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Abstract
Purpose Tocilizumab has shown equivocal outcomes in reducing mortality in COVID-19. The corticosteroids appear to 
be an affordable alternative to tocilizumab. This study aims to estimate the efficacy of tocilizumab and the corticosteroids 
particularly dexamethasone and methylprednisolone and to identify possible determinants of their efficacy.
Methods Five electronic databases were searched for studies involving tocilizumab, dexamethasone, and methylprednisolone 
in treating COVID-19. We included case–control and randomized or partially randomized trials. Meta-regression for patient 
baseline characteristics, co-medications, and tocilizumab dose regimens was performed to identify contributing factors to 
drug efficacy.
Results Thirteen randomized controlled trials (RCTs) and twenty-four case–control studies were included in our meta-
analysis involving 18,702 patients. Meta-analysis among the RCTs showed that a summary estimate favoring mortality 
reduction (OR 0.71, 95%CI 0.55 – 0.92) contributed mainly by tocilizumab and dexamethasone. Among case–control stud-
ies, meta-analysis showed mortality reduction (OR 0.52, 95%CI 0.36 – 0.75) contributed by tocilizumab and tocilizumab-
methylprednisolone combination. Methylprednisolone alone did not reduce mortality except for one study involving high 
dose pulse therapy. Meta-analysis also found that all three drugs did not significantly reduce mechanical ventilation (OR 
0.72, 95%CI 0.32 – 1.60).
Conclusion Tocilizumab and dexamethasone emerge as viable options in reducing mortality in severe COVID-19 patients. 
A tocilizumab-corticosteroid combination strategy may improve therapeutic outcome in cases where single therapy fails.

Keywords COVID-19 · Tocilizumab · Dexamethasone · Methylprednisolone · Meta-analysis

Introduction

The spread of severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) continues to challenge the capacity of 
healthcare systems and government public health policies 
worldwide. As of mid-January 2021, the coronavirus disease 
2019 (COVID-19) pandemic has resulted in over 94 million 
cases and over 2 million deaths globally. The mortality rate 
has clearly increased in last three months which recorded 
approximately 1 million deaths in that period alone [1]. An 
updated re-evaluation of efficacy of the current COVID-19 
treatment strategies to reduce disease mortality is important 
at this juncture of the pandemic.

Mortality attributable to SAR-CoV-2 infection occurs 
mainly through the development of viral pneumonia-induced 
acute respiratory distress syndrome (ARDS), multi-organ 
failure, and blood clots. Accumulating evidence suggests 
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these severe and potentially fatal clinical manifestations are 
associated with increased levels of inflammatory mediators 
including cytokines and chemokines such as interleukin-2 
(IL-2), IL-6, IL-10, tumor necrosis factor (TNF), mac-
rophage inflammatory protein alpha (MIPα or also known 
as CCL), C-reactive protein (CRP), ferritin, and D-dimer 
in the blood of severely ill COVID-19 patients [2–4]. The 
high correlation between blood IL-6 and disease mortality 
suggests that fatal COVID-19 is characterized as a cytokine 
release syndrome (CRS) induced by a cytokine storm with 
high mortality [5]. These notable features provide the basis 
for the use of anti-inflammatory and immunomodulatory 
agents to counter the hyperinflammation in severe COVID-
19. These immune system-modulating drugs already in clini-
cal use for other inflammatory and autoimmune disorders 
have been repurposed to treat COVID-19. Among them, the 
interleukin-6 receptor antagonists including tocilizumab and 
sarilumab, and the less costly corticosteroids such as methyl-
prednisolone and dexamethasone are the current prominent 
examples most frequently reported [6]. Despite the theoreti-
cally sound rationale supporting the use of the IL-6 inhibi-
tors and corticosteroids, early studies investigating them as 
COVID-19 treatments have shown mixed outcomes [6]. In 
addition, there still lingers the controversy of using immu-
nomodulatory drugs in an infection which may reduce the 
immune system’s ability to overcome the viral infectious 
agent and may instead worsen disease outcome and increase 
the risk of secondary infections [7, 8].

In this systematic review, we aimed to collate studies 
investigating the use of tocilizumab and corticosteroids 
particularly dexamethasone and methylprednisolone in 
COVID-19 treatment and sought for summative evidence 
for their efficacy in treating the disease. Particularly, we 
assessed the ability of the drugs to reduce mortality and 
prevent events of needing invasive mechanical ventilation in 
severe COVID-19 cases. By including both tocilizumab and 
the corticosteroids in our analysis, we also aimed to compare 
the efficacy of tocilizumab, an expensive drug with the less 
costly dexamethasone and methylprednisolone. Finally, we 
aimed to determine the possible predictors that may explain 
the efficacy (or non-efficacy) of the drugs.

Methods

A systematic review was conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guideline [9] on available quantitative 
studies that reported on treatment of COVID-19 with toci-
lizumab and corticosteroids. The study was registered with 
the National Medical Research Register of Malaysia (No: 
NMRR-20–2263-56296). This study did not require ethical 

approval as all analyses were performed on data extracted 
from published studies.

Literature search strategy

An extensive search of literature published in the electronic 
databases PubMed, Google Scholar, Scopus, Wiley and 
Science Direct was conducted from January 2020 to Octo-
ber 2021 using the following search terms: ‘Covid-19’ OR 
‘SARS-CoV-2’ AND ‘tocilizumab’, ‘interleukin 6’, ‘IL-6’, 
‘corticosteroid’, ‘dexamethasone’ and ‘methylprednisolone’. 
In addition, the bibliography of each retrieved article was 
screened for relevant articles.

Study selection and data collection

Randomized controlled trials (RCTs) and case–control stud-
ies in the English language on anti-IL-6 receptor antibody 
tocilizumab or corticosteroids (methylprednisolone and 
dexamethasone) in comparison to standard of care (SOC) 
for the treatment of COVID-19, and reporting at least one of 
four outcomes (mortality, requirement for mechanical ven-
tilation, admission to intensive care unit and day of hospi-
talization) were included. Publications which only involved 
a single arm (treatment without SOC), editorials, reviews, 
notes, comments, conference proceedings and letters were 
excluded. A standardized data collection sheet was used to 
extract the data. The following information was collected: 
first author, publication title, year of publication, country, 
study design, description of the study population and the 
outcomes.

Potentially eligible studies were selected by screening the 
titles and abstract independently by two investigators (LPC, 
RR). After removal of duplications, the full text articles 
were obtained and assessed for eligibility by two investi-
gators (CMF, WKL) by applying the predefined inclusion 
and exclusion criteria. Decisions to include or exclude were 
compared between the two investigators. When disagree-
ments arose and primary reviewers could not reach a con-
sensus, the other investigators were consulted to resolve the 
disagreement.

Quality assessment

Quality assessment of eligible studies was performed by 
two reviewers (LPC, RR) independently using the modified 
Jadad scale [10, 11] for RCTs and the Newcastle–Ottawa 
scale [12] for case–control studies. The modified Jadad 
scale consists of eight items measuring representativeness. 
These including two items each for grading randomization 
and blinding and one item each for grading withdrawal and 
dropout, inclusion or exclusion criteria, adverse effect and 
statistical analysis. The score ranges from 0 (lowest quality) 
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to 8 (highest quality) with scores ranging from 0 to 3 denot-
ing poor to low quality and 4 to 8 indicating good to excel-
lent quality. On the other hand, the Newcastle–Ottawa scale 
contains three domains to assess the quality of the selection 
of case and control, the comparability of case and control 
and the ascertainment of exposure [12]. The scoring was a 
star for each item in selection and exposure and a maximum 
of two stars for comparability for a total score that ranges 
from 0 to 9 stars [13].

Statistical analysis

Heterogeneity among the studies was determined using  I2 
statistic.  I2 value of 25%, 50% and 75% were considered 
low, moderate and considerable heterogeneity respectively 
[14]. Data was pooled using the Mantel–Haenszel method 
and the Hartung-Knapp-Sidik-Jonkman random-effects 
model. Odd ratios of each study were generated and forest 
plots constructed. Subsequently, meta-regression analysis 
was performed to explore a priori variables that possibly 
affect the overall efficacy of the drugs in reducing mortal-
ity. These variables include the baseline characteristics of 
the populations (age, gender composition, comorbidities, 
and levels of CRP, ferritin, and IL-6), time of treatment ini-
tiation, tocilizumab dose and number of doses given, and 
the SOC co-medications given. Other variables were not 
included because of missing data. Additionally, for studies 
that showed significant reduction in mortality, independent 
t-tests were performed comparing the treatment versus SOC 
arms for each of the variables. Finally, a funnel plot was con-
structed and Egger’s test of asymmetry performed to assess 
for publication biases.

Meta-analysis, meta-regression and generation of the 
plots were performed using R software version 4.0.3 (The 
R Core Team, Vienna, Austria) and the metafor v2.4.0 pack-
age [15]. Paired t-tests were done using SPSS 16.0 (IBM 
Corp., New York, US).

In addition, trial sequential analysis was conducted 
using TSA software version 9.5.10 (Copenhagen Trial Unit, 
Copenhagen, Denmark) for included RCTs in this meta-
analysis to determine whether the cumulative evidences 
were reliable. The adjusted required information size was 
calculated using alpha = 0.05 (two-sided) and beta = 0.20 
(80% power).

Results

Electronic database searches initially identified 5,852 poten-
tially relevant publications (Fig. 1). After removal of dupli-
cations, exclusion of irrelevant publications based on title 
and abstract and further exclusion of articles based on the 

eligibility criteria, 13 RCTs [16–28] and 24 case–control 
studies [29–52] were included in the meta-analysis.

The studies included were conducted in single-centres or 
multi-centres in several countries namely Canada, United 
States of America, Mexico, Brazil, United Kingdom, France, 
Germany, Denmark, the Netherlands, Italy, Spain, Kenya, 
Iran, India and China. A total of 18,702 COVID-19 patients, 
a majority of them being male (69.5%) were included in this 
systematic review. All the patients included in the analysis 
were hospitalized and were having stage 3 severe COVID-
19 infection (having one or more of these characteristics: 
 SpO2 < 94% on room air at sea level, a ratio of arterial partial 
pressure of oxygen to fraction of inspired oxygen  (PaO2/
FiO2) < 300 mm Hg, respiratory frequency > 30 breaths/
min, or lung infiltrates > 50%) as well as stage 5 patients 
requiring invasive mechanical ventilation. The evidence is 
summarized in Tables 1 and 2.

The quality assessment tables for the RCTs and case–con-
trol studies included in the systematic review are given in 
Supplementary Data Tables S1 and S2. Ten RCTs did not 
mention the assessment of adverse events in their methodol-
ogy but reported the adverse events in the result. Majority 
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of the studies performed web-based block-randomization 
but did not blind the clinicians and patients (open-label) 
while only two RCTs were double blinded. Patients in the 
control group were not informed about the study in studies 
conducted by Hermine et al. [27] and Salvarani et al. [23]. 
All randomized control studies were of good to excellent 
quality except for the study by Coral-Gudino et al. [16] that 
only scored 3. The studies by Tomazini et al. [19], Edalati-
fard et al. [22], Hermine et al. [27], RECOVERY [26] and 
Salvarani et al. [23] scored 5 while the studies by Jeronimo 
et al. [18], Horby et al. [17], Salama et al. [20], Rosas et al. 
[21], REMAP-CAP [24] and Soin et al. [28] scored 6 each. 
Meanwhile, the study by Jamaati et al. [25] scored 4 as there 
was no description on blinding, withdrawal and also no men-
tion on the method of assessing adverse effects. The study by 
Corral-Gudino et al. [16] was graded poor quality as there 
was no description on blinding and partial randomization 
was practiced since there was a clinician preference arm. 
All the case–control studies were graded good quality with 
6 to 9 stars except for the studies by Wadud et al. [34] and 
Huang et al. [50]. Wadud et al. [34] scored 3 stars because 
there was no mention of study selection and in terms of 
comparability, no data on gender and co-morbidities. On 
the other hand, the study by Huang et al. [50] scored 5 stars 
because of selection bias.

A meta-analysis pooling data from the 13 RCTs (Fig. 2) 
yielded a summative odds ratio for mortality of 0.71 (95%CI 
0.55—0.92) with considerable heterogeneity  (I2 = 79%, 
τ2 = 0.07, p < 0.01). This summative odds ratio for mor-
tality indicated that when all studies involving the three 
drugs were considered in a single analysis, the treatments 
showed a significant reduction in mortality. Individually 
examining each RCT however, we identified two studies 
involving tocilizumab that contributed to this favourable 
outcome: REMAP-CAP (OR 0.63 95%CI 0.46—0.86) and 
RECOVERY (OR 0.83 95%CI 0.73 – 0.95). Among studies 
involving the corticosteroids, only the study by Horby et al. 
[17] involving dexamethasone stood out to reduce mortal-
ity significantly (OR 0.45, 95% CI 0.39 – 0.52). None of 
the trials involving methylprednisolone indicated COVID-
19 mortality reduction except for the study by Edalatifard 
et al. [22] which used high-dose (> 1.5 mg/kg/day) pulse 
methylprednisolone.

All-treatment meta-analysis of the 24 case–control stud-
ies (Fig. 3) yielded an overall summative odds ratio indi-
cating mortality reduction (OR 0.53 95%CI 0.37 -0.77). 
Of these 24 studies, seven studies that showed favourable 
outcomes involved tocilizumab [30, 32, 37–41]. The one 
study involving dexamethasone, Fusina et al. [51] failed to 
reduce COVID-19 mortality (OR 1.28 95% CI 0.99 -1.67) 
while the two studies included that used methylprednisolone 
alone (Mikulska et al., OR 0.32, 95% CI 0.10 – 1.03; Nelson 
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et al., OR 0.42 95% CI 0.16—1.15) did not show significant 
mortality reduction [43, 44].

Interestingly, two studies involving tocilizumab co-treated 
with methylprednisolone gave positive outcomes in reduc-
ing mortality [37, 43]. The study by Mikulska et al. [43] 
involved three treatment arms: (i) treatment with tocilizumab 
alone, (ii) treatment with methylprednisolone alone, and (iii) 
tocilizumab co-treated methylprednisolone (1 mg/kg/d, low 
dose). Both tocilizumab only and methylprednisolone only 
treatment arms failed to show mortality reduction (OR 0.32, 
95%CI 0.10 – 1.03 and OR 0.81, 95%CI 0.36 – 1.36, respec-
tively). The tocilizumab co-treated with low dose methyl-
prednisolone, in contrast significantly reduced COVID-19 
mortality (OR 0.20, 95%CI 0.07 – 0.56). A similar outcome 
was shown in the study by Ramiro et al. [37], also known 
as the CHIC study. This study employed a strategy in which 
high dose pulse methylprednisolone (250 mg) was given on 
day 1 and followed by lower doses (80 mg) on days 2 to 5, 
with tocilizumab added when no improvement was seen. A 
significant positive outcome in mortality reduction was seen 
in this study (OR 0.21, 95%CI 0.10 -0.43).

Only one study by Horby et al. [17] with dexametha-
sone 6 mg/d (low dose) gave significant positive outcome 
(OR 0.45 95%CI 0.39 – 0.52). None of the studies involv-
ing methylprednisolone alone showed significant mortality 
reduction while the trial by Jamaati et al. [25] and Tomazini 
et al. [19] involving high dose dexamethasone (20 mg/d) 
failed to show mortality reduction. An exception was the 
study by Edalatifard et al. [22] which treated mild, non-
ARDS COVID-19 patients with high dose methylpredni-
solone (250 mg/d). The larger number of studies favouring 
tocilizumab versus that of the corticosteroids in our analysis 
appeared to suggest that tocilizumab was a superior drug 
to the corticosteroids in reducing mortality among severe 
COVID-19 patients. To determine how tocilizumab would 
fare by itself, we combined all studies, both RCTs and 
case–control that only involved tocilizumab. A meta-analy-
sis of this combination yielded favourable outcome towards 
mortality reduction (OR 0.63 95% CI 0.44—0.88) (Fig. 4).

A meta-analysis was also performed on a secondary out-
come: the efficacy of tocilizumab and the corticosteroids 
in preventing events in which disease conditions deterio-
rate toward needing invasive mechanical ventilation (IMV). 
12 studies provided data on events of IMV needed for this 
analysis. Hence, an analysis was run on these 12 studies with 
the result shown in Fig. 5. The summative odds ratio (0.72, 
95%CI 0.32 -1.60) in this analysis indicated all treatments 
(tocilizumab, methylprednisolone, and dexamethasone) did 
not significantly prevent the events of patient conditions 
worsening towards IMV. On individual examination, only 
the studies of Canziani et al. [36] involving tocilizumab 
IV infusion of 8 mg/kg (> 400 mg), using up to two doses 
(OR 0.11, 95%CI 0.05—0.27), Ramiro et al. [37] using Ta
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tocilizumab co-treated with methylprednisolone (OR 0.34, 
95%CI 0.15 – 0.76), and Horby et al. [17] involving dexa-
methasone (OR 0.72, 95%CI 0.57—0.90) gave favourable 
outcome in reducing events of IMV (Fig. 5).

We next examined the possible contributing factors that 
may have affected the mortality outcomes of the drugs. Fac-
tors such as whether the patients were co-medicated with 
other drugs, most commonly antiviral drugs (lopinavir-rito-
navir, remdesivir), azithromycin, hydroxychloroquine, and 
prophylactic anticoagulants, were included in the analy-
sis. The result of the meta-regression analysis is given in 
Table 3.

We found that of all the variables analysed, only co-med-
ication with azithromycin showed significant contribution 
(p < 0.01) to the mortality outcome of the treatment with 
tocilizumab or dexamethasone. All patients’ baseline char-
acteristics (age, high percentage of male patients, substantial 
number of hypertensive patients, high levels of CRP) did not 

contribute to mortality outcome of the drugs. The time to 
initiate the drugs was also not significant. Higher doses of 
tocilizumab (> 400 mg) as well as number of tocilizumab 
doses given (up to 2 doses) did not significant affect the 
mortality outcome of tocilizumab. The sole significant pre-
dictor (co-medication with azithromycin) led us to exam-
ine the studies in which azithromycin was given. It was 
observed that of 11 studies that included azithromycin as 
co-medication, only two studies (Biran et al., tocilizumab 
[40] and Horby et al., dexamethasone [17]) showed signifi-
cant mortality reduction. The remainder were studies which 
showed unfavourable mortality outcomes. Independent t-test 
of the possible factors associated to the reduction in mor-
tality using tocilizumab demonstrated no significant differ-
ences among both treatment and SOC arms in terms of age, 
hypertension, heart disease, CRP and ferritin. Nevertheless, 
the percentage of patients with diabetes in the tocilizumab 
arm was significantly lower than the SOC arm (23.0 ± 10.0% 

Fig. 2  Forest plot for the effect 
for all treatments (tocilizumab, 
methylprednisolone, and 
dexamethasone) on mortality in 
randomised controlled trials

Fig. 3  Forest plot for the effect 
of all treatments (tocilizumab, 
methylprednisolone, and 
dexamethasone) on mortality in 
case–control studies
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vs. 29.2 ± 10.1%, p = 0.002). Three studies (Biran et al. [40], 
Canziani et al. [36] and Mikulska et al. [43]) reported sig-
nificantly lower number of diabetic patients in their tocili-
zumab arms. In addition, there were significantly more male 
patients in the tocilizumab arm compared to the SOC arm 
(74.7 ± 8.1% vs. 70.9 ± 8.8%, p = 0.028).

A funnel plot was constructed to detect publication bias 
(Fig. 6). Majority of the studies formed a coherent cluster 
symmetrically around the summative odds ratio at the top of 
the plot indicating that most studies contained small stand-
ard errors and the absence of publication bias. Egger’s test of 
asymmetry confirmed no significant asymmetry (p > 0.05).

In addition, in view of studies that continue to appear, a 
trial sequential analysis (TSA) was conducted to determine 
that the included RCTs were significantly adequate. TSA 
on all RCTs involving the corticosteroids and tocilizumab 
showed that firm evidence was lacking and more trials were 

still needed (Supplementary data, Figure S1). Hence, it 
could not be concluded that the interventions were unlikely 
to reduce mortality. A second TSA was conducted on RCTs 
involving tocilizumab only. This analysis showed statistical 
significance (Supplementary data, Figure S2). However, the 
required information size to detect or reject the reduction in 
mortality with certainty has yet to be reached.

Discussion

This systematic review demonstrated that tocilizumab was 
better than the corticosteroids in treating COVID-19. Corti-
costeroids that are also immunomodulators are inexpensive 
and widely available in most healthcare systems worldwide 
compared to tocilizumab. It would have been desirable if 
methylprednisolone and dexamethasone have comparable 

Fig. 4  Forest plot for the effect 
of tocilizumab alone on mortal-
ity

Fig. 5  Forest plot for effect of 
all treatments (tocilizumab, 
methylprednisolone, and 
dexamethasone) on the event of 
invasive mechanical ventilation

223DARU Journal of Pharmaceutical Sciences (2022) 30:211–228



1 3

efficacy to tocilizumab. Nevertheless, none of the studies 
that involved methylprednisolone including one highly pow-
ered, randomized, double-blinded, placebo-controlled trial 
by Jeronimo et al. [18] demonstrated significant reduction 
in mortality. While for the three RCTs involving dexametha-
sone [17, 19, 25], only the study by Horby et al. [17], also 
known as the RECOVERY trial, showed significant reduc-
tion in mortality of severely ill (stages 4 to 5) COVID-
19 patients. In the two studies involving high dose pulse 
(> 1.5 mg/kg/day) methylprednisolone therapy, the results 
were equivocal. Edalatifard et al. [22] showed significant 
mortality reduction but the study by Ruiz-Irastorza et al. 
[45] failed to show positive outcome in preventing death 
or intubation.

The mixed outcomes shown by the corticosteroids par-
ticularly methylprednisolone in these studies may be due 
to the heterogeneity of (i) the doses and treatment proto-
cols employed, and (ii) the stage of disease severity expe-
rienced by the patients. Compared to the fixed dose of 
6 mg once daily (a low dose regimen) of dexamethasone 
in the RECOVERY trial, the dexamethasone trial of Tom-
azini et al. [19] failed to reduce mortality in contrast to the 

RECOVERY trial probably because of the higher dose of 
intravenous dexamethasone (40 mg) used in the Tomazini 
et al. study to treat the critically ill (stage 5) COVID-19 
patients. The degree of inflammatory response as indicated 
by biomarkers such as CRP and IL-6 may have affected the 
outcome of the corticosteroid treatment. Patients who were 
less inflamed and had low CRP levels (< 100 mg/L) as seen 
in studies by Jeronimo et al. [18] and Mikulska et al. [43] 
did not benefit from methylprednisolone treatment. In the 
RECOVERY trial, it was also noted that treating less severe, 
stage 3 patients (who did not need oxygen support) with 
dexamethasone resulted in a trend toward increased mortal-
ity [17]. A hypothesis to explain this phenomenon is that 
early corticosteroid use in patients with less severe disease 
could lead to increased viral load due to more viral shedding 
which in turn lead to more inflammation and delayed viral 
clearance as suggested by several researchers [53, 54].

On the other hand, the summative odds ratio showed toci-
lizumab reduced mortality significantly, even though tocili-
zumab was found to reduce mortality in two out of six RCTs 
and six out of the twenty case–control studies. Univariate 
meta-regression analysis was used to identify if age, gender, 
underlying co-morbidities such as arterial hypertension and 
diabetes mellitus, surrogate markers of disease severity such 
as CRP, IL-6 and ferritin levels, as well as co-medications 
may have affected the efficacy of the drug. These variables 
were selected because of their reported strong association 
with disease prognosis and severity [55–58].

We did not find any variables that significantly corre-
late with tocilizumab efficacy except for co-treatment with 
azithromycin. Majority of the tocilizumab studies that 
involved azithromycin in their treatment regimen (nine out 
eleven) showed inefficacy of tocilizumab to reduce mortality. 
This suggested that adding azithromycin in COVID-19 treat-
ment with tocilizumab did not benefit treatment outcome and 
may even be deleterious. The rationale for azithromycin as a 
part of COVID-19 treatment regimen mainly stemmed from 
its role as empirical treatment against community acquired 
pneumonia in COVID-19 patients possibly co-infected with 
bacteria. The drug has been shown to have antiviral and 
immunomodulatory properties in in vitro and animal experi-
ments but clinical evidence supporting these attributes is 
absent [59]. Our finding concurs with the finding of one 
RCT assessing efficacy of adding azithromycin in the SOC 
treatment of COVID-19 (COALITIONII) which showed that 
the drug did improve therapeutic outcome [60].

We found that factors characterizing how tocilizumab 
was used in these studies particularly the dose (400 mg 
or > 400 mg), the number of doses (only one dose or two 
doses given) and the time of the drug were also insignifi-
cant to tocilizumab efficacy. Contrary to the general notion 
on the importance of initiating the drug at a crucial time to 
capture the therapeutic “window”, the time of drug initiation 

Table 3  Meta-regression analysis of variables against the summative 
odds ratio of mortality. Significant contribution at p < 0.01 is indi-
cated by **

Variables p-value

Co-medications
Lopinavir-ritonavir 0.1397
Hydroxychloroquine 0.6799
Azithromycin 0.0065**
Other antibiotics 0.9212
Other antivirals (including remdesivir) 0.9765
Prophylactic anticoagulants (LMW heparin, enoxaparin) 0.5517
Time of initiating treatment from symptoms onset (day) 0.7462
Number of tocilizumab dose given 0.4789
Dose of tocilizumab given (400 mg or > 400 mg) 0.4310
Age of treatment arm (year) 0.4406
Age of the SOC arm (year) 0.0873
Percentage of male in treatment arm (%) 0.7939
Percentage of male in the SOC arm (%) 0.0696
Percentage of hypertension in treatment arm (%) 0.2233
Percentage of hypertension in SOC arm (%) 0.5380
Percentage of diabetes mellitus in treatment arm (%) 0.1213
Percentage of diabetes mellitus in SOC arm (%) 0.8781
C-reactive protein level in treatment arm 0.9329
C-reactive protein level in SOC arm 0.7683
IL-6 level in treatment arm 0.8973
IL-6 level in SOC arm 0.8993
Ferritin level in treatment arm 0.4851
Ferritin level in SOC arm 0.5674
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from symptoms onset was insignificant. This failure to detect 
the significance of this factor may have stemmed from the 
time of drug initiation between the studies were not varied 
significantly (average time 9.3 ± 2.0 days from symptoms 
onset). Moreover, the decisions to start treatment were in 
practice, governed by the clinical manifestations of the 
patients such as chest CT scans and lung functions as indi-
cation of severity rather than a pre-determined time [61]. 
The other parameters indicating baseline severity especially 
inflammation severity such as IL-6, ferritin and CRP levels 
also were insignificant to tocilizumab efficacy. It may be 
due to these parameters being fluid and dynamic in nature 
and the values that we have extracted were recorded at vari-
able timepoints in the disease evolution of the patients and 
as such were not sufficiently robust to show significance. 
Nevertheless, patients in most studies [20, 21, 24, 30, 32, 

39, 41] with positive mortality reduction outcome had CRP 
values ranging from 90 to 150 mg/L which are potential sig-
nals to initiate tocilizumab. This implicates that the time to 
initiate tocilizumab should best be dictated by the levels of 
inflammatory markers such as CRP levels. This finding has 
presently been established in tocilizumab protocols which 
recommend the initiation when CRP levels exceed 75 mg/L 
[62, 63].

A notable modulator to tocilizumab efficacy in both 
reducing mortality that we have found in this study is the 
concomitant treatment with a corticosteroid such methyl-
prednisolone. This is most evident in the positive outcomes 
shown by Ramiro et al. or CHIC study which used a 3- to 
6-day course of methylprednisolone with the addition of 
tocilizumab in the later stage of the disease. The benefit of 
combination therapy with a corticosteroid and tocilizumab 

Fig. 6  Funnel plot for (a) ran-
domised clinical trials, and (b) 
case–control studies included in 
the meta-analysis
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has also been confirmed by RECOVERY and REMAP-CAP. 
The small study by Malgorzata et al. in which the tocili-
zumab + methylprednisolone treatment arm showed positive 
outcome in both preventing death and intubation versus sin-
gle treatment arms was an early indication to this trend. This 
finding again is in line with the latest knowledge regarding 
the use of tocilizumab in COVID-19 [62, 63].

No factors of patient co-morbidities were found to affect 
the outcome of tocilizumab treatment although there were 
significantly less diabetic patients in the treatment arms of 
tocilizumab studies that showed positive outcome. This may 
suggest that in the face of ARDS and the cytokine storm syn-
drome experienced by the COVID-19 patients, the chronic 
diseases did not affect the outcome of tocilizumab treatment. 
The effect of diabetes mellitus toward disease prognosis and 
tocilizumab efficacy may be important here and requires a 
more focused approach to confirm its significance.

Meta-analysis on the efficacy of the three drugs (tocili-
zumab and the corticosteroids) in lowering events of IMV 
found that overall, the drugs were ineffective in reducing 
events of disease progression towards being mechanically 
ventilated. On a study-level, only two studies (Canzani et al. 
and Ramiro et al.) involving tocilizumab showed positive 
outcome in IMV event reduction. The RECOVERY trial [17] 
was the sole study among those assessing corticosteroid effi-
cacy in preventing IMV that showed dexamethasone to be 
effective. Dexamethasone was relatively consistent in this 
respect in addition to its mortality reduction. We propose 
that the corticosteroid was efficacious in both respects pos-
sibly because it was used as a single, defined dose and was 
used in the patients who presented highly inflamed condi-
tions and were critically ill and requiring assisted ventilation.

Immunosuppressive adverse effects ensuing the use of 
immunomodulators such as tocilizumab and corticosteroids 
have always been the concern when they are used for an 
infectious disease such as COVID-19. There are occurrences 
of secondary bacterial infections that came with tocilizumab 
use but these cases had not led to deaths [63]. The corticos-
teroids in contrast, despite their immune-modulating action, 
seldom led to secondary infections but may cause hyper-
glycemia and may potentially lead to the onset of diabetes 
[64–66]. But weighed against the almost equal benefits of 
both drugs and the combination of the two in COVID-19 
mortality reduction as seen in this review, their use as key 
COVID-19 treatment modalities is strongly justified.

This review included five databases search that involved 
two reviewers at every phase to minimise bias. However, 
there are a few limitations in this review. During data extrac-
tion, kappa to test reviewer reliability was not conducted. 
Nevertheless, the two reviewers discussed and when disa-
greement arose, other reviewers were consulted to resolve 
the disagreement. Besides, this review was a health-related 
study in which kappa interpretation might be too lenient 

[67]. In addition, extensive search strategies were employed 
to identify the relevant literature but some studies may 
have been missed due to the terminology used to describe 
COVID-19 treatment with tocilizumab and corticosteroid 
particularly methylprednisolone and dexamethasone. Only 
English language studies were included for the review that 
may have reduced the representativeness of our findings. 
Besides, only RCTs and case–control studies were included 
so that we could synthesize the odds of the outcome of inter-
est. Still, we might have missed the important reports of 
cohort studies.

Nevertheless, this review concludes that tocilizumab and 
dexamethasone were effective in reducing the mortality of 
severe COVID-19 patients but could not reduce the inci-
dence of ventilation. This review also found that no factors 
affected the efficacy of tocilizumab and dexamethasone. 
Hence, dexamethasone being the less costly alternative may 
be the drug of choice in the treatment of severe COVID-19 
patients.
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