorbidity index,
increased lymphocytes, CRP and 60% patients with >50% lung
involvement as compared to control group (25%).

Composite end point of death and/or ICU admissions: 25% vs
72% in tocilizumab and control groups respectively; p=0.002.

Quartuccio et
al 2020 [22]
(retrospective
study)

University
of Udine,
Udine, Italy

Tocilizumab
(42)

Standard of care
(69)

Hospitalised
COVID-19
patients.
Males: 77
(69.4%); Age:
58.5±13.6
years

Tocilizumab group has signi�cantly higher level of
in�ammation (↑CRP, IL-6 levels) and higher systemic disease
and organ damage (↑ Lactate dehydrogenase (LDH) and
Creatinine Kinase (CK) – probable cardiac damage) at baseline.

Mortality: 4 (9.5%) in tocilizumab group vs 0 in SOC group.
Clinical recovery: 30 (71.4%) in tocilizumab and 100% in SOC
group. Adverse events: Bacterial superinfection: 18 (42.8%)
patients in tocilizumab vs none in SOC group.

*Patients with adverse prognostic markers were given
tocilizumab

Ramaswamy
et al 2020 [23]
(case control
study)

LeBauer
Healthcare
at Cone
Health,
Greensboro
NC

Tocilizumab
(21)

No tocilizumab
(65)

Hospitalised
COVID-19
patients.

Males: 49
(57%); Age:
63.7±15.7 yrs

Tocilizumab group has high CRP and IL-6 levels, high average
modi�ed early warning score (MEWS), more patients requiring
mechanical ventilation, continuous renal replacement therapy.

Inpatient mortality: 3 (14.3%) in tocilizumab vs 8 (12.3%) in
control group; p=0.81; adjusted hazard ratio: 0.25, 0.07-0.90.

Rossi et al
2020 [24]
(retrospective
case-control
study)

Robert
Ballanger
regional
hospital,

France

Tocilizumab
(106)

Controls (140) Hospitalised
patients with
severe COVID-
19
pneumonia.

Males: 151
(61.4%), Age:
67.6 ±15.3yrs

Composite of all-cause mortality and invasive mechanical
ventilation: Propensity score matched cohort (n=168): HR= 0.49,
0.3-0.81;P=0.005;

Cox multivariable survival analysis, overall cohort (n=246):

adjusted HR: 0.29, 0.17-0.53;P<0.00001

Sanz et al
2020 [25]

(cohort study)

Spain Tocilizumab
(260)

Controls (969) Hospitalised
COVID-19
patients.
Males: 765
(62.2%); Age:
65 (55-76) vs
68(57-80) yrs
in tocilizumab
and control
groups
respectively

 

Tocilizumab group has high statistically signi�cant increased
CRP and IL-6 levels, LDH and absolute neutrophil counts as
compared to SOC

Mortality. Adjusted HR: 0.34, 0.16–0.72, p=0.005). Composite of
mortality or ICU admission. (aHR: 0.38, 0.19–0.81, p=0.011).

*in patients with higher CRP levels

Somers et al
2020 [26]

(cohort study)

University
of
Michigan,
USA

Tocilizumab
(78)

No tocilizumab
(76)

Mechanically
ventilated
patients with
COVID-19.
Males: 102
(66%); Age:
58±14.9 yrs

Mortality. Demographic adjusted HR for tocilizumab vs control:
0.54, 0.29–1.00; p=0.05. Adverse events. Bacterial
superinfections: 54% vs 26% in tocilizumab and control groups
respectively; p<0.001

Wadud et al
2020 [27]
(retrospective
case-control
study)

Orange
Regional
Medical
Center

Tocilizumab
(44)

Controls (50) Mechanically
ventilated
patients with
COVID-19.

Statistically signi�cant higher Average HS score (114 in
tocilizumab vs 92 in control), as well as elevated IL-6,
triglycerides, AST, ferritin in tocilizumab group.

Cytokine release syndrome (CRS)

Survival rate: 61.36% in tocilizumab vs 48% in control group,
p<0.00001

 

Table 2: GRADE recommendation for outcomes evaluated for the use of Tocilizumab in patients with COVID-19 infection caused by SARS-CoV-2
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Certainty assessment № of patients Effect

№ of
studies

Study design Risk of
bias

Inconsistency Indirectness Imprecision Other
considerations

Tocilizumab control Relative
(95%
CI)

Absolute
(95% CI)

Mortality

12 observational
studies

serious
a

serious b not serious serious c all plausible
residual
confounding
would suggest
spurious
effect, while
no effect was
observed

189/819
(23.1%)

484/1931
(25.1%)

OR 0.90
(0.74 to
1.11)

19 fewer
per
1,000
(from 52
fewer to
20
more)

Mortality (HR)

6 observational
studies

not
serious
d

not serious e not serious not serious none -/0 -/0 HR 0.54
(0.44 to
0.68)

1 fewer
per
1,000
(from 1
fewer to
0 fewer)

Progression of disease-ICU admission or need of ventilation

5 observational
studies

serious
a

serious f not serious not serious all plausible
residual
confounding
would reduce
the
demonstrated
effect

28/212
(13.2%)

77/266
(28.9%)

OR 0.34
(0.21 to
0.55)

168
fewer
per
1,000
(from
211
fewer to
106
fewer)

Hospital discharge

4 observational
studies

serious
a

not serious not serious serious g none 107/157
(68.2%)

111/175
(63.4%)

OR 1.35
(0.84 to
2.18)

66 more
per
1,000
(from 41
fewer to
157
more)

Clinical improvement

4 observational
studies

serious
a

serious f not serious serious g none 120/164
(73.2%)

115/148
(77.7%)

OR 1.02
(0.61 to
1.69)

3 more
per
1,000
(from 97
fewer to
78
more)

Secondary Bacteraemia

3 observational
studies

serious
h

not serious i not serious not serious strong
association

78/254
(30.7%)

64/558
(11.5%)

OR 2.75
(1.86 to
4.06)

148
more per
1,000
(from 79
more to
230
more)

Secondary Pneumonia or superinfection

4 observational
studies

serious
h

serious f not serious not serious strong
association

70/282
(24.8%)

45/581
(7.7%)

OR 2.93
(1.92 to
4.46)

120
more per
1,000
(from 61
more to
195
more)

CI: Con�dence interval; OR: Odds ratio; HR: Hazard Ratio

Explanations

1. The overall risk of bias was assessed as moderate due to confounding factors. Due to the imbalance of confounders, the results favored the control
group.
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2. High heterogeneity as I2 > 50%. Sensitivity analysis with the removal of Sanz et al and Capra et al have decrease heterogeneity to 14% with a statistically
signi�cant decrease in mortality with tocilizumab.

3. As the con�dence interval of pooled effect estimate includes 1, Hence, downgraded for imprecision.

4. As the confounders were adjusted so as to calculate adjusted HR, the confounders can't have effect on the pooled effect estimate. Hence, overall ROB for
adjusted HR for mortality was assessed as low.

5. I2 =74%, which showed an increase heterogeneity. However, as all the studies after adjustment of covariates had shown to decrease mortality with
tocilizumab, heterogeneity was ignored. Hence, not downgraded for inconsistency.

�. As I2>50%, hence downgraded for inconsistency.

7. As the con�dence interval of the pooled effect estimate includes 1. In addition, Overall information size (OIS) of 188 was not achieved. Hence,
downgraded for imprecision.

�. The overall ROB was assessed as moderate or serious for the included studies. Hence downgraded for ROB.

9. I2 >50%. As all studies have observed an increased risk of secondary bacteremia, heterogeneity was ignored.

 

Figures

Figure 1

PRISMA �ow chart depicting study selection process
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Figure 2

ROBINS-I: Risk of bias in observational studies evaluating tocilizumab in the treatment of COVID-19
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Figure 3

Mortality rate (unadjusted-3a)(adjusted-3b) of tocilizumab vs control treatment

Figure 4

Number of patients showing evidence of disease progression of tocilizumab vs control treatment
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Figure 5

Number of patients with secondary bacteraemia (5a) and secondary pneumonia (5b) (tocilizumab vs control treatment)
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