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ABSTRACT
Objective. People who are exposed 
to severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) could de-
velop a potentially fatal disease with 
lung involvement and severe cytokine 
storm syndrome (CSS) – coronavirus 
disease 2019 (hereafter, COVID-19). 
Tocilizumab (TCZ) was administered 
to these subjects, despite the lack of 
randomised clinical trial data. Hence, 
summarising data on the mortality rate 
and related risks factors may help phy-
sicians to correctly administer TCZ.
Methods. We performed a systematic 
review and meta-analysis on mortal-
ity rate in TCZ- treated patients with 
COVID-19 according to the PRISMA 
guidelines. The pooled mortality rate 
in TCZ-treated persons was calculat-
ed and meta-regressions were done to    
investigate associated factors.
Results. We included 22 studies and 
1520 TCZ-treated patients (mean 
age: 61 years, 95% CI: 59–64; male: 
71%, 95% CI: 64–78%). The mor-
tality estimated pooled prevalence 
was 19% (95% CI: 13–25, I2=100%, 
p<0.00001) and improvement estimat-
ed pooled prevalence was 71% (95% 
CI: 62–81). Factors associated with 
the mortality are the number of pa-
tients in intensive care unit, the num-
ber of patients requiring invasive ven-
tilation and the sera C-reactive protein 
value before TCZ administration. We 
observed a reduction in the odds of 
mortality in TCZ-treated patients when 
compared to those treated with other 
therapies (OR=0.47, 95% CI: 0.22–
0.98, p=0.004).
Conclusion. This study showed that 
the mortality pooled prevalence in 
TCZ-treated patients is lower than the 
overall mortality reported in patients 
with severe COVID-19.

Introduction
On March 11, 2020, the World Health 
Organization (WHO) declared the mas-
sive global outbreak of severe acute 
respiratory syndrome coronavirus 2 
(SARS-CoV-2) to be a pandemic. Un-
derstandably, we are facing one of the 
most important health challenges in the 
21st century. In this context, evidence-
based medicine (EBM) data are crucial 
to correctly allocate our resources to 
optimise COVID-19 management. Al-
though the majority of infected patients 
show only a flu-like illness, charac-
terised by high fever, cough, myalgia, 
and fatigue, lung involvement has been 
reported in 70% cases (1). In those 
with pulmonary involvement, the as-
sociated negative prognostic factors 
are age; male sex; co-morbidities such 
as cardiovascular diseases (CVDs); co-
infections; and increased serum levels 
of pro-inflammatory markers such as 
C-reactive protein (CRP), interleukin 
(IL)-6, and ferritin (2). IL-6 is an in-
flammatory molecule involved in the 
development of cytokine storm syn-
drome (CSS), which characterises se-
vere COVID-19 (3-5). Inhibiting IL-6 
is considered one of the best therapeu-
tic options during CSS, as previously 
reported in chimeric antigen receptor 
T-cell therapy in oncologic patients (6). 
Tocilizumab (TCZ) is a recombinant 
humanised antibody directed against 
the IL-6 receptor, and it is capable of 
inhibiting the binding with both solu-
ble and cell-surface receptors, thereby 
preventing the downstream signaling 
cascade (7).
Accordingly, the first clinical trial was 
planned in China to investigate the ef-
ficacy and safety of TCZ for prompt im-
provement of respiratory function and 
the overall clinical scenario in Chinese 
patients with severe COVID-19 (ChiC-
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TR2000029765). This study confirmed 
the positive results already reported in 
some case reports (8-10). After these 
data, TCZ has been widely administered, 
despite the lack of high-quality studies 
and randomised clinical trials. Further-
more, because of the clinical heteroge-
neity of symptoms in SARS-CoV-2 in-
fected patients, it is imperative an early 
identification of a likely sub-group of 
patients who might benefit from TCZ 
treatment. Keeping in mind these critical 
points and being the pandemic still ac-
tive, over-stressing healthcare systems 
world-wide, a systematic analysis of the 
growing body of literature may be of 
interest to provide an EBM information 
concerning this potential very important 
treatment strategy.
Therefore, we conducted a systematic 
literature review and meta-analysis of 
observational studies to determine the 
outcome of COVID-19 in TCZ-treat-
ed patients in terms of mortality rate 
and related risk factors, as well as to 
summarise the clinical and serological 
characteristics of TCZ-treated COV-
ID-19 patients.

Materials and methods
Protocol
This study was conducted according 
to the Cochrane Collaboration and the 
Preferred Reporting Items for Sys-
tematic reviews and Meta-Analyses 
(PRISMA) statement (11). The PRIS-
MA checklist is presented in Supple-
mentary Table S1.

Eligibility criteria
In this study, we included all peer-re-
viewed published articles that reported 
demographic, clinical, and serologi-
cal characteristics of TCZ-treated pa-
tients with SARS-CoV2 infection. We 
selected all the studies conducted in 
COVID-19 patients with a confirmed 
diagnosis (Population) and treated vs. 
non-treated with TCZ (Intervention 
and Control) that reported the mortality 
rate and associated factors (Outcome). 
We included all the studies published 
from January 1, 2020 to July 21, 2020. 
Review articles, case reports, opinion 
articles, letters, brief reports, non-Eng-
lish publications, and those with miss-
ing data were excluded.

Search strategy and study selection 
We conducted a systematic search in 
MEDLINE, Cochrane Library, SCO-
PUS, and Web of Science databases to 
identify all relevant English-language 
publications, with the terms: (“SARS-
CoV2” OR “COVID-19”) AND (“toci-
lizumab” OR “il6” OR “anti-IL6”). Two 
independent reviewers (OB and PR) 
first screened the retrieved papers based 
on the title and abstract (Fig. 1). If it 
was not clear from the title and abstract 
whether the paper contained relevant 
data, the full paper was retrieved. The 
list of all excluded papers after full-text 
assessment is reported in Supplementa-
ry Table S2. Finally, we scrutinised the 
reference lists of the identified articles 
to find additional pertinent studies.

Data extraction
Data from the selected articles were 
extracted according to the first author; 
publication year; country or region; 
age of participants; study type; num-
ber of participants; number of patients 
treated with TCZ; sex; comorbidities 
(hypertension, diabetes, previous lung 
disease, CVDs); number of patients in 
the intensive care unit (ICU); number 
of patients requiring invasive ventila-
tion (IV); lymphocyte number; sero-
logical markers (IL-6, CRP, Ferritin); 
and outcomes after treatment (im-
provement or stabilisation, ICU admis-
sion, and death). Wherever data were 
missing or inconsistent, the authors 
were contacted to obtain the necessary 
information.

Fig. 1. PRISMA 2009 flow diagram.
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Assessment of methodological 
quality
The quality of studies included in the 
quantitative analysis was assessed us-
ing the “star system” of the Newcas-
tle-Ottawa Quality Assessment Scale 
(NOS) (12). The minimum and maxi-
mum scores that could be awarded were 
0 stars and 9 stars, respectively (Suppl. 
Table S4). Studies that scored ≥7 stars 
were regarded as high quality. For case-
series studies, we assessed the quality 
using the Quality Assessment Tool for 
Before-After (Pre-Post) Studies with 
No Control Group proposed by the 
National Heart, Lung, and Blood Insti-
tute–US Department of Health & Hu-
man Services (https://www.nhlbi.nih.
gov/health-pro/guidelines/in- develop/
cardiovascular-risk-reduction/tools/be-
fore-after). After scoring each item, an 
overall rate (good, fair, or poor) was as-
signed by each reviewer (Suppl. Table 
S5). The quality assessment was per-
formed by two reviewers (OB and PR) 
and any disagreement was resolved by 
a third reviewer (RG) who re-evaluated 
the original study.

Statistical analysis
Pooled prevalence and their 95% confi-
dence intervals (95% CI) were used to 
summarise the weighted effect size for 
each variable using the binary random-
effects model, except for median age, 
IL-6 levels, and CRP levels, where a 
continuous random effect model was 
applied (13, 14). The relationship be-
tween mortality and treatment with TCZ 
was assessed using odds ratio (OR) and 
95% CI as well as by Mantel-Haenszel 
estimates. A significant heterogeneity 
was expected among studies. Data were 
combined using random effect models, 
which assumes that the included stud-
ies have varying effect sizes, thus pro-
viding a conservative estimate of the 
overall effect. The Cochrane chi-square 
(Cochrane Q) test and I2 test were car-
ried out to analyse the heterogeneity 
among the results of different studies. 
An I2 value <25% was considered indic-
ative of no heterogeneity, while I2>50% 
and/or p<0.05 indicated substantial het-
erogeneity (15). Meta-regression model 
analysis for the estimated pooled preva-
lence of mortality was conducted to in-

vestigate study heterogeneity (16). Het-
erogeneity was investigated by looking 
at a number of possible covariates that 
could affect the estimated pooled preva-
lence of mortality: age, male sex, hyper-
tension, previous lung disease, diabe-
tes, CVDs, patients in ICU before TCZ 
treatment, patients requiring IV before 
TCZ, CRP levels, and IL-6 levels, fer-
ritin levels, lymphocytes. The extracted 
data were analysed using the statistical 
software R (v. 3.0.3; R Foundation for 
Statistical Computing, Vienna, Austria) 
and the Review Manager (RevMan) of 
the Cochrane Library (v. 5.3; Copenha-
gen: The Nordic Cochrane Centre, The 
Cochrane Collaboration, Copenhagen, 
Denmark).

Results
Study selection and characteristics
A total of 708 articles were retrieved 
by using the above-mentioned search 
strategy and, after screening titles and 
abstracts, 63 articles were selected for 
full-text assessment. After review, 25 
studies were included in the qualita-
tive and 22 studies were included in 
the quantitative analysis. All the studies 
were published during the COVID-19 
outbreak, starting from March 26, 2020 
to July 21, 2020, when we conducted 
this review. Eight out of those stud-
ies were conducted in Italy (17-24); 
seven in US (25-31); three in France 
(32-34); two in China (35, 36); one 
in Spain (37); one in Qatar (38); and 
one in Turkey (39). All these studies 
referred to the general population. Of 
the 23 included studies, 14 were single-
arm studies, and 9 reported data from 
a control group. The main characteris-
tics of the selected studies are reported 
in Table I. All included patients had a 
confirmed diagnosis of SARS-CoV-2 
infection, per the results of real-time 
reverse transcriptase polymerase chain 
reaction (RT-PCR) from clinical naso-
pharyngeal swabs, except for one per-
son included in the Turkish study (39). 
The inclusion criteria were similar in 
all studies and included all persons with 
at least one of the following character-
istics: (i) respiratory rate, ≥30 breaths/
min; (ii) peripheral capillary oxygen 
saturation (SpO2), ≤93% while breath-
ing room air; and (iii) PaO2/FiO2, ≤300 

mmHg. Considering the fast spread-up 
of this virus and the high mortality rate 
observed in several Countries, many 
observational studies were performed 
and rapidly published, with a median 
time from receipt to acceptance of 6 
days (40) to give medical information 
as soon as possible. Thus, the overall 
quality of selected studies is still poor, 
being many retrieved studies retrospec-
tively designed and still waiting for 
randomised trials, which naturally need 
longer time to be concluded (Table I, 
Suppl. Tables S4, S5). Furthermore, the 
selected studies for this meta-analysis 
showed different outcomes, as reported 
in Supplementary Table S6, and this di-
versity, together with the different study 
design, may partially explain the results 
variability. The main clinical and demo-
graphic characteristics of TCZ-treated 
patients are reported in Table I.

Tocilizumab-treated patients: 
main outcomes and findings
We assessed the mortality rate (22 
studies) and the number of persons 
improved or stabilised (16 studies). 
With respect to the mortality rate, the 
estimated pooled prevalence was 19% 
(95% CI: 13–25), with a high hetero-
geneity (I2=100%, p<0.00001) (Fig. 
2). Meta-regression analysis was per-
formed to investigate sources of het-
erogeneity and factors associated with 
the main outcome. The number of par-
ticipants in ICU (meta-regression co-
efficient = 0.0046, p=0.002, adjusted 
R=51.13%), the numbers of partici-
pants with IV (meta-regression coef-
ficient = 0.0037, p=0.0035, adjusted 
R2 =24.05%) and the sera CRP levels 
(meta-regression coefficient = 0.0019, 
p=0.003, adjusted R2=43.19%) showed 
significant positive association with the 
number of death, but these variables did 
not account for the high heterogeneity. 
(Suppl. Table S3, Suppl. Fig. S1).
As shown in Figure 3, TCZ treatment 
was associated with a significant re-
duction in the odds of mortality in 
TCZ-treated patients when compared 
with those treated using other therapies 
(OR=0.47, 95% CI: 0.22–0.98, p=0.04). 
A significant heterogeneity was ob-
served among the studies (p for hetero-
geneity=0.004, I2=68%), and among its 
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sources, at the meta-regression analysis, 
we found the number of patients with 
diabetes (meta-regression coefficient = 
-0.28, p=0.045, adjusted R2=36.75%), 
the number of patients in ICU (meta-re-
gression coefficient = 0.18, p=0.042, ad-
justed R2=53.06%), and the number of 
patients requiring IV (meta- regression 
coefficient = 0.033, p=0.043, adjusted 
R2=43.93%) were significant associated 
with mortality. Although these factors 
are associated with the main outcome, 
they cannot fully explain the high het-
erogeneity observed. 
As shown in Supplementary Figure S2, 
a publication bias was revealed by a 
clear asymmetry in the funnel plot of 
studies analysing the overall estimates 
mortality between TCZ-treated patients 

and patients not treated with TCZ. Al-
though the trim and fill analysis esti-
mated the absence of one study in the 
left side of the distribution (Suppl. Fig. 
S2), the adjusted odds model was still 
significant (p=0.019), confirming the 
reduced mortality in TCZ-treated pa-
tients. The estimated pooled prevalence 
of patients who improved or remained 
stable, after receiving TCZ treatment, 
was 71% (95%; CI: 62-81), with a high 
heterogeneity (I2=91%; p<0.0001).
All data are summarised in Table II 
and Supplementary Table S3. Briefly, 
prevalence of male gender was 71% 
(95%; CI: 64–78%) with high heteroge-
neity (I2=88%; p<0.0001) (22 studies), 
and the median age ranged between 59 
and 64 years, with an estimated pooled 

mean of 61, with high heterogene-
ity (I2=88%; p<0.0001) (21 studies). 
Among the reported co-morbidities, 
we selected and analysed hypertension, 
diabetes, previous lung diseases, and 
CVDs. The estimated pooled preva-
lence for hypertension was very high, 
51% (95%; CI: 44–57) with high het-
erogeneity (I2=82%; p<0.0001) (20 
studies). Diabetes showed an estimated 
pooled prevalence of 25% (95%; CI: 
17–32) (21 studies); CVDs showed an 
estimated pooled prevalence of 24% 
(95%; CI: 17–30) (18 studies); and lung 
diseases showed an estimated pooled 
prevalence of 19% (95%; CI: 12–26) 
(16 studies). All showed a high degree 
of heterogeneity. The pooled preva-
lence of patients in the ICU was 45% 

Fig. 3. Meta-analysis of the mortality between tocilizumab-treated persons and other treatments (SoC)-treated persons.
Meta-analysis of the mortality between tocilizumab-treated persons and other treatments (SoC)-treated persons. The size of squares is proportional to the 
weight of each study. Horizontal lines indicate the 95% CI of each study; diamond, the pooled estimate with 95% CI. 
n: number of persons at baseline; OR: odds ratio; SoC: standard of care.

Fig. 2. Pooled prev-
alence of mortality in 
tocilizumab-treated 
patients.
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(95%; CI: 14–76) (7 studies). As far 
as the number of patients requiring IV 
were concerned, the pooled estimated 
prevalence was 44% (95%; CI: 26–61) 
(14 studies), with high heterogeneity.

Discussion
Severe COVID-19 is associated with 
high mortality in different Countries 
and health-care systems are facing this 
pandemic without specific anti-viral 
treatments and/or vaccines. Thus, data 
emerging from available literature are 
crucial to help physicians in the deci-
sion making, how to treat these patients 
at front-line, every-day. In this study, 
analysing data derived from 1520 TCZ-
treated patients, the estimated pooled 
prevalence of mortality (19%), is large-
ly lower than the mortality reported so 
far (41-44). In fact, a previous retro-
spective analysis, including 1438 hos-
pitalised patients, showed a mortality 
rate of 25.7%, and, in the same study, 
as far as non-ICU patients were consid-
ered, the mortality rate was 19.6% (41). 
These data confirmed the important 
therapeutic effect of TCZ, in COVID-19 
patients, decreasing the mortality of the 
sub-group at higher risk (ICU and IV 
patients) to the same level of patients 
with a mild disease, not needing inten-
sive care. Furthermore, a large variabili-
ty concerning mortality in ICU patients, 
has been reported ranging from 26% 
(42) to 78% (43). The results of pooled 
data clearly show that higher the num-
ber of patients needing intensive care 
hospitalisation (ICU and/or IV) higher 
the mortality rate, thus confirming what 
already reported, since probably affect-

ed by a more severe disease (41), and 
with a higher risk for poor prognosis 
(45). As far as the laboratory variables 
are concerned, only CRP sera values 
showed a positive association with the 
pooled mortality rate. CRP levels were 
found to be higher in severe COVID-19 
patients when compared to patients with 
a mild disease (46). Furthermore, it has 
been reported that higher CRP level on 
admission may be considered as an in-
dependent factor of disease severity, 
being the higher values associated with 
poor prognosis (47). Surprisingly, in our 
analysis, we did not find any associa-
tion between IL-6 sera value at baseline 
and the mortality rate, after TCZ treat-
ment. It must be pointed out that only 
9 out of 23 included studies reported 
IL-6 values before the treatment. Fur-
thermore, no one of studies considered 
the prognostic value of IL-6 as primary 
end-point to evaluate the response to 
TCZ treatment. At present, it has been 
proposed that higher IL-6 sera values, in 
COVID-19 patients, are associated with 
early worsening and negative outcome 
(48-51). On these bases, it is still mat-
ter of debate the possible role of IL-6 
in predicting TCZ response. More than 
70% of TCZ-treated patients showed 
rapid improvement and/or stabilisation 
of clinical conditions, again confirming 
the usefulness of TCZ in the manage-
ment of severe COVID-19. 
As far as the OR for mortality rate 
was concerned, TCZ-treated patients 
showed a significant lower OR when 
compared with patients treated with 
other therapies; taking together all these 
results our paper supports the choice of 

IL-6 inhibition for controlling the CSS 
in severe COVID-19 patients, as sug-
gested from many Authors (52-54). 
The mean age of TCZ-treated patients 
was 61 (59–64) years, mirroring what 
observed the available literature (42), 
whereas our data failed to identify any 
relationship between old-age and mor-
tality (55). In our analysis the TCZ-
treated patients were predominantly 
male (71%), and hypertension was the 
most common co-morbidity, with a 
pooled estimated prevalence of 51% 
(45), followed from diabetes, whose 
estimated prevalence was 25%. In this 
analysis, among all the assessed co-
morbidities, only diabetes, seems to in-
fluence the mortality rate in TCZ-treat-
ed patients. Of note, the analysis of our 
patients showed a higher prevalence of 
diabetes when compared to the preva-
lence reported in Chinese cohort (56). 
Interestingly, diabetes was suggested 
as a negative prognostic factor also for 
ARDS development in COVID- 19 pa-
tients (57), strongly associated with the 
prevalence of deaths (58, 59).
To our knowledge, this systematic re-
view and meta-analysis is the first re-
port to provide a comprehensive anal-
ysis of the demographic and clinical 
findings, co-morbidities, and laboratory 
abnormalities associated with mortal-
ity in COVID-19 patients treated with 
TCZ. We analysed data from 22 studies 
with 1520 TCZ-treated patients from 
Italy and China – the two countries 
with the most severe outbreak during 
the early phase – US, Spain, France, 
Turkey, and Qatar. Despite the lack of 
high-quality published data, our find-

Table II. Meta-analysis outcomes (random-effects model). 

Variable n of studies Prevalence 95% CI n I2 t2 p Q 
  (%) or mean 

Male gender 23 71 64-78 1460 87.99 0.028 <0.0001 186.24
Age (year) 23 61.64 59.45-63.82 1460 88.11 19.01 <0.0001 286.86
Hypertension 20 51 44-57 1285 81.68 0.017 <0.0001 110.00
Diabetes 21 25 17-32 1364 89.32 0.033 <0.0001 213.32
CVDs 18 24 17-30 1130 82.29 0.019 <0.0001 78.60
Lung disease 16 19 12-26 1082 86.47 0.024 <0.0001 126.69
Participants in ICU 7 45 14-76 393 98.47 0.294 0.0006 337.02
Participants with IV 14 44 26-61 1136 98.10 0.164 <0.0001 582.28
Participants improved or stabilised after TCZ 16 71 62-81 888 91.25 0.048 <0.0001 156.13
Mortality rate 22 19 13-25 1193 100 0.02 <0.00001 129.00

CI 95%: confidence interval 95%; n: sample size; I2: Index for the degree of heterogeneity; t2: tau-squared, measure of heterogeneity; p: p-value; n: number; 
CVDs: cardiovascular diseases; IV: invasive ventilation; TCZ: Tocilizumab; IL-6: interleukin-6; CRP: C-reactive protein.
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ings may be considered robust (owing 
to the pooled results) after combin-
ing all the studies by using a random-
effects model. We are aware that our 
results may be influenced by the lack of 
randomised control studies, as well as 
the small number of available studies, 
mainly retrospective. The majority of 
the included studies were conducted in 
different settings by selecting different 
patient populations (ICU and non-ICU 
persons), and also with different TCZ 
dosages and routes of administration 
(Suppl. Table S6). Furthermore, even 
when different studies shared similar 
inclusions criteria, the timing for TCZ 
administration was different, strongly 
confirming the need of a common ther-
apeutic strategy in this setting (60-61). 
Therefore, the overall generalisability 
of the meta-analysis results must be 
interpreted with caution. On the other 
hand, to tackle this dramatic pandemic, 
a better knowledge about drugs poten-
tially helpful in the treatment of COV-
ID-19 is an urgent need. In this setting, 
a deeper understanding of the role of 
TCZ in the treatment of severe COV-
ID-19 may allow physicians to reduce 
the latency in the therapeutic decision 
and the health systems how to correctly 
allocate medical resources.

Conclusions
The SARS-CoV-2 pandemic is still 
prevalent in many countries worldwide, 
heavily burdening the healthcare sys-
tems, and consuming a large amount 
of resources. In this meta-analysis, we 
found that the mortality pooled preva-
lence in COVID-19 patients treated with 
TCZ is lower than the overall mortality 
in those that underwent different thera-
pies. Additional data will be required to 
enhance the quantitative analysis about 
the mortality rate in patients with severe 
COVID-19 treated with TCZ and the 
possible associated risk factors. In con-
clusion, our data may provide important 
clinical information to physicians di-
rectly tackling the COVID-19 outbreak 
and help them with better therapeutic 
decision making.
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