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Background: The therapeutic effectiveness of interleukin-6 receptor inhibitor in critically ill hospitalized patients 

with coronavirus disease 2019 (COVID-19) is uncertain. 

Methods: To evaluate the efficacy and safety of the outcome as recovery or death of tocilizumab for severe 

acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) infection, we conducted a randomized, double-blinded, 

placebo-controlled phase 2 trial in critically ill COVID-19 adult patients. The patients were randomly assigned in a 

4:1 ratio to receive standard medical treatment plus the recommended dose of either tocilizumab or the placebo 

drug. Randomization was stratified. The primary outcome was the recovery or death after administration of 

tocilizumab or a placebo drug. The secondary outcomes were clinical recovery or worsening of the patients’ 

symptoms and inflammatory markers and discharge from the hospital. 

Results: Of 190 patients included in this study, 152 received tocilizumab, and 38 received a placebo. The duration 

of hospital stay of the interventional group was 12.9 ± 9.2, while the placebo group had a more extended hospital 

stay (15.6 ± 8.8). The mortality ratio for the primary outcome, ie, mortality or recovery in the tocilizumab group 

was 17.8%; p = 0.58 by log-rank test). The mortality ratio in the placebo group was 76.3%; p = 0.32 by log- 

rank test). The inflammatory markers in the tocilizumab group significantly declined by day 16 compared to the 

placebo group. 

Conclusions: The use of tocilizumab was associated with decreased mortality, earlier improvement of inflamma- 

tory markers, and reduced hospital stay in patients with severe COVID-19. 
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. Introduction 

Coronaviruses are RNA viruses. Six coronaviruses

re pathogenic to humans, mainly causing respiratory

ract infections. Severe acute respiratory syndrome-

oronavirus (SARS-CoV) in 2003 and the middle east

espiratory syndrome-coronavirus (MERS-CoV) in 2012

ere responsible for outbreaks of severe respiratory tract

nfections with 11%–35% mortality [1] . In December
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88 
019, a novel beta coronavirus SARS-CoV-2 causing coro-

avirus disease 2019 (COVID-19) was discovered, and on

arch 11, 2020, the World Health Organization (WHO)

eclared it as a pandemic [ 2 , 3 ]. 

Mortality in COVID-19 is associated with older age,

ale gender, comorbidities like coronary artery dis-

ase, diabetes mellitus, hypertension, chronic lung or re-

al diseases, and an immunocompromised state [ 4 , 5 ].

he case fatality rate (CFR) of COVID-19 is 2.3%, and

he percentage increases to 10% with cardiovascular
y 2022 
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y  
nd pulmonary illness and 26% to 88% in intubated

atients [6] . The leading cause of death in patients

ith severe COVID-19 is acute respiratory distress syn-

rome (ARDS) combined with disseminated intravascular

oagulation [6] . 

Severe COVID-19 is responsible for the production of

roinflammatory cytokines. The autopsy showed that se-

ere disease is associated with deviant host-immune re-

ponse and cytokine storm, resulting in cytokines release

yndrome (CRS) [7] . The over-activation of the immune

ystem causes multiple derangements in laboratory pa-

ameters like cytopenia, increased D-dimers, raised serum

erritin, and transaminitis [8] . Elevated inflammatory

iomarkers like C-reactive protein (CRP) and proinflam-

atory cytokines like interleukin-2 (IL-2), interleukin-6

IL-6), interleukin-10 (IL-10), gamma interferon (INF),

nd tumor necrosis factor-alpha ( 𝛼-TNF) are higher in se-

ere COVID-19 [ 9 , 10 ]. Early use of IL-6 inhibitors is as-

ociated with a decrease in morbidity and mortality [12] .

s cytokine storm has no unified clinical definition, we

onsidered any patient with raised inflammatory mark-

rs and evidence of cellular damage as suffering from cy-

okine storm. 

Tocilizumab is a monoclonal antibody, an IL-6 recep-

or inhibitor commonly used to treat rheumatoid arthritis

13] . Food and Drug Administration approves this drug

or Emergency Use Authorization for the treatment of

OVID-19 in hospitalized patients > 2 years of age who

re receiving systemic corticosteroids and require supple-

ental oxygen, noninvasive or invasive mechanical ven-

ilation (IMV), or extracorporeal membrane oxygenation.

iterature shows clinical benefits in severe COVID-19

 14 , 15 ]. This study aims to assess the role of tocilizumab

n hospitalized patients with severe COVID-19. We hy-

othesize that the use of tocilizumab and standard treat-

ent for severe COVID-19 will result in better over-

ll survival and a shorter hospital stay compared to no

ocilizumab in an inpatient population. 

. Materials and Methods 

.1. Study design 

This is a single-center, randomized, double-blind,

lacebo-controlled phase 2 trial. All patients received

reatment according to the local protocol at the hospital.

n addition, tocilizumab or placebo was administered to

he patients enrolled in the study. 

.2. Study settings 

The study was conducted in Lahore General Hospital,

ahore, Pakistan, from May 3, 2020 to October 3, 2020. 
89 
.3. Ethical consideration 

Ethical approval was obtained from the research

thical committee of Lahore General Hospital, hav-

ng approval number 00–144–20 (ClinicalTrials.gov ID:

CT04560205). The study was conducted in full confor-

ance with the Declaration of Helsinki, Drug Regulatory

uthority of Pakistan, Good Clinical Practice, and as per

he regulations of the Pakistan Health Research Council.

nformed consent was obtained from all patients prior to

nclusion. 

.4. Sample size and methodology 

Lahore General Hospital is a 1600 bedded tertiary care

ospital. Among 1600 beds, 150 beds were allocated to

OVID-19 patients. These beds were of varying acuity

rom the medical floor to intensive care units and high

ependency units. The sampling technique was consecu-

ive sampling. A total of 1220 in-hospital suspected pa-

ients underwent nasopharyngeal SARS-CoV-2 real-time-

olymerase chain reaction (RT-PCR) screening employ-

ng Zeesan viral RNA (ribonucleic acid) extraction kit. A

otal of 679 swabs were positive. Of 323 patients fulfill-

ng the inclusion criteria, 190 patients consented to be in-

luded in the study. Of those 190 patients, 152 received

ocilizumab, and 38 received a placebo. We estimated this

ample size by presuming that the patients’ risk of IMV

r their death during hospitalization would be 56% in

he placebo group, which would drop by 40% in patients

reated with tocilizumab as reported by Petrak et al. [16] .

.5. Randomization 

Simple randomization was done. The patients were

andomly assigned in a 4:1 ratio to receive standard

edical treatment plus the recommended dose of either

ocilizumab or the placebo. After the consent and ran-

omization, administration of tocilizumab or placebo was

ompleted within 2 hours. 

.5.1. Inclusion criteria 

• Age 18–75 years 

• Patients of any gender. 

• COVID-19 was diagnosed by nasopharyngeal RT-PCR

for SARS-CoV-2 

• Hospitalization secondary to COVID-19 at the time of

enrolment. 

• Pneumonia with typical radiological changes of

COVID-19 on X-ray chest or high-resolution computed

tomography chest. 

• Cytokine storm as evidenced by raised inflammatory

markers. 

Inclusion criteria was the same for the patients > 55

ears and patients < 55 years with comorbidities. Patients
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ith < 55 years age and no comorbidities had a different

nclusion criterion as mentioned below: 

1 Age < 55 years (with no comorbidities): 

○ The patient is unable to maintain O 2 saturation >

93% with 7–10 liter of oxygen, Persisting tachypnea

beyond > 35/ min 

○ ≥ 2 biochemical markers (lymphocyte count, CRP,

LDH, D-dimer, serum ferritin) are increasing by >

50% of the upper limit of normal 

i.e., CRP > 50 mg/L 

LDH > 1000 U/L 

D-dimer > 1 mg/L or 1000 ng/mL 

Serum ferritin > 1000 ng/mL or mcg/L 

Interleukin-6 (IL-6) < 7 pg/mL 

1 Age > 55 years (with or without comorbidities) or < 55

years (with comorbidities): 

○ The patient is unable to maintain O 2 saturation

> 93% with 5 liters of oxygen. 

○ Tachypnea > 30/min. 

○ ≥ 2 elevated biochemical markers (lymphocyte

count, CRP, lactate dehydrogenase (LDH), D-dimer,

serum ferritin) are increasing by > 50% from the up-

per limit of normal, i.e., CRP > 50 mg/L, LDH > 1000

U/L, D-dimer > 1 mg/L or 1000 ng/mL, Serum fer-

ritin > 1000 ng/mL or mcg/L, Interleukin-6 (IL-6)

< 7 pg/mL. 

.5.2. Exclusion criteria 

• Patients who do not require supplemental oxygen. 

• Patients on IMV at the time of enrolment. 

• Patients with respiratory rate < 30/mins. 

• Patients with lymphocyte count, CRP, LDH, D-dimer,

serum ferritin, or IL-6 not deranged > 50% (any two of

these parameters deranged > 50%). 

• Patients with active tuberculosis (TB). 

• Patients suffering from Herpes zoster. 

• Patients who have multiple sclerosis. 

• Allergy to tocilizumab. 

• Presences of chronic renal failure > 4 stage, GFR < 30

mL/min/1.73m 

2 . 

• Alanine aminotransferase/aspartate aminotransferase

> 5 times than normal values. 

• Presences of neutropenia < 500/mm 

3 . 

• Platelets count less than 50 ×10 

3 /μL. 

• Complicated diverticulitis/ intestinal perforation. 

• Immune-suppressive antirejection therapy. 

• Pregnancy/breastfeeding. 

• Previous myocardial infarction/ischemic heart disease,

heart failure. 
• Psychiatric patients. f  

90 
.6. Variables 

The information collected included patients’ demo-

raphics, presenting symptoms, disease severity, comor-

idities, including the history of smoking, hypertension,

iabetes mellitus, asthma, chronic obstructive pulmonary

isease, tuberculosis, chronic hepatitis B or C, and chronic

idney disease. Laboratory tests in which complete blood

ount, liver function tests, renal function tests, CRP,

DH, serum ferritin, D-dimer, and IL-6 were recorded

n the day of admission, followed by the third day, sev-

nth day and sixteenth day of admission. The parameters

bove were monitored before initiating tocilizumab. Vital

igns were recorded both pre- and postintervention with

ocilizumab or placebo. The dose of the drug, its dura-

ion, and outcomes, including the length of hospital stay,

omplications, and mortality, were abstracted on the ap-

roved case record form. 

.7. Standard care 

Standard medical treatment was provided to all the pa-

ients. The standard of care included a combination of

ntravenous antibiotic (ceftriaxone), methylprednisolone

1–2 mg/kg as a loading dose followed by 0.5–1 mg/kg

wice daily), and enoxaparin sodium (40 mg subcuta-

eous once daily). If the patient did not respond, the dose

f methylprednisolone was increased to 1.5 times as load-

ng dose followed by twice daily. 

.8. Placebo group 

As an adjuvant to the standard medical treatment,

 placebo was administered intravenously. The placebo

onsisted of a normal saline infusion administered over

0 minutes. The infusion was administered at the patient’s

edside in a look-alike bag similar to the tocilizumab in-

usion. 

.9. Treatment group 

As an adjuvant to the standard medical treatment, 4–8

g/kg with 800 mg maximum dose of tocilizumab was

iven in 60 minutes intravenous infusion, followed by up

o 2 additional doses according to response (clinical as

ell as laboratory parameters) after the first dose. The

ocilizumab infusion was prepared prior to bringing it to

he bedside to keep the blinding intact. 

.10. Outcomes 

The primary outcomes were recorded as either recov-

ry or death of the patient after administering tocilizumab

r placebo. The primary outcome was assessed as survival

unction and hazard function. The secondary outcomes
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Fig. 1. Screening, randomization, and enrollment of the patients. PCR, poly- 

merase chain reaction. 

Fig. 2. Overall Hazard curves from baseline to day 30 in tocilizumab patients 

according to Treatment given. 
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ere recorded as clinical recovery or worsening of symp-

oms of the patients and their inflammatory markers (at

ay 0, 2, 4, 8, and 16), their progression from non-IMV to

MV, escalation of care to the ICU or discharge from hospi-

al. The secondary outcomes included clinical biomarkers

lymphocyte count, CRP, LDH, D-dimer, serum ferritin,

nd IL-6) and their association with the demographics and

fficacy outcomes. 

.11. Statistical analysis 

.11.1. Data collection 

Data was entered into a case record form and was sub-

equently accessed by study investigators before being ex-

orted into a study-specific excel spreadsheet. Each en-

ry was coded using a unique patient identifier, accessi-

le only to investigators. Links between the names and

he unique patient identifier codes were kept in an Excel

heet locked within the principal investigator’s (PI) com-

uter and were destroyed post completion of analysis. 

.11.2. Data analysis 

Data were analyzed by SPSS version 25.0. Having 190

atients, we had 80% power to find the difference be-

ween two groups using the log-rank test, assuming the

wo-sided tests with a significance level of 0.05. The pri-

ary outcome was either recovery or death, ensuring that

ll the patients included in the study were administered

ith either tocilizumab or the placebo drug and assess-

ng their survival plot. The difference between the groups

eing treated was estimated by hazard plotting. The sur-

ival and the hazard were analyzed using Kaplan-Meier

urves with a 95% confidence interval. 

. Results 

.1. Demographics 

Between May 3, 2020 and October 3, 2020, 190 pa-

ients were enrolled. A total of 152 patients received

ocilizumab, and 38 received a placebo ( Fig. 1 ). The

atients’ demographics are shown in Table 1 . A total

f 102 (67.1%) were male in the control group, and

0 (32.9%) were female. 29 (76.3%) were male in the

lacebo group, and 9 (23.6%) were female. The mean age

n the tocilizumab group was 45.6 ± 12.2 years, and for

he placebo group, it was 44.6 ± 13.7 years. 

Maximum three doses of tocilizumab were given to the

atients; 88 patients received 2 doses. A total of 88% of

he patients (n = 133) presented with > 50% lung infiltra-

ion in interventional group. However, half of the patients

resented with < 50% lung involvement in the placebo

roup. The duration of hospital stay of the interventional

roup was 12.9 ± 9.2 days. While the placebo group had

omparatively longer hospital stays of 15.6 ± 8.8 days.
91 
iabetes mellitus was the most common comorbid condi-

ion in interventional 81 (53.3%) and placebo group 11

28.9%). 

A total of 27 (17.7%) patients treated with tocilizumab

ere intubated and later died. In the placebo group, of

9 (6.3%) patients who died, 21 (N = 38, 55.2%) were

ntubated, and 8 (21%) patients died without intubation.

he rest of the results are shown in Table 1 . 

.2. Survival analysis 

The Kaplan-Meier curves for the survival analysis in

he patients receiving tocilizumab and the placebo are

hown in Fig. 2 and Fig. 3 . The days of hospitalization

nd patient under observation were taken at the x-axis as

n independent variable. The relative survival and haz-

rd in both groups (tocilizumab and placebo) were taken

t the y-axis as a dependent variable. The mortality ratio

or the primary outcome, ie, mortality or recovery in the

ocilizumab group was 17.8%; p = 0.58 by log-rank test).
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Table 1 

Demographic and disease characteristics of the patients at baseline. 

Tocilizumab Placebo 

Characteristic (n = 152) (n = 38) 

Gender 

Male sex — no. (%) 102 (67.1) 29 (76.3) 

Female sex — no. (%) 50 (32.9) 9 (23.6) 

Age 

Mean — years 45.6 ± 12.2 44.6 ± 13.7 

Distribution — no. (%) 

18–64 years 137 (90.1) 28 (77.7) 

65–84 years 15 (9.8) 8 (22.2) 

Sequential organ failure assessment score SOFA score 2 + 39(25.7) 3(7.8) 

Noninvasive mechanical ventilation 

Patients — no. (%) 101 (66.4) 6 (15.7) 

Lung involvement in chest X-ray 

< 50% Lung involvement/infiltrates 18 (11.8) 19 (50.0) 

> 50% Lung involvement/infiltrates 134 (88.1) 19 (50.0) 

Patient mortality 27 (17.7) 29 (76.3) 

Tocilizumab doses – no. (%) 

1 Dose 33 (21.7) – –

2 Doses 88 (57.9) – –

3 Doses 31 (20.4) – –

Day of first intervention of tocilizumab (from the day of admission) 

Mean — Days 2.4 ± 2.9 – –

Duration of hospital stay 

Mean — Days 12.9 ± 9.2 15.6 ± 8.8 

Comorbidities 

Smoking — no. (%) 11 (7.2) 2 (5.3) 

Hypertension — no. (%) 66 (43.4) 8 (21.1) 

Diabetes mellitus — no. (%) 81 (53.3) 11 (28.9) 

Asthma — no. (%) 10 (6.6) 0 (0.0) 
a COPD — no. (%) 8 (5.3) 1 (2.6) 

Tuberculosis — no. (%) 2 (1.3) 0 (0.0) 

Hepatitis B/C — no. (%) 6 (3.9) 0 (0.0) 

Others — no. (%) 21 (13.8) 1 (2.6) 

a COPD = chronic obstructive pulmonary disease 

Fig. 3. Overall Survival curves from baseline to day to in tocilizumab patients 

according to treatment given. 
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he mortality ratio in the placebo group was 76.3%; p =
.32 by log-rank test). 

.3. Laboratory investigation trend 

The laboratory investigations of the 152 patients re-

eiving tocilizumab and 38 patients receiving placebo

rug were followed up (at day 0, 2, 4, 8, 16). The trend

f the laboratory investigations in the follow-up time of

6 days since the start of interventions was analyzed

 Table 2 ). The correlation of the laboratory investigations
92 
ith the number of doses of tocilizumab needed to be ad-

inistered is also mentioned in Table 2 . The most sig-

ificant factor to be followed with tocilizumab dosage

as IL-6 levels. IL-6 was found to be in inverse relation

ith the number of doses of tocilizumab administered.

he biomarkers in the tocilizumab group were signifi-

antly reduced at day 16. The trend of laboratory inves-

igations in the placebo group showed lesser variability

han tocilizumab, as mentioned in Table 2 . 

. Discussion 

Tocilizumab is used for cytokine storm associated

ith COVID-19 [ 15 , 17 ]. In this study, we observed 190

OVID-19 patients with laboratory-confirmed SARS-CoV-

 infections. 158 patients were treated with tocilizumab,

nd 32 were treated with a placebo. 

The majority of the patients of this study had more

han 50% lung infiltrates, which is also consistent with

he study conducted by Zhang et al. [18] . Mechanical

entilation is required to manage ARDS cases of COVID-

9 disease; 66% of the patients treated with tocilizumab

equired non-invasive ventilation, and 15% of placebo

roup patients required non-invasive ventilation. 

In a study of severe COVID-19 patients, the clinical

ata presented that most patients presented with respi-
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Table 2 

Laboratory investigations follow up of patients. 

Tocilizumab 

Pearson’s correlation 

with No. of Tocilizumab 

doses administered Placebo 

Characteristic (n = 152) r (n = 38) 

Lymphocytes – 10ˆ3 cells/μL 

Before intervention 10.5 ± 8.1 − 0.003 12.6 ± 9.2 

Day 2 after intervention 9.7 ± 6.4 0.53 9.0 ± 4.9 

Day 4 after intervention 8.5 ± 4.9 0.277 9.0 ± 3.7 

Day 8 after intervention 7.7 ± 4.0 0.152 11.3 ± 4.5 

Day 16 after intervention 3.6 ± 2.5 0.190 14.4 ± 5.2 

Lactate dehydrogenase — units/L 

Before intervention 957.3 ± 556.5 − 0.146 1191.6 ± 623.7 

Day 2 after intervention 1081.9 ± 560.0 − 0.058 1135.9 ± 530.6 

Day 4 after intervention 1123.1 ± 631.2 − 0.260 1057.9 ± 630.1 

Day 8 after intervention 864.7 ± 417.7 − 0.046 968.8 ± 624.2 

Day 16 after intervention 527.9 ± 304.2 − 0.028 1129 ± 531.1 

Interleukin-6 — pg/mL 

Before intervention 505.4 ± 967.6 − 0.129 428.2 ± 379.5 

Day 2 after intervention 477.7 ± 826.6 0.377 622.8 ± 442.1 

Day 4 after intervention 492.2 ± 662.2 − 0.009 857.9 ± 381.7 

Day 8 after intervention 264.4 ± 456.4 − 0.267 993.9 ± 637.2 

Day 16 after intervention 62.5 ± 45.0 − 0.369 847 ± 396.8 

C-reactive protein — mg/liter 

Before intervention 29.9 ± 40.0 − 0.461 17.0 ± 11.7 

Day 2 after intervention 26.6 ± 30.6 − 0.459 20.1 ± 13.9 

Day 4 after intervention 22.8 ± 43.9 − 0.389 18.2 ± 17.9 

Day 8 after intervention 11.4 ± 18.4 − 0.414 11.2 ± 13.2 

Day 16 after intervention 5.6 ± 7.6 − 0.414 11.7 ± 7.5 

D-Dimer — mg/mL 

Before intervention 2.8 ± 3.8 − 0.093 3.6 ± 3.4 

Day 2 after intervention 2.3 ± 2.2 0.243 3.7 ± 3.1 

Day 4 after intervention 2.4 ± 2.4 − 0.162 3.0 ± 3.4 

Day 8 after intervention 1.8 ± 2.6 − 0.154 3.3 ± 4.0 

Day 16 after intervention 1.0 ± 1.5 0.035 4.4 ± 3.8 

Ferritin — ng/mL 

Before intervention 857.6 ± 585.6 − 0.062 903.2 ± 536.5 

Day 2 after intervention 758.2 ± 504.9 0.041 914.4 ± 557.7 

Day 4 after intervention 718.6 ± 598.3 0.010 736.3 ± 622.3 

Day 8 after intervention 618.6 ± 452.6 − 0.009 596.5 ± 499.9 

Day 16 after intervention 438.0 ± 322.0 0.001 895.2 ± 549.3 
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atory symptoms, hypoxemia, and radiographic changes

ecovered clinically after tocilizumab treatment [19] . The

se of tocilizumab has also been documented in other

tudies claiming faster improvement with oxygenation

nd decreased CRP levels in critically ill COVID-19 pa-

ients [ 20 , 21 ]. 

In this study, the laboratory markers of COVID-19 pa-

ients were followed on the day of admission and then on

ays 2, 4, 8, and day 16 of the intervention. We observed

hat the inflammatory markers improved markedly on the

6th day of tocilizumab administration. These findings

re consistent with the study conducted by Zheng et al.

19] . 

The usage of 2 or 3 doses of tocilizumab is still de-

atable. In this study, most patients received two doses

f tocilizumab. Patients with partial response to 2 doses

ere administered a third dose of tocilizumab [22] . This

mpacted the prognostic significance of tocilizumab as a

etter response was shown by the patients receiving three

oses of tocilizumab who previously remained unrespon-

ive to 2 doses. The survival analysis and Hazard analysis

n this study suggested the benefit of tocilizumab as hospi-

al stays among the patients receiving tocilizumab turned
93 
ut to be 12.9 ± 9.2 days. However, the Log-Rank test in

he Kaplan-Meier curve failed to reach a statistical signif-

cance. This is likely due to the small sample size being

nable to power the study adequately. 

In the patients receiving placebo drugs, it turned out to

e 15.6 ± 8.8 days. The reduction in the days of hospital-

zation has been observed in a previous study published in

he New England Journal of Medicine (NEJM). This study

onfirmed the better prognostic outcome of tocilizumab

s the critical care and days under observation were re-

uced to quite optimum levels [23] . As tocilizumab re-

uces the immune response, it could also lead towards

xpectations of a more significant number of infections

n this group [21] . So more focused monitoring of infec-

ions is needed in the patients’ receiving tocilizumab. This

tudy engenders a stimulating hypothesis of the safety and

fficacy of tocilizumab drugs in critically-ill COVID-19 pa-

ients. 

The strength of this study lies in its design be-

ng prospective, randomized, double-blind, and placebo-

ontrolled. However, the simple randomization elimi-

ates further matching in the two groups beyond the in-

lusion criteria. This randomization method has led to a
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ismatch in certain baseline characteristics in the two

roups. The tocilizumab group has a higher percentage

f subjects with > 50% lung involvement on chest X-

ay (88.1%) as compared to the placebo group (50%).

lso, even though the mean age and standard deviations

re comparable between the two groups, the subgroup

f age 65–84 is greater in the placebo group than the

ocilizumab group (22.2% vs 9.8%). 
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