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Background: IL-1 plays a pivotal role in the inflammatory
response during cytokine storm syndromes.
Objective: Our aim was to analyze the efficacy and safety of
early anti-inflammatory treatment (AIT) with intravenous
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anakinra with or without glucocorticoids in coronavirus disease
2019 (COVID-19) pneumonia.
Methods: We performed a retrospective single-center cohort
study of patients admitted for COVID-19 pneumonia from
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Abbreviations used

AIT: Anti-inflammatory treatment

COVID-19: Coronavirus disease 2019

CRP: C-reactive protein

FiO2: Fraction of inspired oxygen

HR: Hazard ratio

ICU: Intensive care unit

IPW: Inverse probability of treatment weight

LDH: Lactate dehydrogenase

MAS: Macrophage activation syndrome

OS: Overall survival

PS: Propensity score

SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2

SOC: Standard of care
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February 26 to April 29, 2020, to assess the efficacy of early AIT
with intravenous anakinra (100 mg every 8 hours for 3 days,
with tapering) alone or in combination with a glucocorticoid
(intravenous methylprednisolone, 1-2 mg/kg daily, with
tapering). The standard of care (SOC) treatment was
hydroxychloroquine and/or azithromycin with or without
antivirals and anticoagulants. Late rescue AITwith anakinra or
tocilizumab was also evaluated. Treatment effect on overall
survival was assessed by a propensity score–adjusted Cox
model.
Results: A total of 128 patients were analyzed; 63 patients
received early AIT (30 received anakinra alone and 33 received
anakinra plus a glucocorticoid) at admission, and 65 patients
did not receive early AIT and were used as controls; of the latter
65 patients, 44 received the SOC treatment alone and 21
received the SOC treatment plus late rescue AIT. After
adjustment for all the unbalanced baseline covariates, early AIT
reduced the hazard of mortality by 74% (adjusted hazard ratio
[HR] 5 0.26; P < .001). The effect was similar in patients
receiving anakinra alone (adjusted HR 5 0.28; P 5 .04) and
anakinra plus a glucocorticoid (adjusted HR 5 0.33; P 5 .07).
Late rescue treatment did not show a significant advantage over
SOC treatment alone (adjusted HR 5 0.82; P 5 .70).
Conclusions: This study suggests, on a larger series of patients
with COVID-19 pneumonia, the potential efficacy and safety of
the early use of high doses of intravenous anakinra with or
without glucocorticoids. (J Allergy Clin Immunol
2021;147:1217-25.)

Key words: IL-1, anakinra, glucocorticoid, early treatment,
COVID-19 pneumonia

Coronavirus disease 2019 (COVID-19) might be associated
with severe atypical pneumonia. Factors associated with intensive
care unit (ICU) admission and death include lymphopenia, as well
as elevated levels of transaminases, lactate dehydrogenase
(LDH), D-dimer, ferritin, and soluble IL-2 receptor.1 These fea-
tures are reminiscent of cytokine storm syndrome, in which
hyperinflammation and multiorgan disease arise through exces-
sive cytokine release from uncontrolled immune activation,
similar to a condition named macrophage activation syndrome
(MAS).2-4 Identification of key mediators driving MAS,
including IL-1b, IL-6, IL-18, and IFN-g, has inaugurated a new
era of cytokine neutralization enabling reduction in mortality.3,4

The use of anticytokine drugs in the context of COVID-19 pneu-
monia has been suggested as an efficacious strategy allowing
prevention of respiratory failure, mechanical ventilation,
and death.2,3 Tocilizumab (anti–IL-6 receptor) is effective in cyto-
kine release syndrome associated with chimeric antigen receptor
T-cell therapy,5 a syndrome notably reminiscent of COVID-19 in
that many patients develop acute respiratory distress syndrome
and has been extensively used during the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) pandemic with variable
results.6-9

Recent studies have demonstrated the role of NLRP3 receptors
in response to coronaviruses. The virus regulates NLRP3
inflammasome, inducing maturation and secretion of the inflam-
matory cytokines IL-1b and IL-18.10 Moreover, studies in bats,
which are considered the natural reservoir of the whole Betacor-
onavirus genus and survive the infection without evident disease,
demonstrated a lack of IL-1b secretion following the stimulation
with canonic NLRP3 pathway activators,11 suggesting that a
dampened inflammatory response during SARS-CoV-2 infection
might represent an evolutionary advantage for survival.12

Recombinant IL-1 receptor antagonist (anakinra) was used
during the first wave of pandemic in small series, in different
regimens and different disease phases.13-21 In a recent pilot study,
we provided the first evidence of the safety and efficacy of the use
of high-doses of intravenous anakinra in severe COVID-19 pneu-
monia in the first days after hospital admission.14 In the present
study, we have reported the results of the early use of anti-
inflammatory treatment with intravenous anakinra in a consecu-
tive series of 63 patients with COVID-19, providing the first
evidence of its efficacy as monotherapy when compared with
the combination of its and glucocorticoids.
METHODS

Patients
Beginning on March 18, 2020, patients were included in an off-label

treatment protocol approved by the institutional review board of Ente

Ospedaliero Galliera, Genoa, Italy. At admission, patients were eligible to

receive early AIT with high doses of intravenous anakinra with or without a

glucocorticoid according to the following inclusion criteria: (1) severe

COVID-19–related pneumonia at lung computed tomography scan with

positive or pending evidence of SARS-CoV-2 by RT-PCR assay; (2) presence

of 1 of 3 parameters, namely, the need for respiratory assistance with a PaO2-

to–fraction of inspired oxygen (FiO2) ratio (PaO2/FiO2) of 300mmHg or lower

and elevation of C-reactive protein (CRP) or ferritin level to 3 times the

normal limits; and (3) lymphocyte count lower than1000/mm3 and elevation

of D-dimer or LDH level to 3 times the normal range. Early AITwas defined

as treatment assigned at admission after the screening for inclusion criteria.

All patients were provided with information about anakinra plus a glucocorti-

coid and were the able to either accept or refuse this treatment. Their choice

was noted in the medical record.

The starting dose of anakinra (Swedish Orphan Biovitrum, Stockholm,

Sweden) was 100 mg every 8 hours for 3 days, followed by tapering (100 mg

every 12 hours for 1-3 days, followed by 100 mg every 24 hours for 1-3 days)

according to the clinical response, for a maximum of 9 days.14,22,23 Glucocor-

ticoid treatment (intravenous methylprednisolone, 1 to 2 mg/kg once or twice

daily, with tapering) was used as the first drug in patients admitted to the emer-

gency room because of the impossibility of starting anakinra treatment imme-

diately. The control group was retrospectively identified among patients

admitted from February 26 to March 25, 2020, with consideration of all pa-

tients receiving the standard of care (SOC) treatment who, for various reasons,

were not treated with the early AIT despite satisfying the inclusion criteria.
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The SOC treatment consisted of hydroxychloroquine (400 mg twice daily on

the first day followed by 200-400mg twice daily for 7 days) and/or azithromy-

cin (500 mg daily for 7 days). Antivirals (lopinavir/ritonavir [400/100 mg

twice daily] or darunavir [800 mg]/ritonavir [100 mg daily] for 7 days, and

enoxaparin [4000 IU per day] adapted according to body weight, kidney func-

tion, and D-dimer levels) were also used in some patients. Anakinra, intrave-

nous tocilizumab (8 mg/kg to a maximum dose of 800 mg), and

glucocorticoids were also used as a late rescue AIT in patients who did not

receive early AIT. The exclusion criteria for study analysis were as follows:

(1) incomplete clinical information; (2) death within 4 days; (3) previous

admission for other conditions (eg, major surgery), with subsequent in-

hospital COVID-19 infection; and (4) ultrafragile patient older than 90 years.

The retrospective analysis of data was approved by the Ethical Review Board

of Regione Liguria (IMMUNOCOVID-19, 221/2020-DB id 10564).
Outcomes and statistical analysis
A post hoc power calculation was run, showing that a sample size of 130

patients would provide a power of 80% (at a 95%CI) to detect a 55%mortality

reduction (assuming a mortality of 40% in the control group). All patients

were followed until recovery or death. The primary end point was overall sur-

vival (OS), calculated from the day of hospitalization. Patients were included

in the early AIT group if the treatment was started within 4 days from hospital

admission; patients who died before day 4 were excluded. The exclusion of

early deaths with a landmark of 4 days was motivated by the need to control

the immortal time bias: patients must survive long enough to be treated, and

those dying soon after admission are more likely to be included in the un-

treated group (for details, see SupplementaryAppendix available in theOnline

Repository at www.jacionline.org). Some patients (who entered the ICU at

hospitalization) received anakinra treatment after ICU admission. ICU admis-

sion was therefore considered to be a time-dependent covariate in the analysis.

To minimize the impact of the treatment indication bias inherent to

nonrandomized studies, OS was compared between treatment groups by a

propensity score (PS)-adjusted Cox model. The PS was derived by a logistic

regression model that included the following baseline variables: age; sex;

comorbidities (cardiovascular, diabetes, hypertension, chronic obstructive

pulmonary disease, and malignancies); smoking status; PaO2/FiO2 ratio; time

from the onset of symptoms to hospital admission; serum LDH, ferritin,

CRP, and D-dimer levels; lymphocyte counts; treatment with antivirals; and

treatment with anticoagulants. The assumption of positivity of the PS was

checked after the calculation. For each patient, the inverse probability of treat-

ment weight (IPW) based on PS was calculated. To assess the improvement in

balance of covariate distribution between the 2 groups after determination of

the IPW, the Cohen standardized mean differences (SMDs) were compared

between the 2 groups in the original samples and after weighting (the lower

the SMD, the highest the balance), with an SMD between 0.10 and 0.25 indi-

cating an acceptable balance.24

To make efficient use of the available data, we applied an advanced

multiple imputation of missing values strategy (10 imputations) for missing

baseline data25 before running the PS-adjusted and multivariate analyses.

CRP, D-dimer, LDH, and ferritin levels were log-transformed before the anal-

ysis to normalize their skewed distributions. Respiratory supportive care was

classified according to a 5-point score, with a score of 0 indicating ambient air,

a score of 1 indicating an FiO2 value of 24% to 32% (nasal cannula), a score of

2 indicating an FiO2 value of 35% to 60% (Venturi mask), a score of 3 indi-

cating continuous positive airway pressure, and a score of 4 indictingmechan-

ical invasive ventilation. The unadjusted cumulative probability of death was

displayed by means of Kaplan-Meier survival curves. A multivariate Cox

model was run as a sensitivity analyses on OS and to assess treatment in the

4 groups (see the Supplementary Appendix for details). A linear mixed model

with random intercept and random slope was used to assess longitudinal

change in the clinical parameters (CRP level, LDH level, PaO2/FiO2 ratio,

and respiratory score) after anakinra treatment in the experimental group.

The interaction between time and treatment group was tested in the model

to assess whether the parameters’ behavior over time was different between

the 2 arms of treated patients (treated with anakinra alone or anakinra plus a

glucocorticoid).
RESULTS

Patients
From February 26 to April 29, 2020, 146 consecutive patients

with complete clinical information at baseline and fulfilling the
inclusion criteria were evaluated. In all, 18 patients were excluded
for the following reasons: 8 died within 4 days after admission; 6
were older than 90 years; 2 deviated from the protocol (admin-
istration of low doses of anakinra at day 1 and 2 only); and 2
received early tocilizumab treatment (Fig 1).

A final cohort of 128 patients was therefore included in the
analysis (65 controls and 63 patients who received early AIT). In
the early AIT group, 30 patients received anakinra alone, whereas
33 received anakinra plus a glucocorticoid. The glucocorticoid
was started 1 or 2 days before the anakinra; in sporadic cases, they
were administered in combination. Of the 65 controls, 44 received
the SOC treatment alone and 21 received the SOC treatment
followed by late rescue AIT.

The demographic and clinical features of the patients are
reported in Table I. Additional details about the characteristics of
the 4 subgroups (SOC treatment only, SOC treatment plus late
rescue AIT, early AIT with anakinra alone, and early AIT with
anakinra plus a glucocorticoid) are reported in Table E1 (available
in this article’s Online Repository at www.jacionline.org). The
mean time from admission to therapy start of patients receiving
early AIT was 2.3 days (range 0-4) as compared with 11.2 days
(range 6-35) in the case of those receiving late rescue AIT. All pa-
tients received hydroxychloroquine and/or azithromycin as the
SOC treatment. Most of the baseline variables were unbalanced
between groups (SMD > 0.10) (Table I). The patients who
received early AIT were younger than the controls but generally
had a more severe inflammatory status (higher ferritin, CRP,
and D-dimer levels) and a lower PaO2/FiO2 ratio. There was also
an imbalance in comorbidities, with a higher proportion of pa-
tients with comorbidities in the control group, which was in
linewith their older age. Also, the proportion of patients receiving
antiviral therapy was higher among the controls than in the early
AIT group, whereas the opposite was true for enoxaparin.
Mortality and progression to invasive mechanical

ventilation
In all, 37 patients (29%) died. The number of deaths in the

AIT group was 9 of 63 (14%), including 4 of 30 (13%) in the
anakinra-alone group and 5 of 33 (15%) in the anakinra plus a
glucocorticoid group. The number of deaths in the control group
was 28 of 65 (43%), including 19 of 44 (43%) who received the
SOC treatment only and 9 of 21 (43%) who received the SOC
treatment plus late rescue AIT.

A total of 28 patients (13 in the early AIT group and 15 in the
control group) were admitted to the ICU. Seven patients who were
intubated at admission received earlyAIT (6 received anakinra alone
and 1 received anakinra plus a glucocorticoid) while in the ICU (see
Fig E1 in this article’s Online Repository at www.jacionline.org).

Unadjusted survival in the early AIT and control groups is
reported in Fig 2, A; in Fig 2, B the treatment group is split into the
subgroup receiving anakinra alone (solid line) and the subgroup
treated with anakinra in combination with a glucocorticoid
(dashed line), whereas the control group is split into the subgroup
receiving the SOC treatment only (solid line) and the subgroup
receiving the SOC treatment and late rescue AIT (dashed line).

http://www.jacionline.org
http://www.jacionline.org
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FIG 1. Flowchart of the patients analyzed in the study. GC, Glucocorticoid; pts, patients.

TABLE I. Baseline demographic and clinical characteristics

Characteristic Control group (n 5 65) Early AIT group (n 5 63) SMD P value

Age (y), mean (SD)

Median, range

67.3 (16.0)

68 (27-89)

60.7 (15.7)

59 (23-88)

0.42 .020

Sex (M/F), no. (%) 45/20 (69.2/30.8) 42/21 (66.7-33.3) 0.055 .85

Comorbidities (no.), mean (SD)

Median (range)

1.5 (1.5)

1 (0-5)

1.0 (1.1)

1 (0-4)

0.34 .13

Time of first symptom/admission (d), median (IQR) 5 (2-7) 7 (4-9) 0.30 .004

Ferritin level (ng/mL), mean (SD)

Median (IQR)

645 (707)

470 (202-810)

1174 (810)

951 (595-1543)

0.70 <.001

CRP level (mg/dL), mean (SD)

Median (IQR)

7.5 (7.5)

4.1 (1.9-11.0)

9.8 (6.3)

8.7 (4.4-13.5)

0.33 .007

D-Dimer level (ng/mL), mean (SD)

Median (IQR)

1870 (2215)

1142 (785-2267)

2226 (5499)

813 (535-1570)

0.085 .15

LDH level (U/L), mean (SD)

Median (IQR)

306 (146)

278 (198-398)

378 (137)

349 (272-453)

0.51 .002

Lymphocyte count (per mm3), mean (SD)

Median (IQR)

1.33 (1.34)

1.05 (0.8-1.35)

0.98 (0.50)

0.85 (0.67-1.28)

0.34 .055

PaO2/FiO2 ratio (mm Hg), median (IQR) 301 (217-374) 223 (147-300) 0.69 <.001

PaO2/FiO2 ratio < 300 mm Hg, no. (%) 33 (50) 48 (76.2) 0.56 .006

Diabetes, no. (%) 17 (26.2) 11 (17.5) 0.21 .29

Hypertension, no. (%) 27 (41.5) 22 (34.9) 0.14 .47

Cardiovascular disease, no. (%) 19 (29.2) 8 (12.7) 0.41 .03

COPD, no. (%) 10 (15.4) 5 (7.9) 0.23 .27

Malignancy, no. (%) 9 (13.9) 13 (20.6) 0.18 .35

Smoker, no. (%) 8 (12.3) 5 (7.9) 0.14 .56

Anticoagulant therapy, no. (%) 50 (76.9) 60 (95.2) 0.54 .004

Antiviral therapy, no. (%) 42 (64.6) 24 (38.1) 0.55 .004

Treated with CPAP at admission, no. (%) 9 (13.9) 22 (34.9) 0.50 .007

Mechanical ventilation at admission, no. (%) 5 (7.7) 7 (11.1) 0.12 .56

COPD, Chronic obstructive pulmonary disease; CPAP, continuous positive airway pressure; IQR, interquartile range.
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The baseline demographic and clinical characteristics and
unbalanced reduction after IPW are reported in Table E2 (avail-
able in this article’s Online Repository at www.jacionline.org).

In the IPW-Cox model including admission to ICU as a time-
dependent covariate, early AIT reduced the hazard of mortality by
74% (adjusted HR 5 0.26 [95% CI 5 0.10-0.66]; P < .001). In a
multivariate Cox model adjusting for all the selected baseline
characteristics as detailed in Table E3 (available in this article’s
Online Repository at www.jacionline.org), the effect was similar
in the group receiving anakinra alone (adjusted HR 5 0.28; P 5

http://www.jacionline.org
http://www.jacionline.org


FIG 2. A, Unadjusted Kaplan-Meyer survival curves in the early AIT (red) and in the control group (black). B,
The treatment group is split in the group receiving anakinra alone (solid line) or in combination with a gluco-

corticoid (GC) (dashed line), whereas the control group is split in the group receiving the SOC treatment

only (solid line) and in the group receiving the SOC treatment and late rescue AIT (dashed line).
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.04) and in the 1 patient receiving anakinra plus a glucocorticoid
(adjusted HR5 0.33; P5 .07) (see the Supplementary Appendix
and Table E4 available in this article’s Online Repository at www.
jacionline.org). Receiving late rescue AIT did not show a signif-
icant advantage in OS over receiving the SOC treatment alone
(adjusted HR 5 0.82; P 5 .70).
Behavior of the inflammatory and respiratory

parameters and comparison between anakinra

alone and anakinra plus a glucocorticoid in

responding patients
Fig 3, A shows the behavior of CRP level in patients receiving

early AIT compared with that in the controls (Fig 3, B). Fig E2, A
(available in the Online Repository at www.jacionline.org) shows
the amelioration of PaO2/FiO2 ratio, and Fig E2, B shows the
average score for respiratory supportive care over time in all sur-
viving patients receiving early AIT. The graphs were stopped at
day 10 because the high number of missing data points after
day 10 would have made the graphs misleading. The whole
follow-up was considered for the mixed model analysis, fitting
a linear trend from day 0 to the end of follow-up and comparing
the slopes of improvement between the anakinra-alone and ana-
kinra plus glucocorticoid arms.

The rapid improvement in all the inflammatory and respiratory
parameters is clear after the start of early AIT, with no significant
difference between the anakinra-alone and the anakinra plus
glucocorticoid groups for PaO2/FiO2 ratio (P 5 .11), LDH level
(P 5 .85), and respiratory supportive care score (P 5 .94).

The improvement in CRP level was more rapid in the anakinra
plus glucocorticoid group (mean time for CRP level normaliza-
tion (CRP level < 0.5 mg/dL) (mean time5 9.8 days6 8.1 days)
than in the anakinra-alone group (mean time5 16.8 days6 10.8
days [P5 .011]) (see Fig E3 available in the Online Repository at
www.jacionline.org).
Safety
None of the patients in early and late AIT groups discontinued

the treatment because of an elevation of liver enzyme levels.
Sudden death occurred in 1 patient in the early AIT group and in 1
patient during the SOC treatment. In both patients, acute pulmo-
nary thromboembolism was suspected despite ongoing enoxa-
parin prophylaxis. A total of 6 patients (2 in the early anakinra
group, 1 in early anakinra plus a glucocorticoid group, 2 in the
SOC treatment–only group, and 1 in the SOC treatment plus late
AIT group) displayed bacteremia during their hospitalization.
Four patients receiving AIT (3 treated with anakinra alone and 1
treated with anakinra and plus a glucocorticoid) displayed
candidemia. None of those patients died of sepsis.
DISCUSSION
The present study has reported on the use of early AIT with

anakinra in patients with severe COVID-19 pneumonia treated
during the first wave of the pandemic, and it provides the first data
on the efficacy of anakinra as monotherapy in comparison
with treatment consisting of a combination of anakinra plus a
glucocorticoid.

After the promising results of a first pilot study,14 the treatment
protocol was adopted as themain therapeutic approach in our hos-
pital. The aim was to aggressively tackle the inflammatory
response in patients with severe pulmonary involvement and clear
signs of inflammation since the first days after their admission.
The early AIT was associated with a reduction in mortality with
respect to patients who received the SOC treatment exclusively
or to whom anti-inflammatory drugs (anakinra or tocilizumab)
were administered as a rescue treatment later during the disease
course. The use of a glucocorticoid in combination with anakinra
did not change the probability of survival, but it did prompt a
faster decrease in the acute-phase reactants in the responding
patients.

A growing body of evidence is suggesting a pathogenic role for
monocyte cells and related inflammatory secreted molecules in
COVID-19.26-28 IL-1b is a proinflammatory cytokine secreted by
monocytes in response to different stimuli (including Toll-like re-
ceptor agonists, activated complement components, and IL-1b by
itself in an autocrine way) that induce fever and neutrophilia and
increase adhesion molecules’ gene expression on endothelial
cells.29 In vitro stimulation of the PBMCs of patients with

http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org


FIG 3. CRP level over time in the early AIT (treated) group and in the control group. Dotted lines represent

patients who died during follow-up; solid lines represent patients who recovered. Squares are the mean

values at each time point with its 95% CI.
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COVID-19 or isolated monocytes has shown an increased activa-
tion of the IL-1b pathway30 in a subset of patients, and serum
analysis has allowed a correlation between longitudinal IL-1b
levels and disease severity and risk of death.31 Whole blood32

and single-cell gene expression analyses have confirmed
increased transcription of the IL1B gene at least in a subset of
circulating monocytes26 and the activation of IL-1 response genes
in neutrophils of patients with severe COVID-19.27

In addition to the control of IL-1b oversecretion by circulating
and resident monocytes and macrophages, the use of recombinant
IL-1 receptor antagonist implies the possibility of also blocking
IL-1a. Endothelial cells and the type 2 epithelium of the lung
display high levels of constitutive IL-1a precursor. The IL-1 a
precursor is active and does not need processing by NLRP3;
therefore, the lytic effect of the viral infection might result in the
IL-1a precursor release contributing to initiation and perpetua-
tion of the inflammatory response at the tissue level.33 A number
of previous studies using a retrospective design have pointed out
the positive effect of anakinra in severe pulmonary COVID-19
infection13-21 (Table II). Most of them have described the
response to treatment in a selected group of patients without com-
parison with a control group (Table II). Other studies have used a
control group of patients who had similar conditions but were
not receiving the anti-inflammatory drug for different rea-
sons.13,17,18,21 In our study, we used the same approach, trying
to mitigate the intrinsic selection bias of nonrandomized studies
by applying a PS-adjusted analysis, as was recently recommended
for similar studies.34 An additional limitation of retrospective
studies comparing treated patients with untreated patients is a po-
tential immortal time bias: patients must survive long enough to
be treated, and those dying soon after admission are more likely
to be included in the untreated group. The exclusion of early
deaths with a landmark of 4 days was motivated by the need to
control the immortal time bias.

Despite these statistical methods to adjust the baseline un-
balances, we cannot exclude that part of the survival benefit
observed in patients treated with early AIT could be due to a
progressive optimization of the general management of critically
ill patients during the weeks during which the study was
performed.

Overall, the present data suggest that a high-dose AIT used in
the first phase of the disease—as soon as a severe inflammatory
pulmonary response necessitating oxygen or hospitalization
becomes evident—is able to provide a prompt amelioration of
the inflammatory and respiratory parameters in the majority of
patients with severe COVID-19 pneumonia.

The use of glucocorticoids was controversial because it was
done during the first weeks of the COVID-19 pandemic.35,36

Some retrospective studies37 and data from the Randomized Eval-
uation of COVID-19 Therapy (RECOVERY) trial38 pointed out
the possible protective role of glucocorticoids, especially in pa-
tients with a severe acute respiratory distress syndrome. The hy-
pothesis of a possible positive effect of early administration of a
glucocorticoid in combination with anakinra comes from the
daily practice in patients with severe cytokine storms, such as
MAS.3 In a recent study, the combination of anakinra plus a
glucocorticoid in 41 patients was associated with a risk of death
of 22%; with respect to the 46% of patients treated with tocilizu-
mab, however, this combination was mainly used in intubated pa-
tients.20 Similar results were recently reported by Bozzi et al.21

In our study no randomization was used to assign patients to
glucocorticoid treatment. The choice was essentially based on the
logistic organization in the hospital, prompting the immediate
start of administration of a glucocorticoid in all patients who



TABLE II. Studies on the use of anakinra in COVID-19 pneumonia

Study

No. of

patients Anakinra treatment

Control

group Statistical analysis Outcome Adverse events

Cavalli et al13 36 in

total

29

7

iv 5 mg/kg 23/d /
tapering

sc 100 mg 23/d

16 (SOC) Unadjusted Kaplan-

Meyer curve

Unadjusted HR 5 0.20

for mortality; 0.50 for

ICU admission (for iv

treatment only)

1 instance of bacteremia,

3 instances of increased

liver enzyme levels

(with discontinuation),

and 3 instances of APC

thromboembolism

Pontali et al14 5 iv 300 mg/d for 3 d /
tapering

No Descriptive All alive No instances of

bacteremia or increased

liver enzyme levels

Aouba et al15 9 sc 100 mg 23/d for 3

d /
100 mg/d for 10 d

No Descriptive All alive 3 instances of increased

liver enzyme levels and

1 instance of acute

respiratory failure

(discontinuation)

Dimopoluos

et al16
8 iv 200 mg 33/d for 7 d No Descriptive 3 deaths, 5 alive No bacteremia

Huet et al17 52 sc 100 mg 23/d for 3

d / 100 mg/d for 7

44 (SOC) Adjusted Cox model Adjusted HR 5 0.22 for

mortality or ICU

admission

7 instances of increased

liver enzyme levels (4

in the controls)

10 thromboembolic

events (5 in the

controls)

No bacteremia

Cauchois et al18 12 iv 300 mg/d for 5 d /
200 mg/d for 2 d /
100 mg/d for 1 d

10 (SOC) Descriptive Anakinra: all alive

Controls: 1 death

NR

Navarro-Millan

et al19
11 sc 100 mg 33/d /

tapering

3 (SOC) Descriptive Anakinra: 1 death

Controls: all alive

1 injection site reaction

4 bacterial infections

3 instances of increased

liver enzyme levels

Langer-Gould

et al20
41 sc variable schedule

(mean duration 9 d;

mean cumulative dose

1500 mg) 1
glucocorticoid

51

(tociluzumab)

Adjusted Cox mode Risk of death: 22% with

anakinra vs 46% with

tocilizumab

Adjusted HR 5 0.46 (NS)

NR

Bozzi et al21 65 iv 600 mg/d for 3 d /
300 mg/d for 11 d

1 a glucocorticoid

55 Adjusted Cox model Adjusted HR 5 0.18 for

mortality

Increased liver enzyme

levels (6.2%)

Neutropenia (1.5%)

9 instances of bacteremia

(anakinra 1
glucocorticoid) vs 4

instances in the control

group)

Present study Total 63

30

33

Early treatment iv 300

mg/d for 3

d /tapering

iv 300 mg/d for 3 d /
tapering 1 a

glucocorticoid 1-2 mg/

kg per day / tapering

Total 65

44 (SOC)

21 (SOC 1
late rescue

AIT)

IPW-Cox model Total, adjusted HR 5
0.26 for mortality

Adjusted HR 5 0.28 for

mortality

Adjusted HR 5 0.33 for

mortality

1 instance of sudden

death in anakinra (1 in

the controls)

3 instances of bacteremia

(2 who received the

SOC, 1 who received

late AIT)

4 instances of candidemia

(3 in the anakinra-only

group; 1 in the

anakinra 1
glucocorticoid group)

APC, Arterial pulmonary circulation; iv, intravenous; NR, not reported; NS, not significant; sc, subcutaneous.
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fulfilled the inclusion criteria and were temporarily admitted in
the emergency room, where anakinra was not available.

The group receiving an additional glucocorticoid did not
present substantial baseline demographic, inflammatory, or
clinical differences from those of the group receiving anakinra
alone; the longitudinal analysis of the inflammatory parameters
after the start of treatment suggests that an adjuvant glucocorti-
coid treatment could reduce the time required for control of the
inflammatory response, with an undefined impact in terms of
safety, especially in regard to opportunistic infections. In this
respect, the good safety profile of the use of anakinra in COVID-
19 that was observed in the present study is in line with the
findings in previous reports (Table E3). Along with the present
study, more than 300 patients with COVID-19 treated with ana-
kinra have been reported (Table E3). Despite all of the methodo-
logic limitations of retrospective studies, the cumulative evidence
coming from all of the currently available reports indicates ana-
kinra as a possible safe strategy to control the inflammatory
response in severe COVID-19 pneumonia. It is conceivable that
the availability of different studies of the use of anakinra will
allow a meta-analysis approach aimed at the identification of
those subsets of patients with the higher probability to benefit
from the treatment and at the optimization for a proper design
in future randomized clinical trials. In particular, the design of
new clinical trials using a combination of high doses of anakinra
plus a glucocorticoid should be focused on patients in the early
phases of their severe inflammatory pulmonary disease—as
soon as they require oxygen assistance and hospitalization.
Conversely, the inclusion in such studies of patients with milder
disease and a higher probability of recovery even without the
need for a more aggressive AIT might dilute the actual effect of
this approach in COVID-19 pneumonia.

In conclusion, our study confirms the potential efficacy and
safety of the early use of high doses of intravenous anakinra with
or without a glucocorticoid on the largest series of patients with
severe COVID-19 pneumonia reported so far; their concomitant
use may represent a valid approach to be tested in future
randomized trials in severely affected patients.

Clinical implications: High doses of anakinra plus a glucocorti-
coid should be used in the early phases of severe COVID-19
pneumonia, as soon as the patients require oxygen assistance
and hospitalization.
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