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A B S T R A C T

Objectives: Canakinumab is an IL-1β antibody that neutralises the activity of IL-1β. This study examined
the efficacy and safety of canakinumab in patients with moderate COVID-19-related pneumonia.
Design: This study aimed to evaluate the reduction in duration of hospitalisation with adequate oxygen
status. Forty-eight patients with moderate COVID-19-related pneumonia were asked to participate in the
prospective case-control study: 33 patients (cases) signed informed consent and received canakinumab
(Cohort 1) and 15 patients (Controls) refused to receive the experimental drug and received institutional
standard of care (Cohort 2).
Results: Hospital discharge within 21 days was seen in 63% of patients in Cohort 1 vs. 0% in Cohort 2
(median 14 vs. 26 days, respectively; p < 0.001). There was significant clinical improvement in ventilation
regimes following administration of canakinumab compared with Cohort 2 (Stuart-Maxwell test for
paired data, p < 0.001). Patients treated with canakinumab experienced a significant increase in PaO2:
FiO2 (p < 0.001) and reduction in lung damage by CT (p = 0.01), along with significant decreases in
immune/inflammation markers that were not observed in Cohort 2. Only mild side-effects were seen in
patients treated with canakinumab; survival at 60 days was 90.0% (95% CI 71.9–96.7) in patients treated
with canakinumab and 73.3% (95% CI 43.6–89.1) for Cohort 2.
Conclusions: Treatment with canakinumab in patients with COVID-19-related pneumonia rapidly
restored normal oxygen status, decreased the need for invasive mechanical ventilation, and was
associated with earlier hospital discharge and favourable prognosis versus standard of care.
© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
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SARS coronaviruses (SARS-CoV) are a large family of viruses
that normally cause mild-to-moderate upper respiratory tract
illnesses (Trivedi et al., 2019). The novel coronavirus SARS-CoV-2 is
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urrently causing a global pandemic, as declared by the World
ealth Organization on 11 March 2020. Sepsis, respiratory failure,
cute respiratory distress syndrome (ARDS), and multiorgan
ailure are the common complications of an apparently aberrant
ost immune response (Huang et al., 2020). Huang et al. reported
he clinical features of patients infected by COVID-19 and
uggested that hyperstimulation of cytokines–such as interferon
amma, interleukin (IL)-1, IL-6, and tumour necrosis factor α–is
ssociated with the severity and clinical complexity of the
nfection (Huang et al., 2020). Indeed, it is becoming increasingly
vident that these complications are related to the so-called
ytokine storm observed in some severe patients, involving release
f cytokines including IL-6, IL-18 and interferon (Mehta et al.,
020; Zhang et al., 2020). The clinical complications impede
lveolar gas exchange and trigger dissemination of systemic
hrombosis. Consistently, infection of cells in the lower respiratory
ract by COVID-19 can give rise to severe ARDS, with consequent
elease of additional pro-inflammatory cytokines such as IL-1β
Conti et al., 2020; Toldo et al., 2020).

To date, therapeutic options for severe COVID-19 remain
imited. Antiviral drugs such as lopinavir/ritonavir have shown
o benefits compared to standard care (Cao et al., 2020).
ecently, remdesivir was reported to have modest clinical
enefits in patients affected by COVID-19 (Beigel et al., 2020).
hus, new treatment strategies are urgently needed to achieve a
ignificant impact on prognosis of COVID-19. The suspicion that
verzealous immune responses in some COVID-19 patients have
iven rise to interest in anti-cytokine therapy to mitigate the
ytokine storm (Megna et al., 2020; Zhou et al., 2020).
ccordingly, immune-modulatory agents such as anti-IL-6,
nti-IL-6R and anti-IL-1 antibodies are under investigation.
ecently, the anti-IL-1R agent anakinra and anti-IL-6R agent
ocilizumab have shown promising results in patients with
OVID-19 and ARDS (Campochiaro et al., 2020; Cavalli et al.,
020; Colaneri et al., 2020). Canakinumab is a high-affinity
uman monoclonal antihuman IL-1β antibody of the IgG1/k
sotype designed to block the interaction of IL-1β with its
eceptor, thus neutralising its activity (Goh et al., 2014).

This study investigated the clinical efficacy of canakinumab in
atients with moderate COVID-19 pneumonia. It aimed to evaluate
he reduction in hospital duration with adequate oxygen status. In
ddition, it focused on survival without the need for invasive
echanical ventilation, adverse events, modulation of biological
arameters, and chest computed tomography (CT) response.

ethods

tudy design

The main focus was to obtain information on the activity and
afety of canakinumab in patients with moderate COVID-19-
elated pneumonia. This prospective, case-control, single-center,
bservational study carried out at the Azienda Socio-Sanitaria
erritoriale di Cremona (ASST), Cremona (Italy) was approved by
he ASST of Cremona Institutional Review Board and is without a
rial registration number. All study participants gave written
nformed consent for participation. Studies were conducted in
onformity with applicable local requirements and regulations
egarding the protection of the rights and welfare of human
ubjects that were enrolled. The authors conceived the study,

Patient population

Forty-eight patients with moderate COVID-19-related pneu-
monia were enrolled in this prospective case-control study
between 01–25 April 2020 at a single institution. Thirty-three
patients were treated with canakinumab (Cohort 1) and 15
patients continued with the standard of care (Cohort 2). All
patients who were enrolled met criteria defined by the vademe-
cum of the Lombardy Section of the Italian Society of Infectious and
Tropical Diseases (Lombardy Section Italian Society and Tropical,
2020). For diagnosis, throat swabs were obtained under aseptic
conditions and analysed by real-time RT-PCR; chest X-ray and/or
CT with signs of pneumonia (e.g. lateral multiple lobular and sub-
segmental areas of ground-glass opacity or consolidation) were
also considered for diagnosis. Criteria for diagnosis of moderate
conditions are described in the supplemental materials. Clinical
features – including body temperature, concentration of oxygen
inhalation and oxygen saturations – were recorded daily during
treatment. Clinical improvement was based on an ordinal clinical
improvement scale that compared with baseline ventilation status
of patients with respect to last follow-up.

Scores on the scale were defined as follows: 0, not receiving
supplemental oxygen; (1) high-flow nasal cannula; (2) Venturi
mask oxygen therapy; (3) mask with reservoir bag; (4) non-
invasive ventilation (NIV) and continuous positive airway pressure
(CPAP); and (5) intubation. The cumulative incidence of clinical
improvement was defined by either a decrease of �1 point on the
6-point ordinal scale or live discharge.

Whole blood white cell counts along with markers of
inflammation (C-reactive protein (CRP), IL-6, fibrinogen, D-dimer,
and ferritin) were monitored. Most patients had undergone spiral
chest CT upon admission and before discharge using a 64-row
spiral Revolution EVO (GE Healthcare) in a whole-lung, low-dosage
exposure mode, scanning with 1.25-mm slices. The software used
for CT scan analysis was Thoracic VCAR, using a modified protocol
with a suitable threshold to detect solid/sub-solid pulmonary
changes. Lung involvement was automatically reported as a
percentage by two independent radiologists. The mean of the
scores was used for subsequent analysis. Safety and adverse events
were monitored using National Cancer Institute Common Termi-
nology Criteria for Adverse Events, version 4.03.

Treatment

Canakinumab (150 mg) was administered by subcutaneous
injection on day 1 and on day 7, as approved for auto-inflammatory
conditions (EMA authorisation 30 January 2020). The schedule was
empirically interrupted in three cases after the first dose, given the
substantial clinical and radiological benefits that were observed.
All patients meeting eligibility criteria who had signed a consent
form and who had begun experimental treatment were evaluated
as a case group (Cohort 1). All eligible patients who initiated
treatment were evaluated for adverse events. Patients hospitalised
in the same period who refused to be treated with the
experimental drug (Cohort 2) were used as a control group.

Statistical analysis

Two independent statisticians blinded to each other analysed
the data. Continuous variables were expressed as median (range)
ollected all data, vouched for the accuracy and completeness of
he data, and made the decision, after the final version, to submit
he manuscript for publication. The first draft of the manuscript
as conceived and prepared by the first author who was the
rincipal investigator of the study. The study drug–canakinumab–
as provided by Novartis Farma, SpA.
43
or mean (standard deviation), according to data distribution
checked with the Shapiro–Wilk test. Categorical variables were
expressed as absolute frequencies and percentages. Homogeneity
of baseline characteristics between the two cohorts were assessed
through t-test or Mann–Whitney test. One-way ANOVA or
Friedman test for repeated measures were performed to evaluate
4
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differences in clinical parameters over time for both cohorts
(separately). Pairwise post-hoc contrasts were considered and p-
values adjusted for multiple comparisons (Holm method). Type of
ventilation before and after treatment was compared using the
Stuart-Maxwell test. Spearman’s linear coefficient was calculated
to assess correlation between variables of interest. Linear mixed-
effect models (LMEM) for repeated measures were used to
investigate changes in values over time with respect to group
assignment. The method used to treat missing data was complete
data analysis: the percentage of missing values across variables of
interest over time varied between 0%–27% for Cohort 1 (at
maximum nine missing values for variables) and between 0%–13%
for patients in Cohort 2 (at maximum two missing values for
variables). Missing values can be considered as completely random
due to the emergency situation. Overall survival was defined as the
time from date of admission to hospital to death, and estimated
with the Kaplan-Meier method. The last follow-up update was on
27 May 2020. The log-rank test was conducted to assess between-
group differences. All statistical analyses were performed using R
version 4.0.0. Statistical significance was set as p < 0.05.

Results

Patient characteristics

From 01 to 25 April 2020, 48 patients with moderate COVID-19
and pneumonia were included: 33 were treated with canakinumab
(Cohort 1) and 15 (Cohort 2) received the institutional standard of

care. All patients were managed outside of the ICU. Baseline
characteristics are summarised in Table 1. Median age was similar
in Cohort 1 (70 years, range 29–89) and Cohort 2 (69 years, range
44–85). The majority of patients were male (76% for Cohort 1 and
87% in Cohort 2). The range of comorbidities and presenting
symptoms were broadly similar in both groups. Patients in both
groups had received treatment with antivirals, hydroxychloro-
quine and antibiotics (see Supplementary Appendix) before
entering the study. For treating COVID-19-related pneumonia,
patients in Cohort 1 received canakinumab and heparin and those
in Cohort 2 received high-dose (10,000 IU) heparin only.

Ventilation, oxygenation status and chest CT

At baseline, most patients receiving canakinumab (75.8%) were
on non-invasive ventilation such as CPAP (30.4%) or supplemental
oxygen (with nasal prongs) (45.4%); the remaining 24.2% had NIV.
In Cohort 2, 46.7% of patients had supplemental oxygen, 40% had
CPAP and 13.3% had NIV.

At 10 days after the last administration of canakinumab, no
clinical need for NIV and a reduction (15.1%) in the use of CPAP with
an improvement of use of supplemental oxygen by 63.7% were
observed; 21.2% restored breathing with ambient air. The
improvement in ventilation regimes following administration of
canakinumab was statistically significant in Cohort 1 (Stuart-
Maxwell test for paired data, p < 0.001). In Cohort 2, which
received high-dose heparin only, there were no significant changes
in clinical benefit and/or reduction in ventilation needed at pre-

Table 1
Demographic characteristics of patients enrolled in the prospective interventional study.

Characteristic Cohort 1 Cohort 2 p-value

(n = 33) (n = 15)

Median age, years 70 (29–89) 69 (44–85) 0.38
Age category, N (%) 0.54

<50 years 1 (3%) 1 (6%)
50–70 years 13 (39%) 4 (27%)
�70 years 19 (58%) 10 (67%)

Gender 0.47
Male 25 (76%) 13 (87%)
Female 8 (24 %) 2 (13%)

Comorbidities
Cardiovascular disease 18 (54%) 8 (53%) 0.94
Pulmonary disorder 0 0
Cancer 1 (3%) 0
Metabolic disordersa 9 (27%) 3 (20%)
Neurological disorder 10 (30%) 3 (20%)

Concomitant Therapies, N (%) Beforeb Afterb Beforec Afterc 0.75d

Antivirals 23 (70%) 0 12 (80%) 0
Hydroxychloroquine 30 (91%) 1 (3%) 14 (93%) 2 (13%)
Antibiotics 25 (76%) 2 (6%) 8 (53%) 2 (13%)
Heparin 33 (100%) 33 (100%) 14 (93%) 14 (93%)
Corticosteroids 17 (52%) 4 (12%) 4 (27%) 0

Hospital days
Median (min–max) 14 (5–40) 26 (21–42) <0.001
Hospital days, N (%)
<14 11 (33%) 0 (0%)
14–21 10 (30%) 0 (0%) <0.001
�21 12 (36%) 15 (100%)
Symptoms, N (%) 0.85

Fever 29 (89%) 10 (67%)
Cough 13 (39%) 8 (53%)
Dyspnoea 23 (70%) 10 (67%)

Fatigue 4 (12%) 2 (13%)
Gastrointestinal 4 (12%) 1 (6%)

a Type 2 diabetes, hypercholesterolaemia.
b Before and after treatment with canakinumab.
c Same time frame in which cases were treated with canakinumab.
d p-values refer to between-group comparison of concomitant therapies after administration of canakinumab.
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reatment and post-treatment times (p = 0.28). While 13.3% of
atients still needed NIV, 26.7% were maintained on CPAP, and
upplemental oxygen was needed for 53.3% of patients. At the end
f the same period of observation, 6.7% of patients were no longer
n need of supplemental oxygen.

This study also compared the PaO2:FiO2 ratio and chest CT
efore starting canakinumab and at 7–10 days after the second
njection of the anti-IL1β antibody. The same comparison was
erformed in Cohort 2 during the same time frame of patients
eceiving canakinumab. The ventilation approaches in the two
ohorts were comparable at baseline; however, more patients
eeded less invasive types of ventilation after administration of
anakinumab. As shown in Table 2, compared with baseline,
atients treated with canakinumab experienced a significant

increase in the PaO2:FiO2 ratio (p < 0.001) and a reduction in lung
damage evaluated by CT (p = 0.01). Cohort 2 had clinical benefit
only in the PaO2:FiO2 ratio (p = 0.05). No significant correlation was
observed between the change (D) in PaO2:FiO2 ratio, or D in lung
damage in controls (Table S1). Figure 1 shows the changes in lung
damage related to COVID-19 induced by canakinumab.

Modulation of immune-inflammatory markers

Laboratory immune and inflammatory markers were tested
prior to administration of canakinumab at days 1 and 7 and at 7–10
days after the second injection of the antibody (Table S2).
Canakinumab led to a reduction in white blood cells (p < 0.001),
platelets (p = 0.005) and neutrophils (p < 0.001), and an increase in

able 2
hanges in PaO2/FiO2 ratio and lung damage evaluated by chest CT (%) in Cohort 1 (a) and Cohort 2 (b) during the same time period before treatment with canakinumab and at
–10 days after the second administration of canakinumab. (c) Comparison between the changes measured between before the first administration of canakinumab and at
llow-up between the two cohorts with regards to the PaO2/FiO2 ratio and lung damage on chest CT scan (%).

a) Cohort 1

Cohort 1 Before first administration At follow-up P-value
(n = 33 at baseline)

PaO2:FiO2 ratio
Mean (min–max) 142.2 (59.0) 257.4 (105.8) <0.001
Lung damage (%)
Mean (SD) 48.5 (21.1) 38.6 (18.5) 0.01

b) Cohort 2

Cohort 2 Before first administration At follow-up P-value
(n = 15 at baseline)

PaO2:FiO2 ratio
Mean (SD) 148.1 (58.4) 197.1 (46.8) 0.05
Lung damage (%)
Mean (SD) 37.9 (15.4) 35.7 (10.0) 0.68

c) Comparison between the changes measured between before the first administration of canakinumab and at follow-up between the two cohorts with regards to the
PaO2/FiO2 ratio and lung damage on chest CT scan (%).

Variable Cohort 1 Cohort 2 P-value

Change in PaO2:FiO2 ratio
Mean (SD) 99.9 (62.2) 50.5 (63.3) 0.03
Change in lung damage (%)
Mean (SD) �17.1% (31.1%)a 11.7% (58.3%) 0.03

a Matched-pair analysis was available for 23 patients.
igure 1. Changes in lung damage before ((A) Diffuse ground glass opacities with peripheral nodular consolidation) and after administration ((B) Less peripheral ground glass
pacities) of canakinumab.
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lymphocytes (p = 0.01), over the time of measurement, while no
significant variations were found for the same parameters in
Cohort 2 (Figure 2a). The changes over time in immune and
inflammatory markers are reported in Tables S3a and S3b, and in
Tables S4a and S4b, respectively. Moreover, the neutrophil/
lymphocyte ratio, considered as a surrogate marker of response
to treatment in other settings such as cancer (Kim et al., 2019),
showed a significant increase (p < 0.001) over time. This trend was
not observed in Cohort 2, where only an increase in neutrophil
count was seen pre-treatment and before the second administra-
tion (p = 0.05).

With regards to inflammatory markers, canakinumab treat-
ment was associated with prompt reductions in serum CRP (p <
0.001), IL-6 (p < 0.03) and ferritin (p < 0.001). In Cohort 2, only a
reduction in the level of D-dimer was noted (p = 0.05) (Figure 2b),
which was likely due to the higher dose of heparin used compared
with Cohort 1.

Effect of canakinumab on laboratory markers

Effects of time, irrespective of treatment, were found in WBC,
neutrophils and at the limit of statistical significance in CRP.
Interactions between time and treatment were significant for
WBC, lymphocytes, neutrophils, platelets, CRP, and the neutro-
phils/lymphocyte ratio (Table S5 and Figure 2a).

Survival, clinical outcomes and adverse events

Clinical outcomes of the 33 patients treated with canakinumab
were compared with those of the 15 patients who received
standard treatment only. An improvement in survival in Cohort 1
was observed. The survival rate at 60 days was 90.0% (95% CI 71.9–
96.7) in the canakinumab-treated cohort vs. 73.3% (95% CI 43.6–
89.1) in Cohort 2 (Figure 3a). Moreover, 63% of patients in Cohort 1
were hospitalised for <21 days compared with 0% in Cohort 2
(median 14 vs. 26 days, respectively; p < 0.001) (Table 1). Of the 30
patients who received two administrations of canakinumab (three
patients received only one subcutaneous injection due to very
rapid improvement in ventilation), 21 (72%) experienced an
improvement in respiratory function. The Kaplan–Meier curves
for the time to improvement on the ordinal clinical improvement
scale are shown in Figure 3b. The univariate hazard ratio for clinical
improvement in Cohort 1 compared with Cohort 2 was 4.20 (95% CI
1.56–11.32, p = 0.005).

Causes of death in patients receiving canakinumab were
pulmonary thromboembolism (n = 2) and multiorgan failure
(n = 2). Causes of death in patients in Cohort 2 were sepsis (n = 1),
multiorgan failure (n = 1) and pulmonary thromboembolism
(n = 2).

In both cohorts, heparin, independently of the dose, was well
tolerated without any serious adverse events. Four patients in
Cohort 1 experienced injection site reactions, while two experi-
enced nausea (Grade 1) and one patient referred headache (Grade
1). These symptoms were not recorded in patients in Cohort 2.

Discussion

In the absence of standard of care, existing therapies can
potentially be repurposed to treat COVID-19. This pandemic has
favoured the off-label or compassionate use of investigational

Figure 2. (a) Changes over time in immune response-related markers: comparison
between Cohort 1 and Cohort 2 (T0: basal; T1 after first administration of

canakinumab; T2 after 7–10 days from the second administration of canakinumab).
The N/L ratio is also reported. (b) Changes over time in immune-inflammatory-
related biomarkers: comparison between Cohort 1 and Cohort 2.

437
agents such as remdesivir, immune-modulating compounds or
convalescent plasma (Lima et al., 2020; Manhas et al., 2020) that
are approved or licensed for other indications. To date, the use of
other immunomodulatory agents such as tocilizumab and
anakinra for the treatment of the cytokine storm related to
COVID-19 has highlighted the potential importance of modulating



Figure 3. (a) Overall survival in Cohort 1 and Cohort 2. (b) Cumulative incidence of clinical improvement from hospital admission to hospital discharge.
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this pathway in preventing worsening of disease (Campochiaro
et al., 2020; Cavalli et al., 2020; Colaneri et al., 2020). It has also
been reported that tocilizumab reduces admissions to the ICU and
mortality in patients with COVID-19 (Klopfenstein et al., 2020).

A recent retrospective analysis of 10 patients with COVID-19-
pneumonia who were safely treated with canakinumab (Ucciferri
et al., 2020) showed that all patients recovered within 45 days,
along with an improvement in oxygenation and a decrease in the
systemic inflammatory response. The PaO2:FiO2 ratio increased in
82% of patients, while improvement in the oxygen-support
category was observed in 61% of cases. Overall, mortality was
13.6%.

This study reports, in a real-world setting, the activity of
canakinumab for the treatment of patients with moderate COVID-
19 pneumonia. The recent data about the intense inflammasome
formation characterising the lungs of patients with fatal COVID-19
disease due to ARDS support a rational role of canakinumab in
managing COVID-19-related complications (Conti et al., 2020;
Toldo et al., 2020). Moreover, it found that hypoxaemia and lung CT
opacity both rapidly improved in most patients after treatment
with canakinumab (heavily pre-treated with antivirals and
hydroxychloroquine) compared with Cohort 2, suggesting that
IL-1β blockade could play an important role in modulating the
cytokine storm. Of note, canakinumab was also associated with
significant time to clinical improvement vs. Cohort 2.

An increase in the percentage of lymphocytes with a concomi-
tant increase in neutrophils is considered to be an important
indicator for immune response in clinical settings (Zahorec, 2001).
Levels of both CRP and IL-6 decreased during therapy with
canakinumab (p = 0.02; Figure S1), along with a slight reduction in
markers related to complements C3 and C4 (data not shown),
supporting the role of canakinumab in modulating the immune
response/cytokine storm. It is likely that canakinumab is more
efficacious before the patient’s condition progresses from mild to
severe (e.g. increased lung opacity, increased IL-6, CRP, and
hypoxaemia), as early treatment may effectively control the
deterioration of symptoms and complications related to the
massive cytokine storm observed in patients with severe forms
of COVID-19. However, the long-term safety of IL-1 inhibition
remains to be investigated. Specifically, canakinumab produces
sustained IL-1 suppression and therefore vigilance is necessary to
monitor for adverse events.

All of the current patients were treated with hydroxychlor-
oquine, lopinavir/ritonavir or remdesivir, alone or in combination,
before starting canakinumab. The variety of treatment schedules
used was related to the absence of defined treatment protocols
during the first few weeks of the COVID-19 epidemic. The current
analysis evaluated the potential therapeutic efficacy of canakinu-
mab/heparin versus heparin alone without the interference of
other drugs, which were suspended before starting the study,
accordingly to SIMIT guidelines (SIMIT, 2021).

Even considering the emergency situation when the study was
performed, there were several limitations to this study. The
number of patients was relatively limited, as in many similar
studies with preliminary but encouraging findings. The uncon-
trolled nature of the study mandates caution in interpretation of
the results: it was a prospective, non-randomised study and some
bias may have occurred. However, based on these results, a
randomised controlled trial with canakinumab in COVID-19-
pneumonia is warranted in outpatients with manageable disease.

with COVID-19. Blockade of the cytokine storm with canakinumab
prevents clinical deterioration of patients with COVID-19 pneu-
monia, thereby favouring earlier hospital discharge and better
prognosis.
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