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OBJECTIVES: We designed this study to test whether clazakizumab, a direct in-
terleukin-6 inhibitor, benefits patients hospitalized with severe or critical COVID-19 
disease accompanied by hyperinflammation.

DESIGN: Multicenter, randomized, double-blinded, placebo-controlled, seam-
less phase II/III trial.

SETTING: Five U.S. medical centers.

PATIENTS: Adults inpatients with severe COVID-19 disease and 
hyperinflammation.

INTERVENTIONS: Eighty-one patients enrolled in phase II, randomized 1:1:1 to 
low-dose (12.5 mg) or high-dose (25 mg) clazakizumab or placebo. Ninety-seven 
patients enrolled in phase III, randomized 1:1 to high-dose clazakizumab or placebo.

MEASUREMENTS AND MAIN RESULTS: The primary outcome was 28-day 
ventilator-free survival. Secondary outcomes included overall survival, frequency 
and duration of intubation, and frequency and duration of ICU admission. Per Data 
Safety and Monitoring Board recommendations, additional secondary outcomes 
describing clinical status and status changes, as measured by an ordinal scale, 
were added. Bayesian cumulative proportional odds, logistic, and Poisson regres-
sion models were used. The low-dose arm was dropped when the phase II study 
suggested superiority of the high-dose arm. We report on 152 patients, 74 ran-
domized to placebo and 78 to high-dose clazakizumab. Patients receiving clazaki-
zumab had greater odds of 28-day ventilator-free survival (odds ratio [OR] = 3.84;  
p [OR > 1] 99.9%), as well as overall survival at 28 and 60 days (OR = 1.75;  
p [OR > 1] 86.5% and OR = 2.53; p [OR > 1] 97.7%). Clazakizumab was associ-
ated with lower odds of intubation (OR = 0.2; p [OR] < 1; 99.9%) and ICU admis-
sion (OR = 0.26; p [OR < 1] 99.6%); shorter durations of ventilation and ICU stay 
(risk ratio [RR] < 0.75; p [RR < 1] > 99% for both); and greater odds of improved 
clinical status at 14, 28, and 60 days (OR = 2.32, p [OR > 1] 98.1%; OR = 3.36, 
p [OR > 1] 99.6%; and OR = 3.52, p [OR > 1] 99.8%, respectively).

CONCLUSIONS: Clazakizumab significantly improved 28-day ventilator-free sur-
vival, 28- and 60-day overall survival, as well as clinical outcomes in hospitalized 
patients with COVID-19 and hyperinflammation.

KEY WORDS: acute respiratory distress syndrome; clazakizumab; COVID-19; 
cytokine inhibition; hyperinflammation

The worldwide outbreak of the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) has resulted in greater than 5.7 million deaths (1). 
COVID-19 illness manifests across a spectrum ranging from no symp-

toms to overt acute respiratory distress syndrome (ARDS). Hyperinflammation 
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or cytokine storm often accompanies COVID-19 (2–4), 
and this prompted use of the interleukin-6 receptor 
(IL-6R) antagonist tocilizumab at the pandemic outset 
(5–8). Results from studies of tocilizumab in varied 
clinical populations have been mixed (9–20).

Clazakizumab is a genetically engineered human-
ized monoclonal antibody with high affinity for human 
interleukin-6 (IL-6) that has been studied in disease 
states associated with hyperinflammation, including 
rheumatologic conditions (21, 22). Because clazaki-
zumab is a direct ligand inhibitor not susceptible to 
sequestration by circulating soluble receptor, it might 
have greater potency than IL-6R inhibitors and may 
benefit patients with severe COVID-19 disease.

We report our multicenter seamless adaptive phase 
II/III randomized, placebo-controlled trial to assess the 
safety and efficacy of clazakizumab in severely or crit-
ically ill COVID-19 patients with hyperinflammation.

METHODS

Design

This multicenter randomized, placebo-controlled trial 
enrolled patients between April 1, 2020, and December 
3, 2020 (Fig. 1). Follow-up was completed on February 
3, 2021. Participating were: New York University (NYU) 
Langone Health (New York, NY), Columbia New 
York-Presbyterian (New York, NY), the Johns Hopkins 
Hospital and Howard County General Hospital (Johns 
Hopkins Medicine, Baltimore, MD), New York United 
Health Services Hospital (Binghamton, NY), and the 
Mayo Clinic Arizona (Scottsdale, AZ). The phase II 
study aimed at dose-finding and employed 1:1:1 ran-
domization to low-dose clazakizumab (12.5 mg), high-
dose clazakizumab (25 mg), and placebo. These doses 
were selected to balance safety and efficacy based on 
available data from prior trials (21, 22). After review-
ing data for 54 phase II patients, the unblinded Data 
Safety and Monitoring Board (DSMB) recommended 
dropping the low-dose arm. Subsequent enrollment 
continued in phase III with 1:1 randomization between 
high-dose and placebo. One hundred eighty patients 
were randomized in both phases combined.

Randomization

Block randomization stratified by used variable blocks 
of size 3 and 6 in phase II and 2, 4, and 6 in phase III. 

Lists generated by an unblinded statistician were dis-
tributed to an unblinded investigator for dissemina-
tion to unblinded pharmacists.

Eligibility

Eligible adult subjects had confirmed SARS-CoV-2 
infection by reverse transcriptase-quantitative poly-
merase chain reaction testing and hypoxemia indicated 
by any of the following: Pao2/Fio2 ratio less than 200, 
saturation of less than 90% on at least 4 L supplemental 
oxygen, or increasing oxygen requirements over 24 
hours preceding enrollment. The latter criterion was 
included to ensure that patients suspected to be rapidly 
deteriorating could enroll prior to frank decompensa-
tion. Two or more indicators of hyperinflammation 
were required: C-reactive protein (CRP) greater than 
35 mg/L, ferritin greater than 500 mg/mL, d-dimer 
greater than 1,000 ng/mL, neutrophil:lymphocyte ratio 
greater than 4, lactate dehydrogenase greater than 
200 U/L, or elevated troponin absent cardiac disease. 
IL-6 levels were drawn prior to study drug adminis-
tration but were a formal enrollment criterion due to 
test turnaround time. Subjects with capacity provided 
written consent; consent was otherwise obtained from 
legally authorized representatives.

Patients were excluded for irreversible conditions 
deemed nonsurvivable, active inflammatory bowel 
disease, active untreated diverticulitis, untreated bac-
teremia, pregnancy, or known hypersensitivity to 
clazakizumab. Subjects were permitted to receive 
all available therapies, excluding other IL-6/IL6-R 
inhibitors.

Oversight

This investigator-initiated trial was designed by the 
NYU Langone team. The protocol was approved 
by the NYU Grossman Institutional Review Board 
(s20_00392). Each site’s submitted an investigational 
new drug (IND) application to the U.S. Food and Drug 
Administration (FDA), and each IND was approved 
prior to site activation. A single DSMB reviewed all 
data.

Procedures

Baseline laboratory tests to assess eligibility were 
performed at screening. Consented patients were 
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randomized, and the first dose of study drug was 
administered on the day of consent or the following 
day. Study day 1 was the day of first study drug admin-
istration. Clazakizumab or placebo was administered 

intravenously over 30 minutes. Clazakizumab was 
diluted in 50 mL 0.9% sodium chloride. Placebo con-
sisted of 50 mL 0.9% sodium chloride. Clazakizumab is 
colorless and odorless in solution and indistinguishable 

Figure 1. Enrollment and randomization. Eighty-one patients were enrolled in the phase 2 dose-finding portion of the trial beginning on 
April 1, 2020. On May 3, 2020, the low-dose clazakizumab arm was dropped for lack of efficacy and the 26 patients who received low-
dose were excluded from efficacy analyses. Ninety-seven additional patients were enrolled in the phase 3 portion and were randomized 
1:1 (high-dose clazakizumab: placebo). The efficacy analyses were based on data collected from 78 patients who received high-dose 
clazakizumab and 72 patients who received placebo.
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from placebo. CRP levels were drawn on days 1–7 and 
14. On day 3, CRP was compared with day 1 and if 
the CRP failed to decrease by greater than or equal to 
50%, a second dose identical to the day 1 dose (clazaki-
zumab or placebo) was administered. Vital signs, res-
piratory status, concomitant medications, and adverse 
events (AEs) were collected during inpatient hospital-
ization up to 28 days. Patients were followed remotely 
postdischarge for clinical status and AEs to 60 days. 
AEs were considered serious (SAEs) if the outcome 
was death or if they were otherwise unexpected. The 
World Health Organization (WHO) ordinal 11-point 
scale (23) was used to capture clinical status at baseline 
and days 14, 28, and 60. For patients discharged from 
the hospital prior to day 14, WHO score on the day of 
discharge was captured. Outpatient day 28 and day 60 
visits were conducted by phone.

Outcomes

The primary efficacy outcome was 28-day ventilator-
free survival. This was selected as a clinically relevant 
measure (24) that could be captured by research staff 
who stationed off-site. Secondary outcomes included 
overall survival at 28 and 60 days, frequency and du-
ration of intubation, frequency and duration of ICU 
admission, trends in CRP, frequency and severity of 
acute kidney injury (AKI), and need for renal replace-
ment therapy. Upon DSMB request, the following 
secondary outcomes were added as protocol amend-
ments: “poor outcome” defined as WHO score greater 
than or equal to 6 at 14, 28, and 60 days and those with 
“improvement” defined as decrease in WHO score of 
at least 2 points at those timepoints compared with 
baseline. Subgroup analyses based on the presence or 
absence of severe hypoxemia at enrollment (defined 
as Pao2/Fio2 < 300) were performed post hoc.

Statistical Methods

The trial was initially designed as a randomized phase 
II dose-finding study, with 20 patients in each of three 
arms (placebo, low-dose and high-dose clazakizumab) 
to assess safety and gage efficacy of the two doses. We 
amended the protocol to an adaptive seamless phase II/
III design to formally assess efficacy of the dose iden-
tified in phase II. This amendment was approved by 
the institutional review board, DSMB, and the FDA. 
The phase II study had at greater than or equal to 80% 

power to detect a 70–90% reduction in the 28-day mor-
tality rate, assuming placebo group mortality of 5–15%; 
power calculations were based on overall survival rather 
than ventilator-free survival because of lack of infor-
mation on prevalence of the primary endpoint when 
the study was initially designed. The revised protocol 
stipulated a phase III portion in which patients were 
randomized 1:1 to placebo or clazakizumab at the dose 
deemed superior based on phase II data. The phase II 
sample size was increased from 20 per treatment group 
in an effort to best ascertain the optimal dose for phase 
III. The target sample size for phase III was 75 patients 
per group (total 150, including patients from phase 
II), which provided 80% power to detect a 40–90% re-
duction in the 28-day mortality rate, assuming control 
group mortality rate of 5–30%. This mortality range 
was updated based on the observed mortality in the 
early stage of the pandemic in NYC in April 2020.

The phase II/III study was designed following the 
approach of Stallard (25) to determine which arm(s) 
should proceed phase III. Assuming standardized 
effect sizes of 0.3 and 0.6 for the low- and high-dose 
clazakizumab arms, respectively, the design ensured 
greater than 95% probability of selecting the higher-
performing arm to continue from phase II to phase 
III. In addition, the design afforded greater than 85% 
power to detect a meaningful improvement in the 
active arm in phase III.

Analysis

Baseline characteristics were compared between arms 
to assess balance. AEs were summarized and those 
deemed potentially related to clazakizumab were 
assessed separately. Analysis of all outcomes employed 
Bayesian models (26). Binary outcomes were ana-
lyzed using logistic regression. Ordinal outcomes were 
analyzed with cumulative proportional odds models. 
Models were adjusted for age, sex, baseline WHO 
score, and site. Odds ratios (ORs), the p (OR < 1) or 
p (OR > 1) and 95% credible intervals are reported. In 
these analyses, OR = 1 indicates no benefit to claza-
kizumab. OR greater than 1.25 indicates meaningful 
benefit to clazakizumab for the following outcomes: 
ventilator-free survival, overall survival, and improved 
clinical outcome by WHO score. OR less than 0.8 
indicates meaningful benefit to clazakizumab for the 
following outcomes: overall WHO score (lower score 
indicates more favorable clinical status), poor outcome 



Copyright © 2022 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Lonze et al

1352          www.ccmjournal.org	 September 2022 • Volume 50 • Number 9

(as indicated by WHO score 6–10), new intubation, 
and new ICU admission. Additional details regarding 
analysis of secondary outcomes are outlined in the 
supplement. Post hoc analyses evaluating efficacy of 
clazakizumab in patients with and without Pao2/Fio2 
less than 300 at enrollment were performed. This crite-
rion was selected since, due to lack of universal perfor-
mance of echocardiography to rule out cardiac causes 
of pulmonary edema, formal diagnoses of ARDS by 
Berlin criteria (27) could often not be made.

RESULTS

Patients

One-hundred eighty patients underwent randomiza-
tion. In phase II, 81 patients were randomized 1:1:1 (26: 
low-dose clazakizumab, 28: high-dose clazakizumab, 
27: placebo; Fig.  1). Interim analyses suggested supe-
riority of high-dose clazakizumab, and the low-dose 
arm was dropped. Phase II results are summarized in 
the Supplement (http://links.lww.com/CCM/H142). 
All references hereafter to the “clazakizumab group” in-
dicate patients who received high-dose clazakizumab. 
In phase III, 99 patients were randomized 1:1 to re-
ceive high-dose clazakizumab or placebo. Two patients 
were enrolled but withdrawn after randomization due 
to changes in clinical status; neither withdrawn patient 
received study drug nor was included in data analysis. 
Ninety-seven patients proceeded to dosing (50: high-
dose clazakizumab, 47: placebo). The groups for final 
analysis, combining patients in both phases, totaled 78 
randomized to high-dose clazakizumab and 74 ran-
domized to placebo. Demographic, medical history, and 
baseline clinical characteristics were similar between 
groups (Supplementary Table S1, http://links.lww.com/
CCM/H142). Mean age was 61.8 years and 70.4% were 
male. Among the overall enrolled cohort, 34.2% were  
White, 18.4% were Black, 10.5% were Asian; 27%  
were of Hispanic ethnicity. Hypertension (63.2%), dia-
betes (42.1%), and cardiac disease (34.2%) were the most 
common preexisting conditions. The median number 
of days from symptom onset to first dose of study drug 
was 10 (interquartile range [IQR], 7–13) and from pos-
itive test to first dose was 4 (IQR, 2–7). Corticosteroids 
and remdesivir were administered in 75% and 49.3%, 
respectively, and this was similar between treatment 
groups (Supplementary Table S2, http://links.lww.
com/CCM/H142). Corticosteroid drug choice and 

treatment course were highly variable among partici-
pants. All patients had baseline WHO scores between 
5 and 9. Noninvasive ventilation or high flow oxygen 
was required in 59.2%, and 24.3% were intubated at en-
rollment. Statistically significant differences in baseline 
inflammatory parameters were not observed between 
the clazakizumab and placebo groups (Supplementary 
Table S1, http://links.lww.com/CCM/H142).

Primary Outcome

Ninety-six patients (63.2%) were alive and ventilator-
free at 28 days. In the clazakizumab group, 55 (70.5%) 
achieved this outcome compared with 41 (55.4%) in the 
placebo group. Adjusted Bayesian logistic regression 
models revealed patients in the clazakizumab group 
had significantly greater odds of 28-day ventilator-free 
survival than those receiving placebo (Fig. 2A). The 
estimated median of the posterior distribution of the 
OR comparing the clazakizumab and placebo groups 
was OR = 3.84 (95% CI, 1.54–10.62). The probability 
that the OR exceeded 1, indicating significant benefit 
of clazakizumab, was 99.9% (p [OR > 1] 99.9%).

Secondary Outcomes

Overall Survival. At 28 days, 113 patients (74.3%) 
were alive. This included 59 (75.6%) in the clazaki-
zumab group and 54 (73%) in the placebo group. At 
60 days, 102 patients (67.1%) were alive, including 56 
(71.8%) in the clazakizumab group and 46 (62.2%) in 
the placebo group. Adjusted models for overall 28-day 
and 60-day survival (Fig. 2, B and C) indicated greater 
odds of survival for clazakizumab compared with pla-
cebo (28 d: OR = 1.75; 95% CI = 0.65–4.79; [p (OR > 
1) 86.5%] and 60 d: OR = 2.53; 95% CI = 1.02–6.73;  
[p (OR > 1) 97.7%]).

Clinical Status Outcomes. Treatment effect with 
respect to clinical status indicated by WHO scores at 
the specified timepoints post-treatment were tabulated 
(Table  1). A poor outcome was defined as a WHO 
score of greater than or equal to 6. For the overall co-
hort, the numbers of patients with a poor outcome at 
14, 28, and 60 days, respectively, were 68 (44.7%), 61 
(40.1%), and 65 (36.8%). For the clazakizumab group 
at the same timepoints, 30 (38.5%), 25 (21.1%), and 
24 (30.8%) patients had poor outcomes, and for the 
placebo group, 38 (51.4%), 36 (48.6%), 32 (43.2%) 
had poor outcomes. Bayesian analyses estimated the 

http://links.lww.com/CCM/H142
http://links.lww.com/CCM/H142
http://links.lww.com/CCM/H142
http://links.lww.com/CCM/H142
http://links.lww.com/CCM/H142
http://links.lww.com/CCM/H142
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median OR of a higher WHO score (worse clinical 
status) for clazakizumab compared with placebo was 
0.62 at 14 days (95% CI = 0.34–1.14; p [OR < 1] 94.2%; 
Supplementary Fig. S1A, http://links.lww.com/CCM/
H142), 0.58 at 28 days (95% CI = 0.31–1.06; p [OR < 1]  
96.3%; Supplementary Fig. S1B, http://links.lww.
com/CCM/H142), and 0.49 at 60 days (95% CI = 
0.25–0.96; p [OR < 1] 98.2%; Supplementary Fig. S1C,  

http://links.lww.com/CCM/H142). Clazakizumab was 
associated with lower odds of having a poor outcome at 
all timepoints (Table 2). The estimated median of the 
posterior distribution of the OR was 0.36 at 14 days (95% 
CI = 0.16–0.81; p [OR < 1] 99.5%; Supplementary Fig. 
S2A, http://links.lww.com/CCM/H142), 0.26 at 28 days 
(95% CI = 0.1–0.61; p [OR < 1] 99.9%; Supplementary 
Fig. S2B, http://links.lww.com/CCM/H142),  

Figure 2. Bayesian models of primary and secondary outcomes. For the primary outcome of 28-d ventilator-free survival (A) as well 
as for overall 28-d (B), and 60-d (C) survival, curves illustrate the estimated posterior distribution of the odds ratio (OR) comparing 
clazakizumab to placebo. ORs greater than 1 (shaded light gray) indicate a benefit of clazakizumab compared with placebo. Vertical lines 
indicate the reference values for the ORs of 1.0 (no benefit of clazakizumab) and 1.25 (meaningful clinical benefit of clazakizumab). 
Ninety-five percent credible intervals are depicted in the inset tables, along with the posterior probabilities of the ORs exceeding the 
reference values.

http://links.lww.com/CCM/H142
http://links.lww.com/CCM/H142
http://links.lww.com/CCM/H142
http://links.lww.com/CCM/H142
http://links.lww.com/CCM/H142
http://links.lww.com/CCM/H142
http://links.lww.com/CCM/H142
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and 0.49 at 60 days (95% CI = 0.25–0.96;  
p [OR < 1] 98.2%; Supplementary Fig. S2C, http://
links.lww.com/CCM/H142).

Improvement (decrease in WHO score by ≥ 2 points 
from baseline) was assessed at 14, 28, and 60 days. For 
the overall cohort at these timepoints, the numbers of 
patients whose WHO scores improved by greater than 
or equal to 2 points were 69 (45.3%), 87 (57.2%) and 

94 (61.8%). For the clazakizumab group at the same 
timepoints, 39 (50%), 50 (64.1%), and 54 (69.2%) 
patients had scores improved by greater than or equal 
to 2 points. For the placebo group, only 30 (40.5%), 
37 (50%), and 40 (54.1%) met criteria for improve-
ment (Table 2). At each timepoint, clazakizumab was 
associated with greater odds of clinical improvement. 
The estimated median of the posterior distribution 

TABLE 1. 
Composite World Health Organization Scores and Changes in World Health Organization 
Scores at 14, 28, and 60 Days

Timepoint All (n = 152) Clazakizumab (n = 78) Placebo (n = 74)

A) Composite WHO scores, mean (sd)

  Baseline 6.3 (1.1) 6.3 (1.1) 6.3 (1.1)

  Day 14 5.5 (2.9) 5.3 (2.9) 5.7 (2.9)

  Day 28 5.0 (3.6) 4.6 (3.5) 5.4 (3.8)

  Day 60 4.6 (4.0) 4.2 (3.9) 5.1 (4.2)

B) Poor outcome (WHO score ≥ 6 at listed time point), n (%)

  Day 14 68 (44.7) 30 (38.5) 38 (51.4)

  Day 28 61 (40.1) 25 (32.1) 36 (48.6)

  Day 60 56 (36.8) 24 (30.8) 32 (43.2)

C) Improved outcome (WHO score at listed time point decreased by ≥ 2 from baseline), n (%)

  Day 14 69 (45.3) 39 (50) 30 (40.5)

  Day 28 87 (57.2) 50 (64.1) 37 (50)

  Day 60 94 (61.8) 54 (69.2) 40 (54.1)

WHO = World Health Organization.

TABLE 2. 
Bayesian Analysis for Clinical Outcomes at 14, 28, and 60 Days

A) Poor Outcomea Median OR (95% CI) p (OR < 0.8) p (OR < 1.0)

  Day 14 0.36 (0.16–0.81) 97.4% 99.5%

  Day 28 0.26 (0.1–0.61) 99.5% 99.9%

  Day 60 0.49 (0.25–0.96) 92.3% 98.2%

B) Improved Outcomeb Median OR (95% CI) p (OR > 1.25) p (OR > 1.0)

  Day 14 2.32 (1.06–5.21) 93.7% 98.1%

  Day 28 3.36 (1.39–8.77) 98.6% 99.6%

  Day 60 3.52 (1.34–8.88) 99.0% 99.8%

OR = odds ratio.
aPoor outcome defined as having World Health Organization (WHO) clinical score of 6–10 at the specified time point.
bImproved outcome defined as WHO clinical score having decreased by two or more points between baseline and the specified time 
point.
Reported are the ORs of the clazakizumab group relative to the placebo group for the two outcomes at each time point. For the poor out-
come, OR < 1 supports clinical benefit to clazakizumab. For the improved outcome, OR > 1 supports a clinical benefit to clazakizumab.

http://links.lww.com/CCM/H142
http://links.lww.com/CCM/H142
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of the OR was 2.32 at 14 days (95% CI = 1.06–5.21; 
p [OR > 1] 98.1%; Supplementary Fig. S3A, http://
links.lww.com/CCM/H142), 3.36 at 28 days (95%  
CI = 1.39–8.77; p [OR > 1] 99.6%; Supplementary 
Fig. S3B, http://links.lww.com/CCM/H142), and 3.52 

at 60 days (95% CI = 1.45–8.88; p [OR > 1] 99.8%; 
Supplementary Fig. S3C, http://links.lww.com/CCM/
H142). The frequency and duration of both intuba-
tion and ICU admission were less in patients who 
received clazakizumab (Supplementary Fig. S4 and 

Figure 3. Bayesian models of subgroup analysis outcomes. Subgroups were defined based on the presence or absence of severe 
hypoxemia (defined as Pao2/Fio2 < 300) at the time of enrollment. A and B, Results for poor outcome at 28 d (A: patients without 
severe hypoxemia) and (B: patients with severe hypoxemia) at enrollment. Curves illustrate the estimated posterior distribution of the 
odds ratio (OR) comparing clazakizumab to placebo. ORs less than 1 (shaded light gray) indicate a benefit of clazakizumab compared 
with placebo. Vertical lines indicate the reference values for the ORs of 1.0 (no benefit of clazakizumab) and 0.8 (meaningful clinical 
benefit of clazakizumab). C and D, Results for improved outcome at 28 (C: patients without severe hypoxemia) and (D: patients with 
severe hypoxemia). Curves illustrate the estimated posterior distribution of the OR comparing clazakizumab to placebo. ORs greater 
than 1 (shaded light gray) indicate a benefit of clazakizumab compared with placebo. Vertical lines indicate the reference values for the 
ORs of 1.0 (no benefit of clazakizumab) and 1.25 (meaningful clinical benefit of clazakizumab). Ninety-five percent credible intervals are 
depicted in the inset tables, along with the posterior probabilities of the ORs exceeding the reference values.

http://links.lww.com/CCM/H142
http://links.lww.com/CCM/H142
http://links.lww.com/CCM/H142
http://links.lww.com/CCM/H142
http://links.lww.com/CCM/H142
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Supplementary Table S3, http://links.lww.com/CCM/
H142).

Post Hoc Analysis.. Twenty-nine patients met cri-
teria for severe hypoxemia (Pao2/Fio2 < 300) at en-
rollment, while 123 patients had Pao2/Fio2 greater 
than or equal to 300 at enrollment. Patients without 
severe hypoxemia were significantly less likely to 
have a poor outcome at 28 days if they received claza-
kizumab compared with placebo (OR = 0.21; 95%  
CI = 0.07–0.6; p [OR < 1] 99.6%; Fig. 3A). For patients 
with severe hypoxemia, poor outcomes were no less 
likely in patients who received clazakizumab com-
pared with placebo (OR = 6.57; 95% CI = 0.22–546.73; 
p [OR < 1] 14.3%; Fig. 3B).

Patients without severe hypoxemia were significantly 
more likely to have had clinical improvement at 28 days 
if they received clazakizumab compared with placebo 
(OR = 4.09; 95% CI = 1.46–12.1; p [OR > 1] 99.6%; Fig. 
3C). For patients with severe hypoxemia, improved 
outcomes at 28 days were no more likely inpatient who 
received clazakizumab compared with placebo (OR = 
0; 95% CI = 0–0.35; p [OR > 1] 1.1%; Fig. 3D).

Change in C-Reactive Protein and Repeated 
Dosing. Clazakizumab was associated with a decrease 
in CRP compared with placebo. In the clazakizumab 
group, median CRP decreased from 161 mg/L (IQR, 
92.2–239.1 mg/L) to 60.8 mg/L (IQR, 32.0–120.0 mg/L) 
on day 3, whereas in the placebo group, median CRP 
decreased from 153 mg/L (IQR, 86.9–242 mg/L) to 
113 mg/L (IQR, 56.9–228 mg/L) on day 3 (p < 0.001; 
Table 3).

Safety Outcomes. COVID-19 expected AEs in-
cluding infections, thromboembolic events, and AKI 
were observed at similar frequency in the clazaki-
zumab and placebo groups (Supplementary Table 
S4, http://links.lww.com/CCM/H142). AEs of specific 
concern with clazakizumab include hypersensitivity-
type reactions, transaminitis, elevation in serum lip-
ids, and bowel perforations. No bowel perforations or 
hypersensitivity reactions occurred. Transaminitis and 
hyperlipidemia occurred at similar rates in the clazaki-
zumab and placebo groups. No AE or SAE was deemed 
likely or definitely related to study drug infusion.

DISCUSSION

We report the results of our multicenter seamless phase 
II/III randomized controlled trial of clazakizumab for 
the treatment of patients with severe COVID-19 disease 
and hyperinflammation. Significant reduction in CRP 
seen in the clazakizumab group supports that the dose 
tested was adequately inhibitory. High-dose (25 mg) 
clazakizumab improved 28-day ventilator-free survival, 
as well as overall survival at 28 and 60 days compared 
with placebo. The estimated posterior median of the OR 
for this outcome was OR = 3.84 (95% CI = 1.54–10.62), 
which constitutes very strong evidence of meaningful 
improvement. Compared with placebo, patients given 
clazakizumab were more likely to have a greater than or 
equal to 2 point improvement (decrease) in WHO score 
at all timepoints. Similarly, scores were more likely to 
be poor (≥ 6) among those who received placebo. These 

TABLE 3. 
Median C-Reactive Protein Daily Levels by Treatment Group

C-Reactive Protein  
Time Point

All Clazakizumab Placebo
Difference  

(Clazakizumab–Placebo) pMedian (IQR) n Median (IQR) n Median (IQR)

Baseline 155 (91,241) 78 161 (92.2,239) 74 153 (86.9,242) –8 0.821

Day 1 145 (86,211) 20 139 (80.3,221) 17 156 (93.8,186) –17 0.707

Day 2 147 (73,230) 69 153 (71.1,230) 71 130 (74.5,229) 23 0.858

Day 3 75.8 (41.0,167) 77 60.8 (32.0,120) 74 113 (56.9,228) –52.2 < 0.001

Day 4 52.3 (25.5,129) 69 33.6 (18.0,52,6) 67 110 (54.2,235) –76.4 < 0.001

Day 5 41.0 (16.3,133) 67 19.6 (12.4,35.7) 58 133 (43.5,221) –113.4 < 0.001

Day 6 26.8 (10.3,133) 61 11.9 (7.30,18.0) 60 134 (34.5,210) –122.1 < 0.001

Day 7 19.8 (7.03,94.7) 56 8.12 (44.5,13.8) 56 98.7 (40.3,210) –90.58 < 0.001

Day 14 15.0 (1.6,121) 35 1.55 (0.67,3.95) 39 114 (26.9,170) –112.5 < 0.001

IQR = interquartile range.
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analyses showed a striking degree of consistency in 
strength and direction of effect in favor of clazakizumab. 
AEs occurred at similar rates in both groups.

Consistent with two studies of IL-6R inhibitors (12, 15),  
we found that adding clazakizumab to standard thera-
pies benefitted patients with severe manifestations of 
COVID-19 and hyperinflammation. Post hoc analysis 
revealed that the benefit of clazakizumab was limited 
to patients who had not yet progressed to severe hy-
poxemia at enrollment, suggesting that to achieve ben-
efit, initiating treatment prior to the development of 
severe hypoxemia is necessary.

Despite vaccines (28–30) SARS-CoV-2 persists 
(31) and effective treatments remain needed to abro-
gate morbidity and mortality. Remdesivir and corti-
costeroids appear to provide modest benefit (32–34). 
Critically ill patients have been theorized to benefit 
from cytokine inhibitory therapies but conflicting 
results were obtained from early studies of tocilizumab 
in heterogeneous patient populations. In comparison 
to receptor antagonists, the mechanism of action of 
clazakizumab as a direct IL-6 ligand inhibitor is poten-
tially advantageous. IL-6R is upregulated in response 
to influenza infection (35), and if similar up-regula-
tion occurs in SARS-CoV-2 infection, this could po-
tentially lead to sequestration of IL-6R inhibitor drugs 
and might impact their efficacy (14, 36, 37). Our study 
enrolled only patients with evidence of hyperinflam-
mation and thus excluded those unlikely to benefit 
from a cytokine inhibitor. This study provides evidence 
that clazakizumab appears to be of benefit and should 
be administered to COVID-19 patients at the outset 
of disease progression marked by hyperinflammation.

Limitations of our study include that it was con-
ducted across a 9-month period and at multiple sites. 
Over this time, new treatment agents were introduced, 
and clinical practice patterns evolved. Standard treat-
ments, in particular steroids, also varied widely among 
patients and over time. Our sample size does not sup-
port subgroup analyses based on temporal trends in 
treatment options; however, our randomization was 
site-stratified to account for center-level differences 
in clinical management. The hypoxemia criteria for 
enrollment may appear broad, however, these crite-
ria do not necessarily capture the dynamic nature of 
hypoxemia, nor the often-rapid decompensation seen 
in these patients. We outlined these criteria enable en-
rollment across a range of disease severity in an effort 
to identify optimal timing of drug administration. 

Finally, given that our study was completed prior to 
the emergence (or identification of) viral variants in-
cluding Delta and Omicron, we cannot draw conclu-
sions as to strain-specific efficacy.

ACKNOWLEDGMENTS

We thank the members of the New York University 
(NYU) Langone Health COVID-19 data and safety 
monitoring board for their extraordinary efforts 
throughout the duration of this trial: Elliott Antman, 
MD (Chair), Brigham and Women’s Hospital; Daniel 
Kuritzkes, MD, Brigham and Women’s Hospital; 
Samuel Brown, MD, Intermountain Medical Center; 
and Eva Petkova, PhD and Alison Bateman-House, 
PhD, NYU Langone Health. The investigators ex-
tend gratitude to Kimberly Byrnes, Jennifer Michael, 
Alexander Bragat, Victoria Shoyelu, Caroline Callison, 
Aira Contreras, Jeanette Nazarian, Niraj Desai, Robin 
Avery, Daniel Warren, Andrea Cox, Andrew Karaba, 
Amy Mu, Brandon Trollinger, Sasha Beselman, Susan 
Shermock, Muhammad Asad Munir, Karyn Rhyder, 
Christina Reynolds, Kelly Gibson, Tingting Niu, 
Nikitta Dhillon, Fraustina Hsu, Jared Dublin, Avani 
Kolla, Shourie Jonna, Holly Foote, Terri Peters, Kathy 
Hughes, Melanie Foley, Emily Frank, and Tahnie Taylor 
for their contributions to the conduct of this study.

	 1	 NYU Langone Health, New York, NY.

	 2	 Johns Hopkins Medicine, Baltimore, MD.

	 3	 New York United Health Services Hospitals, Binghamton, NY.

	 4	 Columbia University Medical Center, New York, NY.

	 5	 Mayo Clinic Arizona, Scottsdale, AZ.

	 6	 Vitaeris, Inc., Vancouver, BC, Canada.

Supplemental digital content is available for this article. Direct 
URL citations appear in the printed text and are provided in the 
HTML and PDF versions of this article on the journal’s website 
(http://journals.lww.com/ccmjournal).

This study was funded by a grant from the Jack Rudin Family 
Foundation to Dr. Lonze. Clazakizumab was provided at no cost 
to the investigators by Vitaeris, recently acquired by CSL Behring. 
No corporate monetary support was provided. Vitaeris provided 
advice on the study design but had no role in conduct of the 
study, data collection, analysis, or interpretation. CSL Behring 
had no role in the study design, study conduct, data collection, 
analysis, or interpretation.

Drs. Lonze’s, Spiegler’s, Petkova’s, Dieter’s, Li’s, S. M. Cohen’s, 
and Hochman’s institutions received funding from The Jack Rudin 
Family Foundation. Drs. Lonze, Spiegler, Alachkar, Dieter, Quinn, 
Mattoo, Soomro, S. M. Cohen, Leung, Landrum, D. J. Cohen, 
Sen, Chong, and Montgomery disclosed the off-label product use 
of Clazakizumab. Dr. Weldon’s institution received funding from a 

http://journals.lww.com/ccmjournal


Copyright © 2022 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Lonze et al

1358          www.ccmjournal.org	 September 2022 • Volume 50 • Number 9

private donation for research related to COVID therapy. Dr. Dieter 
disclosed that her spouse is employed by Daiichi Sankyo (2019 
to present) and Bristol Myers Squibb (2008–2009). Dr. Soomro 
received support for article research from The Jack Rudin Family 
Foundation. Drs. Leung’s and Ali’s institutions received funding 
from New York University Langone. Drs. D. J. Cohen’s and Troxel’s 
instructions received funding from Vitaeris. Dr. D. J. Cohen’s in-
stitution received funding from Alexion Pharmaceuticals; he re-
ceived funding from Natera and Veloxis. Dr. Chong received 
funding from Vitaeris. Dr. Hochman disclosed that she is a prin-
cipal investigator (PI) for the ISCHEMIA trial for which, in addi-
tion to support by National Heart, Lung, and Blood Institute grant, 
devices and medications were provided by Medtronic; Abbott 
Vascular (formerly St. Jude Medical); Royal Philips NV (formerly 
Volcano Corporation); Arbor Pharmaceuticals, LLC; AstraZeneca 
Pharmaceuticals LP; Merck Sharp & Dohme Corp.; Omron 
Healthcare; Sunovion Pharmaceuticals; Espero BioPharma; and 
Amgen; and financial donations from Arbor Pharmaceuticals, LLC 
and AstraZeneca Pharmaceuticals LP, and PI for the National 
Institutes of Health International Study of Comparative Health 
Effectiveness with Medical and Invasive Approaches EXTENDed 
Follow-up (ISCHEMIA-EXTEND) trial. Dr. Montgomery disclosed 
that he is listed on a patent claim for Clazakizumab. The remaining 
authors have disclosed that they do not have any potential con-
flicts of interest.

For information regarding this article, E-mail: Bonnie.Lonze@
nyulangone.org

Trial registration: ClinicalTrials.gov NCT04343989.

REFERENCES
	 1.	 Johns Hopkins Coronavirus Resource Center: COVID-

19 Dashboard by the Center for Systems Science and 
Engineering (CSSE) at Johns Hopkins University (JHU). 
Available at: https://coronavirus.jhu.edu/map.html. Accessed 
February 5, 2022

	 2.	 Huang C, Wang Y, Li X, et al: Clinical features of patients 
infected with 2019 novel coronavirus in Wuhan, China. Lancet 
2020; 395:497–506

	 3.	 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; 395:1054–1062

	 4.	 Gustine JN, Jones D: Immunopathology of hyperinflammation 
in COVID-19. Am J Pathol 2021; 191:4–17

	 5.	 Rubio-Rivas M, Ronda M, Padulles A, et al: Beneficial effect 
of corticosteroids in preventing mortality in patients receiving 
tocilizumab to treat severe COVID-19 illness. Int J Infect Dis 
2020; 101:290–297

	 6.	 Zheng KL, Xu Y, Guo YF, et al: Efficacy and safety of tocili-
zumab in COVID-19 patients. Aging (Albany NY) 2020; 
12:18878–18888

	 7.	 Petrak RM, Skorodin NC, Van Hise NW, et al: Tocilizumab as a 
therapeutic agent for critically ill patients infected with SARS-
CoV-2. Clin Transl Sci 2021; 14:2146–2151

	 8.	 Price CC, Altice FL, Shyr Y, et al: Tocilizumab treatment for 
cytokine release syndrome in hospitalized patients with coro-
navirus disease 2019: Survival and clinical outcomes. Chest 
2020; 158:1397–1408

	 9.	 Lewis TC, Adhikari S, Tatapudi V, et al: A propensity-matched 
cohort study of tocilizumab in patients with coronavirus di-
sease 2019. Crit Care Explor 2020; 2:e0283

	10.	 Kaye AG, Siegel R: The efficacy of IL-6 inhibitor tocilizumab 
in reducing severe COVID-19 mortality: A systematic review. 
PeerJ 2020; 8:e10322

	11.	 Rosas IO, Brau N, Waters M, et al: Tocilizumab in hospital-
ized patients with severe Covid-19 pneumonia. N Engl J Med 
2021; 384:1503–1516

	12.	 RECOVERY Collaborative Group: Tocilizumab in patients 
admitted to hospital with COVID-19 (RECOVERY): A ran-
domised, controlled, open-label, platform trial. Lancet 2021; 
397:1637–1645

	13.	 Guaraldi G, Meschiari M, Cozzi-Lepri A, et al: Tocilizumab in 
patients with severe COVID-19: A retrospective cohort study. 
Lancet Rheumatol 2020; 2:e474–e484

	14.	 Hermine O, Mariette X, Tharaux PL, et al; CORIMUNO-19 
Collaborative Group: Effect of tocilizumab vs usual care in 
adults hospitalized with COVID-19 and moderate or severe 
pneumonia: A randomized clinical trial. JAMA Intern Med 2021; 
181:32–40

	15.	 Gordon AC, Mouncey PR, Al-Beidh F, et al; REMAP-CAP 
Investigators: Interleukin-6 receptor antagonists in critically ill 
patients with Covid-19. N Engl J Med 2021; 384:1491–1502

	16.	 Perrone F, Piccirillo MC, Ascierto PA, et al; TOCIVID-19 inves-
tigators, Italy: Tocilizumab for patients with COVID-19 pneu-
monia. The single-arm TOCIVID-19 prospective trial. J Transl 
Med 2020; 18:405

	17.	 Salvarani C, Dolci G, Massari M, et al; RCT-TCZ-COVID-19 
Study Group: Effect of tocilizumab vs standard care on clinical 
worsening in patients hospitalized with COVID-19 pneumonia: 
A randomized clinical trial. JAMA Intern Med 2021; 181:24–31

	18.	 Soin AS, Kumar K, Choudhary NS, et al: Tocilizumab plus 
standard care versus standard care in patients in India with 
moderate to severe COVID-19-associated cytokine release 
syndrome (COVINTOC): An open-label, multicentre, ran-
domised, controlled, phase 3 trial. Lancet Respir Med 2021; 
9:511–521

	19.	 Veiga VC, Prats J, Farias DLC, et al: Effect of tocilizumab on 
clinical outcomes at 15 days in patients with severe or critical 
coronavirus disease 2019: Randomised controlled trial. BMJ 
2021; 372:n84

	20.	 Snow TAC, Saleem N, Ambler G, et al: Tocilizumab in COVID-
19: A meta-analysis, trial sequential analysis, and meta-
regression of randomized-controlled trials. Intensive Care Med 
2021; 47:641–652

	21.	 Weinblatt ME, Mease P, Mysler E, et al: The efficacy and safety 
of subcutaneous clazakizumab in patients with moderate-to-
severe rheumatoid arthritis and an inadequate response to 
methotrexate: Results from a multinational, phase IIb, random-
ized, double-blind, placebo/active-controlled, dose-ranging 
study. Arthritis Rheumatol 2015; 67:2591–2600

	22.	 Eskandary F, Dürr M, Budde K, et al: Clazakizumab in late 
antibody-mediated rejection: Study protocol of a randomized 
controlled pilot trial. Trials 2019; 20:37

	23.	 WHO Working Group on the Clinical Characterisation and 
Management of COVID-19 infection: A minimal common out-
come measure set for COVID-19 clinical research. Lancet 
Infect Dis 2020; 20:e192–e197

mailto:Bonnie.Lonze@nyulangone.org
mailto:Bonnie.Lonze@nyulangone.org
https://coronavirus.jhu.edu/map.html


Copyright © 2022 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved. Copyright © 2022 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Clinical Investigations

Critical Care Medicine	 www.ccmjournal.org          1359

	24.	 Novack V, Beitler JR, Yitshak-Sade M, et al: Alive and venti-
lator free: A hierarchical, composite outcome for clinical tri-
als in the acute respiratory distress syndrome. Crit Care Med 
2020; 48:158–166

	25.	 Stallard N: A confirmatory seamless phase II/III clinical trial 
design incorporating short-term endpoint information. Stat 
Med 2010; 29:959–971

	26.	 Quintana M, Viele K, Lewis RJ: Bayesian analysis: Using prior 
information to interpret the results of clinical trials. JAMA 
2017; 318:1605–1606

	27.	 Ranieri VM, Rubenfeld GD, Thompson BT, et al; ARDS 
Definition Task Force: Acute respiratory distress syndrome: 
The Berlin definition. JAMA 2012; 307:2526–2533

	28.	 Baden LR, El Sahly HM, Essink B, et al; COVE Study Group: 
Efficacy and safety of the mRNA-1273 SARS-CoV-2 vaccine. 
N Engl J Med 2021; 384:403–416

	29.	 Polack FP, Thomas SJ, Kitchin N, et al; C4591001 Clinical 
Trial Group: Safety and efficacy of the BNT162b2 mRNA 
Covid-19 vaccine. N Engl J Med 2020; 383:2603–2615

	30.	 Voysey M, Clemens SAC, Madhi SA, et al; Oxford COVID 
Vaccine Trial Group: Safety and efficacy of the ChAdOx1 
nCoV-19 vaccine (AZD1222) against SARS-CoV-2: An in-
terim analysis of four randomised controlled trials in Brazil, 
South Africa, and the UK. Lancet 2021; 397:99–111

	31.	 Korber B, Fischer WM, Gnanakaran S, et al: Tracking changes 
in SARS-CoV-2 spike: Evidence that D614G increases 

infectivity of the COVID-19 virus. Cell 2020; 182:812–827.
e819

	32.	 Beigel JH, Tomashek KM, Dodd LE, et al; ACTT-1 Study Group 
Members: Remdesivir for the treatment of Covid-19 - final re-
port. N Engl J Med 2020; 383:1813–1826

	33.	 Horby P, Lim WS, Emberson JR, et al; RECOVERY Collaborative 
Group: Dexamethasone in hospitalized patients with Covid-19 
- preliminary report. N Engl J Med 2020; 384:693–704

	34.	 Sterne JAC, Murthy S, Diaz JV, et al; WHO Rapid Evidence 
Appraisal for COVID-19 Therapies (REACT) Working Group: 
Association between administration of systemic corticoste-
roids and mortality among critically ill patients with COVID-19: 
A meta-analysis. JAMA 2020; 324:1330–1341

	35.	 Wang J, Wang Q, Han T, et al: Soluble interleukin-6 receptor 
is elevated during influenza A virus infection and mediates the 
IL-6 and IL-32 inflammatory cytokine burst. Cell Mol Immunol 
2015; 12:633–644

	36.	 Stone JH, Frigault MJ, Serling-Boyd NJ, et al; BACC Bay 
Tocilizumab Trial Investigators: Efficacy of tocilizumab in 
patients hospitalized with Covid-19. N Engl J Med 2020; 
383:2333–2344

	37.	 Della-Torre E, Campochiaro C, Cavalli G, et al; SARI-RAF 
Study Group; SARI-RAF Study Group members: Interleukin-6 
blockade with sarilumab in severe COVID-19 pneumonia with 
systemic hyperinflammation: An open-label cohort study. Ann 
Rheum Dis 2020; 79:1277–1285


