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Targeting cytokine storm in COVID-19: what

have we learned?
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Disproportionate immune activation in the form of cytokine release
syndrome is a major determinant of poor outcome among critically
ill patients with COVID-19 disease. As a consequence, elevated levels
of several pro-inflammatory cytokines (interleukin-1, interleukin-6,
tumour necrosis factor a), acute phase reactants (C-reactive protein,
ferritin), and coagulation biomarkers (D-dimer) all associate with dis-
ease severity.1 During the pandemic, multiple randomized clinical tri-
als have been conducted to address whether dampening the innate
immune response might improve patient outcomes among those
with inflammation-mediated lung injury.

Beyond vaccine development and the use of prone positioning for
ventilated patients, the most important disease-specific intervention
for COVID-19 has proven to be the use of corticosteroids. Within
the efficient and groundbreaking RECOVERY platform trial con-
ducted within the UK, the use of 6 mg dexamethasone daily for up to
10 days resulted in a 17% reduction in mortality when compared to
open control [rate ratio 0.83, 95% confidence interval (CI) 0.75–0.93,
P < 0.0001].2 This benefit was almost entirely observed among those
receiving mechanical ventilation (rate ratio 0.64, 95% CI 0.51–0.81)
and among those receiving oxygen without invasive ventilation (rate
ratio 0.82, 95% CI 0.72–0.94), but not among patients with less se-
vere pulmonary compromise (rate ratio 1.19, 95% CI 0.92–1.55).
Based upon these data, severely compromised COVID-19 patients
worldwide immediately began to receive high dose corticosteroids
with considerable benefit.

The central signalling cytokine interleukin-6 has also proven to be
a target for intervention in COVID-19 disease. However, unlike the
situation with steroids, the use of interleukin-6 inhibitors evolved
from case reports and small case series, which then led to small, mod-
erate, and ultimately large definitive clinical trials. Most of this work
was been done with tocilizumab, a recombinant monoclonal anti-
body that inhibits binding of interleukin-6 to membrane as well as sol-
uble interleukin-6 receptors.

It is important to recognize that results for tocilizumab were
mixed even among the moderate sized randomized trials, due partly
to limited power and partly to differential enrolment criteria and dif-
ferent levels of illness severity. For example, among 482 patients hos-
pitalized with severe COVID-19 pneumonia randomly allocated to a
single infusion of tocilizumab or placebo in the COVACTA trial, ac-
tive therapy neither improved clinical status (P = 0.31) nor reduced
mortality (19.7% vs. 19.4%, P = 0.94).3 Similarly, the BACC Bay
Tocilizumab Trial did not demonstrate efficacy of tocilizumab for pre-
venting intubation or death among 243 moderately ill hospitalized
COVID-19 patients.4 An intermediate result was reported in the
EMPACTA trial of 377 patients hospitalized with COVID-19 pneu-
monia who did not require mechanical ventilation at the time of en-
rolment; in that setting, tocilizumab reduced the likelihood of a
composite endpoint of progressing to mechanical ventilation or
death, but did not lower all-cause mortality (10.4% on tocilizumab,
8.6% on placebo).5

By contrast, in the REMAP-CAP trial inclusive of 803 critically ill
ICU patients, a pooled analysis of those allocated to tocilizumab or
to a second interleukin-6 inhibitor, sarilumab, showed a modest but
statistically significant survival benefit.6 Yet, it took a far larger
randomized trial to change medical practice; in a second arm of the
RECOVERY platform trial involving 4116 acutely ill adults with
COVID-19 disease, hypoxia, and C-reactive protein (CRP) levels
>75 mg/L, tocilizumab clearly reduced mortality as compared to
usual care by 15% (rate ratio 0.85, 95% CI 0.76–0.94, P = 0.003),
including among those already treated with corticosteroids.7

Furthermore, within RECOVERY, those allocated to tocilizumab
were more likely to be discharged from hospital within 28 days and
were less likely to require mechanical ventilation (both P-values
<0.0001). This series of trials successfully demonstrates the evolution
of scientific investigation as it moves from small hypothesis generating
studies to definitive outcome trials.
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..Beyond steroids and interleukin-6, it is logical to look upstream in
the canonical interleukin-1 to interleukin-6 pathway of innate immun-
ity for additional COVID-19 treatment targets. In parallel with the
case for interleukin-6 inhibition, this journey has of necessity started
small. In this issue of European Heart Journal Open, Cremer et al.8 in
the Three C Study present an hypothesis generating trial comparing
canakinumab 300 mg, canakinumab 600 mg, and placebo in the setting
of hospitalized COVID-19 patients with elevated troponins and evi-
dence of major systemic inflammation (CRP >50 mg/L).
Canakinumab is the same fully human monoclonal targeting inerleu-
kin-1b that showed efficacy for cardiovascular event reduction in the
CANTOS trial.9

Of the 45 participants randomized in the Three C Study, 60% also
received corticosteroids and/or the anti-viral remdesivir either at en-
rolment or during the index hospitalization. As reported, there was
no difference in the trial primary endpoint of time to clinical improve-
ment when comparing either dose of canakinumab to placebo.
Similar rates of clinical recovery at day 14 were observed across
treatment groups with none of the patients who were intubated at
study entry demonstrating clinical improvement according to trial
group. Although total exposure was limited, no safety issues were
uncovered.

Cremer et al. additionally note in secondary analyses that by day
28, patients who received 600 mg IV canakinumab were numerically
somewhat more likely to show clinical improvement, but are appro-
priately cautious in pointing out that this is both a post hoc and non-
significant analysis based on a very small number of outcomes.
Hence, these preliminary data for interleukin-1b inhibition among
COVID patients could initiate the same scientific cycle that resulted
in clarity regarding interleukin-6 inhibition, as described above. There
is no guarantee of success with anti-inflammatory therapy in the set-
ting of COVID-19; this is perhaps best demonstrated in the 4,488
participant COLCORONA trial evaluating the anti-inflammatory col-
chicine in an outpatient setting.10 While COLCORONA is a remark-
able logistic achievement, the data show no significant benefit for the
primary trial endpoint of death or hospitalization for COVID-19
(odds ratio 0.79, 95% CI 0.61–1.03, P = 0.081). COLCORONA also
reported an unanticipated increase in pulmonary embolism (11 on
colchicine, 2 on placebo), though none of these resulted in need for
mechanical ventilation or death, and pro-thrombotic effects of colchi-
cine have not been observed in other settings.

When the history of COVID-19 pandemic is finally written, all of
these clinical trials—small and large, as well as efforts addressing antico-
agulants, anti-thrombotics, convalescent plasma, and neutralizing
monoclonal antibodies—will be seen as important steps in the global
medical community’s attempts to address a crisis of staggering propor-
tion. We are extraordinarily lucky to have multiple vaccines that vastly
reduce the need for any of these therapeutic interventions. Thus, a
major lesson learned when we face an inevitable recurrent pandemic is

that patient education and the social structures to overcome vaccine
hesitancy need to be addressed up front. Regrettably, solutions to
these very human issues are neither as easily studied nor as easily
implemented as are results from randomized controlled trials.
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Chabot-Blanchet M, Dubé M-P, Guertin M-C, Boivin G, for the COLCORONA
Investigators Colchicine for community-treated patients with COVID-19
(COLCORONA): a phase 3, randomised, double-blinded, adaptive, placebo-
controlled, multicentre trial. Lancet Respir Med 2021. https://doi.org/10.1016/
S2213-2600(21)00222-8.

2 Invited commentary

https://doi.org/10.1016/ S2213-2600(21)00222-8
https://doi.org/10.1016/ S2213-2600(21)00222-8


Dr. Paul M Ridker, MD (Harvard Medical School 1985), MPH (Harvard School of Public Health 1990), serves as the Eugene Braunwald Professor

of Medicine at the Harvard Medical School and as Director of the Center for Cardiovascular Disease Prevention at the Brigham and Women’s

Hospital in Boston Massachusetts USA. Over a 30 year period of focused translational research, Dr. Ridker and his collaborators provided the first

proof-of-principle for the inflammation hypothesis of atherothrombosis in humans, the first FDA-approved diagnostic test for vascular inflamma-

tion (hsCRP), and the first proven anti-inflammatory treatment for heart disease. Dr. Ridker’s clinical and translational work in innate immunity

has provided the first hard evidence in 40 years of an effective therapy for atherosclerosis not directly related to cholesterol reduction, blood pres-

sure, or coagulation. Dr. Ridker is also known internationally for his leadership of over 15 major multi-national randomized clinical trial including

JUPITER, CANTOS, CIRT, and PROMINENT. The recipient of multiple honorary degrees and international awards, Dr. Ridker is a

Distinguished Scientist of the American Heart Association and an elected member of the National Academy of Sciences, USA. With respect to

COVID-19, Professor Ridker was asked by the U.S. government and the National Heart Lung and Blood Institute to lead the ACTIV-4B Outpatient

COVID-19 Thrombosis Prevention Trial.

Invited commentary 3




