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Aims In coronavirus disease 2019 (COVID-19), myocardial injury is associated with systemic inflammation and higher
mortality. Our aim was to perform a proof of concept trial with canakinumab, a monoclonal antibody to interleu-
kin-1b, in patients with COVID-19, myocardial injury, and heightened inflammation.

...................................................................................................................................................................................................
Methods
and results

This trial required hospitalization due to COVID-19, elevated troponin, and a C-reactive protein concentration
more than 50 mg/L. The primary endpoint was time to clinical improvement at Day 14, defined as either an im-
provement of two points on a seven-category ordinal scale or discharge from the hospital. The secondary endpoint
was mortality at Day 28. Forty-five patients were randomly assigned to canakinumab 600 mg (n = 15), canakinumab
300 mg (n = 14), or placebo (n = 16). There was no difference in time to clinical improvement compared to placebo
[recovery rate ratio (RRR) for canakinumab 600 mg 1.15, 95% confidence interval (CI) 0.46–2.91; RRR for canaki-
numab 300 mg 0.61, 95% CI 0.23–1.64]. At Day 28, 3 (18.8%) of 15 patients had died in the placebo group, com-
pared with 3 (21.4%) of 14 patients with 300 mg canakinumab, and 1 (6.7%) of 15 patients with 600 mg canakinu-
mab. There were no treatment-related deaths, and adverse events were similar between groups.

...................................................................................................................................................................................................
Conclusion There was no difference in time to clinical improvement at Day 14 in patients treated with canakinumab, and no

safety concerns were identified. Future studies could focus on high dose canakinumab in the treatment arm and as-
sess efficacy outcomes at Day 28.

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Keywords COVID-19 • Myocardial injury • Canakinumab • Interleukin-1

* Corresponding author. Tel: 216-444-6765, Fax: 216-445-6145, Email: cremerp@ccf.org

European Heart Journal Open (2021) 1, 1–9 ORIGINAL ARTICLE
doi:10.1093/ehjopen/oeab002 Special populations

© The Author(s) 2022. Published by Oxford University Press on behalf of European Society of Cardiology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), 
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact 
journals.permissions@oup.com

https://orcid.org/0000-0002-0794-3306


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
Introduction

Effective treatments for severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), the cause of coronavirus disease 2019
(COVID-19), are limited.1–3 Although COVID-19 is predominantly a
respiratory illness, cardiovascular complications can result in
substantial morbidity and mortality.4,5 The incidence of myocardial in-
jury, defined as a troponin above the 99th percentile upper reference
limit, varies depending on the underlying comorbidities and
severity of illness of the population studied but has been
reported in as many as one-third of patients hospitalized with
COVID-19.4–6 Furthermore, myocardial injury is associated with
increased mortality.4–6

The causes of myocardial injury in COVID-19 are numerous and
include critical illness with oxygen-supply demand mismatch, gener-
ation of a prothrombotic milieu, and endothelial dysfunction, among
others.7 These distinct pathobiologies may result from an inappropri-
ate systemic inflammatory response. In general, after the first week of
illness, the onset of cardiac injury and heightened inflammation
occurs, and immunosuppression may improve outcomes. In a

randomized trial, broad immunosuppression with dexamethasone
has been shown to lower mortality in patients with severe COVID-
19 pneumonia,2 and observational case–control studies have sug-
gested a potential benefit with targeted immune modulation with
interleukin-1 (IL-1) antagonists.8

Canakinumab is a fully human monoclonal antibody neutraliz-
ing IL-1b with linear dose-dependent pharmacokinetics, a long
elimination half-life of 26 days, and proven efficacy in auto-
inflammatory syndromes as well as in patients with atheroscler-
otic disease and increased inflammation.9–11 In COVID-19, sys-
temic inflammation and cardiac injury are correlated,4,5 and
initial production of IL-1 results in an inappropriate feedback
loop by inducing its own expression as well as the production of
other proinflammatory cytokines.12 Given this mechanism of ac-
tion and the putative role of an inappropriate innate immune re-
sponse in COVID-19 associated cardiac injury, our hypothesis
was that canakinumab would safely shorten time to recovery in
patients with COVID-19, myocardial injury, and heightened in-
flammation. A favourable signal from this initial proof of concept
trial could inform the design and conduct of larger studies.

Graphical Abstract
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Methods

Study design and participants
The Three C study is an investigator-initiated double-blind randomized
placebo-controlled proof of concept trial conducted in five hospitals at a
single institution (Cleveland Clinic) to assess for an early signal of efficacy
(Supplementary material online, Appendix p1). Details of the trial design
have been previously published.13 The trial was conducted in accordance
with the Declaration of Helsinki and the International Council for
Harmonisation Good Clinical Practice Guidelines, and the design and
conduct were approved by the United States Food and Drug
Administration. The trial was overseen by a data monitoring committee
with details described in a separate charter. The data monitoring commit-
tee assessed the safety and made no formal assessment of efficacy. The
protocol was approved by the Institutional Review Board, and written
informed consent was provided by all patients or their legally authorized
representative. Data management was centrally coordinated by the
Cleveland Clinic Coordinating Center for Clinical Research
(C5Research). Data were entered into a secure REDCap cloud database
(https://www.redcapcloud.com), and analysis was performed by
C5Research.

The study population included 45 patients with the first patient
randomized on 28 April 2020 and the last patient randomized on 25
August 2020. Included patients were >_18 years old, hospitalized for
COVID-19 infection with a documented upper respiratory tract speci-
men positive for SARS-CoV2 RNA, had a troponin T > 99th percentile
upper reference range, an NT-proBNP greater than the age-adjusted
upper reference limit, and a C-reactive protein (CRP) >50 mg/L. The 5th
generation Roche Troponin T assay was used (hsTnT), and a value >_
12 ng/L was considered abnormal. Key exclusion criteria included myo-
cardial infarction (MI) according to the 4th universal definition of MI,14 un-
controlled systemic bacterial infection, mechanical ventilation for greater
than 48 h, or haemodynamic instability requiring mechanical circulatory
support (Supplementary material online, Appendix p 1–3). Patients with a
prior history of MI or coronary artery disease (CAD) were included, and
all patients had a 12-lead electrocardiogram and echocardiogram prior to
enrolment.

Randomization and masking
Randomization was centralized through REDCap Cloud, and patients
were randomized in a 1:1:1 allocation ratio to a single infusion of canaki-
numab 600 mg intravenous (IV), canakinumab 300 mg IV, and placebo
with stratification by the hospital and whether or not the patient was intu-
bated at the time of enrolment. One patient was randomized as non-intu-
bated but was then intubated prior to administration of study infusion. All
clinical and research personnel as well as participants were blinded to
treatment assignment, except for a research pharmacist who prepared
the canakinumab infusion or equal volume (250 mL) of 5% dextrose for
placebo infusion. This research pharmacist did not participate in the ad-
ministration of the infusion. The single intravenous infusion was given
over 2 h. Enrolled patients received COVID-19 therapies considered ap-
propriate by their clinicians, irrespective of their participation in the
study.

Procedures
After randomization, the investigator was required to discontinue treat-
ment if continuation would negatively impact a participant’s well-being.
After study discontinuation, the participant would remain in the study un-
less consent was withdrawn. Reasons for study discontinuation could

include subject or surrogate request, pregnancy, use of prohibited treat-
ment (Supplementary material online, Appendix p 42), any safety risk to
the subject, and any laboratory abnormalities that in the judgement of the
investigator would prevent the subject from continuing. After randomiza-
tion, adverse events and clinical status according to the ordinal scale were
assessed daily until discharge and repeated at Day 14, Day 21, Day 28,
Day 90, and Day 150. Concomitant medications were collected at base-
line and daily thereafter until Day 7, at Day 14, Day 21, and Day 28. These
included antibiotics related to non-COVID-19 infections, antivirals
related to COVID-19, corticosteroids, use of convalescent plasma, and
other immunosuppressive agents. Follow-up laboratory testing was per-
formed according to clinical standard of care, in accordance with the insti-
tutional policy for caregiver safety and conservation of personal
protective equipment and was therefore not uniform across all patients.
Subsequent encounters after the initial visit included either in-person or
telehealth encounters after the patient had been discharged.

Outcomes
The primary efficacy outcome was time to clinical improvement up to
Day 14, defined as the time in days from randomization to either an im-
provement of two points on seven category ordinal scale or discharge
from the hospital, whichever occurred first. This ordinal scale was simpli-
fied from an original model proposed by the World Health Organization
by removing the category uninfected as this assessment may be difficult
to document, as well as combining the categories of ventilation and venti-
lation plus additional organ support.15 The modified categories were: 1
not hospitalized with resumption of normal activities; 2 not hospitalized
but unable to resume normal activities; 3 hospitalized, not requiring sup-
plemental oxygen; 4 hospitalized, requiring supplemental oxygen; 5 hospi-
talized, requiring nasal high-flow oxygen, non-invasive mechanical
ventilation, or both; 6 hospitalized, requiring extracorporeal membrane
oxygenation, invasive mechanical ventilation, or both; 7 death. The sec-
ondary endpoint was all-cause mortality at Day 28. Exploratory end-
points included clinical status up to Day 28, the need for mechanical
ventilation in non-intubated patients, length of hospitalization, changes in
inflammatory markers, and mortality at Day 90 and Day 150. All adverse
events were described according to severity (mild, moderate, and se-
vere), relationship to study treatment, duration, whether it constitutes a
serious adverse event, and any action taken (Supplementary material on-
line, Appendix p 44–47).

Statistical analysis
Estimates of the efficacy of canakinumab in this patient population have
not been established. Therefore, this trial was designed as a proof of con-
cept study, and the sample size was based on feasibility and the intent to
inform estimates and confidence intervals (CIs).16 Continuous variables
were summarized using median, Q1 (25th percentile), and Q3 (75th per-
centile), and categorical variables were summarized using frequency and
percentage. Adjustment according to intubation at randomization was
performed for recovery rate ratios (RRR), as this was a stratification fac-
tor for randomization. Adjusted recovery rate ratios with 95% CIs were
calculated from a Cox proportional hazards model. This RRR is similar to
the hazard ratio (HR) in survival analysis, but for the beneficial outcome
of clinical improvement. Therefore, a RRR greater than one indicates an
improvement with canakinumab. This approach is aligned with prior
randomized studies in patients with COVID-19.1 Hazard ratios for mor-
tality were also calculated from a Cox proportional hazards model. Sub-
group analyses were planned based on whether or not the patient was
intubated at baseline, as intubated and non-intubated patient groups may
represent distinct populations. An assessment for interaction between

Canakinumab in COVID-19 cardiac injury: the Three C Study 3
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canakinumab and CRP, corticosteroid use, and remdesivir use with clinic-
al improvement was also planned. Baseline was defined as clinical status
at the administration of study infusion. Given the small size of the study,
no estimates or intervals should be regarded as definitive for treatment
effect, and no adjustments were made for multiple hypothesis testing. As
noted in the statistical analysis plan (Supplementary material online,
Appendix p 15), no inferential statistics are planned a priori as the intent is
to provide data regarding effect size to inform feasibility of larger studies.
DMB and KEW had access to raw data and performed statistical analyses.
All analyses were performed using SAS version 9.4 (SAS Institute, Cary,
NC, USA) with graphics support from R Core Team (2018) (https://
www.R-project.org Last Accessed 10 April 2021). The statistical analysis
plan (Supplementary material online, Appendix p 7–21) and the study
protocol (Supplementary material online, Appendix p 22–53) are available
whereas other study documents, including individual patient-level data,
are not. The trial is registered at clinicaltrials.gov (NCT0 4365153).

Role of the funding source
The funder of the study provided the study drug and assisted with the
study design. The funder was not involved in data collection or analysis.
The corresponding author (P.C.C.) had full access to all of the data and
the final responsibility to submit for publication.

Results

The trial population consisted of 45 patients (Figure 1). Overall, 15
subjects received 600 mg IV canakinumab, 14 subjects received
300 mg IV canakinumab, and 16 subjects received placebo. A majority
were men, cardiovascular comorbidities were common, and over a
third were African American (Table 1). Most patients had dyspnoea
with significant hypoxaemia, and 10 patients were intubated at base-
line. By chance, numerically more patients who received canakinu-
mab 600 mg had diabetes mellitus [10 (66.7%) of 15] compared to

placebo [7 (43.8%) of 16]. In addition, high-flow oxygen, non-invasive
ventilation, or mechanical ventilation at baseline was more common
in patients who received canakinumab 600 mg [8 (53.3%) of 15] or
placebo [8 (50.0%) of 16] compared to canakinumab 300 mg [5
(35.7%) of 14]. Cardiac markers were mild to moderately elevated,
whereas inflammatory markers were markedly elevated (Table 1). By
chance, NT-proBNP and CRP were numerically higher whereas d-
dimer was lower in placebo patients compared to patients who
received canakinumab 600 mg. Prior to randomization, 21 (46.7%) of
45 patients were receiving corticosteroids including 10 (62.5%) of 16
patients who received placebo, 3 (21.4%) of 14 patients who received
canakinumab 300 mg, and 8 (53.3%) of 15 patients who received can-
akinumab 600 mg. After randomization, an additional six patients
were treated with corticosteroids including five patients who
received canakinumab 300 mg and one patient who received canaki-
numab 600 mg. Before randomization, 21 (46.7%) of 45 patients
were receiving remdesivir including 6 (37.5%) of 16 who received pla-
cebo, 5 (35.7%) of 14 who received canakinumab 300 mg, and 10
(66.7%) of 15 who received canakinumab 600 mg. After randomiza-
tion, an additional five patients received remdesivir including one pa-
tient who received a placebo and four who received 300 mg of
canakinumab. Four patients received convalescent plasma, including
two patients who received a placebo and two patients who received
600 mg IV canakinumab.

The primary endpoint of time to clinical improvement by Day 14
was not different between patients who received canakinumab
600 mg IV (RRR 1.15, 95% CI 0.46–2.91) or 300 mg IV canakinumab
(RRR 0.61, 95% CI 0.23–1.64) compared with placebo (Table 2).
Through Day 14, 9 (56.3%) of 16 placebo patients demonstrated clin-
ical improvement, compared with 7 (50.0%) of 14 who received
300 mg canakinumab, and 9 (60.0%) of 15 who received 600 mg cana-
kinumab (Figure 3). Among 10 patients intubated prior to study

Figure 1 CONSORT flow diagram.

4 P.C. Cremer et al.
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..infusion, including 3 patients who received placebo, 2 patients who
received canakinumab 300 mg, and 5 who received canakinumab
600 mg, none had achieved clinical improvement by Day 14.

The secondary endpoint of all-cause mortality occurred in 7
(15.6%) of 45 patients by Day 28. In the placebo group, 3 (18.8%) of
15 patients died, compared with 3 (21.4%) of 14 patients who

received 300 mg IV canakinumab (HR 1.12, 95% CI 0.23–5.59), and 1
(6.7%) of 15 patients who received 600 mg IV canakinumab (HR 0.20,
95% CI 0.02–1.99) (Table 2). Among patients intubated prior to study
infusion, 2 (66.7%) of 3 placebo patients, 1 (50.0%) of 2 patients who
received canakinumab 300 mg, and 1 (20.0%) of 5 patients who
received canakinumab 600 mg died. In patients not intubated prior to

....................................................................................................................................................................................................................

Table 1 Baseline characteristics

Total (n 5 45) Placebo (n 5 16) Canakinumab

300 mg (n 5 14)

Canakinumab

600 mg (n 5 15)

Age (years) 68.8 (61.1, 74.3) 68.2 (56.1, 83.3) 70.7 (64.7, 74.6) 66.4 (63.5, 72.9)

Male 33 (73.3%) 13 (81.3%) 9 (64.3%) 11 (73.3%)

Female 12 (26.7%) 3 (18.8%) 5 (35.7%) 4 (26.7%)

African-American 17 (37.8%) 5 (31.3%) 4 (28.6%) 8 (53.3%)

Caucasian 25 (55.6%) 10 (62.5%) 9 (64.3%) 6 (40.0%)

Asian 1 (2.2%) 0 (0.0%) 1 (7.1%) 0 (0.0%)

Hispanic 3 (6.7%) 1 (6.3%) 0 (0.0%) 2 (13.3%)

Body mass index 28.8 (25.3, 36.3) 29.2 (24.0, 42.9) 28.3 (25.8, 32.0) 29.2 (28.0, 46.4)

Diabetes mellitus 21 (46.7%) 7 (43.8%) 4 (28.6%) 10 (66.7%)

Hypertension 32 (71.1%) 12 (75.0%) 9 (64.3%) 11 (73.3%)

Hyperlipidaemia 29 (64.4%) 9 (56.3%) 8 (57.1%) 12 (80.0%)

Coronary artery disease 10 (22.2%) 4 (25.0%) 4 (28.6%) 2 (13.3%)

Stroke 2 (4.4%) 1 (6.3%) 1 (7.1%) 0 (0.0%)

Atrial fibrillation or flutter 6 (13.3%) 2 (12.5%) 2 (14.3%) 2 (13.3%)

Chronic obstructive pulmonary disease 8 (17.8%) 2 (12.5%) 3 (21.4%) 3 (20.0%)

Chronic kidney disease 15 (33.3%) 7 (43.8%) 2 (14.3%) 6 (40.0%)

Current or former smoker 15 (33.3%) 6 (37.5%) 4 (28.6%) 5 (33.3%)

Time from symptom onset to randomization (days) 7 (4,9) 6 (4,10) 9 (6,11) 6 (3,8)

Dyspnoea 36 (80.0%) 14 (87.5%) 11 (78.6%) 11 (73.3%)

Temperature 36.9 (36.6, 37.4) 36.8 (36.5, 36.9) 37.4 (36.9, 37.9) 36.8 (36.6, 37.2)

Hospitalized requiring invasive mechanical ventilation 10 (22.2%) 3 (18.8%) 2 (14.3%) 5 (33.3%)

Hospitalized requiring nasal high-flow oxygen or

non-invasive ventilation, or both

11 (24.4%) 5 (31.3%) 3 (21.4%) 3 (20.0%)

Hospitalized requiring supplemental oxygen 20 (44.4%) 6 (37.5%) 9 (64.3%) 5 (33.3%)

Hospitalized, not requiring supplemental oxygen 4 (8.9%) 2 (12.5%) 0 (0%) 2 (13.3%)

Baseline PaO2/FiO2 ratio 148 (73, 204) 117 (66, 210) 160 (77, 246) 148 (73, 203)

Baseline SOFA scores 3 (2, 5) 4 (2, 5) 2 (2, 4) 3 (2, 6)

Corticosteroids 21 (46.7%) 10 (62.5%) 3 (21.4%) 8 (53.3%)

Remdesivir 21 (46.7%) 6 (37.5%) 5 (35.7%) 10 (66.7%)

High-sensitivity troponin T (ng/L) (reference range <12 ng/L) 22 (15, 37) 32 (16, 163) 25 (14, 36) 21 (15, 31)

N-terminal pro B-type natriuretic peptide (pg/mL)

(reference range <125 pg/mL)

479 (248, 1508) 810 (349, 10 264) 372 (277, 1508) 371 (181, 1401)

C reactive protein (mg/L) (reference range 0–4 mg/L) 153 (121, 185) 176 (150, 199) 122 (64, 153) 127 (108, 197)

White blood cell count (reference range 3.70–11.0 k/lL) 7.5 (5.5 9.9) 7.8 (6.0, 10.7) 6.2 (5.1, 8.4) 7.8 (5.6, 11.0)

Neutrophil count (reference range 1.45–7.50 k/lL) 5.7 (4.4, 8.7) 6.9 (4.5, 9.1) 5.2 (4.1, 8.2) 5.4 (4.4, 9.2)

Lymphocyte count 0.7 (0.5, 1.0) 0.5 (0.4, 0.9) 0.7 (0.5, 1.2) 0.8 (0.7, 1.0)

(reference range 1.0–4.0 k/lL)

Neutrophil/lymphocyte 8.9 (5.5, 14.6) 13.5 (5.5, 22.3) 9.6 (5.6, 10.9) 7.5 (5.4, 11.9)

Ferritin (ng/mL) (reference range 14.7–205.1 ng/mL) 1015 (589, 2111) 1246 (768, 2355) 998 (857, 1626) 740 (448, 1969)

D-dimer (ng/mL) (reference range <500 ng/mL) 1320 (730, 2140) 1500 (560, 3340) 950 (730, 1340) 1795 (870, 3430)

Left ventricular ejection fraction (%) 60 (55, 60) 58 (43, 63) 50 (55, 65) 55 (45, 60)

Expressed as n (%) or median (Q1, Q3)
SOFA, sequential organ failure assessment.

Canakinumab in COVID-19 cardiac injury: the Three C Study 5



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
study infusion, 1 (7.7%) of 13 patients who received placebo, 2
(16.7%) of 12 patients who received canakinumab 300 mg, and 0
(0.0%) of 10 patients who received canakinumab 600 mg died. At
study completion at Day 150, overall mortality was similar with
deaths in 4 (25.0%) of 16 patients who received placebo, 3 (21.4%) of
14 patients who received canakinumab 300 mg, and 1 (6.7%) of 15
patients who received canakinumab 600 mg (Figure 2A).

With respect to the exploratory endpoint of clinical status at Day
28, the RRR for patients who received 600 mg IV canakinumab com-
pared to placebo was 2.10 (95% CI 0.89–4.99). On Day 28, the RRR
for patients who received canakinumab 300 mg IV compared to pla-
cebo was 1.44 (95% CI 0.57–3.62) (Figure 2B). At Day 28, 11 (68.8%)
of 16 patients who received placebo demonstrated clinical improve-
ment, compared with 11 (78.6%) of 14 patients who received 300 mg
IV canakinumab, and 14 (93.3%) of 15 patients who received 600 mg
IV canakinumab (Table 2 and Figure 3). In patients intubated prior to
study infusion, 0 (0.0%) of three patients who received placebo, 1
(50.0%) of two patients who received 300 mg canakinumab, and 4
(80.0%) of five patients who received canakinumab 600 mg achieved

clinical improvement at Day 28. Among patients not intubated at
baseline, 11 (88.5%) of 13 patients who received placebo, 10 (83.3%)
of 12 patients who received canakinumab 300 mg, and 10 (100%) of
10 patients who received canakinumab 600 mg demonstrated clinical
improvement at Day 28.

In patients not intubated at baseline, 3 (23.1%) of 13 patients
who received placebo, 6 (50.0%) of 12 patients who received
300 mg canakinumab, and 1 (10.0%) of 10 patients who received
600 mg canakinumab subsequently required mechanical
ventilation.

When assayed, CRP values declined numerically in patients who
received 600 mg IV canakinumab compared with placebo. A subset
of patients including eight patients who received placebo, eight
patients who received 300 mg IV canakinumab, and eight patients
who received 600 mg IV canakinumab had CRP values at baseline and
on Day 7. At Day 7, compared with placebo (125, Q1 25, Q3
236 mg/L), patients who received canakinumab 300 mg IV (68, Q1 22,
Q3 102 mg/L) and 600 mg IV canakinumab (34, Q1 16, Q3 87 mg/L)
had numerically lower CRPs (Supplementary material online,

....................................................................................................................................................................................................................

Table 2 Efficacy outcomes

Endpoint Placebo Canakinumab

300 mg (n 5 14)

Canakinumab

600 mg (n 5 15)(N 5 16)

Primary endpoint, n (%)

Clinical improvement or discharge at Day 14 9 (58.3) 7 (58.1) 9 (60)

RRR (CI) 0.61 (0.23, 1.64) 1.15 (0.46, 2.91)

Secondary endpoints, n (%)

Mortality at Day 28 3 (18.8) 3 (21.4) 1 (6.7)

HR (CI) 1.21 (0.23, 5.59) 0.20 (0.02, 1.98)

Exploratory endpoint, n (%)

Clinical improvement or discharge at Day 28 11 (68.8) 11 (78.6) 14 (93.5)

RRR (CI) 1.44 (0.57–3.62) 2.10 (0.89–4.99)

HR, hazard ratio; OR, odds ratio; RRR, recovery rate ratio.

Figure 2 Exploratory endpoints of survival at study completion (150 days) (A) and time to clinical improvement at Day 28 (B).
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Appendix p4). There was no significant interaction between baseline
CRP, different canakinumab doses, and clinical improvement at 14 or
28 days (P = 0.92 and 0.95, respectively). In addition, because the
study was performed during a time of limited resources due to the
pandemic, patients did not return to the hospital after discharge, and
laboratory testing was done according to standard of care.
Therefore, changes in PaO2 to FiO2 ratios, SOFA scores, inflamma-
tory markers, and time to negative SARS-CoV-2 RNA concentra-
tions were not reported due to missing data.

As noted, many of the patients were treated with corticosteroids
and remdesivir. There was no significant interaction between cortico-
steroids, different canakinumab doses, and clinical improvement at 14
or 28 days (P = 0.17 and 0.64, respectively). Likewise, there was no
significant interaction between remdesivir, different canakinumab
doses, and clinical improvement at 14 or 28 days (P = 0.57 and 0.59,
respectively).

Adverse events were similar between the three groups. One pa-
tient who received placebo developed Candida glabrata fungemia, and
one patient who received 300 mg IV canakinumab developed
Staphyloccocus aureus bacteraemia. Abnormal laboratory values
related to blood counts and liver chemistry tests were also similar
among the groups. The infusion was completed in all patients except
for one placebo patient where a clinical decision was made to stop
the infusion due to increasing dyspnoea. There were no treatment-
related deaths.

Discussion

The Three C Study was a proof of concept trial to assess for early ef-
ficacy regarding whether IL-1b inhibition with canakinumab would
improve outcomes in patients with COVID-19, myocardial injury,
and heightened inflammation. Among COVID-19 randomized con-
trolled trials, this study is unique in that it exclusively evaluates a
population at high risk, patients with elevated troponins and
increased systemic inflammation. As noted, CRPs declined in patients

who received canakinumab consistent with the known mechanism of
action. Across all groups, 14 days outcomes were similar, which may
be partly explained because no patients intubated at baseline demon-
strated clinical improvement within this timeframe by Day 28,
patients who received 600 mg IV canakinumab were numerically
more likely to have clinical improvement. However, as emphasized,
the results of this study are hypothesis-generating, and larger studies
in this patient population could evaluate higher dose canakinumab
with an assessment for outcomes at Day 28.

In COVID-19, the SARS-CoV2 virus and destruction of host cells
leads to systemic activation of the innate immune response.17 With
severe or critical COVID-19 disease, overwhelming immune activa-
tion often occurs, sometimes termed a cytokine storm. Importantly,
the pathobiology of a cytokine storm begins with autoinduction of IL-
1.12 IL-1b is considered the initial cytokine of the innate immune re-
sponse, drives its own gene expression, and leads to further cytokine
and chemokine production.18 This response leads to recruitment of
inflammatory cells, pyroptosis (inflammatory-mediated cell death),
and a downstream acute phase response. The consequences of this
cascade are endothelial cell dysfunction with capillary leak, throm-
bosis, and local tissue injury. In observational studies, the association
between elevated troponin, high CRP, and increased mortality is con-
sistent with this mechanism of injury.4,5 Therefore, even though the
clinical manifestations of myocardial injury in COVID-19 are pro-
tean,7 a common inciting event may be an inappropriate innate im-
mune response.

Given the scale of the pandemic, relatively few randomized con-
trolled trials have been published, and our current understanding of
the expected disease course and timing of potential therapeutic inter-
ventions in specific populations remains limited. As an example, in a
large randomized trial of remdesivir in COVID-19, the primary out-
come was changed from time to recovery at 15–28 days, as data
emerged that hospitalized patients with COVID-19 have a more pro-
tracted illness.1 Our results are concordant and suggest that patients
with COVID-19 and myocardial injury, especially if they require
mechanical ventilation, may be unlikely to demonstrate clinical

Figure 3 Exploratory endpoint of proportion of patients in categories during follow-up at 28 days.
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..improvement within 2 weeks, as none of the patients intubated at
baseline in the current study demonstrated clinical improvement by
Day 14. Therefore, future studies in this patient population should
emphasize a longer follow-up period for the outcome of clinical
improvement.

The timing of intervention in specific phases of COVID-19 is also
important. Even though broad immunosuppression with dexametha-
sone has been shown to lower mortality in patients with COVID-19
and hypoxaemia, particularly in patients receiving mechanical ventila-
tion,2 randomized controlled trials with IL-6 antagonists have demon-
strated conflicting results.3,19–21 These results may be related to
different patterns of immunopathology in COVID-19;22 however,
these trials have not consistently required increased systemic inflam-
mation for inclusion, or have excluded patients that are intubated or
required more than 10 L/min of supplemental oxygen. Similarly, the
CAN-COVID study of canakinumab in COVID-19 pneumonia
required a CRP of only greater than 20 mg/L and excluded patients
who were receiving mechanical ventilation (NCT04362813).
Therefore, the extent to which these trials targeted the patient popu-
lation most likely to benefit remains uncertain.

In a Phase II study of patients with periodic fever syndromes, the
highest dose of canakinumab administered was 10 mg/kg IV.23

Although our study is small, no safety signals were observed with
higher doses of canakinumab, and higher doses may be necessary for
efficacy. In addition, high doses of anakinra (100 mg loading dose, fol-
lowed by 72-h IV infusion of 2.0 mg/kg/h) have been evaluated in a
Phase III study of sepsis without a difference in adverse events.24

By design, our study is small, hypothesis-generating, and subject to
Type II error. In a small randomized trial, by chance, baseline charac-
teristics may also not be well balanced. The possibility that an imbal-
ance of baseline variables may have impacted the results, especially
given between-group differences in the magnitude of respiratory sup-
port and inflammatory markers, should be noted. Moreover, when
the protocol was developed, no observational data were available to
inform the possible efficacy of canakinumab in COVID-19.
Accordingly, no power calculations were performed. Likewise, all
assessments of interaction analyses with treatment and outcome are
underpowered. In addition, limited data regarding prognosis in
patients with COVID-19 and cardiac injury were available during the
study design. After enrolment began in our study, a large observation-
al study demonstrated that most patients with COVID-19 associated
cardiac injury have mild to moderate elevations in troponin and mor-
tality was 18.5%,6 similar to patients in the Three C study.

Furthermore, we had initially planned exploratory analyses evalu-
ating changes in inflammatory markers, but laboratory studies were
obtained according to standard of care and varied. However, this
study was conducted during a time of resource limitation with appro-
priate emphasis on the protection of healthcare workers and the
conservation of personal protective equipment. Accordingly, patient
contact, and thus blood draws, were restricted to clinical care. In add-
ition, due to infection control considerations, patients did not return
to the hospital solely for laboratory testing after discharge.
Nonetheless, limited data were suggestive of a dose–response reduc-
tion in CRP with canakinumab, consistent with the known mechanism

of action. Little is also known about the differential prognostic impli-
cations of acute compared to chronic non-ischemic myocardial injury
in COVID-19,25 and for inclusion, we required a single abnormal
troponin. In an ad hoc review of our patients, 34 had more than one
hsTnT assayed, and 23 of these patients had a change in troponin
>20% compatible with acute myocardial injury. Finally, COVID-19
therapies, such as corticosteroids and remdesivir, were evolving dur-
ing the study and were employed heterogeneously according to
changing standards of care. In future studies, standard COVID-19
therapies may be more established.

Given the high morbidity and mortality of patients with COVID-
19, myocardial injury, and increased inflammation, effective treat-
ments are required. At Day 28, patients treated with a single high
dose of canakinumab were numerically more likely to have clinical
improvement. Based on our results, future studies of patients with
COVID-19 and myocardial injury should focus on patients with mark-
edly elevated systemic inflammation, employ high dose canakinumab
in the treatment arm, and assess efficacy outcomes at Day 28, given a
longer expected duration to demonstrate clinical improvement in
these severely and critically ill patients.
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..improvement within 2 weeks, as none of the patients intubated at
baseline in the current study demonstrated clinical improvement by
Day 14. Therefore, future studies in this patient population should
emphasize a longer follow-up period for the outcome of clinical
improvement.

The timing of intervention in specific phases of COVID-19 is also
important. Even though broad immunosuppression with dexametha-
sone has been shown to lower mortality in patients with COVID-19
and hypoxaemia, particularly in patients receiving mechanical ventila-
tion,2 randomized controlled trials with IL-6 antagonists have demon-
strated conflicting results.3,19–21 These results may be related to
different patterns of immunopathology in COVID-19;22 however,
these trials have not consistently required increased systemic inflam-
mation for inclusion, or have excluded patients that are intubated or
required more than 10 L/min of supplemental oxygen. Similarly, the
CAN-COVID study of canakinumab in COVID-19 pneumonia
required a CRP of only greater than 20 mg/L and excluded patients
who were receiving mechanical ventilation (NCT04362813).
Therefore, the extent to which these trials targeted the patient popu-
lation most likely to benefit remains uncertain.

In a Phase II study of patients with periodic fever syndromes, the
highest dose of canakinumab administered was 10 mg/kg IV.23

Although our study is small, no safety signals were observed with
higher doses of canakinumab, and higher doses may be necessary for
efficacy. In addition, high doses of anakinra (100 mg loading dose, fol-
lowed by 72-h IV infusion of 2.0 mg/kg/h) have been evaluated in a
Phase III study of sepsis without a difference in adverse events.24

By design, our study is small, hypothesis-generating, and subject to
Type II error. In a small randomized trial, by chance, baseline charac-
teristics may also not be well balanced. The possibility that an imbal-
ance of baseline variables may have impacted the results, especially
given between-group differences in the magnitude of respiratory sup-
port and inflammatory markers, should be noted. Moreover, when
the protocol was developed, no observational data were available to
inform the possible efficacy of canakinumab in COVID-19.
Accordingly, no power calculations were performed. Likewise, all
assessments of interaction analyses with treatment and outcome are
underpowered. In addition, limited data regarding prognosis in
patients with COVID-19 and cardiac injury were available during the
study design. After enrolment began in our study, a large observation-
al study demonstrated that most patients with COVID-19 associated
cardiac injury have mild to moderate elevations in troponin and mor-
tality was 18.5%,6 similar to patients in the Three C study.

Furthermore, we had initially planned exploratory analyses evalu-
ating changes in inflammatory markers, but laboratory studies were
obtained according to standard of care and varied. However, this
study was conducted during a time of resource limitation with appro-
priate emphasis on the protection of healthcare workers and the
conservation of personal protective equipment. Accordingly, patient
contact, and thus blood draws, were restricted to clinical care. In add-
ition, due to infection control considerations, patients did not return
to the hospital solely for laboratory testing after discharge.
Nonetheless, limited data were suggestive of a dose–response reduc-
tion in CRP with canakinumab, consistent with the known mechanism

of action. Little is also known about the differential prognostic impli-
cations of acute compared to chronic non-ischemic myocardial injury
in COVID-19,25 and for inclusion, we required a single abnormal
troponin. In an ad hoc review of our patients, 34 had more than one
hsTnT assayed, and 23 of these patients had a change in troponin
>20% compatible with acute myocardial injury. Finally, COVID-19
therapies, such as corticosteroids and remdesivir, were evolving dur-
ing the study and were employed heterogeneously according to
changing standards of care. In future studies, standard COVID-19
therapies may be more established.

Given the high morbidity and mortality of patients with COVID-
19, myocardial injury, and increased inflammation, effective treat-
ments are required. At Day 28, patients treated with a single high
dose of canakinumab were numerically more likely to have clinical
improvement. Based on our results, future studies of patients with
COVID-19 and myocardial injury should focus on patients with mark-
edly elevated systemic inflammation, employ high dose canakinumab
in the treatment arm, and assess efficacy outcomes at Day 28, given a
longer expected duration to demonstrate clinical improvement in
these severely and critically ill patients.
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..improvement within 2 weeks, as none of the patients intubated at
baseline in the current study demonstrated clinical improvement by
Day 14. Therefore, future studies in this patient population should
emphasize a longer follow-up period for the outcome of clinical
improvement.

The timing of intervention in specific phases of COVID-19 is also
important. Even though broad immunosuppression with dexametha-
sone has been shown to lower mortality in patients with COVID-19
and hypoxaemia, particularly in patients receiving mechanical ventila-
tion,2 randomized controlled trials with IL-6 antagonists have demon-
strated conflicting results.3,19–21 These results may be related to
different patterns of immunopathology in COVID-19;22 however,
these trials have not consistently required increased systemic inflam-
mation for inclusion, or have excluded patients that are intubated or
required more than 10 L/min of supplemental oxygen. Similarly, the
CAN-COVID study of canakinumab in COVID-19 pneumonia
required a CRP of only greater than 20 mg/L and excluded patients
who were receiving mechanical ventilation (NCT04362813).
Therefore, the extent to which these trials targeted the patient popu-
lation most likely to benefit remains uncertain.

In a Phase II study of patients with periodic fever syndromes, the
highest dose of canakinumab administered was 10 mg/kg IV.23

Although our study is small, no safety signals were observed with
higher doses of canakinumab, and higher doses may be necessary for
efficacy. In addition, high doses of anakinra (100 mg loading dose, fol-
lowed by 72-h IV infusion of 2.0 mg/kg/h) have been evaluated in a
Phase III study of sepsis without a difference in adverse events.24

By design, our study is small, hypothesis-generating, and subject to
Type II error. In a small randomized trial, by chance, baseline charac-
teristics may also not be well balanced. The possibility that an imbal-
ance of baseline variables may have impacted the results, especially
given between-group differences in the magnitude of respiratory sup-
port and inflammatory markers, should be noted. Moreover, when
the protocol was developed, no observational data were available to
inform the possible efficacy of canakinumab in COVID-19.
Accordingly, no power calculations were performed. Likewise, all
assessments of interaction analyses with treatment and outcome are
underpowered. In addition, limited data regarding prognosis in
patients with COVID-19 and cardiac injury were available during the
study design. After enrolment began in our study, a large observation-
al study demonstrated that most patients with COVID-19 associated
cardiac injury have mild to moderate elevations in troponin and mor-
tality was 18.5%,6 similar to patients in the Three C study.

Furthermore, we had initially planned exploratory analyses evalu-
ating changes in inflammatory markers, but laboratory studies were
obtained according to standard of care and varied. However, this
study was conducted during a time of resource limitation with appro-
priate emphasis on the protection of healthcare workers and the
conservation of personal protective equipment. Accordingly, patient
contact, and thus blood draws, were restricted to clinical care. In add-
ition, due to infection control considerations, patients did not return
to the hospital solely for laboratory testing after discharge.
Nonetheless, limited data were suggestive of a dose–response reduc-
tion in CRP with canakinumab, consistent with the known mechanism

of action. Little is also known about the differential prognostic impli-
cations of acute compared to chronic non-ischemic myocardial injury
in COVID-19,25 and for inclusion, we required a single abnormal
troponin. In an ad hoc review of our patients, 34 had more than one
hsTnT assayed, and 23 of these patients had a change in troponin
>20% compatible with acute myocardial injury. Finally, COVID-19
therapies, such as corticosteroids and remdesivir, were evolving dur-
ing the study and were employed heterogeneously according to
changing standards of care. In future studies, standard COVID-19
therapies may be more established.

Given the high morbidity and mortality of patients with COVID-
19, myocardial injury, and increased inflammation, effective treat-
ments are required. At Day 28, patients treated with a single high
dose of canakinumab were numerically more likely to have clinical
improvement. Based on our results, future studies of patients with
COVID-19 and myocardial injury should focus on patients with mark-
edly elevated systemic inflammation, employ high dose canakinumab
in the treatment arm, and assess efficacy outcomes at Day 28, given a
longer expected duration to demonstrate clinical improvement in
these severely and critically ill patients.
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