
Effect and Safety of Tocilizumab in 

critically ill COVID-19 patients

전남대학교병원 호흡기 내과

김태옥



Time course of COVID-19

Nat Microbiol 8, 771–786 (2023)



Pathophysiological factors targeted by immune based therapies

Nat Med 28, 39–50 (2022).



Cytokine Storm Syndrome

➢ Definition

✓ immune dysregulation characterized by perpetuated activation of lymphocytes and 

macrophages

✓ resulting in secretion of large quantities of cytokines;

✓ leading to overwhelming systemic inflammation and multi-organ failure with high 

mortality.



Comparing mechanisms between mild and severe COVID-19

Low inflammatory cytokines and 

high tissue reparative growth factors

High inflammatory cytokines and 

Markers of endothelial activation

Eur Respir J 2020; 56: 2003006



Absolute cytokine levels in critically ill COVID-19 patients

Eur Respir J 2020; 56: 2003006



Lancet 2020 Feb 15;395(10223):497-506.



Pathogenic Host Response to SARS-CoV-2 and Pathways to CRS

Front. Pharmacol. 13:825749.



Efficacy of Tocilizumab in COVID-19



Study Key Inclusion Criteria Primary Outcome Characteristics of study population

COVACTA Hypoxemia 

Bilateral chest infiltrates

Clinical status at Day 

28, as measured by 

on OS

Oxygen support HFNC or NIV(30%), MV(38%) multiorgan failure(25%)

Received corticosteroids at 36% in tocilizumab vs. 55% in placebo

EMPACTA COVID-19 pneumonia Progression to MV, 

ECMO, or death by 

Day 28

Corticosteroids: 80% in tocilizumab arm vs. 88% in placebo arm 

RDV: 53% in tocilizumab arm vs. 59% in placebo arm

BACC bay 1. ≥2 of the following conditions:

Fever >38°C, Pulmonary infiltrates, 

Need for supplemental oxygen 

2. ≥1 of the following laboratory criteria:

CRP ≥50 mg/L, D-dimer >1,000 ng/mL,  

LDH ≥250 U/L, Ferritin >500 ng/mL

Progression to MV or 

death by Day 28

COT ≤6 L/min(80%), HFNC(4%), No oxygen(16%)

Corticosteroids: 11% in tocilizumab arm vs. 6% in placebo arm 

RDV: 33% in tocilizumab arm vs. 29% in placebo arm

REMDACTA COVID-19 pneumonia and requiring 

supplemental oxygen >6 L/min

Time to hospital 

discharge or 

readiness for 

discharge by Day 28

NIV or HFNC oxygen: 78% in tocilizumab vs. 83% in placebo

MV or ECMO: 15% in tocilizumab vs. 11% in placebo 

Corticosteroid use: 83% in tocilizumab vs. 86% in placebo, during trial: 

88% in both

REMAP-CAP ICU admission

Receipt of MV, NIV, or cardiovascular 

support

Composite of in-

hospital mortality and 

organ

support-free days to 

Day 21

HFNC oxygen or NIV(68%) MV(32%)

Corticosteroids: 67% in SOC arm, 82% in tocilizumab arm, 89% in 

sarilumab arm

RECOVERY SpO 2 <92% on room air or receipt of

supplemental oxygen; 

CRP ≥75 mg/L

28-day all-cause 

mortality

COT(45%), HFNC or NIV(41%), MV(14%)

Corticosteroids(82%)



➢ Randomized, double-blind, placebo-controlled trial

➢ Hospitalized patients with fever, pulmonary infiltrates or the need for supplemental oxygen

➢ IV tocilizumab 8mg/kg (n=161) vs. Placebo (n=82), single dose

➢ Primary outcome

➢ Intubation or death, assessed in a time to event analysis

N Engl J Med 2020;383:2333-44.



N Engl J Med 2020;383:2333-44.



N Engl J Med 2020;383:2333-44.



➢ Phase 3, Randomized, double-blind, placebo-controlled trial

➢ Hospitalized patients without receiving mechanical ventilation

➢ IV tocilizumab 8mg/kg vs. Placebo 

➢ Primary outcome

➢ Invasive mechanical ventilation or ECMO or death by day 28

N Engl J Med 2021;384:20-30.



N Engl J Med 2021;384:20-30.



Time to mechanical ventilation or death

N Engl J Med 2021;384:20-30.



Subgroup analysis

N Engl J Med 2021;384:20-30.



➢ Phase 3, Randomized, double-blind, placebo-controlled trial

➢ hospitalized with severe Covid-19 pneumonia 

• Bilateral pulmonary infiltrates

• RA SaO2 ≤ 93% or PaO2/FiO2 < 300 mmHg

➢ SoC : antiviral treatment, low-dose glucocorticoids, convalescent plasma and supportive care

➢ IV tocilizumab 8mg/kg (n=294) vs. Placebo (n=144)

➢ Primary outcome

• Clinical status at day 28 on an 7 category ordinal scale

➢ 2ndary outcome

• Mortality at day 28, time to improvement from baseline by at least 2 categories, time to hospital discharge

N Engl J Med 2021;384:1503-16.



Clinical status on 7-category ordinal scale at day 28

N Engl J Med 2021;384:1503-16.



N Engl J Med 2021;384:1503-16.



➢ Multifactorial, adaptive platform trial 

➢ Within 24 hours after starting organ support in ICU

• Respiratory organ support : invasive MV or NIV or HFNC (≥ 30L/min and ≥ 0.4)

• Cardiovascular organ support : IV infusion of any vasopressor or inotrope

➢ IV tocilizumab (8mg/kg) or Sarilumab (400mg) vs. Placebo

➢ Primary outcome

• Respiratory and cardiovascular organ support–free days, on an ordinal scale combining in-hospital death and 

days free of organ support to day 21

N Engl J Med 2021;384:1491-502.



N Engl J Med 2021;384:1491-502.



Time to survival and ICU and hospital discharge

N Engl J Med 2021;384:1491-502.



➢ Randomized, controlled, open-label, platform trial

➢ Hospitalized in general ward with Covid-19 

✓ Hypoxia (RA SaO2 < 92%) and CRP ≥ 75 mg/L

➢ SoC : dexamethasone(82%)

➢ IV tocilizumab 400-800mg(depending on weight)

➢ Primary outcome

✓ 28-day mortality

Lancet 2021; 397: 1637–45



Lancet 2021; 397: 1637–45



Lancet 2021; 397: 1637–45



Lancet 2021; 397: 1637–45



Safety of Tocilizumab in COVID-19



Estimated serious infection rates among clinical trials of biologics in RA

Nat Rev Rheumatol 13, 399–409 (2017)



Lancet 2021; 397: 1637–45



Secondary bacterial & fungal infection 

Rev Med Virol. 2022;32:e2295.



Secondary infections in patients received tocilizumab

Journal of Hospital Infection 126 (2022)29-36



Secondary infections in patients received tocilizumab

American Journal of Therapeutics 29, e275–e278 (2022)



Secondary infections in patients received tocilizumab vs. baricitinib

Front. Pharmacol. 13:866441.



Risk factors of bacterial infection



Risk and benefit of Tocilizumab in COVID-19



➢ RECOVERY

✓ Hospitalized in general ward with Covid-19  

• Hypoxia (RA SaO2 < 92%) and CRP ≥ 75 mg/L

✓ REMAP-CAP

✓ Within 24 hours after starting organ support in ICU

• Respiratory organ support : invasive MV or NIV or HFNC (≥ 30L/min and ≥ 0.4)

• Cardiovascular organ support : IV infusion of any vasopressor or inotrope



A high CRP is a indicator of tocilizumab's effectiveness

Lancet 2021; 397: 1637–45



A high CRP is a indicator of tocilizumab's effectiveness

JAMA Intern Med. 2021;181(9):1241-1243.





Tocilizumab in Korean critically ill COVID-19 patients



➢ Retrospective, multicenter study

➢ 1114 critically ill COVID-19 patients

➢ 96 patients (8.6%) received tocilizumab

➢ All patients received dexamethasone before tocilizumab and 89(92.7%) patients 

received remdesivir 



Tocilizumab(+) Tocilizumab(-) P-value

Sex, male 64(667%) 608(59.8%) 0.302

Age 61.2(14.3) 68.3(13.7) <0.001

BMI 25.5(4.07) 24.8(5.15) 0.095

Underline disease

HTN 39(40.6%) 560(55.1%) 0.014

DM 28(29.2%) 348(34.2%) 0.470

Cardiovascular disease 9(9.4%) 120(11.8%) 0.728

Chronic lung disease 6(6.3%) 84(8.3%) 0.754

Chronic kidney disease 6(6.3%) 74(7.3%) 0.898 

Malignancy 5(5.2%) 75(7.4%) 0.706

LAB

WBC 8.45(5.74) 9.02(6.71) 0.464

CRP 39.9(174.8) 22.2(46.8) 0.014

Lactate 1.64(0.76) 2.04(2.69) 0.216



Tocilizumab(+) Tocilizumab(-) P-value

Treatment drug

Remdesivir 736(72.4%) 89(92.7%) <0.001

Dexamethasone 96(100%) 961(94.5%) 0.060

Time to tocilizumab after dexa 3.5(4.8)

Time to tocilizumab after symptom 9.0(5.7)

MV 57(59.4%) 581(57.1%) 0.630

CRRT 11(11.5%) 117(11.5%) 0.937

ICU LOS 19.4(23.4) 22.4(23.3) 0.242

Hospital LOS 30.6(32.5) 32.6(34.7) 0.589

ICU mortality 20(20.8%) 241(24.5%) 0.614

Hospital mortality 21(21.9%) 273(26.8%) 0.812

Blood stream infection 16(16.7%) 191(18.8%) 0.621



Death Survival P-value

HTN 175(59.5%) 423(51.6%) 0.044 <0.001

Chronic lung disease 38(12.9%) 52(6.3%) 0.002

Cardiovascular disease 47(16.0%) 82(10.0%) 0.022

Chronic neurologic disease 61(20.7%) 92(11.2%) <0.001

Chronic kidney disease 36(12.2%) 44(5.4%) <0.001

Malignancy 38(12.9%) 42(5.1%) <0.001

Remdesivir 204(69.4%) 621(75.8%) 0.023

MV 251(85.4%) 388(47.4%) <0.001

ECMO 73(24.8%) 54(6.6%) <0.001 <0.001

CRRT 99(33.7%) 29(3.5%) <0.001 <0.001

Blood stream infection 86(29.3%) 121(14.8%) <0.001

Tocilizumab 21(7.1%) 75(9.2%) 0.812

Age 74.4(12.2) 65.2(13.6) <0.001

WBC 10.28(9.93) 8.49(4.86) <0.001

CRP 27.7(104.2) 22.5(49.2) 0.258

Lactate 2.73(4.48) 174(1.25) <0.001 0.055

SOFA in MV 8.3(3.34) 7.2(3.1) <0.001



Survival(n=75) Death(n=21) P-value

Sex, male 48(64.0%) 608(59.8%) 0.295

Age 57.9(13.3) 72.8(11.5) <0.001

BMI 25.2(3.30) 25.5(4.27) 0.095

Underline disease

HTN 28(37.3%) 11(52.4%) 0.215

DM 20(26.7%) 8(38.1%) 0.308

Cardiovascular disease 6(8.0%) 3(14.3%) 0.382

Chronic lung disease 2(2.7%) 4(19.0%) 0.020

Chronic kidney disease 4(5.3%) 2(9.5%) 0.483

Malignancy 2(2.7%) 3(14.3%) 0.068

LAB

WBC 8.33(6.15) 8.88(4.07) 0.626

CRP 18.5(40.6) 116.9(362.2) 0.022

Lactate 1.62(0.79) 1.18(1.98) 0.666



Survival(n=75) Death(n=21) P-value

Treatment drug

Remdesivir 69(92.0%) 20(95.2%) 0.614

MV 38(50.7%) 19(90.5%) 0.001

CRRT 2(2.7%) 9(42.9%) <0.001

Time to tocilizumab after symptom 8.6(4.2) 11.0(10.1) 0152

Time to tocilizumab after dexa 3.1(3.3) 5.2(8.3) 0.079

CRRT 11(11.5%) 117(11.5%) 0.937

ICU LOS 19.4(23.4) 22.4(23.3) 0.242

Hospital LOS 30.6(32.5) 32.6(34.7) 0.589

Blood stream infection 11(14.7%) 5(23.8%) 0.301
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