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Introduction 
As of Feb 2, 2021, COVID-19, which is caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
has affected 102 817 575 people worldwide, causing the 

death of 2 227 420 (see the WHO COVID-19 dashboard). A 
sub set of patients with severe COVID-19 develop a 
life-threatening hyperinflammatory response to the virus, 
which resembles the cytokine storm that develops after 

Interleukin-1 and interleukin-6 inhibition compared with 
standard management in patients with COVID-19 and 
hyperinflammation: a cohort study
Giulio Cavalli*, Alessandro Larcher*, Alessandro Tomelleri*, Corrado Campochiaro, Emanuel Della-Torre, Giacomo De Luca, Nicola Farina, 
Nicola Boffini, Annalisa Ruggeri, Andrea Poli, Paolo Scarpellini, Patrizia Rovere-Querini, Moreno Tresoldi, Andrea Salonia, Francesco Montorsi, 
Giovanni Landoni, Antonella Castagna, Fabio Ciceri, Alberto Zangrillo, Lorenzo Dagna

Summary
Background Patients with severe COVID-19 develop a life-threatening hyperinflammatory response to the virus. 
Interleukin (IL)-1 or IL-6 inhibitors have been used to treat this patient population, but the comparative effectiveness 
of these different strategies remains undetermined. We aimed to compare IL-1 and IL-6 inhibition in patients 
admitted to hospital with COVID-19, respiratory insufficiency, and hyperinflammation.

Methods This cohort study included patients admitted to San Raffaele Hospital (Milan, Italy) with COVID-19, 
respiratory insufficiency, defined as a ratio of the partial pressure of oxygen to the fraction of inspired oxygen of 
300 mm Hg or less, and hyperinflammation, defined as serum C-reactive protein concentration of 100 mg/L or more 
or ferritin concentration of 900 ng/mL or more. The primary endpoint was survival, and the secondary endpoint was 
a composite of death or mechanical ventilation (adverse clinical outcome). Multivariable Cox regression analysis was 
used to compare clinical outcomes of patients receiving IL-1 inhibition (anakinra) or IL-6 inhibition (tocilizumab or 
sarilumab) with those of patients who did not receive interleukin inhibitors, after accounting for baseline differences. 
All patients received standard care. Interaction tests were used to assess the probability of survival according to 
C-reactive protein or lactate dehydrogenase concentrations.

Findings Of 392 patients included between Feb 25 and May 20, 2020, 275 did not receive interleukin inhibitors, 
62 received the IL-1 inhibitor anakinra, and 55 received an IL-6 inhibitor (29 received tocilizumab and 26 received 
sarilumab). In the multivariable analysis, compared with patients who did not receive interleukin inhibitors, 
patients treated with IL-1 inhibition had a significantly reduced mortality risk (hazard ratio [HR] 0·450, 95% CI 
0·204–0·990, p=0·047), but those treated with IL-6 inhibition did not (0·900, 0·412–1·966; p=0·79). In the 
multivariable analysis, there was no difference in adverse clinical outcome risk in patients treated with IL-1 
inhibition (HR 0·866, 95% CI 0·482–1·553; p=0·63) or IL-6 inhibition (0·882, 0·452–1·722; p=0·71) relative to 
patients who did not receive interleukin inhibitors. For increasing C-reactive protein concentrations, patients 
treated with IL-6 inhibition had a significantly reduced risk of mortality (HR 0·990, 95% CI 0·981–0·999; 
p=0·031) and adverse clinical outcome (0·987, 0·979–0·995; p=0·0021) compared with patients who did not 
receive interleukin inhibitors. For decreasing concentrations of serum lactate dehydrogenase, patients treated 
with an IL-1 inhibitor and patients treated with IL-6 inhibitors had a reduced risk of mortality; increasing 
concentrations of lactate dehydrogenase in patients receiving either interleukin inhibitor were associated with an 
increased risk of mortality (HR 1·009, 95% CI 1·003–1·014, p=0·0011 for IL-1 inhibitors and 1·006, 1·001–1·011, 
p=0·028 for IL-6 inhibitors) and adverse clinical outcome (1·006, 1·002–1·010, p=0·0031 for IL-1 inhibitors and 
1·005, 1·001–1·010, p=0·016 for IL-6 inhibitors) compared with patients who did not receive interleukin 
inhibitors.

Interpretation IL-1 inhibition, but not IL-6 inhibition, was associated with a significant reduction of mortality in 
patients admitted to hospital with COVID-19, respiratory insufficiency, and hyperinflammation. IL-6 inhibition was 
effective in a subgroup of patients with markedly high C-reactive protein concentrations, whereas both IL-1 and 
IL-6 inhibition were effective in patients with low lactate dehydrogenase concentrations.

Funding None.
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chimeric antigen receptor T-cell treatment or in macro-
phage activation syndrome, with release of interleukin 
(IL)-1β, IL-6, IL-18, and interferon-γ.1,2 To reduce deaths 
among patients with COVID-19 and hyperinflammation,2 
treatment with cytokine-blocking biological agents has 
been proposed, with IL-6 and IL-1 as the most promising 
targets.1 Observational studies evaluating IL-6 inhibi-
tion with toci lizumab and sarilumab yielded conflicting 
results;3–5 later controlled trials of tocilizumab showed 
marginal or no efficacy.6–8 IL-1 inhi bition with anakinra 
improved clinical outcomes of patients with severe 
COVID-19 in observational studies,9,10 but results from 
controlled investigations of IL-1 inhi bition in COVID-19 
are not yet available.

Currently, available evidence overall argues against the 
use of IL-6 inhibitors to treat COVID-19. However, crucial 
questions remain unanswered pertaining to the role and 
therapeutic potential of IL-1 inhibition in COVID-19—
specifically, whether IL-1 inhibition confers an advantage 
over standard management, whether IL-1 inhibition is 
more effective than IL-6 inhibition, and how to identify 
those individuals who are most likely to benefit (or to 
deteriorate) upon treatment.

To address these questions, we aimed to evaluate the 
clinical outcomes of patients with COVID-19 and hyper-
inflam mation treated with IL-1 inhibition (receptor 
block ade) or IL-6 inhibition (monoclonal antibodies), 
com pared with patients with COVID-19 and hyper-
inflammation who were concomitantly admitted to 
hospital at the same institution but did not receive 
interleukin inhibitors.

Methods 
Study design and participants 
This cohort study was done in San Raffaele Hospital 
(Milan, Italy), a tertiary health-care centre, which was 
designated as a COVID-19 hub by Italian health 
authorities. All patients were enrolled between Feb 25 and 
May 20, 2020, which corresponds to the duration of the 
lockdown in Italy. Upon written consent from patients, we 
collected clinical data on demographics, comorbidities, 
baseline clinical features and laboratory data, interven-
tions, and outcomes from all patients admitted to hospital 
with COVID-19, respiratory insufficiency, and hyper-
inflam mation daily through a dedicated electronic case 
report form, according to a predefined institutional 
protocol (COVID-BioB Study, Ethical Committee approval 
number 34/int/2020, ClinicalTrials.gov NCT04318366).11 
Written informed consent was obtained before the off-
label use of anakinra, tocilizumab, or sarilumab.

Patients with COVID-19, which was diagnosed with 
quantitative RT-PCR and chest x-ray or CT scan, were 
included in the analysis if they had respiratory failure, 
defined as a ratio of the partial pressure of oxygen to the 
fraction of inspired oxygen of 300 mm Hg of less, and 
hyperinflammation, defined as elevation of the serum 
inflammation marker C-reactive protein (≥100 mg/L) 
or ferritin (≥900 ng/mL). Treatment with anakinra, 
tocilizumab, or sarilumab was initiated as soon as patients 
first fulfilled these criteria. Patients who fulfilled the 
inclusion criteria but did not receive interleukin inhibitors 
were included as comparators. Patients who died or had an 
adverse clinical outcome (defined as a composite of death 

Research in context

Evidence before this study
A subset of patients with severe COVID-19 develop a 
maladaptive, systemic hyperinflammatory response to the virus, 
which is associated with a poor prognosis. Since the beginning 
of the pandemic, inhibition of pro-inflammatory interleukins 
with available biological agents has emerged as an attractive 
therapeutic opportunity, as documented by an increasing 
number of publications. We searched PubMed, Embase, 
Cochrane Review, and SCOPUS for research articles published in 
English up to Oct 31, 2020, using the search terms “COVID-19", 
"cytokine inhibition", "interleukin inhibition", "therapy", 
"hyperinflammation", and "biological agents”. Our search 
showed that most investigations evaluated IL-6 inhibition or 
IL-1 inhibition; currently, controlled evidence indicates that 
IL-6 inhibition has marginal or no efficacy for COVID-19, 
whereas observational evidence suggests that IL-1 inhibition 
might be beneficial. No evidence is available on the comparative 
effectiveness of these different treatment strategies.

Added value of this study
To our knowledge, our study is the first to evaluate the clinical 
effectiveness of both IL-1 inhibition (anakinra) and 

IL-6 inhibition (tocilizumab or sarilumab) compared with 
standard management in a large and homogeneous cohort 
of patients with COVID-19, respiratory insufficiency, and 
hyperinflammation. We found that IL-1 inhibition, but not 
IL-6 inhibition, significantly reduced mortality in patients with 
COVID-19. In addition, this study showed that changes in 
serum parameters such as C-reactive protein and lactate 
dehydrogenase might be useful to identify those patients who 
are more likely to respond better to cytokine inhibitors. 

Implications of all the available evidence
This study reveals differences in global outcomes of COVID-19 
patients treated with IL-1 versus IL-6 inhibition, while offering 
a better understanding of the patient’s profile associated with 
response to treatment with biologics. These findings are useful 
to instruct the current management of patients with COVID-19 
as well as the design of controlled investigations evaluating 
cytokine inhibitors in COVID-19.

For the WHO COVID-19 
dashboard see 

https://covid19.who.int/

https://covid19.who.int/
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or mechanical ventilation) within 24 h of fulfilling these 
criteria and were consequently unable to receive IL-1 or 
IL-6 treatment were excluded to avoid a potential immortal 
bias favouring IL-1 or IL-6 treatment over standard 
manage ment.12 Some of the patients treated with inter-
leukin inhibitors included in this study had been described 
in previous smaller studies from our group, each evaluat-
ing a single biological agent (anakinra, tocilizumab, or 
sarilumab) compared with standard management in 
COVID-19.4,5,9

Procedures 
During the study period, patients admitted to our hospital 
with COVID-19 were distributed into seven dedicated 
wards, each aiding approximately 40 inpatients. An 
institutional scientific committee decided that treatment 
with interleukin inhibitors would be offered to patients 
with hyperinflammation pending evaluation by rheuma-
tologists (GC, GDL, ED-T, and CC). However, at the time 
of this study, there was no available evidence indicating 
that either IL-1 inhibition or IL-6 inhibition would confer 
incremental benefits over standard management in 
patients with COVID-19. In this scenario, two rheuma-
tologists (GC and GDL) decided to administer anakinra, 
whereas the remaining two (ED-T and CC) administered 
IL-6-blocking therapies. The comparator group consisted 
of patients with COVID-19 and hyperinflammation who 
either refused experimental treatment with interleukin 
inhibitors or escaped monitoring by the four rheuma-
tologists due to the high-intensity situation.

All patients received institutional standard of care, 
which at that time comprised hydroxychloroquine, an 
antiviral drug, and empirical antibiotic coverage (the 
complete clinical management protocol is provided in the 
appendix p 1). Anakinra was administered off-label 
intravenously at a dose of 5 mg/kg twice daily (total daily 
dose of 10 mg/kg) until clinical benefit, defined as 
sustained improvement of respiratory parameters and 
serum C-reactive protein (75% reduction compared with 
baseline). Tocilizumab was administered off-label 
intravenously as a single dose of 400 mg, which was 
repeated after 24 h if the respiratory function further 
worsened. Sarilumab was administered off-label as a 
single dose of 400 mg intravenously. For the purpose of 
this study, patients treated with tocilizumab or sarilumab 
were grouped together because the two monoclonal 
antibodies share an identical mechanism of action 
(IL-6 receptor blockade). We also evaluated the possible 
contribution of concomitant glucocorticoid therapy, which 
was administered to some patients, since this treatment 
reportedly reduced 28-day mortality in a trial of patients 
with COVID-19 published after completion of this study.13 
Since glucocorticoid administration did not follow a 
standard regimen at the time of this study, the doses and 
duration of treatment differed among patients; therefore, 
the dose is provided as cumulative methylprednisolone 
equivalent.

Outcomes 
The primary outcome of the study was survival. The 
second  ary outcome was adverse clinical outcome (a 
composite of death or mechanical ventilation). Changes in 
clini cal outcomes were evaluated daily from enrolment 
(defined as first fulfilment of eligibility criteria or first 
administration of interleukin inhibitors) to discharge from 
hospital, admission to an intensive care unit (ICU), or 
death, whichever came first.

Statistical analysis 
Statistical analyses as well as reporting and interpretation 
of the results were conducted according to estab lished 
guidelines.14 Medians and IQRs are reported for 
continuous variables, frequencies and proportions are 
reported for categorical variables. We used Mann-
Whitney and χ² tests to compare the significance of 
differences in the distribu tion of continuous or 
categorical variables, respectively, between patients 
treated without interleukin inhibitors and patients 
treated with IL-1 inhibition or IL-6 inhibition. We used 
the Kaplan-Meier method to evaluate the 28-day survival 
rate.

To account for baseline clinical differences among 
different treatment groups, we did a multivariable Cox 
regression analysis to assess the effect of interleukin 
inhibitors on mortality and adverse clinical outcome. 
Covariates were selected according to a clinical criterion 
among established predictors of COVID-19 mortality15 
and consisted of age, sex, C-reactive protein, respiratory 
support at baseline (as an indicator of the severity of 
respiratory failure), alanine aminotransferase, creatinine, 
lactate dehydrogenase, history of diabetes, treatment 
with glucocorticoids, ICU admission (occurring after 

Figure 1: Study overview
ICU=intensive care unit. *Missing variables included laboratory values or information on medical history selected 
as covariates in the multivariable Cox regression analysis.

954 patients admitted to hospital with COVID-19

478 met inclusion criteria

392 included in analysis

275 patients did not receive 
interleukin inhibition 

86 excluded
70 admitted to the ICU or died within the 

first 24 h
5 treated with anakinra
3 treated with tocilizumab
2 treated with sarilumab

60 not treated with interleukin inhibitors
16 had missing variables*

62 patients received 
interleukin-1 inhibition

55 patients received 
interleukin-6 inhibition

See Online for appendix
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24 h of study enrolment and included only in models 
predicting mortality), and day of hospital admission (to 
account for possible changes in COVID-19 mortality and 
adverse outcomes over time).

We tested the hypothesis that the effect of interleukin 
inhibitors varied in specific subgroups of patients using 
interaction terms in a Cox regression analysis. For inter-
action tests, we selected C-reactive protein and lactate 
dehydrogenase, which were clinically indicative of the 
severity of the inflammatory response in the lung and had 
emerged as independently associated with a risk of 
mortality and adverse clinical outcome in the multivariable 
regression analysis; variables that were not available for 
all patients were not included (ie, ferritin). We used 
regression-derived coefficients to estimate the 28-day 
survival probability. We used local polynomial smooth-
ing method to graphically explore survival probability 

according to C-reactive protein or lactate dehydrogenase 
concentrations.16

Patients with missing data in variables relevant to these 
analyses were excluded. All statistical tests were done 
with the RStudio graphical interface (version 0.98) 
for R software environment (version 3.0.2) with the 
follow ing libraries, packages, and scripts: Hmisc, plyr, 
stats, MatchIt, rms, and graphics. All tests were two sided 
with a significance level set at a p value of less than 0·05.

Role of the funding source 
There was no funding source for this study.

Results 
Among the 954 patients admitted to hospital with 
COVID-19 between Feb 25 and May 20, 2020, 478 patients 
fulfilled the criteria for this study. Of these patients, 

Overall population 
 (n=392)

No interleukin inhibitors  
(n=275)

IL-1 inhibitor  
(n=62)

IL-6 inhibitor  
(n=55)

Age, years 67 (56–77) 68 (58–79) 63 (52–73) 58 (52–74)

Sex 

Male 301 (77%) 201 (73%) 52 (84%) 48 (87%)

Female 91 (23%) 74 (27%) 10 (16%) 7 (13%)

Ethnicity

White 375 (96%) 265 (96%) 57 (92%) 53 (96%)

Non-white 17 (4%) 10 (4%) 5 (8%) 2 (4%)

C-reactive protein, mg/L 129 (100–171) 127 (91–169) 143 (105–172) 130 (100–195)

Ferritin*, ng/mL 1295 (943–2359) 1239 (841–1887) 1459 (946–2761) 1727 (1151–2757)

Lymphocytes, 10⁹ cells per L 0·9 (0·6–1·2) 0·9 (0·6–1·1) 0·9 (0·7–1·3) 0·8 (0·6–1·1)

Platelets, 10⁹ cells per L 228 (170–297) 228 (165–297) 238 (190–296) 219 (176–299)

Creatinine, mg/dL 1·01 (0·8–1·31) 1·03 (0·85–1·36) 0·96 (0·83–1·34) 1·00 (0·86–1·14)

Alanine aminotransferase, U/L 40 (25–61) 37 (23–59) 45 (27–64) 45 (30–62)

Lactate dehydrogenase, U/L 396 (314–515) 369 (300–479) 430 (329–532) 458 (414–542)

Respiratory support

Oxygen 307 (78%) 242 (88%) 36 (58%) 29 (53%)

Non-invasive mechanical 
ventilation

85 (22%) 33 (12%) 26 (42%) 26 (47%)

Cardiovascular disease

No 273 (70%) 175 (64%) 52 (84%) 46 (84%)

Yes 119 (30%) 100 (36%) 10 (16%) 9 (16%)

History of neoplasia

No 326 (83%) 218 (79%) 57 (92%) 51 (93%)

Yes 66 (17%) 57 (21%) 5 (8%) 4 (7%)

Diabetes

No 320 (82%) 219 (80%) 50 (81%) 51 (93%)

Yes 72 (18%) 56 (20%) 12 (19%) 4 (7%)

Month of admission

February 9 (2%) 9 (3%) 0 0

March 323 (82%) 223 (81%) 46 (74%) 54 (98%)

April 56 (14%) 39 (14%) 16 (26%) 1 (2%)

May 4 (1%) 4 (2%) 0 0

Data are median (IQR) or n (%). IL=interleukin. *Data missing for 96 patients in the no interleukin inhibitor group, five patients in the IL-1 inhibitor group, and 11 patients in 
the IL-6 inhibitor group.

Table 1: Baseline characteristics of patients with COVID-19, respiratory failure, and hyperinflammation
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70 patients were excluded because they were admitted to 
the ICU or died within 24 h of fulfilment of these criteria. 
16 patients were excluded due to missing variables 
(figure 1). 392 patients were included in the study; 375 (96%) 
were white (table 1). 275 (70%) did not receive interleukin 
inhibitors, 62 (16%) received IL-1 inhibitors (all anakinra), 
and 55 (14%) received IL-6 inhibitors (29 received 
tocilizumab and 26 received sarilumab). Among the 
29 patients treated with tocilizumab, nine received a 
repeated dose. Availability of interleukin inhibitors was 
ensured throughout the study, and no patient was refused 
treat ment with interleukin inhib itors due to reduced 
availability. 67 patients received glucocorticoids (median 
cumu lative methylprednisolone-equivalent dose: 440 mg/kg 
[IQR 300–665]; 47 mg/kg per day [IQR 30–60]); of these 
patients, 54 did not receive interleukin inhibitors, seven 
received IL-1 inhibitors, and six received IL-6 inhibitors 
(appendix p 3).

Compared with patients who did not receive interleukin 
inhibitors, patients treated with IL-1 inhibitors were 
younger, presented with higher lactate dehydro genase 
concentrations at baseline, and were more frequently on 
non-invasive mechanical ventilation; they also less 
frequently had a history of cardio vascular diseases and 
malignancies (appendix p 4). Compared with patients 
who did not receive interleukin inhibitors, patients 
treated with IL-6 inhibitors were younger, were more 
likely to be male, were admitted earlier during the 
pandemic, had higher ferritin and higher lactate 
dehydrogenase concentrations at baseline, and were 
more frequently on non-invasive mech anical ventilation; 
they also less frequently had a history of cardiovascular 
diseases, diabetes, and malignancies (appendix p 5).

The 28-day survival rate was 75% (95% CI 68–80) in the 
overall population, 68% (61–75) in patients who did not 
receive any interleukin inhibitor, 86% (74–100) in patients 
treated with IL-1 inhibitors, and 82% (69–97) in patients 
treated with IL-6 inhibitors. In the multivariable analysis 
accounting for all the available covariates, patients treated 
with IL-1 inhibition had a lower mortality risk than 
patients who did not receive interleukin inhibitors 
(hazard ratio [HR] 0·450, 95% CI 0·204–0·990; p=0·047; 
table 2). Conversely, no evidence of a different mortality 
risk was recorded in patients treated with IL-6 inhib-
ition relative to patients who did not receive inter-
leukin inhibitors (HR 0·900, 95% CI 0·412–1·966; 
p=0·79; table 2).

The 28-day adverse clinical outcome-free survival rate 
was 69% (95% CI 63–74) in the overall population, 
65% (58–73) in patients who did not receive inter-
leukin inhibitors, 73% (62–86) in patients treated with 
IL-1 inhibitors, and 76% (65–89) in patients treated with 
IL-6 inhib itors. In the multivariable analysis accounting 
for all the available covariates, no evi dence of a different 
adverse clinical outcome risk was recorded in patients 
treated with IL-1 inhibition (HR 0·866, 95% CI 
0·482–1·553; p=0·63) or IL-6 inhibition (0·882, 

0·452–1·722; p=0·71; table 2) relative to patients who 
did not receive inter leukin inhib itors. Treatment with 
gluco corticoids was not associated with significant 
reductions in mortality and adverse clinical outcomes 
(table 2).

Interaction tests confirmed the hypothesis that the 
benefit of treatment with IL-1 and IL-6 inhibitors is more 
pronounced in specific subgroups of patients (table 3). 
Specifically, for increasing concentrations of serum 
C-reactive protein, IL-6 inhibition was associated with a 
lower mortality risk (HR 0·990, 95% CI 0·981–0·999; 
p=0·031) and lower adverse clinical outcome risk (0·987, 
0·979–0·995; p=0·0021; figure 2) than no interleukin 
inhibition. Additionally, for decreasing concentrations of 
serum lactate dehydrogenase, patients treated with an 
IL-1 inhibitor and patients treated with IL-6 inhibitors had 
a reduced risk of mortality; increasing concentrations of 
lactate dehydrogenase in patients receiving either 
interleukin inhibitor were associated with an increased 

Mortality  
(Cox regression analysis)

Adverse clinical outcome*  
(Cox regression analysis)

HR (95%CI) p value HR (95%CI) p value

Treatment

No interleukin inhibitors 1 (ref) ·· 1 (ref) ··

IL-1 inhibitor 0·450 (0·204–0·990) 0·047 0·866 (0·482–1·553) 0·63

IL-6 inhibitor 0·900 (0·412–1·966) 0·79 0·882 (0·452–1·722) 0·71

Age 1·081 (1·054–1·109) <0·0001 1·031 (1·013–1·050) 0·0007

Sex 

Female 1 (ref) ·· 1 (ref) ··

Male 1·029 (0·608–1·739) 0·92 1·176 (0·726–1·905) 0·51

Respiratory support

Oxygen 1 (ref) ·· 1 (ref) ··

Non-invasive mechanical 
ventilation

0·908 (0·459–1·799) 0·78 0·771 (0·443–1·344) 0·36

C-reactive protein, mg/L 1·003 (1·001–1·006) 0·020 1·005 (1·002–1·007) 0·0002

Alanine aminotransferase, U/L 0·995 (0·992–0·997) <0·0001 0·995 (0·993–0·997) <0·0001

Creatinine, mg/dL 1·212 (1·085–1·355) 0·0007 1·101 (0·991–1·223) 0·074

Lactate dehydrogenase, U/L 1·002 (1·001–1·003) <0·0001 1·002 (1·001–1·003) <0·0001

Diabetes

No 1 (ref) ·· 1 (ref) ··

Yes 1·657 (1·025–2·680) 0·039 1·836 (1·182–2·852) 0·0068

Treatment with glucocorticoids

No 1 (ref) ·· 1 (ref) ··

Yes 0·687 (0·377–1·253) 0·22 0·634 (0·368–1·093) 0·10

ICU admission†

No 1 (ref) ·· ·· ··

Yes 1·864 (0·872–3·988) 0·11 ·· ··

Days after admission of the 
first patient‡

0·984 (0·966–1·002) 0·074 0·990 (0·973–1·007) 0·24

HR=hazard ratio. ICU=intensive care unit. IL=interleukin. *Adverse clinical outcome is defined as a composite of 
death or mechanical ventilation. †After 24 h from enrolment. ‡Days after admission of the first patient: day of 
hospital admission during the study period, accounts for possible changes in COVID-19 mortality and adverse 
clinical outcome. 

Table 2: Multivariable models predicting mortality and adverse clinical outcome in patients diagnosed 
with COVID-19, respiratory failure, and hyperinflammation
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risk of mortality (HR 1·009, 95% CI 1·003–1·014, 
p=0·0011 for IL-1 inhibitors and 1·006, 1·001–1·011, 
p=0·028 for IL-6 inhibitors) and adverse clinical outcome 
(1·006, 1·002–1·010, p=0·0031 for IL-1 inhibitors and 
1·005, 1·001–1·010, p=0·016 for IL-6 inhibitors) compared 
with patients who did not receive interleukin inhibitors  
(figure 3).

Discussion 
The main finding of this study is that IL-1 inhibition with 
anakinra, but not IL-6 inhibition with tocilizumab or 
sarilumab, significantly reduced mortality in the overall 
population of in-hospital patients with COVID-19, respira-
tory insufficiency, and hyperinflammation. Protective 
effects of IL-6 inhibition were only observed in patients 
with very high serum C-reactive protein at baseline, 
whereas both IL-1 and IL-6 inhibitors were more effective 
in patients with low serum lactate dehydrogenase 
at baseline.

Patients with severe COVID-19 develop a detrimental 
hyperinflammatory response to the virus, characterised 
by excessive release of pro-inflammatory cytokines. 
Targetable cytokines involved in the pathogenesis of 
COVID-19 include IL-1, IL-6, IL-8, tumour necrosis factor, 
granulocyte–macrophage colony-stimulating factor, and 
interferon-γ.17,18 Available agents inhibiting IL-1 and 
IL-6 emerged as candidate treatments to reduce hyper-
inflammation and mortality in this patient popula tion. 
Anakinra is a recombinant replica of the IL-1 receptor 
antagonist, a naturally occurring regulatory molecule that 
blocks the activity of both IL-1α and IL-1β, and is approved 
for the treatment of rheumatoid arthritis and auto-
inflammatory disorders at a dose of 100 mg daily 
subcutaneously.19 High-dose intravenous anakinra has 
been used off label for the treatment of macrophage 
activation syndrome and septic shock,20,21 which are 
catastrophic conditions that share some clinical and 

molecular features with hyperinflammation in COVID-19. 
Administration of anakinra intravenously at a dose of 
5 mg/kg twice daily in this study is consistent with 
previous use in these hyperinflammatory conditions.20,21

Tocilizumab and sarilumab are monoclonal antibodies 
that share the same mechanism of action: IL-6 receptor 
blockade.22 Both are approved for the treatment of 
rheumatoid arthritis, with the first-in-class tocilizumab 
also approved for juvenile idiopathic arthritis and giant 
cell arteritis.23,24 Use of IL-6 inhibitors in COVID-19 with 
hyperinflammation is based on similarities with cytokine 
release syndrome, a complication of chimeric antigen 
receptor T-cell therapy.25 Previous studies have evaluated 
IL-1 and IL-6 inhibition in COVID-19. Currently, controlled 
evidence indicates that IL-6 inhibition yields no or 
marginal benefit in COVID-19;6–8 the role of IL-1 inhibition 
has only been evaluated in observational studies suggest-
ing moderate benefit;9,10 and the comparative efficacy of 
IL-6 and IL-1 inhibition remains undetermined.

This study is the first, to our knowledge, to compare the 
clinical effectiveness of IL-1 inhibition and IL-6 inhibition 
with standard management alone in a large, homogeneous 
cohort of patients with severe COVID-19. Overall, patients 
with COVID-19 who were treated with IL-1 inhibition, but 
not those who were treated with IL-6 inhibition, had a lower 
mortality risk than patients receiving only conventional 
management. Notably, we also evaluated the possible 
contribution of concomitant glucocorticoid therapy, which 
reportedly reduced 28-day mortality in a trial of patients 
with COVID-19 receiving respiratory support.13 In our real-
world setting, treatment with glucocorticoids was not a 
predictor of mortality or of adverse clinical outcomes;13 
however, this study was done before controlled evidence on 
the use of corticosteroids in COVID-19 became available, 
and the lack of a standardised treatment protocol at the 
time might account for this lack of effectiveness. 

Mechanistically, IL-1 is found upstream of IL-6 in 
inflammatory cascades.26 IL-1 induces several secondary 
inflammatory mediators, including, but not limited to, 
IL-6. Indeed, a decrease in serum IL-6 concentration 
typically follows effective IL-1 inhibition.26 Therefore, it is 
likely that effective inhibition of IL-1 in COVID-19 results 
in downstream suppression of IL-6, as well as other 
mediators. Such a hierarchical association might account 
for the more robust clinical benefit of IL-1 inhibition 
observed in our investigation.

In this study, one in two patients admitted to hospital 
with COVID-19 developed hyperinflammation, and these 
patients were more frequently male, a finding consistent 
with previous observations.27,28 This high frequency of 
hyperinflammation delineates a critically relevant clinical 
problem. In this scenario, two additional findings of this 
study provide pragmatic and valuable information for the 
interpretation of available evidence from past studies and 
for the design of future clinical investigations.

First, IL-6 inhibition might be advantageous for patients 
with very high elevated serum concentrations of 

Mortality 
(Cox regression analysis*)

Adverse clinical outcome 
(Cox regression analysis*)

HR (95% CI) p value HR (95% CI) p value

Treatment and C-reactive protein

No interleukin inhibitors 1 (ref) ·· 1 (ref) ··

IL-1 inhibitor by C-reactive protein 0·994 
(0·985–1·004)

0·23 0·997 
(0·991–1·003)

0·31

IL-6 inhibitor by C-reactive protein 0·990 
(0·981–0·999)

0·031 0·987 
(0·979–0·995)

0·0021

Treatment and lactate dehydrogenase

No interleukin inhibitors 1 (ref) ·· 1 (ref) ··

IL-1 inhibitor by lactate dehydrogenase 1·009 
(1·003–1·014)

0·0011 1·006 
(1·002–1·010)

0·0031

IL-6 inhibitor by lactate dehydrogenase 1·006 
(1·001–1·011)

0·028 1·005 
(1·001–1·010)

0·016

HR=hazard ratio. IL=interleukin. *Model adjusted for age, C-reactive protein, and lactate dehydrogenase.  

Table 3: Subgroup analysis of treatment with interleukin inhibitors in patients diagnosed with 
COVID-19, respiratory failure, and hyperinflammation
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C-reactive protein (eg, >200 mg/L). This finding is not 
unexpected, given the mechanistic role of IL-6 as the 
main inducer of C-reactive protein production by the liver 
during the acute phase response.29 This finding is also in 
line with a study reporting a reduced risk of mortality and 
mechanical ventilation in patients with C-reactive protein 
concentrations of 200 mg/L or more who were treated 
with glucocorticoids.30 Second, the benefit of both IL-1 
and IL-6 inhibition is more pronounced in patients with 
low serum lactate dehydrogenase, whereas it decreases 
for increasing concentrations (eg, >500 U/L). These 
hypothesis-generating findings suggest that the potential 
benefit of interleukin inhibition is highest in the early 
phases of disease, characterised by rampant inflammatory 
activation, but progressively fades in more advanced 
stages characterised by extensive disease burden and 
tissue damage. Consistent with the hypothesis of greater 
efficacy of anakinra in early phases of disease, previous 
studies have also found that early intervention with 
IL-1 blockade was associated with increased survival in 
macrophage activation syndrome.31

Limitations of this study are inherent to observational 
investigations, the nature of which mandates caution in 
interpretation of findings. Clinical differences between 

groups at baseline introduce the possibility of confounding 
(ie, the risk that observed effects could be affected by 
clinical or demographic features besides investigational 
treatments), which cannot be completely excluded even 
after careful adjusting by multivariable regression analysis; 
however, clinical differences were mixed and did not 
confer any study group a clear survival advantage. In 
addition, information on some variables with prognostic 
relevance in COVID-19, including ineligibility to 
respiratory support (non-invasive ventilation or mechanical 
ventilation) and D-dimer concentrations, was not available, 
which limits infor mation on the effectiveness of investi-
gational treat ments in patients with altered coagulation 
states. The risk of a possible confounding by indication32 
cannot be completely ruled out; however, this risk was 
minimised by the choice to entrust two different groups of 
rheuma tologists to assign patients to specific treatments 
(anakinra vs tocilizumab or sarilumab), and by the fact that 
patients who did not receive interleukin inhibitors were 
not negatively selected by physicians, but rather denied 
consent to an off-label treatment or were retrospectively 
identified. Observational studies are also at risk for an 
immortal bias,33 but this bias was carefully minimised by 
the choice to exclude from our analysis all patients who 

Figure 2: Risk of mortality (A) and adverse clinical outcome (B) according to 
baseline C-reactive protein in patients diagnosed with COVID-19 and 
hyperinflammation
Dots represent individual observations, solid lines represent multivariable 
model-derived probabilities, and shaded areas represent 95% CIs.
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Figure 3: Risk of mortality (A) and adverse clinical outcome (B) according to 
baseline lactate dehydrogenase in patients diagnosed with COVID-19 and 
hyperinflammation
Dots represent individual observations, solid lines represent multivariable 
model-derived probabilities, and shaded areas represent 95% CIs.
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died or were admitted to the ICU within 24 h of hyper-
inflammation being detected. In addition, tocilizumab and 
sarilumab share a common mechanism of action 
(IL-6 receptor blockade) and were considered as a common 
treatment strategy in this study, as the aim to compare 
the effectiveness of two treatment strategies (IL-1 and 
IL-6 inhibition) required a large sample size for statistical 
evaluation of findings. However, we acknowledge that 
slight molecular differences between these drugs might 
translate into differences in effectiveness. Last, we cannot 
exclude that a larger sample size or inclusion of patients at 
different disease stages might also have yielded a 
significant result for the primary outcome in patients 
treated with IL-6 inhibitors; nevertheless, our findings are 
in line with controlled trials of tocilizumab that indicate 
limited efficacy.6–8 The current investigation stands out for 
its novelty and uniqueness, owing to the timely and 
systematic comparison of two candidate therapeutic 
strategies for a new disease in a large and homogeneous 
cohort, the fulfilment of the same inclusion criteria for 
treatment with different interleukin inhibitors, and the 
management at the same institution according to the same 
standard treatment protocols, which together reduce risks 
for confounders. Moreover, the current analysis reveals 
new information about the profile of the optimal 
candidates for treatment with interleukin inhibitors, which 
might aid clinical decision making and instruct further 
study design.

In summary, IL-1 inhibition, but not IL-6 inhibition, 
was associated with a significant reduction of mortality 
in a large cohort of patients admitted to hospital with 
COVID-19 and hyperinflammation. IL-6 inhibition was 
only effective in a subgroup of patients with markedly 
high C-reactive protein concentrations, whereas both 
IL-1 inhibition and IL-6 inhibition were more effective in 
patients with low lactate dehydrogenase concentrations. 
Validation of these study findings, particularly concerning 
the efficacy of IL-1 inhibition in COVID-19, requires 
controlled investigations.
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