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IMPORTANCE The coronavirus disease 2019 (COVID-19) pandemic is threatening billions of
people worldwide. Tocilizumab has shown promising results in retrospective studies in
patients with COVID-19 pneumonia with a good safety profile.

OBJECTIVE To evaluate the effect of early tocilizumab administration vs standard therapy in
preventing clinical worsening in patients hospitalized with COVID-19 pneumonia.

DESIGN, SETTING, AND PARTICIPANTS Prospective, open-label, randomized clinical trial that
randomized patients hospitalized between March 31 and June 11, 2020, with COVID-19
pneumonia to receive tocilizumab or standard of care in 24 hospitals in Italy. Cases of COVID-19
were confirmed by polymerase chain reaction method with nasopharyngeal swab. Eligibility
criteria included COVID-19 pneumonia documented by radiologic imaging, partial pressure of
arterial oxygen to fraction of inspired oxygen (PaO2/FIO2) ratio between 200 and 300 mm Hg,
and an inflammatory phenotype defined by fever and elevated C-reactive protein.

INTERVENTIONS Patients in the experimental arm received intravenous tocilizumab within 8
hours from randomization (8 mg/kg up to a maximum of 800 mg), followed by a second
dose after 12 hours. Patients in the control arm received supportive care following the
protocols of each clinical center until clinical worsening and then could receive tocilizumab as
a rescue therapy.

MAIN OUTCOME AND MEASURES The primary composite outcome was defined as entry into
the intensive care unit with invasive mechanical ventilation, death from all causes, or clinical
aggravation documented by the finding of a PaO2/FIO2 ratio less than 150 mm Hg, whichever
came first.

RESULTS A total of 126 patients were randomized (60 to the tocilizumab group; 66 to the
control group). The median (interquartile range) age was 60.0 (53.0-72.0) years, and the
majority of patients were male (77 of 126, 61.1%). Three patients withdrew from the study,
leaving 123 patients available for the intention-to-treat analyses. Seventeen patients of 60
(28.3%) in the tocilizumab arm and 17 of 63 (27.0%) in the standard care group showed
clinical worsening within 14 days since randomization (rate ratio, 1.05; 95% CI, 0.59-1.86).
Two patients in the experimental group and 1 in the control group died before 30 days from
randomization, and 6 and 5 patients were intubated in the 2 groups, respectively. The trial
was prematurely interrupted after an interim analysis for futility.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial of hospitalized adult patients
with COVID-19 pneumonia and PaO2/FIO2 ratio between 200 and 300 mm Hg who received
tocilizumab, no benefit on disease progression was observed compared with standard care.
Further blinded, placebo-controlled randomized clinical trials are needed to confirm the
results and to evaluate possible applications of tocilizumab in different stages of the disease.
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P resentations of coronavirus disease 2019 (COVID-19)
range from asymptomatic to severe pneumonia with re-
spiratory failure that can lead to invasive mechanical

ventilation and/or death.1,2 In patients with COVID-19 and se-
vere lung disease, hyperinflammation is frequently ob-
served, with an increased plasma concentrations of various pro-
inflammatory cytokines, including interleukin (IL)-6, and acute
phase reactants.3-5 This exaggerated inflammatory response
caused by the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) represents one of the most important nega-
tive prognostic factors in these patients.6

During the first months of the pandemic, the treatment of
COVID-19 was based on symptoms, with supportive care in in-
tensive care units (ICUs) for patients with more severe dis-
ease. Recently, the RECOVERY randomized clinical trial7

showed that a pharmacologic anti-inflammatory treatment,
dexamethasone, reduces the risk of death in patients with
COVID-19 pneumonia who are receiving respiratory support.
This reinforces the idea that therapies targeting cytokines in-
volved in the excessive inflammatory response related to SARS-
CoV-2 infection may have an important role in blunting hy-
perinflammation and containing lung damage. Given the
association of elevated IL-6 levels with severe COVID-19 and
mortality, therapy with biologic agents blocking IL-6 seems to
be a promising treatment for COVID-19.5,6,8

Tocilizumab is a recombinant humanized monoclonal an-
tibody directed against both the soluble and the membrane-
bound IL-6 receptor. It is indicated for the treatment of rheu-
matoid arthritis, juvenile idiopathic arthritis, giant cell arteritis,
and life-threatening cytokine release syndrome induced by chi-
meric antigen receptor T-cells.9-12 Recent retrospective stud-
ies have suggested that tocilizumab may be associated with
lower risk of death or intubation in patients with severe
COVID-19 pneumonia.13-17 However, the observational na-
ture of these studies hampers the assessment of the effect of
tocilizumab. To evaluate the efficacy and safety of early ad-
ministration of tocilizumab in hospitalized patients with
COVID-19 pneumonia, we designed and conducted a multi-
centric randomized clinical trial (eMethods in Supplement 1).

Methods
Design
This is a multicenter, open-label randomized clinical trial aimed
at assessing the efficacy of early administration of tocili-
zumab vs standard therapy in hospitalized patients with
COVID-19 pneumonia. The trial protocol and statistical analy-
sis plan appear in Supplement 2 and Supplement 3. A total of
24 Italian centers enrolled patients between March 31 and June
11, 2020. Patients were randomized using a web-based sys-
tem with a 1:1 allocation ratio. Randomization was stratified
by center (Figure 1). This study followed the Consolidated Stan-
dards of Reporting Trials (CONSORT) reporting guideline.

Patients
We enrolled hospitalized patients 18 years and older, with an in-
strumental diagnosis of COVID-19 pneumonia confirmed by a

positive reverse-transcriptase polymerase chain reaction assay
for SARS-CoV-2 in a respiratory tract specimen. Other inclusion
criteria were the presence of acute respiratory failure with a par-
tial pressure of arterial oxygen to fraction of inspired oxygen
(PaO2/FIO2) ratio between 200 and 300 mm/Hg, an inflammatory
phenotype defined by a temperature greater than 38 °C during
the last 2 days, and/or serum C-reactive protein (CRP) levels of
10 mg/dL or greater and/or CRP level increased to at least twice
theadmissionmeasurement.Patientsatenrollmentwereallowed
to receive oxygen therapy with Venturi mask or high-flow nasal
cannula with recorded and preset FIO2, but not invasive or non-
invasive mechanical ventilation. All patients had arterial blood
gas analysis to monitor PaO2/FIO2 ratio.

Exclusion criteria included ICU admission, known hyper-
sensitivity to tocilizumab, and any condition preventing fu-
ture admission to ICU, such as advanced age with multiple co-
morbidities, as well as the patient’s expressed will to avoid
future intubation. The detailed inclusion and exclusion crite-
ria are reported in the trial protocol in Supplement 2. After ran-
domization, patients were allowed to receive supplemental
oxygen therapy, including noninvasive ventilation, accord-
ing to clinical needs.

Objectives
The primary aim was to evaluate the efficacy of early admin-
istration of tocilizumab vs standard therapy in the first 2 weeks
since randomization. The primary end point was clinical wors-
ening within 14 days since randomization, defined by the oc-
currence of 1 of the following events, whichever occurred first:
• Admission to ICU with mechanical ventilation
• Death from any cause
• PaO2/FIO2 ratio less than 150 mm Hg in 1 of the scheduled ar-

terial blood gas measurements or in an emergency measure-
ment, confirmed within 4 hours by a second examination

Criteria for institution of mechanical ventilation were
PaO2/FIO2 ratio less than 150 mm Hg, respiratory rate greater
than 30 breaths/min, signs of respiratory distress, or multior-
gan failure. Secondary aims included the evaluation of the
efficacy of early vs late administration of tocilizumab in

Key Points
Question Does early tocilizumab administration prevent clinical
worsening in patients hospitalized with coronavirus disease 2019
(COVID-19) pneumonia?

Findings In this randomized clinical trial of 126 patients with a
partial pressure of arterial oxygen to fraction of inspired oxygen
(PaO2/FIO2) ratio between 200 and 300 mm Hg at enrollment, the
rate of the primary clinical end point (clinical worsening) was not
significantly different between the control group and the
tocilizumab group.

Meaning The administration of tocilizumab in patients with
COVID-19 pneumonia and a PaO2/FIO2 ratio between 200 and 300
mm Hg did not reduce the risk of clinical worsening; further
blinded, placebo-controlled randomized clinical trials are needed
to confirm the results and to evaluate possible applications of
tocilizumab in different stages of the disease.
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admission to ICU with mechanical ventilation, mortality, and
tocilizumab toxic effects.

Treatment
The experimental arm received tocilizumab intravenously
within 8 hours from randomization at a dose of 8 mg/kg up to
a maximum of 800 mg, followed by a second dose after 12
hours. Patients in the control arm received supportive care fol-
lowing the treatment protocols of each center. All drugs were
allowed but IL-1 blockers, Jak inhibitors, and tumor necrosis
factor inhibitors. Steroids were allowed if already taken be-
fore hospitalization. In case of occurrence of documented clini-
cal worsening, patients randomized in both arms could re-
ceive any therapy, including steroids, and, for patients
randomized in the control arm, tocilizumab.

Procedures
All patients were assessed from randomization (day 1) through
day 14. Adverse events were recorded from time of signature
of informed consent and graded according to the Common Ter-
minology Criteria for Adverse Events, version 5.0. Causality
was assessed by the investigators for serious adverse events.

Ethics
The trial was submitted and approved March 27, 2020, by the
Italian Medicines Agency (AIFA) and by the COVID-19 Ethics
Committee established at the National Institute for Infec-
tious Diseases, Lazzaro Spallanzani, Rome. The study was con-
ducted in compliance with the Declaration of Helsinki, the
Good Clinical Practice guidelines, and local regulatory require-
ments. Before enrollment and allocation to the study arms, in-
formed consent for participation in the study was obtained
orally from all participants and a witness, present to the meet-
ing, signed a form declaring that the patient received the cor-

rect information and gave informed consent to the participa-
tion to the trial.

Study Conduct and Oversight
The trial was designed and coordinated by the Azienda USL-
IRCCS of Reggio Emilia in accordance with the protocol and
its amendments. An independent data safety and monitoring
committee was appointed April 29, 2020, to oversee the con-
duct of the trial and the safety and efficacy end points and to
provide recommendations about the continuation or conclu-
sion of the study. The Azienda USL-IRCCS of Reggio Emilia col-
lected the data, monitored the conduct of the trial, and per-
formed the statistical analyses.

Statistical Analysis
The study was designed to achieve an 80% power for detect-
ing a relative reduction in the proportion of patients experi-
encing clinical worsening of 50% (from 20% in the control arm
to 10% in the experimental arm) with a 2-sided type I error of
5%. According to these assumptions, the estimated sample size
was 398 patients (199 per arm). The hypothesis of a 20% oc-
currence of the primary end point in the control arm was an
approximation based on early data of the Reggio Emilia
COVID-19 patient cohort, as well as the reduction to 10% in the
treatment group.

Statistical analysis is detailed in the statistical analysis plan
(Supplement 3) for primary and secondary end points. Briefly,
the primary efficacy analysis was conducted on the intention-
to-treat (ITT) population. The proportion of patients experi-
encing clinical worsening in the 2 arms during the 2 weeks fol-
lowing randomization was compared using the χ2 test in an
asymptotic form and the relative risk with its bilateral 95% CI.
Secondary end points included the overall rate of patients ad-
mitted to the ICU with invasive mechanical ventilation at 14

Figure 1. Flowchart of the Study

126 Patients enrolled

126 Randomized

60 Randomized to tocilizumab IV
58 Received tocilizumab IV and no prohibited drugs 

1 Did not receive tocilizumab IV for a serious
adverse event

1 Received steroids (day 4) 

66 Randomized to standard care 
60 Received standard care and no prohibited drugs 

2 Received tocilizumab IV + steroids (days 2 and 4)
1 Received tocilizumab subcutaneously (day 2)
2 Received steroids (days 5 and 9)
1 Received canakinumab (day 2) 

After clinical worsening 
12 Received 2 doses of tocilizumab IV 

1 Received 2 doses of tocilizumab and steroids
1 Received 1 dose of tocilizumab and steroids 
1 Received steroids 

60 Patients were followed for 30 d

60 Patients were included in the efficacy analysis

63 Patients were followed for 30 d
3 Withdrew consent (days 2, 3, and 6) 

63 Patients were included in the efficacy analysis 

5 Received steroids 
After clinical worsening

IV indicates intravenous.
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and 30 days. They were analyzed as stated for the primary end
point. We reported the P value only for the primary efficacy
analysis (2-tailed; significance defined as P ≤ .05), and bilat-
eral 95% CI not adjusted for multiplicity for all the other com-
parisons. Statistical analyses were performed with SAS, ver-
sion 9.4 (SAS Institute) and SPSS, version 23 (IBM Corp).

The original protocol did not include any interim analysis.
On April 24, 2020, the AIFA, the authority responsible for drug
regulation in Italy, observing the low rate of recruitment in all
COVID-19 Italian trials, suggested the possibility of introduc-
ing interim analyses in ongoing trials. The trial scientific com-
mittee discussed this hypothesis on April 30 with the indepen-
dent data safety and monitoring committee, which proposed an
interim analysis for futility at one-third of the planned sample
size (132 patients). A formal amendment was submitted to the
Ethics Committee on May 18. In the meantime, the enrollment
had virtually ceased, mainly because of the dramatic decrease

in the incidence of the disease, and on June 2, the statistical re-
port was sent to the data safety and monitoring committee,
based on 124 patients with at least 2 weeks of follow-up: the es-
timated conditional power was less than 1% under the null and
less than 57% under the alternative hypothesis. On June 11,
2020, the trial Scientific Committee decided to interrupt the
study for futility with an enrollment of 126 patients.

Results
Patients
A total of 126 patients with COVID-19 pneumonia were in-
cluded in this analysis. Demographic and baseline clinical char-
acteristics are summarized in Table 1. The majority of pa-
tients were male (61.1%) with a median (range) age of 60.0
(53.0-72.0) years. Of the 126 enrolled patients, 3 patients, all

Table 1. Demographic and Clinical Characteristics of Patients at Baseline

Characteristic

No. (%)

All (n = 126) Tocilizumab (n = 60) Standard care (n = 66)
Age, median (IQR), y 60.0 (53.0-72.0) 61.5 (51.5-73.5) 60.0 (54.0-69.0)

Sex

Male 77 (61.1) 40 (66.7) 37 (56.1)

Female 49 (38.9) 20 (33.3) 29 (43.9)

Days from symptom onset to randomization, median (IQR) 8.0 (6.0-11.0) 7.0 (4.0-11.0) 8.0 (6.0-11.0)

Days from hospital admission to randomization, median (IQR) 2 (1-3.2) 2 (1-3) 2 (1-4.2)

Coexisting conditions

Diabetes mellitus 19 (15.1) 10 (16.7) 9 (13.6)

Obesity (BMI ≥ 30)a 38 (32.2) 16 (28.1) 22 (36.1)

Hypertension 56 (44.4) 27 (45.0) 29 (43.9)

COPD 4 (3.2) 2 (3.3) 2 (3.0)

Body temperature, median (IQR), °C 38.0 (36.9-38.5) 38.0 (37.0-38.4) 38.0 (36.8-38.5)

Respiratory rate, median (IQR), breaths/min 20.0 (18.0-24.0) 20.0 (18.0-24.0) 20.0 (18.0-24.0)

Unknown 13 (10.3) 7 (11.7) 6 (9.1)

C-Reactive protein, median (IQR), mg/dL 8.2 (3.7-13.5) 10.5 (5.0-14.6) 6.5 (3.2-11.8)

White blood cell count, median (IQR), /μL 5700 (4600-7500) 5800 (4400-7600) 5600 (4700-7200)

Unknown 2 (1.6) 1 (1.7) 1 (1.5)

Lymphocyte count, median (IQR), /μL 900 (700-1300) 1000 (800-1300) 900 (700-1200)

Unknown 13 (10.3) 8 (13.3) 5 (7.6)

Platelet count, median (IQR), ×103/μL 200.5 (158.0-253.5) 213.0 (165.0-268.0) 188.0 (152.0-246.0)

Unknown 2 (1.6) 1 (1.7) 1 (1.5)

PaO2/FIO2 median (IQR), mm Hg 264.5 (243.0-290.0) 262.5 (241.0-286.5) 268.2 (244.0-290.0)

Ferritin, median (IQR), ng/mL 569.0 (317.0-1156.0) 646.0 (289.2-1107.5) 533.5 (351.0-1184.0)

Unknown 17 (13.5) 9 (15.0) 8 (12.1)

D-Dimer, median (IQR), μg/mL 0.566 (0.367-0.956) 0.756 (0.480-1.070) 0.455 (0.326-0.810)

Unknown 11 (8.7) 6 (10.0) 5 (7.6)

IL-6, median (IQR), pg/mL 42.1 (20.6-74.9) 50.4 (28.3-93.2) 34.3 (19.0-59.3)

Unknown 20 (15.9) 9 (15.0) 11 (16.7)

Hydroxychloroquine 115 (91.3) 53 (88.3) 62 (93.9)

Heparin and LMWH 81 (64.3) 41 (68.3) 40 (60.6)

Antiretroviralsb 52 (41.3) 21 (35.0) 31 (47.0)

Azithromycin 26 (20.6) 10 (16.7) 16 (24.2)

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary
disease; IL-6, interleukin-6; IQR, interquartile range; LMWH, low-molecular-
weight heparin; PaO2/FIO2, partial pressure of arterial oxygen/fraction of
inspired oxygen.
a Calculated as weight in kilograms divided by height in meters squared.
b Antiretrovirals included darunavir/cobicistat, darunavir/ritonavir, or

lopinavir/ritonavir. No remdesivir was administered.

SI conversion factors: To convert C-reactive protein to mg/L, multiply by 10;
D-dimer to nmol/L, multiply by 5.476; ferritin to μg/L, multiply by 1.0;
lymphocyte count to ×109/L, multiply by 0.001; platelet count to ×109/L,
multiply by 1.0; white blood cell count to ×109/L, multiply by 0.001.
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allocated to the standard care arm, withdrew consent at days
2, 3, and 6. Their PaO2/FIO2 ratios measured the day they opted
out were 281, 232, and 318 mm Hg, respectively. Therefore, 123
patients were included in the ITT analysis; 60 were random-
ized to receive tocilizumab at enrollment, and 63 were ran-
domized to standard care until clinical worsening (Figure 1).
Two patients (1 per arm) were enrolled in the study while hav-
ing exclusion criteria at baseline: 1 was on noninvasive venti-
lation, and 1 had diverticulitis.

A total of 59 patients (98.3%) randomized in the tocili-
zumab arm received the treatment after randomization ac-
cording to the protocol schedule. One did not receive tocili-
zumab because gastrointestinal bleeding occurred just after
randomization. The event was reported as a serious adverse
event. One patient received steroids on day 4 after a PaO2/
FIO2 ratio less than 150 mm Hg not confirmed by a second
measurement.

In the standard care arm, 2 patients received tocilizumab IV
plus steroids before the documented clinical worsening, after
PaO2/FIO2 ratio measurements of 169 and 426 mm Hg, respec-
tively, and 1 received tocilizumab subcutaneously after a PaO2/
FIO2 ratio measurement of 192 mm Hg. Two received steroids af-
ter a PaO2/FIO2 ratio measurement of 200 and 229 mm Hg, and
1 received canakinumab after a PaO2/FIO2 ratio measurement of
210 mm Hg. Overall, 8 patients did not receive the treatment ac-
cording to the protocol (6 in the control arm and 2 in the experi-
mental arm), and 2 noneligible patients were excluded from the
analyses per protocol; thus, the population for protocol analy-
sis was 113 patients (see eResults in Supplement 1 for more
details).

Fourteen patients in the standard care arm received to-
cilizumab IV, including 2 who received tocilizumab and ste-
roids, after clinical worsening (Figure 1). All patients were fol-
lowed for 14 days according to the study protocol and for at
least 30 days for secondary end points (admissions to ICU and
mortality). Patients were randomized after a median (inter-
quartile range) time from symptom onset of 8 (6-11) days. No
patient received glucocorticoids before enrollment.

Primary Outcome
Seventeen patients of 60 (28.3%) in the tocilizumab arm and
17 of 63 (27.0%) in the standard care group showed clinical

worsening within 14 days since randomization (rate ratio, 1.05;
95% CI, 0.59-1.86; P = .87) (Table 2; eTable 1 in Supple-
ment 1). All 34 episodes of clinical worsening occurred within
6 days after randomization (Figure 2), with no differences in
time to the event between the 2 arms. These included 33 pa-
tients who had a PaO2/FIO2 ratio less than 150 mm Hg and 1 pa-
tient who was admitted to ICU without a PaO2/FIO2 ratio less
than 150 mm Hg. For 21 of 33 patients, the outcome was iden-
tified through a double measurement of PaO2/FIO2ratio less than
150 mm Hg, with the second one performed within 4 hours.
For 5 patients, the second measurement was performed within
the same day. For 7 patients, it was not possible to perform a
second assessment the same day.

Secondary Outcomes
Eleven patients were admitted to ICU, all within 14 days since
randomization, with no major differences between the 2 arms
(10.0% vs 7.9%, respectively). The rate ratio was 1.26 (95% CI,
0.41-3.91) (Table 2).

Four deaths occurred in this population, 2 within 14 days
(1 in the tocilizumab arm and 1 in the standard care arm, 12
and 8 days since randomization) and 1 between day 15 and
day 30 (in the tocilizumab arm, 19 days since randomization)
(Table 2). One event occurred 36 days since randomization in
the tocilizumab arm. Mortality at 14 days (1.7% vs 1.6%; rate
ratio, 1.05; 95% CI, 0.07-16.4) and at 30 days (3.3% vs 1.6%;
rate ratio, 2.10; 95% CI, 0.20-22.6) was comparable in the 2
groups.

A total of 117 of 123 patients (95.1%) were discharged from
hospital, 70 (56.9%) within 14 days and 112 (91.1%) within 30
days. Two patients were still in hospital (one in ICU) after 61
and 68 days since randomization. The proportion of patients
discharged within 14 and 30 days (Table 2) was the same in the
2 groups (rate ratio, 0.99; 95% CI, 0.73-1.35; and 0.98; 95% CI,
0.87-1.09; respectively). No difference in PaO2/FIO2 ratio and
lymphocyte count was observed in the 2 groups at 14 days
(eFigure in Supplement 1).

Per-Protocol Analysis
Results are detailed in eTable 2 in Supplement 1. In the popu-
lation of 113 patients, the results confirmed those observed in
the ITT analyses.

Table 2. Clinical Outcomes in the Intention-to-Treat Population

Outcome

No. (%)

Rate ratio (95% CI) P valueTocilizumab (n = 60)
Standard care
(n = 63)

Primary end point at 14 d

Clinical worseninga 17 (28.3) 17 (27.0) 1.05 (0.59-1.86) .87

Overall events at 14 d

Admissions to ICU 6 (10.0) 5 (7.9) 1.26 (0.41-3.91)

Deaths 1 (1.7) 1 (1.6) 1.05 (0.07-16.4)

Discharges 34 (56.7) 36 (57.1) 0.99 (0.73-1.35)

Overall events at 30 d

Admissions to ICU 6 (10.0) 5 (7.9) 1.26 (0.41-3.91)

Deaths 2 (3.3) 1 (1.6) 2.10 (0.20-22.6)

Discharges 54 (90.0) 58 (92.1) 0.98 (0.87-1.09)

Abbreviations: ICU, intensive care
unit; PaO2/FIO2, partial pressure of
arterial oxygen/fraction of inspired
oxygen.
a One patient in the standard care

group was admitted to the ICU
without a PaO2/FIO2 ratio less than
150 mm Hg.
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Safety Outcomes
Serious adverse events occurred in 3 patients: 2 severe infec-
tions (standard care) and 1 upper gastrointestinal tract bleed-
ing (experimental) that prevented the treatment administra-
tion (Table 3). None were considered to be treatment related
by site investigators. There were 21 (17.1%) adverse events, 14
(23.3%) in the tocilizumab group and 7 (11.1%) in the standard
care group. The most common adverse events were in-
creased alanine aminotransferase level and decreased neu-
trophil count.

Discussion
Observational studies have suggested that tocilizumab is ef-
fective in reducing mortality and/or intubation in patients with
severe COVID-19 pneumonia.13-17 Those promising results led
to this randomized clinical trial, which suggests that tocili-
zumab, administered early in hospitalized patients with
COVID-19 pneumonia, provides no advantage over standard
supportive care. Our study considered patients with mild acute

respiratory distress syndrome (PaO2/FIO2 ratio between 200 and
300 mm Hg) and inflammatory response characterized either
by elevated CRP levels or fever with temperature greater than
38 °C for 2 days.

In the ITT analysis, no significant differences were ob-
served in the occurrence of the primary composite end point
between the experimental and the control groups at 14 days
(28.3% in the experimental group vs 27.0% in the control
group). Similar results were shown in the per-protocol analy-
sis. Furthermore, no difference between the study groups was
observed for any of the 3 outcomes composing the primary end
point, including the proportion of patients admitted to an ICU
or the overall mortality. These findings were also similar at 30
days from randomization.

Notably, our study has a low lethality, with 1 (0.8%) de-
ceased patient at 14 days and 2 more (2.4% overall) at 30 days
of follow-up in the 123 patients included in the ITT popula-
tion. This can have several and possibly concurring explana-
tions. First, we excluded patients not eligible for a future ad-
mission to the ICU regardless of the evolution of the clinical
condition because of a preexisting condition or because the

Figure 2. Kaplan-Meier Estimates of Cumulative Clinical Worsening and Hospital Discharge
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Table 3. Adverse Events by System Organ Class and Treatment Arm

MedDRA system organ class

Adverse events, No. (%)

Total (n = 123) Tocilizumab (n = 60) Standard care (n = 63)
Any systema 21 (17.1) 14 (23.3) 7 (11.1)

Gastrointestinal disorders 2 (1.6) 1 (1.7) 1 (1.6)

Infections and infestationsb 5 (4.1) 1 (1.7) 4 (6.3)

Injury, poisonings, and procedural complicationsc 1 (0.8) 1 (1.7) 0

Laboratory abnormalitiesd 10 (8.1) 8 (13.3) 2 (3.2)

Metabolisme 2 (1.6) 2 (3.3) 0

Vascular disorders 1 (0.8) 1 (1.7) 0

Abbreviation: MedDRA, Medical Dictionary for Regulatory Activities.
a One patient had 2 events (tocilizumab group), and 1 patient had 3 events

(standard care group).
b Urinary tract infection (1 in tocilizumab group); sepsis (2 in standard care

group); esophageal infection (1 in standard care group); bronchial infection (1
in standard care group).

c Fall.
d Increased alanine aminotransferase (2 in standard care group: 1 mild, 1

moderate; 5 in tocilizumab group: 2 mild, 2 moderate, 1 severe); decreased
neutrophil count (3 in tocilizumab group: 1 mild, 2 moderate).

e One had hyperglycemia; 1 had hypokalemia.
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patient expressed a specific will. The ICU eligibility criteria were
not specified in the protocol, as they varied according to dif-
ferent centers’ situations, which can change during the pan-
demic. Consequently, this might have excluded older adult pa-
tients and those with comorbidities at higher risk of mortality.
Second, patients with a PaO2/FIO2 ratio below 200 mm Hg were
not eligible, as we wanted to assess tocilizumab efficacy in pa-
tients with less severe disease. For these reasons, the base-
line conditions of our population were likely better than those
of the whole population of hospitalized patients with COVID-
19. Of interest, our study confirmed the safety profile of to-
cilizumab in patients with COVID-19, with 2 severe adverse
events after tocilizumab treatment.

Limitations
Our trial has several limitations, but also some strengths. Among
the limitations is that the trial was open label. The possibility
of conducting a double-blind placebo-controlled trial was con-
sidered, but it was excluded for 2 main reasons: the logistic ob-
stacles in organizing it in a period of emergency and the intrin-
sic anti–IL-6 effect of tocilizumab. It has been consistently
reported and clinically observed that this monoclonal anti-
body rapidly lowers fever and serum CRP level in patients with
COVID-19,14,18 thus making allocation concealment unlikely. In
addition, as 14 patients in the control group received tocili-
zumab after they reached the primary end point, subsequent
secondary outcomes might be affected. The decision to allow
a rescue therapy with tocilizumab was motivated by ethical con-
cerns regarding the use of a safe and potentially effective drug
as reported by previous retrospective studies. Nevertheless, res-
cue therapy did not influence the primary outcome based on
the per-protocol analysis. Yet, one may speculate that lack of
blinding could have caused a bias in the assessment of the pri-
mary end point. To this regard, 2 considerations can be made.
First, and most important, any bias in the assessment of the pri-
mary end point due to the knowledge of the treatment arm was
more likely to favor the experimental arm because tocili-
zumab could be offered to patients in the control arm once the
primary end point had been reached. Theoretically, investiga-
tors could be more inclined to classify a patient as clinically wors-
ened in the control arm than in the experimental arm. Al-
though this bias seems unlikely to be a plausible cause of the
negative results of this trial, we cannot exclude that investiga-
tors who doubt the efficacy of tocilizumab would have been in-
clined to classify a patient in the experimental arm as clinically
worsened, thus favoring the control arm. Second, most in-
stances of clinical worsening (33 of 34) were due to the occur-
rence of a reduced PaO2/FIO2 ratio, which, as defined in the com-
posite primary outcome definition, can be hardly influenced by
knowledge of the treatment.

Patients in the control arm had lower CRP, IL-6, ferritin,
and D-dimer levels and were more frequently treated with an-

tivirals compared with patients in the tocilizumab group at
baseline, despite randomization. This may have led to bias to-
ward the null. However, these differences were not statisti-
cally significant, and the differences between the single val-
ues were small. We believe that these differences are due to
the limited sample size, as allocation concealment was based
on a centralized randomization list that was not available to
clinicians. Furthermore, obesity was less frequent in the ex-
perimental group, and age was similar in the 2 groups, thus
making a bias toward the null unlikely.

Because of the selection criteria and the primary end point
of this study, the results do not allow ruling out the possible
role of tocilizumab in reducing the risk of death or intubation
in patients presenting with more advanced disease. We con-
sidered a composite primary end point that was defined by the
event of either death, intubation, or a respiratory worsening
with PaO2/FIO2 less than 150 mm Hg, whichever occurred first.
However, of the 34 patients reaching the primary end point,
all but 1 reached it because of a PaO2/FIO2 less than 150 mm Hg.
Among the 17 patients reaching the primary end point in the
standard care group, 14 received tocilizumab as a rescue
therapy. At 30 days, the incidence of intubation and death was
comparable between the 2 groups. Therefore, we cannot ex-
clude that tocilizumab is effective in preventing death or in-
tubation at 30 days independently to administration timing.
However, we can infer that the early administration of this drug
in patients with COVID-19 pneumonia does not provide any
significant advantage in reduction of intubation or mortality
compared with a deferred administration with a PaO2/FIO2 ra-
tio less than 150 mm Hg.

To our knowledge, this is the first randomized clinical trial
evaluating the efficacy and safety of tocilizumab in patients
with COVID-19 pneumonia. Even though we did not have an
exaggerated inflammatory response, our study population had
elevated CRP levels at baseline and fever, suggesting the pres-
ence of a vigorous inflammation at enrollment. Moreover, the
median time from symptom onset to enrollment was 8 days,
consistent with the findings that hyperinflammatory re-
sponse and hospital admission generally occur 1 week after the
earliest manifestations.2,4,19,20

Conclusions
The administration of tocilizumab in patients with
COVID-19 pneumonia and a PaO2/FIO2 ratio between 200
and 300 mm Hg did not reduce the risk of clinical worsen-
ing. Further blinded, placebo-controlled randomized clini-
cal trials are needed to confirm the results and to explore
possible applications of tocilizumab in different stages of
the disease, such as in patients with a PaO2/FIO2 ratio less
than 200 mm Hg.

ARTICLE INFORMATION

Accepted for Publication: September 22, 2020.

Published Online: October 20, 2020.
doi:10.1001/jamainternmed.2020.6615

Author Affiliations: SOC Reumatologia, Azienda
USL-IRCCS di Reggio Emilia, Reggio Emilia, Italy
(Salvarani); Unità di Reumatologia, Università degli
Studi di Modena e Reggio Emilia, Reggio Emilia,
Italy (Salvarani); Unità di Malattie Infettive,

Università degli Studi di Modena e Reggio Emilia,
Reggio Emilia, Italy (Dolci); SOC Malattie Infettive,
Azienda USL-IRCCS di Reggio Emilia, Reggio Emilia,
Italy (Massari); SC Infrastruttura Ricerca e Statistica,
Azienda USL-IRCCS di Reggio Emilia, Reggio Emilia,

Research Original Investigation Effect of Tocilizumab on Clinical Worsening in Patients Hospitalized With COVID-19 Pneumonia

30 JAMA Internal Medicine January 2021 Volume 181, Number 1 (Reprinted) jamainternalmedicine.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 01/27/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.6615?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.6615
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.6615


Italy (Merlo, Cavuto, Savoldi, Braglia); SC
Epidemiologia Clinica, IRCCS Ospedale Policlinico
San Martino, Genova, Italy (Bruzzi); SOC Internistica
Multidisciplinare, Ospedale Civile Guastalla,
Azienda USL-IRCCS di Reggio Emilia, Reggio Emilia,
Italy (Boni, Teopompi); SOC Farmacia, Azienda
USL-IRCCS di Reggio Emilia, Reggio Emilia, Italy
(Turrà); UOC Medicina Generale Ospedale di
Vittorio Veneto, Treviso, Italy (Ballerini, Sciascia);
Dipartimento di Medicina Sperimentale e Clinica,
Università degli Studi di Firenze, SOD Malattie
infettive e tropicali, AOU Careggi, Firenze, Italy
(Zammarchi); Medicina Interna 1, Dipartimento
Emergenza ed Accettazione, AOU Careggi, Firenze,
Italy (Para); UO di Malattie Infettive, Ospedale
Regionale Ca’ Foncello di Treviso, Treviso, Italy
(Scotton, Inojosa); SSD Centro DH Allergologia e
Immunologia Clinica, ASST-Mantova, Mantva, Italy
(Ravagnani); UOC Malattie Infettive e Tropicali,
AOUI di Verona, Verona, Italy (Salerno); SS
Reumatologia, SC Medicina Interna, DIMET,
Università del Piemonte Orientale e AOU Maggiore
della Carità di Novara (Sainaghi); Reumatologia,
Medicina Interna, Ospedale S. Andrea, La Spezia,
Italy (Brignone); UOC Malattie Infettive, AUSL di
Piacenza, Piacenza, Italy (Codeluppi); Unità di
malattie Infettive, ASST di Cremona, Cremona, Italy
(Milesi); UOC Medicina Generale, ULSS6 Euganea
Ospedali Riuniti Padova Sud, Padova, Italy
(Bertomoro); SC Medicina Interna, AO Ordine
Mauriziano, Torino, Italy (Claudio); SC Malattie
dell’Apparato Respiratorio, AO SS. Antonio e Biagio
e C. Arrigo, Alessandria, Italy (Salio); Unità di
Malattie Infettive, Dipartimento di Medicina Clinica
e Sperimentale, Università di Pisa, Pisa, Italy
(Falcone); SC Malattie Infettive, ASL1 Imperia,
Impersia, Italy (Cenderello); UO Malattie Infettive
ed Epatologia, AOU Parma, Parma, Italy (Donghi);
Malattie Infettive e Tropicali, AO S. Croce e Carle,
Cuneo, Italy (Del Bono); UO Medicina, Ospedale di
Treviglio, ASST Bergamo Ovest, Bergamo, Italy
(Colombelli); Dipartimento di Malattie Infettive,
Tropicali e Microbiologia, IRCCS Ospedale Sacro
Cuore-Don Calabria, Negrar di Valpolicella, Verona,
Italy (Angheben); Medicina Interna Universitaria,
AOU Ferrara, Ferrara, Italy (Passaro); Medicina
Interna, Ospedale Evangelico, Genoa, Italy
(Secondo); UO Malattie Infettive, Dipartimento di
scienze mediche e chirurgiche, Università di
Bologna, Bologna, Italy (Pascale); UOC Medicina
Interna, AUSSS3 Serenissima, Dolo, Venezia, Italy
(Piazza); SOC Pneumologia, Azienda USL-IRCCS di
Reggio Emilia, Reggio Emilia, Italy (Facciolongo);
Azienda USL-IRCCS di Reggio Emilia, Reggio Emilia,
Italy (Costantini).
Author Contributions: Drs Dolci and Costantini had
full access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis. Drs Salvarani and Dolci
contributed equally to this article and are co–first
authors. Drs Facciolongo and Costantini contributed
equally to this article and are co–last authors.
Concept and design: Salvarani, Dolci, Massari,
Cavuto, Bruzzi, Boni, Turrà, Colombelli,
Facciolongo, Costantini.
Acquisition, analysis, or interpretation of data:
Salvarani, Dolci, Massari, Merlo, Cavuto, Savoldi,
Bruzzi, Boni, Braglia, Ballerini, Sciascia, Zammarchi,
Para, Scotton, Inojosa, Ravagnani, Salerno,
Sainaghi, Brignone, Codeluppi, Teopompi, Milesi,
Bertomoro, Norbiato, Salio, Falcone, Cenderello,
Donghi, Del Bono, Angheben, Passaro, Secondo,
Pascale, Piazza, Costantini.

Drafting of the manuscript: Salvarani, Dolci, Merlo,
Savoldi, Bruzzi, Braglia, Turrà, Codeluppi,
Bertomoro, Norbiato, Falcone, Colombelli, Passaro,
Secondo, Costantini.
Critical revision of the manuscript for important
intellectual content: Dolci, Massari, Merlo, Cavuto,
Savoldi, Bruzzi, Boni, Ballerini, Sciascia, Zammarchi,
Para, Scotton, Inojosa, Ravagnani, Salerno, Sainaghi,
Brignone, Teopompi, Milesi, Salio, Falcone,
Cenderello, Donghi, Del Bono, Angheben, Passaro,
Pascale, Piazza, Facciolongo, Costantini.
Statistical analysis: Merlo, Cavuto, Savoldi, Bruzzi,
Braglia.
Administrative, technical, or material support:
Salvarani, Dolci, Merlo, Cavuto, Savoldi, Boni, Turrà,
Sciascia, Zammarchi, Scotton, Brignone, Codeluppi,
Salio, Cenderello, Piazza, Costantini.
Supervision: Salvarani, Brignone, Teopompi, Del
Bono, Passaro, Pascale, Facciolongo, Costantini.
Conflict of Interest Disclosures: Drs Massari,
Merlo, and Costantini, Mr Cavuto, and Mss Savoldi
and Turrà reported receiving nonfinancial support
(provision of experimental drug and distribution to
clinical sites) from Roche during the conduct of the
study. Dr Falcone reported receiving speaker fees
from Angelini, Merck Sharp & Dohme, Pfizer, Nordic
Pharma, and Shionogi outside the submitted work.
Dr Angheben reported receiving grants from Italian
Ministry of Health during the conduct of the study.
No other disclosures were reported.
Funding/Support: The coordinator center and
participating centers used local resources to
conduct the trial. The work at the IRCCS Sacro
Cuore Don Calabria Hospital was partly funded by
the Italian Ministry of Health “Fondi Ricerca
Corrente – Linea 1, progetto 4”. Roche provided the
drug and its distribution to the centers.
Role of the Funder/Sponsor: The funders/
sponsors had no role in the design and conduct of
the study; collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.
The RCT-TCZ-COVID-19 Study Group: The
RCT-TCZ-COVID-19 Study Group members are listed
in Supplement 1.
Data Sharing Statement: See Supplement 4.
Additional Contributions: We thank the patients
who participated in this trial for their collaboration.
We also thank the Infectious Disease staff of
Arcispedale Santa Maria Nuova, Azienda USL-IRCCS
of Reggio Emilia, as their inputs and clinical
impressions were key in the design and the
conduction of the study. A special thank-you goes
to the members of the AIFA Scientific Committee
and COVID-19 Crisis Unit for their support.

REFERENCES
1. Guan W-J, Ni Z-Y, Hu Y, et al; China Medical
Treatment Expert Group for Covid-19. Clinical
characteristics of coronavirus disease 2019 in
China. N Engl J Med. 2020;382(18):1708-1720.
doi:10.1056/NEJMoa2002032

2. Huang C, Wang Y, Li X, et al. Clinical features of
patients infected with 2019 novel coronavirus in
Wuhan, China. Lancet. 2020;395(10223):497-506.
doi:10.1016/S0140-6736(20)30183-5

3. Qin C, Zhou L, Hu Z, et al. Dysregulation of
immune response in patients with coronavirus 2019
(COVID-19) in Wuhan, China. Clin Infect Dis. 2020;
71(15):762-768. doi:10.1093/cid/ciaa248

4. Chen G, Wu D, Guo W, et al. Clinical and
immunological features of severe and moderate

coronavirus disease 2019. J Clin Invest. 2020;130
(5):2620-2629. doi:10.1172/JCI137244
5. Cao X. COVID-19: immunopathology and its
implications for therapy. Nat Rev Immunol. 2020;
20(5):269-270. doi:10.1038/s41577-020-0308-3
6. Zeng F, Huang Y, Guo Y, et al. Association of
inflammatory markers with the severity of
COVID-19: a meta-analysis. Int J Infect Dis. 2020;
96:467-474. doi:10.1016/j.ijid.2020.05.055
7. Horby P, Lim WS, Emberson JR, et al; RECOVERY
Collaborative Group. Dexamethasone in
hospitalized patients with Covid-19—preliminary
report. N Engl J Med. Published online July 17, 2020.
doi:10.1056/NEJMoa2021436
8. Liu B, Li M, Zhou Z, Guan X, Xiang Y. Can we use
interleukin-6 (IL-6) blockade for coronavirus
disease 2019 (COVID-19)-induced cytokine release
syndrome (CRS)? J Autoimmun. 2020;111:102452.
doi:10.1016/j.jaut.2020.102452
9. Manfredi A, Cassone G, Furini F, et al.
Tocilizumab therapy in rheumatoid arthritis with
interstitial lung disease: a multicenter retrospective
study. Intern Med J. 2020;50(9):1085-1090.
doi:10.1111/imj.14670
10. Schirmer M, Muratore F, Salvarani C.
Tocilizumab for the treatment of giant cell arteritis.
Expert Rev Clin Immunol. 2018;14(5):339-349. doi:
10.1080/1744666X.2018.1468251
11. Stone JH, Tuckwell K, Dimonaco S, et al. Trial of
tocilizumab in giant-cell arteritis. N Engl J Med.
2017;377(4):317-328. doi:10.1056/NEJMoa1613849

12. Le RQ, Li L, Yuan W, et al. FDA approval
summary: tocilizumab for treatment of chimeric
antigen receptor T cell-induced severe or
life-threatening cytokine release syndrome.
Oncologist. 2018;23(8):943-947. doi:10.1634/
theoncologist.2018-0028

13. Xu X, Han M, Li T, et al. Effective treatment of
severe COVID-19 patients with tocilizumab. Proc
Natl Acad Sci U S A. 2020;117(20):10970-10975.
doi:10.1073/pnas.2005615117

14. Toniati P, Piva S, Cattalini M, et al. Tocilizumab
for the treatment of severe COVID-19 pneumonia
with hyperinflammatory syndrome and acute
respiratory failure: a single center study of 100
patients in Brescia, Italy. Autoimmun Rev. 2020;19
(7):102568. doi:10.1016/j.autrev.2020.102568

15. Sciascia S, Aprà F, Baffa A, et al. Pilot
prospective open, single-arm multicentre study on
off-label use of tocilizumab in patients with severe
COVID-19. Clin Exp Rheumatol. 2020;38(3):529-532.

16. Price CC, Altice FL, Shyr Y, et al. Tocilizumab
treatment for cytokine release syndrome in
hospitalized COVID-19 patients: survival and clinical
outcomes. Chest. Published online June 15, 2020.
doi:10.1016/j.chest.2020.06.006

17. Guaraldi G, Meschiari M, Cozzi-Lepri A, et al.
Tocilizumab in patients with severe COVID-19:
a retrospective cohort study. Lancet Rheumatol.
2020;2(8):e474-e484. doi:10.1016/S2665-9913(20)
30173-9

18. McCarthy C, Savinelli S, Feeney ER, et al.
Tocilizumab therapy in individuals with COVID-19
infection and hyperinflammatory state. Respirology.
Published online July 21, 2020. doi:10.1111/resp.13912

19. Zhou F, Yu T, Du R, et al. Clinical course and risk
factors for mortality of adult inpatients with
COVID-19 in Wuhan, China: a retrospective cohort
study. Lancet. 2020;395(10229):1054-1062.
doi:10.1016/S0140-6736(20)30566-3

20. Berlin DA, Gulick RM, Martinez FJ. Severe
Covid-19. N Engl J Med. Published online May 15,
2020. doi:10.1056/NEJMcp2009575

Effect of Tocilizumab on Clinical Worsening in Patients Hospitalized With COVID-19 Pneumonia Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine January 2021 Volume 181, Number 1 31

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 01/27/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.6615?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.6615
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.6615?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.6615
https://dx.doi.org/10.1056/NEJMoa2002032
https://dx.doi.org/10.1016/S0140-6736(20)30183-5
https://dx.doi.org/10.1093/cid/ciaa248
https://dx.doi.org/10.1172/JCI137244
https://dx.doi.org/10.1038/s41577-020-0308-3
https://dx.doi.org/10.1016/j.ijid.2020.05.055
https://dx.doi.org/10.1056/NEJMoa2021436
https://dx.doi.org/10.1016/j.jaut.2020.102452
https://dx.doi.org/10.1111/imj.14670
https://dx.doi.org/10.1080/1744666X.2018.1468251
https://dx.doi.org/10.1056/NEJMoa1613849
https://dx.doi.org/10.1634/theoncologist.2018-0028
https://dx.doi.org/10.1634/theoncologist.2018-0028
https://dx.doi.org/10.1073/pnas.2005615117
https://dx.doi.org/10.1016/j.autrev.2020.102568
https://www.ncbi.nlm.nih.gov/pubmed/32359035
https://dx.doi.org/10.1016/j.chest.2020.06.006
https://dx.doi.org/10.1016/S2665-9913(20)30173-9
https://dx.doi.org/10.1016/S2665-9913(20)30173-9
https://dx.doi.org/10.1111/resp.13912
https://dx.doi.org/10.1016/S0140-6736(20)30566-3
https://dx.doi.org/10.1056/NEJMcp2009575
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.6615

