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Abstract Tocilizumab has been reported to attenuate the “cytokine storm” in COVID-19 patients. We attempted
to verify the effectiveness and safety of tocilizumab therapy in COVID-19 and identify patients most likely to
benefit from this treatment. We conducted a randomized, controlled, open-label multicenter trial among COVID-
19 patients. The patients were randomly assigned in a 1:1 ratio to receive either tocilizumab in addition to
standard care or standard care alone. The cure rate, changes of oxygen saturation and interference, and
inflammation biomarkers were observed. Thirty-three patients were randomized to the tocilizumab group, and 32
patients to the control group. The cure rate in the tocilizumab group was higher than that in the control group, but
the difference was not statistically significant (94.12% vs. 87.10%, rate difference 95% CI —7.19%21.23%, P =
0.4133). The improvement in hypoxia for the tocilizumab group was higher from day 4 onward and statistically
significant from day 12 (P = 0.0359). In moderate disease patients with bilateral pulmonary lesions, the hypoxia
ameliorated earlier after tocilizumab treatment, and less patients (1/12, 8.33%) needed an increase of inhaled
oxygen concentration compared with the controls (4/6, 66.67%; rate difference 95% CI —99.17% to —17.50%, P =
0.0217). No severe adverse events occurred. More mild temporary adverse events were recorded in tocilizumab
recipients (20/34, 58.82%) than the controls (4/31, 12.90%). Tocilizumab can improve hypoxia without
unacceptable side effect profile and significant influences on the time virus load becomes negative. For patients
with bilateral pulmonary lesions and elevated IL-6 levels, tocilizumab could be recommended to improve outcome.
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Introduction

The coronavirus disease 2019 (COVID-19), which pre-
sents mainly as a respiratory illness but also multiple organ
failure, has spread rapidly to many countries and regions
[1,2]. Extreme efforts around the world have focused on
finding effective treatments toward the ongoing COVID-
19 pandemic.

In a preliminary study on the immune profile of severe
COVID-19 patients, we previously observed pathogenic T
helper 1 cells (GM-CSF*IFN-y*) and inflammatory
monocytes (CD147CD16" with high expression of IL-6)
in COVID-19 patients and suggested that these monocytes
may enter the pulmonary circulation in large numbers and
incite an inflammatory storm [3]. This speculation has been
confirmed by a series of autopsy pathological studies,
which showed the existence of a large number of
infiltrating focal monocytes and lymphocytes and inflam-
matory cytokines in the pulmonary interstitium [4,5].

“Cytokine storm” may exacerbate immune disturbance
and tissue damage in the lungs [6], leading to hypoxia and
even respiratory failure, which was considered an
important cause of disease progression and even death of
COVID-19 patients [7]. To confirm whether modulating
these inflammatory cytokines, such as IL-6, might be a
potentially effective way for controlling the inflammation
in the lung and reducing the mortality of COVID-19
patients, tocilizumab has been identified to specifically
bind soluble and membranal IL-6R and inhibit signal
transduction. In our one-arm clinical study, we observed
that after tocilizumab treatment, most of the 21 patients had
significant improvements in fever and oxygen saturation.
The inflammation biomarkers were also significantly lower
after tocilizumab administration. All patients recovered
and were eventually discharged [8,9].

After our initial exploration, tocilizumab treatment and
related scientific strategy in modulating the inflammatory
cytokine outburst have been advocated in many countries.
Many clinical research groups have confirmed that the
response to tocilizumab was rapid, sustained, and
associated with significant reduction in the need for
invasive mechanical ventilation or rate of death in patients
with severe COVID-19 pneumonia [10-13]. To further
evaluate the effectiveness and safety of tocilizumab
treatment and also identify patients most likely to benefit
from this treatment, we conducted this randomized,
controlled, open-label, multicenter trial in COVID-19
patients.

Methods

Trail design and oversight

This was a randomized, controlled, open-label, multicenter

trial conducted from February 13, 2020, through March 13,
2020 (the date of enrollment of the last patient), at six
hospitals in Anhui and Hubei. Randomization numbers
were generated using SAS statistical software package
(SAS Institute, Cary, USA). Each consecutively coded
patient was randomly enrolled by the sub-site investigators
until the total number of cases allocated to the site was
reached. Competitive recruitment was adopted for enroll-
ment. This trial was registered in the Chinese Clinical Trial
Registry (ChiCTR2000029765).

The patients were randomly assigned in a 1:1 ratio to
receive either tocilizumab in addition to standard care or
standard care alone. On the basis of our preliminary study
and ethics concerns, if a patient in the control group
became progressively severe within 3 days after randomi-
zation, he/she would be crossed over to the tocilizumab
group. The detailed trial protocol is available in the
supplementary material, and the study rationale has been
published previously [3,8]. Informed consent was obtained
from all patients before their enrollment into the study and
publication of the results. The study protocol was approved
by the Medical Research Ethics Committee of Anhui
Provincial Hospital, the First Affiliated Hospital of
University of Science and Technology of China (approval
no. 2020-XG (H)-015). We committed to protect the
patient’s privacy and comply with the Helsinki Declara-
tion.

Trail population

Eligible patients diagnosed with COVID-19 through
reverse transcriptase polymerase chain reaction positivity
for SARS-CoV-2 were enrolled in this study. Inclusion
criteria: (1) 18-85 years old; (2) elevated plasma IL-6
levels; (3) moderate (with bilateral pulmonary lesions) or
severe disease. The diagnosis of moderate or severe
disease was defined according to the “Diagnosis and
Treatment Protocol for Novel Coronavirus Pneumonia (5th
or updated version)” sponsored by the National Health
Commission of the People’s Republic of China as follows:
moderate disease, fever or other respiratory symptoms,
bilateral pulmonary lesions confirmed by chest imaging;
severe disease was defined if any of the following
conditions was met: (1) respiratory rate = 30 breaths
per min; (2) SpO, < 93% while breathing room air;
(3) PaO,/FiO, < 300 mmHg. Exclusion criteria:
(1) pregnant or lactating women; (2) alanine aminotrans-
ferase (ALT) or aspartate aminotransferase (AST) > 5
times the upper limit of normal (neutropenia < 0.5x 10%/L;
platelet < 50x 10°/L); (3) people diagnosed with rheuma-
tism- and immunity-related diseases, cancer, and other
related diseases; (4) people who are taking antirejection or
immunomodulatory drugs; (5) people who are allergic to
tocilizumab or any excipients; (6) patients with active
hepatitis and tuberculosis, associated with specific bacterial



488

Tocilizumab in patients with moderate or severe COVID-19

and fungal infections; (7) patients who have had organ
transplantation; (8) people with mental disorders. A
comprehensive description of the eligibility and exclusion
criteria is provided in the study protocol in the supplemen-
tary material.

Trial procedures

Standard care was given in accordance with the “Diagnosis
and Treatment Protocol for Novel Coronavirus Pneumonia
(5th or updated version).” The tocilizumab group was
treated with tocilizumab (Roche Pharma (Schweiz) Ltd.;
B2084B21) in addition to standard care. The first dose of
tocilizumab was 400 mg, diluted in 100 mL of 0.9% saline,
and administered intravenously for more than 1 h. A
second dose was given if a patient remained febrile for 24 h
after the first dose. Clinical and laboratory examination
data were recorded using the Electronic Data Capture
System, including gender, age, coexisting diseases, clinical
symptoms, peripheral oxygen saturation, and laboratory
test results. This study focused on the changes in the
respiratory functions and inflammatory biomarkers.
Inhaled oxygen concentration and peripheral oxygen
saturation were recorded at 9:00 a.m. every day. The
highest body temperature was recorded, and inflammatory
marker levels were monitored daily.

End points

The primary end point was the cure rate of the enrolled
patients. The definition for cure followed the standard
given by the “Diagnosis and Treatment Protocol for Novel
Coronavirus Pneumonia (5th or updated version)”:
(1) fever attenuated continuously for 7 days, (2) twice
negative SARS-CoV-2 nucleic acid detections, (3) CT scan
demonstrating chest effusion improved more than 50%
when the patient is discharged from the hospital.
Secondary outcomes were the recovery rate of hypoxia
over 14 days, the worsening rate of hypoxia during
hospitalization, the duration of hospital stay, and the time
to negative virus load. Hypoxia was defined as peripheral
oxygen saturation less than 93% while inhaling room air.
Hypoxia recovery was defined as patient’s fingertip
oxygen saturation = 93% while inhaling room air.
Hypoxia worsening is defined as increased inhalation of
oxygen concentration to maintain normal oxygen satura-
tion levels. Safety outcomes included treatment-emergent
adverse events and serious adverse events.

Sample size calculations

With limited knowledge of the efficacy of tocilizumab and
the clinical data of COVID-19 in January 2020 in China,
we assumed a 30% cure rate for the tocilizumab group and
a 10% cure rate for the control group when designing the

protocol. We estimated that 84 participants are required for
each group. The sample size increased to about 10%
considering shedding/elimination. Hence, the trial was
designed to include 188 participants, including 94 in the
tocilizumab group and 94 in the control group.

Statistical analysis

All statistical analyses were conducted with SAS9.4
software (SAS Institute, Cary, North Carolina, USA). For
the primary outcome (cure rate), Chi-square tests or
Fisher’s exact test was adopted for the comparison
between the tocilizumab group and the control group.
For secondary outcomes (recovery rate of hypoxia over 14
days, worsening rate of hypoxia during hospitalization,
duration of hospital stay, and time to negative virus load),
count (percentage) was adopted for summarizing the
categorical variables, and Chi-square tests or Fisher’s
exact test was used for comparison. Continuous variables
were presented with mean + standard deviation or median
(interquartile range (IQR)) and compared with independent
t-test or Mann—Whitney U test. All statistical testing was
two-sided, with P < 0.05 being considered statistically
significant.

Results

Because of the rapid decline in the number of COVID-19
patients in China, a total of 65 pneumonia patients with
laboratory confirmed SARS-CoV-2 infection underwent
randomization. Thirty-three cases were randomized to the
tocilizumab group, and 32 cases to the control group. One
case in the control group that worsened on day 3 after
randomization was crossed over to the tocilizumab group
according to the study protocol (Fig. 1). The median age of
patients was 63 years (IQR 55 to 71 years), and 50.77% of
patients were male. The median interval time between
symptom onset and randomization was 23 days (IQR 12 to
30 days). All patients requiring respiratory support were
treated with oxygen therapy, including nasal cannula
(58.46%), mask (6.15%), or high flow (9.23%). No
important between-group differences were observed in
the demographic characteristics and baseline laboratory
test results (Table 1).

For the primary endpoint of cure rate, we compared the
cure rates of tocilizumab-treated patients and controls. In
both groups, some patients who critically deteriorated and
were transferred to a designated hospital for critical
illnesses were defined as “not cured” in the finial statistical
analysis. The cure rate of the tocilizumab group tended to
be higher than that of the control group (94.12% vs.
87.10%), but the difference between the two groups was
not statistically significant (rate difference 95% CI
—7.19%-21.23%, P = 0.4133, Table 2).
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65 patients were assessed for eligibility

33 patients randomly
assigned to the tocilizumab group

32 patients randomly
assigned to the control group

1 patient crossed over to
the tocilizumab group

34 patients
Intention to treat population

34 patients
Included in safety population

Fig. 1 Trial profile.

For the secondary outcomes, patients who had no
hypoxia during hospitalization were not included in the
evaluation of oxygen-saturation-related indices. Finally,
the data of 44 patients were included in the statistical
analysis. The recovery rate of hypoxia in the tocilizumab
group was higher than that in the control group from day 4,
and the differences became significant from day 12 (Table
2, Fig. 2A). Further analysis revealed that the recovery
rates of hypoxia in moderate patients with bilateral
pulmonary lesions appeared earlier in the tocilizumab
arm and were significant from day 10 to 14 (Table 3, Fig.
2B). Among the controls, 66.67% (4/6) patients needed an
increase in inhaled oxygen concentration during hospita-
lization, whereas in the tocilizumab-treated group, only 1
patient (1/12, 8.33%) needed the same intervention. The

31 patients
Intention to treat population

A

31 patients
Included in safety population

worsening rate of hypoxia was significantly lower in
tocilizumab-treated patients (rate difference 95% CI
-99.17% to —17.50%, P = 0.0217, Table 3, Fig. 2C). In
severe patients, no statistically significant difference was
observed between the two groups in the recovery rate of
hypoxia (Table 3, Fig. 2D). Moreover, no differences were
observed in the duration of hospital stay and time to
negative virus load between the two groups on the whole
(Table 2).

No serious adverse events were reported in the
tocilizumab group. However, some adverse events were
reported by 59% (20/34) patients in the tocilizumab group
and 13% (4/31) in the controls. The most common adverse
events were hepatic function abnormality (6/34, 18%),
leukopenia (5/34, 15%), and neutropenia (3/35, 9%) in
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Table 1 Baseline patient characteristics

Characteristics Tocilizumab group (N = 34) Control group (N = 31) All
Age (year, median (IQR)) 63.5 (58-71) 63 (54-69) 63 (55-71)
Sex (n (%))
Male 18 (52.94) 15 (48.39) 33 (50.77)
Female 16 (47.06) 16 (51.61) 32 (49.23)
Symptom onset to randomization 20 (9-29) 24 (19-33) 23 (12-30)
(median (IQR))
Coexisting condition (n (%))
Hypertension 10 (29.41) 10 (32.26) 20 (30.77)
Diabetes 4 (11.76) 6 (19.35) 10 (15.38)
Others 8 (23.53) 9 (29.03) 17 (26.15)
Symptoms (n (%))
Cough 13 (38.24) 15 (48.39) 28 (43.08)
Shortness of breath 12 (35.29) 11 (35.48) 23 (35.38)
Fever 8 (23.53) 5 (16.13) 13 (20.00)
Phlegm 6 (17.65) 6 (19.35) 12 (18.46)
Fatigue 3 (8.82) 5 (16.13) 8 (12.31)

Vital signs (median (IQR))
Body temperature (°C)
Heart rate (beat/min)
Respiratory rate (breath/min)

Laboratory parameters (median (IQR))

White cell count (x 10°/L)
Lymphocyte count (x 10°/L)
C-reactive protein (mg/L)
IL-6 (pg/mL)

36.6 (36.4-36.9)
80.5 (76-86)
20 (18-20)

6.265 (5.56-8.15)
1.085 (0.895-1.645)
9.95 (3.3-23.6)

26.03 (12.76-58.04)

36.6 (36.3-36.9)
82 (74-88)
20 (19-20)

5.77 (4.2-7.35)
1.32 (0.92-1.58)
6.28 (1.15-33.7)
24.35 (9.895-85.325)

36.6 (36.4-36.9)
82 (76-87)
20 (19-20)

6.15 (4.56-7.47)
1.185 (0.91-1.6)
7.58 (3-32.04)
25.13 (10.4-77.44)

ALT (U/L) 34 (18-69) 23 (15-43) 27 (16-59)

AST (UL) 24 (20-32) 23 (20-31) 24 (20-32)

Creatine kinase (U/L) 66 (52.1-74) 70 (60-78) 68 (55-76)

Blood urea nitrogen (mmol/L) 4.55 (3.845-5.43) 422 (3.5-5.1) 436 (3.62-5.4)
Oxygen support mode (n (%))

Nasal cannula 21 (61.76) 17 (54.84) 38 (58.46)

Mask 2 (5.88) 2 (6.45) 4 (6.15)

High flow 3 (8.82) 3 (9.68) 6 (9.23)

Air 8 (23.53) 9 (29.03) 17 (26.15)
Disease severity (n (%))

Moderate 20 (58.82) 17 (54.84) 37 (56.92)
Severe 14 (41.18) 14 (45.16) 28 (43.08)
Fingertip oxygen saturation 97 (96-98) 98 (96-99) 97 (96-98.5)

(median (IQR))
Drug combination (n (%))

Glucocorticoid 5(14.71) 2 (6.45) 7 (10.77)
tocilizumab-treated recipients (Table 4). All of these Discussion

adverse events remitted spontaneously or after sympto-
matic treatments. One patient in the control group, who
worsened severely 3 days after randomization, was crossed
over to the tocilizumab group in accordance with the study
protocol. He was treated with tocilizumab and finally
recovered.

We recruited 65 patients with COVID-19 in this clinical
trial for tocilizumab, and the results revealed a higher cure
rate in the tocilizumab group compared with the control
group. However, the difference was not statistically
significant. An improvement in oxygenation was observed
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Table 2 Comparison of the primary and secondary outcomes

Variables Tocilizumab group Control group Rate or median difference 95% CI
Cure rate (n (%)) 32 (94.12) (N =34) 27 (87.10) (N =31) -7.19,21.23
Rate of hypoxia recovery at day 14 (n (%)) 22 (91.67) (N =24) 12 (60.00) (N = 20) 7.52, 55.82
Length of hospitalization (median (IQR)) 26 (17-27) 24 (15-28) -4,2
Time to negative virus (median (IQR)) 17 (12-20) 16 (12-21.5) -4,5
Table 3 Subgroup analysis of primary and secondary outcomes
Moderate Severe
Variables : -
Tocilizumab Control R(?it;:feorrerrlrclzd;r:% I Tocilizumab Control Rgitfef;rerrlrézdgle;r% I
Cure rate (n (%)) 19 (95.00) 15 (88.24) —11.29, 24.81 13 (92.86) 12 (85.71) —15.62, 29.90
(N=20) WN=17) N=14) N=14)
Rate of hypoxia recovery 12 (100.00) 2 (33.33) 28.95, 100 10 (83.33) 10 (71.43) —19.79, 43.60
at day 14 (n (%)) (N=12) (N=16) (N=12) (N=14)
Rate of hypoxia worsening 1 (8.33) 4 (66.67) -99.17, —17.50 6 (50.00) 4 (28.57) —15.45, 58.31
during hospitalization (n (%)) (N = 12) (N=06) N=12) N=14)
Length of hospitalization 26 (21-27.5) 25 (19-28) -4,5 24 (14-27) 22.5 (12-27) -7, 10
(median (IQR))
Time to negative virus 17 (13-19) 17 (14-23) -3,7 14.5 (11.5-20.5) 11 (8-16) -13,7

(median (IQR))

in tocilizumab-treated patients, especially in moderate
patients with bilateral lung lesions. These patients
manifested an earlier improvement in oxygenation and
less incidence of oxygenation worsening after tocilizumab
treatment. No differences in the time of negative virus load
between the two groups were observed. The tocilizumab-
treated group showed no serious or life-threatening side-
effects, and all of the adverse events remitted sponta-
neously or after symptomatic treatments.

Improved oxygenation was confirmed in tocilizumab
treated patients in this study. The recovery rate of hypoxia
was higher in the tocilizumab group than in the control
group from day 4, and the differences became significant
from day 12, indicating that tocilizumab can improve
patient’s oxygenation. Furthermore, we found that the
recovery of hypoxia in moderate disease patients with
bilateral pulmonary lesions appeared earlier after tocilizu-
mab treatment, which became significant from day 10 to
14. In those moderate patients, only 1 patient (1/12, 8.33%)
needed an increase in inhaled oxygen concentration during
hospitalization, while in the controls, 66.78% (4/6) patients
needed the same intervention. The worsening rate of
hypoxia was significantly lower in this type of patients
when subjected to tocilizumab treatment. These findings
indicated that tocilizumab therapy could improve oxyge-
nation and hinder disease deterioration in moderate disease
patients, and tocilizumab would be suitable for this type of
COVID-19 patients. In severe disease patients treated with
tocilizumab, no significant improvement in oxygenation
was observed. This might be because the number of severe

patients enrolled was limited as there were only 20 cases
included. In addition, the randomization of some of these
patients occurred 20 days after disease onset, which could
have affected the effectiveness of tocilizumab. These
factors might have affected the statistical significance of
our study results. For severely ill patients, a larger scale
study enrolling more patients is needed.

“Cytokine storm” can lead to immune dysregulation and
tissue damage in the lungs [6], resulting in hypoxia and
even respiratory failure, which was considered an
important cause of exacerbation and even death of
COVID-19 [7]. Our previous study revealed that increased
IL-6 in COVID-19 patients played a pivotal role in the
“cytokine storm.” Blocking IL-6 could reduce the intensity
of “cytokine storm” and improve associated hypoxia [3,8].
Tocilizumab was reported to control “cytokine storm” by
blocking IL-6 receptors [14]. In this study, we found that
tocilizumab could ameliorate hypoxia, accompanied by
reduced C-reactive protein levels and increased lympho-
cyte counts, which suggested that tocilizumab might
attenuate the “cytokine storm” and inflammation in
COVID-19. The IL-6 concentration in the tocilizumab
group was significantly higher at day 1 to 5, which should
be due to the blockage of IL-6 receptor and therefore the
elevated free IL-6 levels in the blood. Importantly, the
clinical symptoms did not deteriorate when IL-6 levels
were high. The elevated IL-6 began to decrease autono-
mously at day 7.

Other clinical studies using tocilizumab did not reach
satisfactory results [15,16]. However, most patients in
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Table 4 Summary of adverse events in the safety population

Tocilizumab group

Variables OV = 34) Control group (N = 31)

Severe adverse 0 (0.00) 1(3.23)
event (n (%))

Non-severe adverse 20 (58.82) 4 (12.90)
event (n (%))

Abnormal hepatic 6 (17.65) 1(3.23)
function

Leukopenia 5(14.71) 0 (0.00)

Neutropenia 3(8.82) 0 (0.00)

Headache 1(2.94) 0 (0.00)

Insomnia 1(2.94) 0 (0.00)

Rash 1(2.94) 0 (0.00)

Constipation 1(2.94) 0 (0.00)

Hypoglycemia 1(2.94) 0 (0.00)

Aggravation of 1(2.94) 0 (0.00)
pulmonary disease

Diarrhea 0 (0.00) 1(3.23)

Arrhythmia 0 (0.00) 1(3.23)

Anemia 0 (0.00) 1(3.23)

these studies were critical stage cases. Some of them
already had respiratory failure or even multiple organ
failure. In the design of our study, considering that
tocilizumab might not be effective due to the irreversible
inflammatory damages in lung tissue in critically ill
patients, we excluded this type of patients from our study
enrollment. This might be the cause of the differences
between our results and those of other studies.

Many researchers have considered that blockage of IL-6
might affect the anti-viral response [16]. Our previous data
about single-cell analysis of severe COVID-19 patients
before and after tocilizumab treatment have confirmed that
immune cells including plasma B cells and CD8* T cells
exhibited an intense humoral and cell-mediated anti-viral
immune response after tocilizumab therapy, and the
inflammatory immune response was attenuated [17]. In
this trial, no significant difference in the time of negative
virus load between the two groups was found, further
confirming that the anti-virus capacity will not be
significantly moderated if the IL-6 signal pathway is
blocked.

In terms of safety, tocilizumab-treated patients showed
more adverse events including leukopenia, neutropenia,
and abnormal hepatic function. However, all these adverse
events remitted spontaneously or after symptomatic
treatments, and no serious adverse events occurred,
indicating that tocilizumab treatment for COVID-19 is
relatively safe and acceptable. One patient in the control
group that aggravated on day 3 after randomization was
crossed over to the tocilizumab group. After tocilizumab

administration, the patient’s symptoms were relieved
quickly without serious adverse events, and he was finally
cured.

This trial was an open-label study without a placebo
group, and the number of patients was limited. With the
increasing understanding of the disease and the continuous
improvement of the diagnosis and treatment in the first
quarter of 2020, the cure rate of patients increased rapidly,
and we could not enroll enough eligible patients in
accordance with the previously designed protocol. The
time between the onset of disease and randomization was
relatively long in some patients. In these patients, the
inflammation and pulmonary damage had existed for a
prolonged duration, which might not be reversed easily.
Moreover, some adjunctive therapeutics such as glucocor-
ticoid administration might have influenced the effective-
ness of tocilizumab. All of these factors might have
influenced the results of this study, resulting in no
significant differences in the cure rate and length of
hospitalization between the two groups. Considering these
issues, we recommend a larger size study to be performed
in countries where the COVID-19 epidemic is currently
uncontrolled.

Conclusions

This study showed that tocilizumab treatment is not
associated with a significantly higher cure rate among
COVID-19 patients. However, it can improve oxygena-
tion, symptoms, and reduce disease worsening with an
acceptable side effect profile. Tocilizumab had no
significant influence on the time needed for negative
viral load. For COVID-19 patients with bilateral pulmon-
ary lesions and elevated IL-6 levels, tocilizumab is
recommended for better disease management.
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