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Summary
Background Patients with type 2 diabetes and obesity have chronic activation of the innate immune system possibly eClinicalMedicine
contributing to the higher risk of hyperinflammatory response to SARS-CoV2 and severe COVID-19 observed in  2022;53: 101649

this population. We tested whether interleukin-1 (IL-1) blockade using canakinumab improves clinical outcome. PUblllShed online 17 Sep-
tember 2022

https://doi.org/10.1016/j.

Methods CanCovDia was a multicenter, randomised, double-blind, placebo-controlled trial to assess the efficacy of 2032101649
eclinm. .

canakinumab plus standard-of-care compared with placebo plus standard-of-care in patients with type 2 diabetes
and a BMI > 25 kg/m* hospitalised with SARS-CoV2 infection in seven tertiary-hospitals in Switzerland. Patients
were randomly assigned 1:1 to a single intravenous dose of canakinumab (body weight adapted dose of 450-750 mg)
or placebo. Canakinumab and placebo were compared based on an unmatched win-ratio approach based on length
of survival, ventilation, ICU stay and hospitalization at day 29. This study is registered with ClinicalTrials.gov,
NCTo4510493.

Findings Between October 17, 2020, and May 12, 2021, 116 patients were randomly assigned with 58 in each group.
One participant dropped out in each group for the primary analysis. At the time of randomization, 85 patients
(74-6 %) were treated with dexamethasone. The win-ratio of canakinumab vs placebo was 1-08 (95 % CI 0-69-1-69;
p = 0-72). During four weeks, in the canakinumab vs placebo group 4 (7:0%) vs 7 (12:3%) participants died, 11
(20-0 %) vs 16 (28-1%) patients were on ICU, 12 (23-5 %) vs 11 (21-6%) were hospitalised for more than 3 weeks,
respectively. Median ventilation time at four weeks in the canakinumab vs placebo group was 10 [IQR 6.0, 16.5] and
16 days [IQR 14.0, 23.0], respectively. There was no statistically significant difference in HbA1c after four weeks
despite a lower number of anti-diabetes drug administered in patients treated with canakinumab. Finally, high-sen-
sitive CRP and IL-6 was lowered by canakinumab. Serious adverse events were reported in 13 patients (11-4%) in
each group.

*Corresponding author.
E-mail address: marc.donath@usb.ch (M.Y. Donath).

! Both authors contributed equally and share first authorship.
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Interpretation In patients with type 2 diabetes who were hospitalised with COVID-19, treatment with canakinumab
in addition to standard-of-care did not result in a statistically significant improvement of the primary composite out-
come. Patients treated with canakinumab required significantly less anti-diabetes drugs to achieve similar glycaemic
control. Canakinumab was associated with a prolonged reduction of systemic inflammation.

Funding Swiss National Science Foundation grant #198415 and University of Basel. Novartis supplied study medica-

tion.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. 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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Research in context

Evidence before this study

We searched PubMed 1 June 2020 for studies about
COVID19 and IL1 antagonism. Search terms included
“COVID19"[All Fields] OR “Sars-CoV2“[All Fields]) AND
“anakinra”[All Fields]) OR “canakinumab”[All Fields] OR
“IL1 antagonist”[All Fields]).

Several prospective studies have shown beneficial
cardiovascular effects of IL1 antagonism in patients
with and without diabetes and cardiovascular diseases.
A meta-analysis found improvements of glycemic
parameters using IL1 antagonists. However, no clinical
data using IL1 antagonists in patients with COVID19
were published so far.

Added value of this study

The study did not show an improvement on the clinical
course with canakinumab in addition of standard of
care of patients with type 2 diabetes and overweight
who were hospitalized with COVID19, but the study
gives rise to beneficial effects of canakinumab on glu-
cose control despite usage of dexamethasone reflected
by a lower need for diabetes-medication including
insulin.

Implications of all the available evidence

Future studies should further evaluate the effects of IL-1
antagonism on glucose control and complications of
type 2 diabetes.

Introduction

Patients with type 2 diabetes and obesity infected with
severe acute respiratory syndrome coronavirus type 2
(SARS-CoV2) have a significantly increased risk for a
severe clinical course and increased mortality.” Con-
versely, infection with SARS-CoV2 is associated with
new onset or worsening of diabetes.”” These

associations may be due to the ability of both, metabolic
stress and SARS-CoV2 to activate common signalling
pathways including IL-1 driven inflammation.

Obesity associated type 2 diabetes is characterized by
a low-grade chronic inflammation. Indeed, metabolic
stress due to increased concentrations of glucose, fatty
acids, cholesterol and uric acid activate the innate
immune system. This is partly due to an inflamma-
some-mediated over-activation of the IL-1 system.® '
This over-activity impairs insulin secretion and sensitiv-
ity,">'® contributing to cardiovascular diseases'” and
heart failure.® Accordingly, IL-1 antagonism has been
demonstrated to improve glycaemia,'® >’ cardiovascular
complications,”*® and to reduce hospitalization for
heart failure and heart failure-related mortality.”” '
The latter is of potential importance in the context of
corona virus disease 2019 (COVID-19), because patients
with type 2 diabetes per se are at high risk to develop
heart failure with a high mortality rate.**

IL-1 has also been suggested to contribute to the
complications of SARS-CoV2. Several studies have
shown that the corona virus activates the NLRP3 inflam-
masome leading to a severe inflammatory response
driven by the IL-18 pathway.”*”* Clinical studies of IL-1
antagonism have generated mixed results, but overall
showed a beneficial effect.>** Thus, the IL-1 receptor
antagonist anakinra was recently authorized by the
European Medicine Agency for the treatment of
COVID-19,% while the indication for canakinumab
remains limited to rare diseases.**

Based on the available information, we hypothesized
that blockade of IL-18 using canakinumab may have
beneficial effects on both, COVID-19 morbidity and dia-
betes.

Methods

Study Design

CanCovDia was a multicentre, 1:1 randomised, double-
blind, placebo-controlled trial to evaluate the effects of
treatment with canakinumab plus standard-of-care
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29 days after randomization in overweight patients with
type 2 diabetes hospitalised with COVID-19.

Patients were recruited in seven hospitals across
Switzerland. CanCovDia was an investigator-initiated
trial and was performed in accordance with the protocol,
which was approved by the local ethics committees at
each site (EKNZ 2020-02008), and the statistical plan
(both available in appendix). There was a slight devia-
tion from the protocol: blood samples could not always
be drawn after eight hours of overnight fast at day 2.

Patients

Eligible patients were at least 18 years of age, overweight
(body mass index (BMI) > 25 kg/m?), hospitalised with
laboratory confirmed SARS-CoVz infection since at
most six days, and had a known diagnosis of type 2 dia-
betes. Key exclusion criteria were suspected or known
untreated active bacterial, fungal, viral, or parasitic
infection and treatment with immunomodulators. Of
note, corticosteroids (any route of administration) such
as dexamethasone as well as anti-viral treatment such as
remdesivir were permitted as part of the standard-of-
care for COVID-19 according to national recommenda-
tions, which were regularly adapted during the study
period. In addition, patients were allowed to be rando-
mised in the WHO Solidarity trial®® at the same time.

Randomisation and masking

Individuals who met the eligibility criteria were ran-
domly assigned within two days after enrolment to
either placebo or canakinumab in a 1:1 manner. The
randomization list was prepared by an independent
scientist at the University Hospital Basel who was
not part of the study conduct. The randomization
was performed in blocks sizes of two and four with
simple sequential allocation without stratifying fac-
tors. Investigators used an electronic online trial
database for randomization of each participant and
informed the local pharmacy about the unique
patient randomization number and weight for adjust-
ing the dose of canakinumab. On-site study person-
nel were unaware of the treatment assignments.

Procedures

Patients were treated either with placebo (250 ml of 5%
glucose) or with canakinumab in a single 250 ml of 5%
glucose intravenous infusion over two hours. The cana-
kinumab dose was adapted to the body weight of each
patient: 450 mg for body weight of 40—59 kg, 600 mg
for 60—79 kg, or 750 mg for >80 kg. At day 29, data for
primary outcome, clinical/functional status, vital signs,
concomitant medication, adverse events, and blood
samples, were collected. Patients were followed for an
additional observational period of 6o days during which

www.thelancet.com Vol 53 November, 2022

functional status, vital signs, concomitant medication,
adverse events, and blood samples were collected.

Outcomes

Primary outcome was the unmatched win-ratio deter-
mined by the ordered components: 1) longer survival
time, 2) longer ventilation-free time, 3) longer intensive
care unit (ICU)-free time, 4) shorter hospitalization
time within 29 days after treatment with canakinumab
as compared to placebo.

First secondary outcome was time to clinical
improvement up to four weeks, defined as the time
from randomization to either discharge from the hospi-
tal or an improvement of two points on a seven-category
ordinal scale, whichever came first. The ordinal scale
consisted of the following categories*®: 1, not hospital-
ised with resumption of normal activities; 2, not hospi-
talized, but unable to resume normal activities; 3,
hospitalized, not requiring supplemental oxygen; 4,
hospitalized, requiring supplemental oxygen; 5, hospi-
talized, requiring nasal high-flow oxygen therapy, non-
invasive mechanical ventilation, or both; 6, hospitalized,
requiring extracorporeal membrane oxygenation
(ECMO), invasive mechanical ventilation, or both; and
7, death.

Further predefined exploratory outcomes were death
rate, admission to ICU, and secondary worsening of dis-
ease (i.e., development of acute respiratory distress syn-
drome, increase of oxygen demand after 72h of
treatment) within 29 days after randomization, as well
as prolonged hospital stay for more than three weeks.
Ratio to baseline was evaluated for glycated haemoglo-
bin Arc (HbAic), C-reactive protein (CRP), natriuretic
peptide (NTproBNP), and estimated glomerular filtra-
tion rate (eGFR) at day 29 and three months as well as
for fasting glucose, fasting insulin, D-Dimer, IL-6, IL-
18, and ferritin at day 29 for both groups.

In addition, type and number of anti-diabetes treat-
ments as well as subjective function was measured by
functional scale (5 levels of limitations in daily life activi-
ties, from “no” to “severe limitations”) as published else-
where*” at day 29 and three months and compared
between placebo and canakinumab.

Safety outcomes included adverse events of common
terminology criteria for adverse events category
(CTCAE) Grade 3 and higher during study drug admin-
istration and throughout the study period and were
reported during drug administration, at day 29 and
three months after randomization.

Statistical analysis

All analyses were conducted with the statistical software
package R (R Core Team, 2021; http://www.r-project.
org/index.html), using “two-sided” statistical tests and
confidence intervals with standard significance and
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confidence levels o = 5% and (100% — &) = 95%, respec-
tively. The p-values and confidence intervals of the
secondary and subgroup analyses must be interpreted
with particular care, since no correction for multiple
testing was applied. Categorical data are presented as
absolute and relative frequencies, while numerical
variables are presented as median and interquartile
range.

Canakinumab and placebo were compared on the
basis of the unmatched win-ratio approach.#® First,
every patient in the canakinumab arm was compared
with every patient in the placebo arm. For each compari-
son of two patients, the winner was determined by the
first component of the primary endpoint in which the
two patients were known to differ (up to four weeks
after study treatment): 1. longer survival time, 2. shorter
ventilation time, 3. shorter ICU time, 4. shorter hospi-
talisation time. The win-ratio (WR) was estimated by
dividing the number of patients in which canakinumab
won with the number of patients in which placebo won.
Confidence intervals and p-values were obtained
from the normal approximation of the log-win-ratio,
as described elsewhere.*® Missing data were handled
by considering the components of the primary end-
point as non-informatively censored on the last
observation date.

Time to clinical improvement was compared
between the two study arms by univariable Cox regres-
sion, while the binary (or ordinal) and the other continu-
ous secondary endpoints by univariable (ordinal)
logistic regressions and univariable log-linear regres-
sions, respectively, with missing values handled by
available-case analyses. Results are presented as hazard
ratios (HR), odds ratios (OR), and geometric mean
ratios (GMR), respectively, with the corresponding 95%
confidence intervals (95%CI). The primary analysis was
repeated in several subgroups and subgroup-treatment
interaction tests were performed as tests for the variance
of the log-win-ratio. All statistical analyses were per-
formed on the full analysis set according to the inten-
tion-to-treat principle (i.e. all patients were analysed on
the basis of the intervention to which they were ran-
domly allocated), except for a supplementary analysis of
the primary endpoint performed on the per protocol set
to assess the robustness of the results with regard to
protocol violations.

Sample size was estimated with the aim of showing
the superiority (as regards to the win-ratio primary out-
come) of treatment with canakinumab vs. placebo at a
significance level 5%, on the basis of the following
assumptions (based on preliminary observational data
collected during the first months of the pandemic):
within four weeks after randomization, of the patients
in the placebo group: 20—% die, 10% do not die, but
need ventilation, 10% neither die nor need ventilation,
but are admitted to ICU, 10% neither die, need ventila-
tion nor are admitted to ICU, but are hospitalized the

whole time, the relative treatment effect is the same on
each of the above four proportions, times are exponen-
tially distributed. Disregarding potential dropouts, a
total of n = 112 patients was estimated to need to be
recruited (56 in each study group) in order to reach a
power of 80% when the relative treatment effect is = 0.5
(i-e. when each of the above four proportions is halved
in the treatment group).

Role of the funding source

The Swiss National Science Foundation and the Univer-
sity of Basel provided financial support. Novartis pro-
vided the study drug (canakinumab). The funding
sources were not involved in the trial design, conduct or
the analysis of the study. All co-authors had access to
the dataset. The decision to submit the manuscript for
publication was made jointly by all co-authors.

Results

From October 17, 2020, through May 12, 2021, 452
patients were screened, and 116 patients were randomly
assigned in a 1:1 ratio to treatments (Figure 1). The full
analysis set consists of the 114 patients (57 in each
group) who were randomized, gave written informed
consent, and started the treatment. Two patients in the
canakinumab group withdrew consent after the infu-
sion, so that at day 29 (primary endpoint) the placebo
and canakinumab group had 57 and 55 patients, respec-
tively. In the follow-up period three patients in the pla-
cebo group withdrew consent or were lost to follow-up.
For the per protocol analysis, one patient in each group
was removed due to erroneous tocilizumab infusions
and another patient received only half a dose of placebo
as the patient suddenly decided to interrupt the treat-
ment.

Baseline characteristics (described in Table 1) were
balanced between groups including age, BMI, diabetes
duration, complications, baseline diabetes medication,
COVID-19-related symptoms and steroid treatment
except for a lower kidney function, increased levels of
ferritin and soluble urokinase plasminogen activator
receptor (suPAR) in the canakinumab compared to the
placebo group (Table 1). Median age was 71 (IQR 62-78)
years, and 36 patients (31-6 %) were female. Median dia-
betes duration was 9 (IQR 3-16) years and median
HbA1c77-6 % (IQR 6-7-8-8). In 56 patients (49-1 %) dia-
betes-related complications were known with diabetic
nephropathy and coronary heart disease being the most
common complications in 25 (21-9 %) patients, respec-
tively. Median BMI was 30-8 (IQR 28-35) kg/m>.
Median time interval between diagnosis of COVID-19
and hospitalisation was 4 (IQR 2-8) days. Seventy-five
patients (65-8 %) required nasal or high-flow oxygen
and 11 patients (9-6 %) were mechanically ventilated. At
the time of randomization, 85 patients (74-6 %) were
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Figure 1. Trial profile. Patients included in the full analysis data set. Asterisk indicates patients that were excluded from the per pro-

tocol analysis.
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Table 1 (Continued)
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Overall Missing Canakinumab Placebo
n 114 % 57 57
Sex = female 36 (31-6) 0 19 (33-3) 17 (29-8)
Age (years) 71-00 [62-00, 78-00] 0 72-00 [63-00, 79-00] 69-00 [61-00, 76-00]
Time since diabetes diagnosis (years) 9-00 [3-00, 16-00] 53 10-00 [4-00, 18-00] 7-50[2-75,13-00]
Diabetes-related complications 56 (49-1) 0 32(56-1) 24 (42-1)
Retinopathy 10(8-8) 0 8(14.0) 2(3-5)
Nephropathy 25 (21-9) 0 1221-1) 13 (22-8)
Neuropathy 16 (14-0) 0 10(17-5) 6(10-5)
Stroke 5 (4-4) 0 3(5-3) 2(3-5)
Coronary heart disease 25(21-9) 0 14 (24-6) 11(19:3)
Peripheral arterial disease 4 (3-5) 0 3(53) 1(1-8)
Other 5 (4-4) 0 3(53) 2(3-5)
Time since COVID-19 diagnosis (days) 4.-00 [2-00, 8-00] 0 3-00 [2-00, 8-00] 4.00 [2-00, 7-00]
Smoker 0
Never smoked 56 (49-1) 27 (47-4) 29 (50-9)
Ex-smoker 51 (44-7) 27 (47-4) 24 (42-1)
Active smoker 7 (6-1) 3(5-3) 4(7-0)
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Overall

C i h

Placebo

Weight (kg)
BMI (kg/m?)
Respiratory support
No
Yes, oxygen
Yes, invasive ventilation
*Oxygen (I/min)
*Fi02 (%)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Heart rate (beats/min)
Biguanide (metformin)
DPP-4-Inhibitor
SGLT2-Inhibitor
GLP-1-Analoga
Sulfonylurea
Glitazon
None
Basal insulin
®Dose last 24h (international units)

Prandial insulin

eCumulative dose last 24h (international units)

Antihypertensive
Analgesic
Antibiotic
Antiviral
Antimycotic
Anticoagulant
Thrombosis prophylaxis
Antiepileptic
Psychiatric drug
Sedative
Catecholamine
Corticosteroids
HbA1c (%)
Glucose (mmol/L)
Insulin (pmol/L)
Creatinine (umol/l)
Estimated GFR (CKD-EPI, ml/min/1-73m?)
NT-proBNP (ng/L)
Ferritin (ng/L)
D-Dimer (mg/l)
CRP (mg/l)

IL-18 (pg/ml)

IL-6 (pg/ml)

IL-1Ra (pg/ml)
suPAR (ng/ml)

90-90 [80-58, 101-40]
30-80 [28-00, 35-10]

28 (24-6)
75 (65-8)
1(9-6)

4-00 [2-00, 6-00]
55-00 [35-00, 62-50]
126-00 [115-00, 142.75]
73-00 [66-25, 81-00]
77-00 [68-25, 87-00]
61 (53-5)

5(21-9)

0(17-5)
11(9-6)
13(11-4)
1(0-9)
37(32-5)
48 (42-1)
23-00 [12-00, 50-00]
74 (64-9)
16-00 [8-00, 29-50]
76 (66-7)
62 (54-4)
38(33-3)
25(21-9)
2(1-8)
44 (38-6)
79 (69-3)
7(6-1)
4 (21-1)
3(20-2)
0(8-8)
85 (74-6)
7-60 [6-70, 8-80]
8-10[6-60, 10-90]
61-18 [37-07, 163-49]
82-50 [70-25, 120-00]
71-00 [48-00, 91-00]
466-00 [158-25, 1292-00]
786-00 [448-75, 1325-00]
0-90 [0-58, 1-44]
59-20 [30-10, 110-60]
629-00 [369-00, 893-00]
8-08 [2:96, 23-66]
93800 [510-00, 1603-00]
7-44[5-23,10-40]

36
90-4

o O O ©O © ©O O o o o o

© ©O ©O O 9 9 ©O 0O OO0 0O o o o o o o
O O VO

& G

0

0-9
09
09
18

88-00 [80-10, 101-40]
31-20[27-70, 34-70]

11(19-3)

40 (70-2)

6(10-5)

3.00 [2-00, 5-25]

40-00 [35-00, 60-00]

12700 [115-00, 140-00]

73-00 [68-00, 78-00]

76-00 [70-00, 85-00]

25 (43-9)

13(22-8)

9(15-8)

5(88)

5(8-8)

0(0-0)

22(38-6)

26 (45-6)

30-00 [16-00, 49-75]

36 (63-2)

15-00 [8-00, 27-00]

38 (66-7,

27 (47-4
1(36-8

13(22-8

1(1-8)

25(43.9)

37 (64-9)

4(7-0)

11(19-3)

9(15-8)

7(12:3)

41(71-9)

7-60 [6-70, 8-83]

8-10 [6-55, 10-40]

56-74[28-86, 162-11]

95-00 [74-00, 135-00]

60-00 [42-00, 82-00]

569-00 [168-00, 1289-00]

611-00 [413-00, 1157-00]

1-03 [0-64, 1-59]

67-00 [33-00, 117-00]

645-50 [393-75, 918-50]

9-96 [3-59, 33-48]

1078-00 [613-25, 1684-50]

8:19[5-92,11.97]

)
)
)
)

93-00 [82-00, 101-40]
30-70 [28-80, 35-90]

17 (29-8)
35(61-4)
5(8-8)
4-00 [2-00, 6-00]
55-00 [55-00, 60-00]
12500 [113-00, 146-00]
72-00 [65-00, 83-00]
77-00 [67-00, 88-00]
36 (63-2)
12(21-1)

1(19:3)
6(10-5)
8(14-0)
1(1-8)
15(26-3)
22 (38-6)
20-00 [12-00, 47-50]
38 (66-7)
17-50 [8-00, 30-62]
38(66-7,
35(61-4
17 (29-8
12211
1(1-8)
19(33-3)
42(73.7)
3(5-3)
13 (22-8)
14 (24-6)
3(5-3)
44(77-2)
7-70[6-70, 8-70]
8-30[6-80, 11-40]
6334 [41-59, 180-28]
79-00 [66-00, 95-00]
82-00 [61-00, 96-00]
33900 [128-00, 1304-00]
1089-00 [543-00, 1450-00]
0-81[0-58, 1-37]
57-70 [26-50, 85-20]
611-00 [327-00, 877-00]
7-27 [2-72,18-56]
680-00 [423-00, 1318-00]
7-07 [4-86, 9-42]

)
)
)
)

Table 1: Baseline characteristics of the patients in the full analysis set by study arm. Categorical data are given as absolute frequencies (%),
numerical variables as median with [interquartile range]. Missing values are ignored, but the proportion of missing values is reported for each
variable. CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; CRP, C-reactive protein; DPP4, dipeptidyl peptidase 4; GLP-1, glucagon-like
peptide 1; HbA1c, glycated hemoglobin A1c; GFR, glomerular filtration rate; ICU, intensive care unit; NT-proBNP, N-terminal pro-B-type natriuretic
peptide; SGLT2, sodium-glucose like transporter 2.
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treated with dexamethasone [canakinumab 41 (71 9%),
placebo 44 (77 2%)] and 25 patients (21-9 %) received
antiviral treatment with remdesivir [canakinumab 13
(22 8 %), placebo 12 (21 1 %)] as part of the standard-of-
care.

The primary endpoint, the win-ratio of canakinumab
vs. placebo using the full analysis set was 1.08 (95% CI
0-69, 1:69, p = o0-722) (Figure 2A). This result was

A

similar using the per protocol set (win-ratio 1.08,
95% CI 0-:68, 1-69, p = 0-752, s. appendix).

After 29 days, four people had died (7-0 %) at age
between 58-9o years in the canakinumab vs. seven (12-3
%) at age between 65-86 years in the placebo group. In
the canakinumab study arm, there were ten patients
with ventilation (median 10 days, IQR [6, 16.5]),
whereas in the placebo group, there were 13 patients
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Figure 2. A) Primary outcome. Results of all comparisons between canakinumab and placebo patients in the full analysis set (only
the comparisons without winner with respect to a component of the primary endpoint are considered further with respect to the
next component of the primary endpoint). Canakinumab wins 1569 vs. placebo wins 1447 and no winner 233. Thus, win-ratio of can-
akinumab vs placebo with regard to the primary endpoint is 1-08, with 95% Cl (0-69, 1-69). B) Kaplan-Meier plot for cumulative prob-

ability of clinical improvement until day 29.
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with ventilation (median 16 days IQR [14, 23]. Of note,
in the placebo group there were three patients ventilated
for more than 28 days. In the canakinumab group 11
patients were in the ICU (20-0%) after 29 days vs 16
patients (28-1%) in the placebo group. After canakinu-
mab treatment, 12 patients were hospitalized for more
than three weeks (23-5%) vs. 11 (21-6%) in the placebo

group.

Cox regression analysis of the cumulative probability
of clinical improvement until day 29 according to the
seven-category ordinal scale did not show a statistically
significant difference between canakinumab or placebo
(HR 1.16 (95%CI 0.76, 1.76), p = o.500, Figure 2B).
Clinical improvement of patients did not differ in
patients treated with canakinumab compared to placebo
after 29 days (OR 0-94 (0-45, 1-906), p = 0-873) and three

Canakinumab Placebo Treatment effect (95%Cl) (p-value)
Seven-category ordinal scale at 4 weeks 0-94 (0-45, 1-96) (p=0-873)
not hospitalized, normal activities 33(60-0) 35(61-4)
not hospitalized, no normal activities 9(16-4) 7(12:3)
hospitalized, no oxygen 4(7-3) 2(3-5)
hospitalized, oxygen 2(3-6) 2(3:5)
hospitalized, noninvasive ventilation 1(1-8) 1(1-8)
hospitalized, invasive ventilation 2(3-6) 3(5-3)
dead 4(7-3) 7(12:3)
Seven-category ordinal scale at 3 months 0-80 (0-36, 1-75) (p=0-576)
not hospitalized, normal activities 38 (69-1) 35 (64-8)
not hospitalized, no normal activities 10 (18-2) 10 (18-5)
hospitalized, no oxygen 2(3-6) 1(1-9)
hospitalized, oxygen 0(0-0) 1(1-9)
hospitalized, noninvasive ventilation 0(0-0) 0(0-0)
hospitalized, invasive ventilation 0 (0-0) 0 (0-0)
dead 5(9-1) 7(13-0)
Subjective function at 4 weeks 1-30 (0-64, 2-65) (p=0-473)
no limitations 7 (14-.0) 13 (26-0)
negligible limitations 22 (44-0) 17 (34-0)
occasional limitations 6(12:0) 6(12-0)
important limitations 6(12:0) 4 (8-0)
severe limitations 9(18-0) 10 (20-0)
Subjective function at 3 months 0-97 (0-47, 2-02) (p=0-940)
no limitations 21 (42-0) 20 (41-7)
negligible limitations 17 (34-0) 16 (33-3)
occasional limitations 6(12:0) 6(12-5)
important limitations 4 (8-0) 4 (8-3)
severe limitations 2 (4.0 2(4-2)
death at 4 weeks 4 (7-0) 7(12:3) 0-54 (0-13, 1-90) (p=0-347)
ICU during first 4 weeks 11 (20-0) 16 (28-1) 0-64 (0-26, 1-53) (p=0-320)
More than 3 weeks in hospital 12 (23-5) 11 (21-6) 1-12 (0-44, 2.87) (p=0-813)
Loss of taste or smell at 4 weeks 7 (14-9) 7(15-2) 0-98 (0-31, 3-10) (p=0-965)
Number of anti-diabetes treatments at 4 weeks 0-48 (0-23, 0-98) (p=0-046)
0 17 (33-3) 11(21-6)
1 19 (37-3) 16 (31-4)
2 12 (23-5) 16 (31-4)
3 3(5-9 8(15-7)
Number of anti-diabetes treatments at 3 months 0-54 (0-26, 1-11) (p=0-094)
0 11 (21-6) 9(18-8)
1 24 (47-1) 15(31-2)
2 12 (23-5) 15(31-2)
3 4(7-8) 9(18-8)
0-47 (0-23, 0-95) (p=0-037)
Table 2 (Continued)
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Canakinumab Placebo Treatment effect (95%Cl) (p-value)
Number of anti-diabetes treatments including
basal and prandial insulin at 4 weeks
0 8(15-7) 4 (8-0)
1 18 (35-3) 14 (28.-0)
2 15 (29-4) 12 (24-0)
3 7(13-7) 15 (30-0)
4 3(5.9) 5(10.0)
Number of anti-diabetes treatments including basal 0-70 (0-34, 1-43) (p=0-327)
and prandial insulin at 3 months
0 5(10-0) 7 (14-6)
1 16 (32:0) 11 (22.9)
2 17 (34-0) 11 (22.9)
3 9(18:0) 12 (25-0)
4 2 (4-0) 6(12-5)
5 1(2-0) 1(2-1)
Biguanide (metformin) at 4 weeks 22 (40-0) 34 (59-6) 0-45 (0-21, 0-95) (p=0-039)
Biguanide (metformin) at 3 months 25 (48:1) 34 (65-4) 0-49 (0-22, 1-07) (p=0-077)
DPP-4-Inhibitor at 4 weeks 12(21-8) 10(17-5) 1-31(0-51, 3-40) (p=0-570)
DPP-4-Inhibitor at 3 months 13 (25-0) 10(19-2) 1-40 (0-55, 3-63) (p=0-479)
SGLT2-Inhibitor at 4 weeks 12(21-8) 16 (28-1) 0-72 (0-30, 1-69) (p=0-446)
SGLT2-Inhibitor at 3 months 13 (25-0) 16 (30-8) 0-75(0-31,1-77) (p=0-512)
GLP-1-Analoga at 4 weeks 5(9:1) 8(14-0) 0-61(0-17,1-97) (p=0-417)
GLP-1-Analoga at 3 months 8(15-4) 7(13:5) 1-17 (0-39, 3-60) (p=0-780)
Sulfonylurea at 4 weeks 1(1-8) 4 (7-0) 0-25 (0-01, 1-73) (p=0-216)
Sulfonylurea at 3 months 1(1-9) 5(9-6) 0-18(0-01, 1-20) (p=0-129)
Ratio to baseline of HbA1c (%) at 4 weeks 0-93 (0-85, 1-00) 0-96 (0-88, 1-03) 0-98 (0-93, 1-03) (p=0-431)
Ratio to baseline of HbA1c (%) at 3 months 0-91 (0-84, 0-96) 0-91 (0-83,0-97) 1-00 (0-94, 1-06) (p=0-926)
Ratio to baseline of Glucose (mmol/L) at 4 weeks 0-90 (0-63, 1-10) 0-93 (0-74,1-28) 0-88 (0-74, 1-06) (p=0-170)
Ratio to baseline of Insulin (pmol/L) at 4 weeks 0-94 (0-59, 1-66) 0-64 (0-29, 1-44) 2:21(1-09, 4-48) (p=0-029)
Ratio to baseline of CRP (mg/l) at 4 weeks 0-05 (0-02, 0-14) 0-10 (0-03, 0-30) 0-47 (0-27, 0-82) (p=0-009)
Ratio to baseline of CRP (mg/l) at 3 months 0-03 (0-01, 0-09) 0-05(0-02,0-15) 0-50 (0-27, 0-92) (p=0-027)
Ratio to baseline of D-Dimer (ng/mL) at 4 weeks 0-87 (0-55, 1-58) 0-93 (0-62, 1-45) 0-94 (0-55, 1-62) (p=0-821)
Ratio to baseline of NT-proBNP (ng/L) at 4 weeks 0-45 (0-20, 0-90) 0-48 (0-23, 0-96) 1-00 (0-66, 1-52) (p=0-990)
Ratio to baseline of NT-proBNP (ng/L) at 3 months 0-41(0-17,0-77) 0-35(0-22, 0-66) 0-99 (0-68, 1-42) (p=0-935)
Ratio to baseline of Estimated GFR 1-00 (0-91, 1-16) 1-00 (0-94, 1-08) 0-95 (0-82, 1-09) (p=0-450)
(CDK-EPI, ml/min/1-73m?) at 4 weeks
Ratio to baseline of Estimated GFR 0-96 (0-88,1-11) 0-99 (0-92,1-15) 0-87 (0-74, 1-02) (p=0-076)
(CDK-EPI, ml/min/1-73m?) at 3 months
Ratio to baseline of IL-6 (pg/ml) at 4 weeks 0-35 (0-06, 0-87) 0-77 (0-30, 2-61) 0-28 (0-11, 0-68) (p=0-005)
Ratio to baseline of IL-18 (pg/ml) at 4 weeks 0-66 (0-50, 0-74) 0-61(0-51,0-90) 1-00 (0-83, 1-20) (p=0-979)
Ratio to baseline of Ferritin (1g/L) at 4 weeks 0-32(0-18, 0-49) 0-30(0-17,0-42) 1-27 (0-90, 1-78) (p=0-167)
Table 2: Secondary outcomes. Categorical data are reported as absolute frequencies (%), numerical variables as median [interquartile
range]. The treatment effect is described as odds ratio for the ordinal logistic regressions (odds of worse category) and logistic
regressions (odds of negative event): that is, an odds ratio less than 1 corresponds to an advantage of canakinumab over placebo. For the
log-linear regressions, the treatment effect is multiplicative: that is, an effect less than 1 means that the ratio to baseline is lower for
canakinumab than placebo.
CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; CRP, C-reactive protein; DPP4, dipeptidyl peptidase 4; GLP-1, glucagon-like peptide 1; HbA1c,
glycated hemoglobin A1c; GFR, glomerular filtration rate; ICU, intensive care unit; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SGLT2, sodium-glu-
cose like transporter 2.

months (OR 0-80 (0-36, 1-75), p = 0-576). Subjective
function of patients did not differ in patients treated
with canakinumab compared to placebo after 29 days
(OR 1.30 (0.64, 2.65), p = 0-473) and three months (OR

0-97 (0:47, 2-02), p = 0-940) (Table 2).
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Win-ratio analysis was also performed for several
subgroups as outlined in Figure 3. Patients with an
eGFR (CKD-EPI ml/min/1.73m?) rate below the median
71 at baseline showed almost significant benefit from
the canakinumab treatment compared to placebo (WR
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subgroup n win ratio [CI] (p) p (interaction)
overall (FAS) 114 1.08[0.69, 1.69] (p=0.722) ]

Sex: male 78 0.83[0.48, 1.43] (p=0.504) — 0.064
Sex: female 36 2.13[0.92,4.90] (p=0.076) —

Age (years):<75 72 1.01[0.57, 1.78] (p=0.986) e 0516
Age (years):275 42 1.38[0.65, 2.93] (p=0.409) ————t

BMI (kg/m2):<30 44 0.78[0.37,1.62] (p=0.502) —— 0.154
BMI (kg/m2):230,<35 39 0.89 [0.40, 1.95] (p=0.768) ——

BMI (kg/m2):235 31 2.23[0.88,5.63] (p=0.091) —_—

Smoker: No, never smoked 56 1.30[0.69,2.46] (p=0.418) —_—— 0.802
Smoker: Ex-smoker 51 0.88[0.44,1.73] (p=0.704) ——

Smoker:Active smoker 7 1.40 [0.22,9.04) (p=0.724)

Time since diabetes diagnosis (years): <5 39 0.69[0.30, 1.60] (p=0.390) — 0.269
Time since diabetes diagnosis (years): >5 69 1.23[0.69,2.17] (p=0.485) —_—

CRP atbasaline (mg/l):<59.2 58 1.05 [0.55,2.01) (p=0.877) ———i 0573
CRP atbaseline (mg/I):>59.2 56 1.37[0.72,2.62) (p=0.342) —_—

HbA1catbaseline (%):<7 40 0.92[0.42,2.00] (p=0.826) ——i 0.638
HbA1catbaseline (%):>7 73 1.15[0.66,2.01] (p=0.615) [ —

Estimated GFR at baseline (CDK-EPI, m/min/1.73m2): <71 58 1.92[1.00,3.70] (p=0.051) —— 0.051
Estimated GFR at baseline (CDK-EPI, mI/min/1.73m2):>71 56 0.74[0.37,1.48] (p=0.395) —_—

suPAR atbaseline (ng/ml):<6 40 0.96 [0.42,2.21] (p=0.930) —_— 0.501
suPAR atbaseline (ng/ml):>6 72 1.36[0.77,2.39] (p=0.285) e

Diabetes-related complications: No 58 0.73[0.38,1.41] (p=0.349) —— 0.058
Diabetes-related complications: Yes 56 1.78[0.93, 3.41] (p=0.080) A ——

Time since COVID-19 diagnosis (days): <4 64 1.58[0.86,2.91] (p=0.139) — 0.065
Time since COVID-19 diagnosis (days): >4 50 0.66 [0.33, 1.33] (p=0.248)

s om 0 20 w© 0

Figure 3. Forest plots for the win-ratios of canakinumab vs placebo. Presented are for each subgroup the win-ratio with its 95%
confidence interval and the p-value for the null hypothesis of no difference between canakinumab and placebo. The last
column gives the p-values for the interaction tests. GFR glomerular filtration rate, CKD-EPI Chronic Kidney Disease Epidemiology Col-

laboration.

1-92 (1-00, 3-70), p = 0-051I) vs patients with an eGFR
above 71 (WR 074 (0-37, 1-48), p = 0-395). No signifi-
cant difference was seen in patients with diabetes-
related complications (WR 1-78 (0-93, 3-41), p = 0-080)
vs those without diabetic complications (WR 0-73 (0-38,
1-41), p = 0-349). Patients with a BMI of 35 kg/m* and
higher treated with canakinumab compared to placebo
had a WR of 2.23 (0-88, 5-63; p = 0-091) whereas
patients with a BMI of 30 kg/m® and lower had a WR of
078 (0-37, 1-62; p = 0-502). Females treated with cana-
kinumab compared to placebo had a WR of 2.13 (0-92,
4-90; p = 0-076) whereas males had a WR of 0-83 (o-
48,1:43; p = 0:504).

Median ratio to baseline CRP and IL-6 was lower at
29 days in the canakinumab group vs placebo (GMR o-
47 (0-27, 0-82), p = o-o1, and GMR 0-28 (0-11-0-68),
p = 0-005), respectively (Table 2). Lower CRP levels
were also observed after three months in patients
treated with canakinumab compared to placebo (GMR
0-50 (0.27, 0.92), p = 0-027).

Number of anti-diabetes treatments at 29 days was
lower in patients treated with canakinumab compared
to placebo (OR o0-47 (0-23,0-95), p = 0.037)
despite similar median HBA1c (canakinumab 77-40 %

(6-65, 8-30), placebo 7-50 % (6-68, 8-33), p = 0-955)
(Table 2).

Median ratio to baseline of serum insulin (pmol/L)
was significantly higher 29 days after randomization in
patients treated with canakinumab o-94 (IQR o-59, 1-
66) compared to placebo 0-64 (IQR 0-29, 1-44), corre-
sponding to an GMR of 221 (1:09, 4-48; p = 0-029),
(Table 2). Twenty-nine days after randomization, there
were no statistically significant differences in D-Dimer,
IL-18, Ferritin, and NT-proBNP levels between the two
groups (Table 2).

Adverse events at the final follow-up period of three
months occurred in 34 patients (29-8 %) of which 15
(13-6 %) were observed in patients treated with canaki-
numab and in 19 patients (16-6 %) in the placebo
group. Table 3 outlines all observed adverse events. Seri-
ous adverse events occurred in 26 patients (22 %), 13 in
each group. There were more infections in the canaki-
numab group compared to placebo. However, patients
treated with placebo hat more respiratory deterioration
compared to canakinumab. In total, five patients (9-1
%) in the canakinumab group died vs 77 (13 %) in the pla-
cebo group. All adverse events were considered unre-
lated to the study drug.
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Canakinumab Placebo
Any adverse event 31 (55:3%) 34 (62-9%)
Infections 12 (21-4%) 15 (27-7%)
respiratory 8(14-3%) 6(11-1%)
urogenital 2(3-5%) 2 (3-7%)
other 2 (3:5%) 7 (12-9%)
Respiratory 8(14-3%) 9 (16-6%)
Cardiovascular 2(3-5%) 1(1-8%)
Gastrointestinal 2(3-5%) 3(5-5%)
Hematologic 3(5-3%) 0
Neurologic 3(5:3%) 5(9-2%)
Other 1(1-8%) 1(1-8%)
Any serious adverse event 18 (32:1%) 17 (31-5%)
Respiratory deterioration 9 (16-:0%) 14 (25-9%)
Infections 5 (8-9%) 0
Myocardial infarction 2 (3:5%) 0
Other 2 (3-5%) 3(5-5%)
Death 5 (8-9%) 7 (12-:9%)
Table 3: Safety outcomes in the safety population until final
follow-up period of three months. Given are absolute numbers
and percentage.

Discussion

In patients with type 2 diabetes hospitalised with
COVID-19, IL-18 inhibition with canakinumab did not
result in a significant improvement of survival time,
ventilation time, ICU stay and length of hospitalization.
However, there was a numerical lower number of
deaths, and shorter ICU and ventilation time in the can-
akinumab group. Interestingly, patients at highest risk
for severe COVID-19 due to a lower eGFR, diabetes-
related complications and BMI higher than 35 kg/m*
appeared more likely to benefit from the treatment with
canakinumab. Furthermore, patients treated with cana-
kinumab required significantly fewer anti-diabetes
drugs to achieve similar glycaemic control and had
higher serum insulin levels. Finally, markers of sys-
temic inflammation were lower following canakinumab
treatment.

There are multiple possible explanations, why the
composite primary endpoint was not reached. An insuf-
ficient sample size is the most likely and supported by
the fact that most endpoints were numerically favoring
the use of canakinumab. Improved standard of care,
especially the use of treatments with anti-inflammatory
effects such as dexamethasone, will have reduced IL-18
signalling in patients receiving placebo as well. Despite
this, based on our study results it must be concluded
that the use of canakinumab for the treatment of
COVID-19 in overweight type 2 diabetic patients cannot
be recommended.

However, canakinumab had a beneficial effect on
metabolism resulting in a lower need for anti-diabetes
medication. While the beneficial effect of IL-1

www.thelancet.com Vol 53 November, 2022

antagonism in diabetes is well documented,® it was not
previously shown in the context of a viral infection
treated with dexamethasone. Both, viral infections, and
corticosteroids worsen glucose metabolism. The under-
lying mechanism of this effect needs to be investigated
but may be due to protection of S-cells. Indeed, SARS-
CoV2 seems to directly damage S-cells possibly via acti-
vation of IL-18.#° Conversely, IL-1 antagonism preserves
insulin secretion in patients with type 2 diabetes.** In
support of this hypothesis, serum insulin was higher
following treatment with canakinumab. However, to
definitively prove an optimized insulin secretion it
would have been necessary to perform dynamic testing.

CRP and IL-6 are well-established biomarkers indi-
cating an increased risk for cardiovascular diseases and
risk for diabetes.’® %3 IL-1 antagonism decreases both
biomarkers, improves diabetes control and prevents car-
diovascular diseases.””** Although we observed a
decrease of both parameters, with a sustained effect on
CRP for three months, it is unlikely that the single
injection of canakinumab will have long-term beneficial
effects in the patients included in this study.

Taken together, the secondary outcomes related to
diabetes control and complications consistently
improved. However, no correction for multiple testing
was performed.

This study has limitations. Patients received the
study medication within six days after admission to the
hospital but not within a specific period after symptoms
onset, which may have been already too late to strongly
influence the inflammatory course of COVID-19. The
concomitant use of dexamethasone in most patients as
part of the local standard-of-care may have reduced IL-
18 release limiting the additional effect of canakinumab.
In fact, only 16 patients in the canakinumab group and
13 patients in the placebo group did not receive gluco-
corticoids.

In conclusion, canakinumab treatment is a promis-
ing approach to optimize diabetes control including
during viral infections and concomitant corticosteroid
application, while its benefit on the clinical course of
COVID-19 remains to be demonstrated.
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