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Abstract
The therapeutic effect of tocilizumab remains controversial. We aimed to evaluate whether tocilizumab
might be bene�cial in COVID-19 patients. We searched PubMed, Embase and Cochrane library from
inception to June 23, 2020. Summary estimates of overall response rate (ORR) and all-cause death rate in
all patients were analyzed. This study was registered with PROSPERO (CRD42020191313). We included
data from 28 articles including 991 COVID-19 patients who underwent tocilizumab administration. The
pooled ORR was 72% (95% CI, 66-79%) and pooled all-cause death rate was 16% (95% CI, 11-22%). The
optimal timing of administration was the 7.15 day from the symptom onset and with the lowest death
rate of 13.11%. 562 patients were de�ned as with severe infection, and the pooled ORR was 78% (95% CI,
70-85%). The pooled ORR of 56 organ transplantation recipients was 53% (95% CI, 26-78%), which was
lower than non-transplant patients [75% (95% CI, 69-81%)]. Nearly all studies con�rmed the safety of
tocilizumab administration. Tocilizumab improves the clinical outcome of COVID-19 patients, especially
in severe cases, and the optimal timing of administration may provide the guidance for management.
However, tocilizumab may be used with caution in solid transplant recipients for the suboptimal e�cacy.

Introduction
Since December 2019, the world has been facing the pandemic of a novel coronavirus disease 2019
(COVID-19), caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). As of 17th

June, the pandemic has affected over 8 million individuals and caused more than 440000 deaths
worldwide, posing great threat to the global health and economy.1 The need for effective treatment is
urgent. The signs and symptoms of COVID-19 patients vary from mild to severe, such as fever, cough,
dyspnea, and some people may even experience pneumonia, acute respiratory distress syndrome (ARDS)
and multi-organ failure.2 As such, the management may be suggested to provide supportive care for
patients with non-severe disease while additional antiviral therapies for severe patients. However, the
optimal therapeutic approaches has not reached a conclusion.

Although the pathophysiology of COVID-19 remains to be fully elucidated, accumulating evidence
suggests that cytokine release syndrome (CRS) plays a key role in the severe manifestations of the
disease.3 CRS refers to a systemic in�ammatory response characterized by uncontrolled and excessive
secretion of in�ammatory cytokines including IL-6.4 Higher plasma level of IL-6 is often associated with
more severe disease in COVID-19 patients.5 In addition, several retrospective studies have identi�ed
elevated level of IL-6 as a negative prognostic factor for survival.6,7 Therefore, in the situation where
effective vaccines and antiviral therapies are lacking, the existing therapeutic, tocilizumab, that blocks IL-
6 pathway was put forward and regarded as a potential treatment to reduce the mortality of COVID-19
patients. Tocilizumab is a humanized monoclonal antibody that targets IL-6 receptor. It has been widely
used in patients with rheumatoid arthritis, juvenile idiopathic arthritis, and giant cell arteritis8. In 2017,
FDA approved it for the treatment of severe or life-threatening chimeric antigen receptor T (CAR-T) cell-
induced CRS.9 Currently, randomized trails aiming to access the e�cacy of tocilizumab in COVID-19
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patients are still ongoing. What’s more, the timing of use of tocilizumab in relation to disease course also
remains uncertain, it’s still unknown if earlier administration of this drug could prevent or decrease the
progression of disease.10,11

To address this gap in the literature, we performed this meta-analysis on the available studies to date to
investigate the e�cacy and safety in COVID-19 patients. We also aim to provide evidence for the optimal
timing for the administration of tocilizumab in peoples with COVID-19.

Methods
This meta-analysis was in accordance with the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines.12 The protocol of the study was registered with the International
Prospective Register of Systematic Reviews (PROSPERO) (ID: CRD42020191313).

Search strategy and selection criteria

Literature published in PubMed, EMBASE and Cochrane library databases were searched from the
inception to June 23rd 2020, and no language restriction was placed in any databases. One
epidemiologist was asked to look through all included studies and assess their eligibility for analysis. The
following terms were used for the search: “COVID-19” or “coronavirus disease” or “novel coronavirus” or
“SARS-CoV-2” and “tocilizumab”. Reference lists of eligible studies were manually searched for
potentially eligible studies.

The inclusion criteria included studies that assessed the therapeutic e�cacy of tocilizumab in patients
with COVID-19. The inclusion criteria included: ( ) study population in each study were de�nitive
diagnosis of coronavirus infection; ( ) studies that assessed the overall response rate (ORR) of
tocilizumab in treatment of COVID-19 patients. We excluded all studies that could be classi�ed as: ( ) the
same cohorts enrolled in different studies; ( ) commentaries, editorials and case reports with a sample
size less than 3 patients. In this study, we considered COVID-19 patients with severe disease experiencing
acute respiratory distress syndrome (ARDS) and requiring mechanical ventilation or intensive care unit
admission (ICU) support.

A total of 28 studies were �nalized. Any disagreement between them was resolved by discussing with a
third investigator. All studies were selected in two rounds, �rst on title and abstract and second on full
text, according to the criteria mentioned above.

Data extraction and quality assessment

Two reviewers independently extracted relevant data from the selected studies in a standard form, a third
reviewer assessed the extracted content, and a fourth investigator arbitrated on discrepancies between
the �rst two reviewers. Any identi�ed discrepancies were arbitrated by a fourth investigator.
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We extracted the following variables: author, country, publication year, study design, sample size,
comorbidity, treatment details (including timing, doses, route of tocilizumab, and other combined
treatments), and ORR in the use of tocilizumab in severe and non-severe patients, mortality rate, length of
ICU (LOI), length of hospitalization (LOH) and adverse reactions to tocilizumab. In this study, ORR was
de�ned as the proportion of patients with clinical improvement after tocilizumab treatment, who were
discharged or improved at least 2 points on the six-category ordinal scale during hospitalization: ) being
discharged from hospital with resumption of normal activities; ) being discharged from hospital, but
unable to resume normal activities; ) hospitalization, not requiring supplemental oxygen; )
hospitalization, requiring low-�ow oxygen (FiO2<40%); ) hospitalization requiring high-�ow oxygen
(FiO2≥40%), non-invasive mechanical ventilation, or both ) hospitalization requiring extracorporeal
membrane oxygenation (ECMO), invasive mechanical ventilation, or both ) death.13 Patients with COVID-
19 infection were categorized as having non-severe disease (outpatient care or admission to the general
inpatient �oor), or severe disease (mechanical ventilation or admission to ICU).

Quality assessment was done by two reviewers. We used ROBINS-I (Risk Of Bias In Non-randomized
Studies-of Interventions) to evaluate the quality of original studies, which includes seven domains of bias
due to confounding, bias in selection of participants into the study, bias in classi�cation of interventions,
bias due to deviations from intended interventions, bias due to missing data, bias in measurement of
outcomes and bias in selection of the reported result. Eventually, an overall judgment on risk of bias for
the outcome and result will be formulated on basis of all seven domains.14

Statistical analysis

The primary outcome was to investigate the pooled ORR and mortality of tocilizumab in all COVID-19
patients, and in the severe and non-severe patients separately. The secondary outcome was the safety
and optimal timing for administration of tocilizumab in COVID-19 patients. Risk ratio (RR) with 95%
con�dence intervals were calculated for dichotomized data, including ORR and mortality rate. Non-linear
regression was applied to analyze the optimal timing from symptom onset to tocilizumab
administration.15 Polynomial, logistic, and bell-shaped functions were used to �t all cause death-rate and
mean time from symptom onset to tocilizumab administration. The second-order polynomial equation of
a bell-shaped function was the following:

The adjusted coe�cient of determination (R2) was selected to evaluate the goodness of the �tting
models independently by the number of potential coe�cients.16 If the original study only reports median
and interquartile range, we used formulas to estimate the mean and standard deviation.17,18

Heterogeneity was assessed and using the inconsistency index (I2). Signi�cant heterogeneity was de�ned
as I2 >50% or P<0.05. To account for intra-study and inter-study variance, random-effects model was used



Page 6/20

for pooling all the ORR and mortality from separate study. Funnel plot was used to analyze potential
publication bias. To evaluate the stability of results, sensitivity analysis was performed by repeating the
analysis and omitting one article at a time.

R software version 3.6.2 (R Foundation for Statistical Computing), with the package meta was used for
all statistical analyses and P<0.05 was considered statistically signi�cant in this study.

Results
A total of 279 unique publications was yielded in this study. According to �ow diagram, 251 were
excluded after primary and subsequent full-text review (Figure 1). Thus, 28 articles included 991 COVID-
19 patients underwent tocilizumab administration were included in this study10,11,19-44. Of the 28 included
studies, 7 of which included 377 patients were case-control studies with a control group not using
tocilizumab28,29,32,36,39,40,42.

Baseline characteristics of all 28 included studies were listed in table 1. Of the total 991 patients, 769
were male (77.6%) and pooled median age was 62-year-old (range 55-73). The most common
comorbidities were hypertension, cardiovascular disease and diabetes mellitus (DM). 324 patients
undergone mechanical ventilation was reported in 19 studies. COVID-19 patients usually experience
hyper-in�ammation evidenced by exaggerated IL-6 and C-reactive protein (CRP). After administration of
tocilizumab, most available data showed a dramatic drop of CRP value and serum IL-6 level tended to
spike shortly in �rst and then decrease.

Quality assessment

Risk of bias of all studies was assessed by the ROBINS-I tool. Discriminations were primarily found in
domain of “bias due to confounding” and “bias due to deviations from intended interventions”.
Consequently, the overall judgment of risk of bias for all included studies was moderate (Figure S1).

Impact of tocilizumab treatment on ORR and mortality of COVID-19 patients

Of the 991 COVID-19 patients in all 28 studies, on top of antiviral treatment, additional use of tocilizumab
was associated with a pooled ORR of 72% (95% CI, 66-79%; I2 = 72%, P< 0.0001) (Figure 2A). Data were
unavailable for mortality in 3 studies, and a pooled all-cause death rate of 16% (95% CI, 11-22%; I2 = 67%,
P< 0.0001) was reported in 870 patients when treated with tocilizumab. 17 studies10,11,19,21-23,25-29,31,33,35-

37,40 comprising 562 patients were de�ned as severe COVID-19 infection, and the pooled ORR of
treatment with tocilizumab was 78% (95% CI, 70-85%; I2 = 65%, P< 0.0001), while pooled ORR in 64 non-
severe infection was 93% (95% CI, 85-98%; I2 = 0%, P=0.66) (Figure S2).

Of the 7 case-control studies, 377 patients had been assigned to tocilizumab therapy and 380 to
standard-care treatment, the pooled results demonstrated a signi�cantly lower risk of all-cause death at
follow-up in patients with tocilizumab (RR: 0.61, 95% CI 0.42–0.90; P=0.012; Figure 3A). Moreover, Figure
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3B illustrated that 231 patients received tocilizumab in experimental group also had a higher ORR than
269 patients in the control group, although the RR was statistically insigni�cance [1.10 (95% CI 0.96-1.27;
P=0.175)].

A subgroup analysis of 56 COVID-19 patients with solid organ transplantation indicated that the pooled
ORR was 53% (95% CI, 26-78%; I2 = 67%, P=0.030) and the pooled all-death rate was 28% (95% CI, 12-68%;
I2 = 73%, P=0.010) when compared with 935 non-transplant patients infected with COVID-19 (pooled ORR
of 75%, 95% CI 69-81; I2 = 68%, P< 0.0001 and pooled all-death rate of 15%, 95% CI 10-21%; I2 = 69%, P< 
0.0001). Overall, these results presented a poorer clinical outcome in solid organ transplant recipients
than non-transplant patients when administrated tocilizumab (Figure S3 and S4).

Impact of tocilizumab treatment on duration of hospitalization, ICU stay and mechanical ventilation

At the point of study completion, median LOH and LOI was 14 days (range 11-34) and 8 days (range 5-11)
in patients receiving tocilizumab, which was speci�ed in 15 studies10,20-23,28,29,31,32,35,36,38-41 and 8
studies10,23,27,29,32,33,36,42 , separately. Moreover, the median duration of mechanical ventilation was 7
days (range 5-10) after treatment of tocilizumab which was documented in 9 articles10,11,21-23,27,28,40,41

(Table 2).

Optimal timing and safety in use of tocilizumab

The timing of tocilizumab administration was clari�ed in 8 studies.10,22-25,27,36,40 With this data, the
second-order polynomial equation was given as following: y = p1*x2 + p2*x + p3. (p1 = 0.004099
(-0.006127, 0.01433), p2 = -0.05933 (-0.257, 0.1384), p3 = 0.3474 (-0.5564, 1.251). The signi�cance of the
model was inferred by P value (P<0.001), and the goodness of �t was accessed by R2 which was 0.667
(Figure S5). Thus, we deduced, by this polynomial equation, that the optimal timing of tocilizumab
administration was the 7.15 day from the symptom onset and with a lowest all-cause death rate of
13.11% (Figure S6).

Nearly all included studies con�rmed the safety of tocilizumab for treatment of COVID-19 patients no
matter in the context of ICU or general ward. Although the occurrence was very low, the most commonly
reported adverse events were the elevation of hepatic enzymes of at least 3-times above the normal level,
pancytopenia and cutaneous rash. (Table 3) Occasionally, bacteremia caused by neutropenia was
reported by individual medical centers.

Publication bias and sensitivity analysis

The funnel plots were used to assess the evidence of bias towards studies. According to the Figure 4,
there was no conclusive evidence of publication bias of ORR and mortality in any studies (P=0.611 and
P=0.875). In the sensitivity analysis, the overall estimates remained consistent across the analysis of
ORR and all-cause death rate in all included studies, which suggests our results were credible. (Figure S7)
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Discussion
To the best of our knowledge, this is the �rst study to investigate the e�cacy and safety of COVID-19
patients who were treated with tocilizumab. Our study is also the �rst meta-analysis to evaluate the
optimal timing of tocilizumab administration. The result of this study showed that the tocilizumab seems
to be an effective and safe treatment of COVID-19 patients. While the therapeutic role for tocilizumab can
be considered, regardless of the concomitant antiviral agents, our �nding was also con�rmed in case-
control study. Moreover, we also identi�ed the optimal time of tocilizumab administration which was
helpful to reduce the rate of mortality.

The pandemic of COVID-19 has confronted global health with unprecedent threat. However, since SARS-
CoV-2 is a newly emerging virus, an absolute consensus on such a controversial issue has not been
reached at present. According to a large report, all-cause mortality rate of 2087 critically-ill patients with
COVID-19 was an astonishing 49%.45 Other studies from different centers found the mortality rates of
62% (in Wuhan, China) and 67% (in Washington State, USA) of all patients in the ICU.46,47 Moreover,
previous study also reported that the median duration of ICU stay was 10.6 days of 1840 COVID-19
patients from California and Washington.48 Over 50% of patients were with a length of hospital stay of
20 days or more.49

Immunomodulatory agents remain a promising strategy for the treatment of severe COVID-19, since it
can attenuate the increased in�ammatory response of the patients. Therefore, tocilizumab was
considered as a promising therapeutic option to COVID-19 patients. Analysis of all studies indicated a
clear clinical improvement in 78% identi�ed critically ill cases and the all-cause death rate is 16% in all
patients. Moreover, duration of hospitalization and ICU stay may also decline after concomitant use of
tocilizumab. Thus, pooled results of included studies from different medical centers support the concept
that tocilizumab treatment may improve the clinical outcome of COVID patients.

The optimal treatment of immunosuppression in COVID-19 patients underwent solid organ
transplantation remains uncertain despite the urgency and importance of this issue. Pereira et al. reported
that 14 patients have received 1-3 doses of tocilizumab with no adverse events noted, however, transplant
recipients may be at high risk of severe disease of COVID-19 and poor outcomes.44 The results of this
study also con�rmed that lower ORR and higher all-cause death rate was documented in these patients
after tocilizumab therapy. There is still an urgent need to identify the most effective treatment strategies
in this cohort.

Generally, the route and dose of tocilizumab administration was based on previously studies of
pharmacokinetic and pharmacodynamics analysis50, with the dose of 8mg/kg (or 400mg per dose) i.v. or
s.c., a second dose of 400 mg of tocilizumab may also be utilized due to deterioration of the disease.
Thus, the results of optimal dose were still heterogeneous and may be based on drug availability in each
center. Importantly, on basis of mathematical models and parameters, we inferred that 7.15 day from the
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symptom onset to tocilizumab administration appeared to the optimal time point to minimize the
mortality of COVID-19 patients.

Safety pro�le of tocilizumab is another big concern when utilized in COVID-19 patients. Our analysis
showed that some individuals receiving tocilizumab may experience adverse reactions which often
involve elevation of hepatic enzymes, pancytopenia and cutaneous rash. According to a previous study,
the main concern regarding tocilizumab administration is the occurrence of severe bacterial infection.51

However, only very few studies have reported data on severe infection in patients underwent tocilizumab,
and it was de�nitely not a contraindication for tocilizumab administration, particularly in critical patients.

There are some limitations in this study. Firstly, the e�cacy of tocilizumab may be in�uenced by other
agents, such as various antiviral treatment and (or) hydroxychloroquin. In view of this, we conducted a
subgroup analysis in all case-control studies, and nearly a third of all 991 patients have the controls who
underwent a same therapeutic strategy without tocilizumab. Similar results were found when the
subgroup was analyzed, and with a lower all-cause death rate and higher ORR in the tocilizumab group.
Secondly, there is no uniform standard for the time and dosage of tocilizumab used in various studies.
But, perhaps for that reason, an optimal time of application was actually needed more than ever. Thirdly,
some data of laboratory and radiological �ndings were not available in most of studies. Meta-regression
cannot be performed to investigate the potential risk factors of prognosis for COVID-19 patients on
tocilizumab treatment. Finally, due to the rapid evolution of the management of COVID-19, results of
some ongoing randomized controlled clinical trials cannot be reached which will lead to publication bias.

          

Conclusion
Administration of tocilizumab in subjects with COVID-19 infection, seemingly improve clinical outcome
and alleviate the duration of hospitalization or ICU stay. The occurrence of adverse events was low, nearly
all studies con�rmed the safety of tocilizumab administration. Thus, the use of tocilizumab seems to be
bene�cial in some of the COVID-19 patients to suppress the immune response, especially in severe cases.
The optimal timing of tocilizumab administration, if con�rmed, is likely to provide the guidance for
management of COVID-19 patients.

However, tocilizumab should be used with caution in solid transplant recipients for its suboptimal
performance. Prospective data on clinical outcomes from randomized trials are warranted to further
verify this conclusion.
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Figure 1

Flowchart of the selection process for the meta-analysis.
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Figure 2

(A) Forest plots of pooled overall response rate (ORR) in 991 patients in 28 studies. The event rate is the
incidence of clinical improvement in tocilizumab recipients. (B) Forest plots of pooled all-cause death rate
in 870 patients in 25 studies. The event rate is the incidence of all-cause death in tocilizumab recipients.
Each solid square represents an eligible study (error bars represent 95% con�dence intervals).



Page 19/20

Figure 3

(A) Forest plots of pooled overall response rate (ORR) in 5 case-control studies. The event rate is the
incidence of clinical improvement in tocilizumab recipients versus recipients of other/non-speci�ed
treatment without tocilizumab. (B) Forest plots of pooled all-cause death rate in 7 case-control studies.
The event rate is the incidence of all-cause death in tocilizumab recipients versus recipients of other/non-
speci�ed treatment without tocilizumab. Each solid square represents an eligible study (error bars
represent 95% con�dence intervals).

Figure 4

(A) Funnel plot of the overall response rate (ORR) in use of tocilizumab in 991 COVID-19 patients of 28
included studies. (B) Funnel plot of all-cause death rate in 870 COVID-19 patients of 25 included studies .
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