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STRUCTURED ABSTRACT

Background. Immunomodulants have been proposed to mitigate SEBv-2-induced cytokine
storm, which drives acute respiratory distress syme in COVID-19.

Objective. To determine efficacy and safety of the assoaiabiblL-1 receptor antagonist anakinra
plus methylprednisolone in severe COVID-19 pneumavith hyperinflammation.

Methods. Secondary analysis of prospective observationabrtostudies at an lItalian tertiary
health-care facility. COVID-19 patients consecutyveospitalized (02/25/2020 to 03/30/2020),
with hyperinflammation (ferritirk2000ng/mL and/or C-reactive protein >10mg/dL) aesbiratory
failure (oxygen therapy from 0.4 FiO2 Venturi maskinvasive mechanical ventilation) were
evaluated to investigate the effect of high-dosakama plus methylprednisolone on survival.
Patients were followed from study inclusion to d28 or death. Crude and adjusted (sex, age,
baseline Pa@FiO, ratio, Charlson Index, baseline mechanical vetila hospitalization to
inclusion lapse) risks were calculated (Cox prapodl regression model).

Results. 120 COVID-19 patients with hyperinflammation (mediage 62 years, 80.0% males,
median Pa@FiO, ratio 151, 32.5% on mechanical ventilation) wevaleated. Of these, 65 were
treated with anakinra and methylprednisolone an@é&é® untreated historical controls. At 28 days,
mortality was 13.9% in treated patients and 35.62«controls (Kaplan-Meier plots, p=0.005).
Unadjusted and adjusted risk of death was sigmfigalower for treated patients compared to
controls (HR 0.33 (95%CI 0.15-0.74), p=0.007 and KBBR8 (95%CI 0.07-0.50), p=0.001,
respectively). No significant differences in blottdam infections or laboratory alterations were
registered.

Conclusions. Treatment with anakinra plus methylprednisoloney ina a valid therapeutic option
in COVID-19 patients with hyperinflammation and pwatory failure, also on mechanical
ventilation. Randomized, controlled trials incluglinse of either agent alone are needed to confirm

these results.



CLINICAL IMPLICATIONS:
In the search for an optimal support treatment,lwoation of high-dose anakinra plus
methylprednisolone may be beneficial in COVID-19ese pneumonia with

hyperinflammation. This combined treatment is cdat# for further investigation.

CAPSULE SUMMARY:
Treated patients (32% on mechanical ventilatian@tision) had a significantly higher 28-
day survival than controls (86.1% vs 64.3%, respelgt). No significant adverse event was

registered during treatment. Randomized, contrdtiets are needed.

KEYWORDS:
SARS-COV-2; COVID-19; hyperinflammation; anti-inewkin 1; anakinra; corticosteroids;

methylprednisolone; immunomodulation; respirat@yjuire; mechanical ventilation

ABBREVIATIONS:

AE: adverse events

CCI: Charlson Comorbidity Index
COVID-19: coronavirus disease 2019
CRP: C-reactive protein

CSS: cytokine storm syndromes

IL-1: interleukin-1

IQR: interquartile range

MPD: methylprednisolone

MV: mechanical ventilation



SARS-CoV-2: severe acute respiratory syndrome @wious 2



INTRODUCTION

As of November 2020, the ongoing pandemic of covona disease 2019 (COVID-19) caused by
severe acute respiratory syndrome coronavirus R&A0V-2) affected 46 million people world-
wide, resulting in over 1.2 million deaths [1].

High levels of pro-inflammatory cytokines, C-reaetiprotein (CRP) and ferritin correlate with
worse outcomes in patients with severe COVID-19][26Growing evidence suggests that these
patients develop a hyperinflammatory syndrome rédiagn cytokine storm syndromes (CSS),
potentially benefiting from immunomodulatory treamh [5].

IL-1-receptor antagonist anakinra is one of theokiyte-blocking agents employed for COVID-19
treatment [5]. While randomized clinical trials apagoing [6], single-center experiences have
reported encouraging findings [7-10]. The short-hitd of anakinra enables to rapidly discontinue
its action in case of adverse reactions or secgnifdections, making its use suitable also for
critically ill patients [7,10]. IL-1 inhibition isalso associated with reduction in endothelial
dysfunction and microvascular alteration [11], whicseem crucial in COVID-19-related
thromboembolic events [12].

Corticosteroid treatment is a cornerstone in th@agament of non-infectious hyperinflammatory
conditions, namely CSS [13]. Favorable data haaently emerged in support of the use of
corticosteroids in patients with severe COVID-18pexially in those receiving invasive mechanical
ventilation [14-17]. In a recent meta-analysis adgpective, randomized clinical trials on critigall

ill patients with COVID-19, use of corticosteroidesmpared to placebo or standard of care (SOC)
resulted in a significantly lower 28-day mortalify8].

With this study, we aimed at investigating efficaayd safety of combined treatment with anakinra
and methylprednisolone (anti-IL-1+MPD) in COVID-J8atients with hyperinflammation and

respiratory failure.

RESULTSAND DISCUSSION



Out of 476 COVID-19 patients admitted at our haddietween February 25 and March 30, 2020, a
total of 120 (25.2%) patients with hyperinflammati@nd respiratory failure were included
according to inclusion/exclusion criteria (see MEJBIS in the Online Repository). Of these, 65
were treated with anti-IL-1+MPD and 55 were unteeatistorical controls.

Median age of study population was 62 years (IQR5-F40), 80.0% (96/120) were males and
median Charlson Comorbidity Index (CCI) was 0 (IQR). At inclusion, median PaO2:FiO2 ratio
was 151 (105-204.5), 32.5% (39/120) were on MV, iaederritin was 1555 mcg/L (1239-2679),
median CRP was 15.2 mg/dl (10.8-23.1). Comparddstorical controls, patients treated with anti-
IL-1+MPD had less frequently CCI>1 (25% versus #6.4p=0.017), longer duration of
hospitalization before inclusion (3 versus 1 mediays, p<0.0001), lower baseline PaO2:FiO2
ratio (median of 142 versus 173, p=0.049), redugexportion of lopinavir/ritonavir treatment
(30.8% versus 70.9%, p<0.0001) and higher proportib anti-coagulant therapy (63.1% versus
38.9%, p=0.009). The two groups did not differ lypeagender, number of patients on MV at
inclusion, baseline ferritin, CRP, lymphocyte arndt@let counts, hemoglobin and liver enzyme
levels, use of remdesivir and hydroxichloroquinemy hospitalization (Table 1).

Within the 28-day follow-up, 28/120 (23%) patierdied, 9/65 (13.9%) in the anti-IL-1+MPD
group compared to 19/55 (35.6%) controls (Kaplanevieurves, p=0.004, Figure 1A). Among
patients without MV, mortality rate was 6/47 (12)8% anti-IL-1+MPD compared to 10/34
(29.4%) in controls (p=0.04, Figure 1B). Among thagith MV, it was 3/18 (16.7%) in anti-IL-
1+MPD and 9/21 (42.8%) in controls (p=0.076, Figl. Overall cumulative risk of death at 28
days was significantly lower for anti-IL-1+MDP cosamed to controls (HR 0.33, 95%CI 0.15-0.74,
p=0.007). Other factors significantly associatedhwsurvival were age <65 years, baseline
PaQ:FiO; ratio >100 and CCI 0 compared=th. No association to survival was found for anévir
treatment or for anticoagulant therapy (see Tald&sand E2 in the Online Repository). At

multivariable analysis, treatment with anti-IL-1+ERvas found to be independently associated



with survival when adjusted by gender, age, basdiaQ:FiO, ratio, CCI, MV at inclusion, and
days between hospitalization and inclusion (HR 09836CI 0.07-0.50, p=0.001) (see Table E3 in
the Online Repository).

Treated patients experienced consistent improvesriantespiratory function and a rapid lowering
of serum CRP levels during treatment (Figure 2).

Overall, anti-IL-1+MPD treatment was well tolerateGrade >3 gamma-glutamyl transferase
increase (27.7%), anemia (24.6%), alanine transasmimcrease (6.2%), granulocytopenia (1.5%)
were observed in treated patients. However, a caabjeproportion of these AEs were observed
within controls. No difference in AE were reportieefween intravenous and subcutaneous route of
administration. Nine bloodstream infections (13.8%gre observed in anti-IL-1+MDP and 4

(7.3%) in controls (p=0.23).

To the best of our knowledge, this is the largésteovational study evaluating efficacy of anakinra
associated with methylprednisolone in COVID-19 g@atis with hyperinflammation and respiratory
failure.

Several clinical trials are currently in progresselvaluate the benefits of anakinra treatment in
COVID-19 [6]. In a retrospective study of COVID-patients with respiratory failure outside the
ICU, Cavalli et al. found a survival benefit in higlose anakinra (5 mg/kg twice a day
intravenously) use compared to SOC (90% vs 56%agtal) [9]. A significant reduction in a
composite outcome of mortality and/or ICU admissias also observed in a French cohort treated
with subcutaneous anakinra (100 mg twice a day7frours, then 100 mg daily for 7 days)
compared to historical controls (25% vs 73% at @8y [10]. In contrast to these studies, our
analysis encompassed almost one third of patieB®s5%) who were on MV at inclusion.
Moreover, combined treatment with high-dose anakamd methylprednisolone was chosen based
on widely approved treatment regimens used in gseggtokine storm syndromes [13]. Of note,

corticosteroids such as dexamethasone [14,15] athkiytprednisolone [16,17] have recently shown



to be beneficial in COVID-19 patients with respingt failure. In the RECOVERY trial, the
addition of short-course dexamethasone (6mg g2di@odays or less) to SOC resulted in lower
28-day mortality compared to SOC alone among halspstd COVID-19 patients (22.9% vs 25.7%,
respectively) [14]. Interestingly, the highest biesial effect was obtained in patients on invasive
mechanical ventilation (29.3% mortality in the devehasone group compared to 41.4% mortality
in the SOC group at day 28), whereas no differeva®e seen among those receiving no respiratory
support. No treatment with anakinra was reporteéng of the study arms. Conversely, in the
CoDEX trial, the addition of intravenous dexametimes (20 mg g24h for 5 days, followed by 10
mg g24h for additional 5 days) to SOC compared@& &lone in mechanically ventilated COVID-
19 patients with moderate to severe ARDS resulted isignificant benefit in the number of
ventilator-free days (6.6 vs 4.0 days) but not ilkcause 28-day mortality (56.3% vs 61.5%,
respectively) [15]. In their multicenter quasi-expeental study, Fadel et al. compared mortality
and/or ICU admission of patients with moderateewese COVID-19 either on early, short-course
methylprednisolone (0.5 to 1 mg/kg/die for 3 daysBOC [16]. The composite endpoint occurred
at lower rate in the methylprednisolone group (3¢ 54.3% at day 14). Again, no patient was
treated with anakinra. Ramiro et al. prospectivelyestigated the effect of high-dose intravenous
methylprednisolone (250 mg on day 1 followed byn8§ on days 2-5) on the outcome of patients
with severe COVID-19-associated CSS and respirataitlyre [17]. In 43% of cases anti-IL6
tocilizumab was added as escalation of immunosggpe treatment, whereas no patients received
anakinra. Compared to matched historical conttadspital mortality was 65% lower and the need
of mechanical ventilation was 71% lower in the tng@nt group. Table 2 summarizes the major
clinical studies that have employed either anaki@ane or steroids alone for the treatment of
severe COVID-19 so far.

In our study, patients treated with the combinabbanakinra plus methylprednisolone experienced
lower mortality than controls (13.9% vs 35.6% ay @8, p=0.004). Notably, mortality in treated

patients who were on MV at baseline was as low&g%, yet only a trend towards significance



emerged compared to SOC group, possibly due taddnsample size. The outcomes of this
population can be compared to the results of MVeptd in the RECOVERY trial (no comparison
can be made for non-MV patients due to differesedse severity between studies) [14]. While the
28-day mortality is similar between MV patientsciontrol groups (42.8% vs 41.4%), our cohort of
patients treated with anti-IL-1+MPD seemed to haxperienced a better outcome than patients in
the dexamethasone arm of RECOVERY trial (16.7% ¥8% mortality at 28 day, respectively).
The use of anakinra as add-on therapy to corticmsi®may provide meaningful clinical benefits in
this setting and warrants further consideratione Thpact of combined treatment was confirmed
after adjusting by age, comorbidities, respiratdygfunction and length of hospitalization before
inclusion, with a 18% reduction in mortality. Combéd treatment was overall well tolerated, with
no significant differences in AE compared to colstré-requencies of bloodstream infections and
laboratory alterations of patients treated withkama plus methylprednisolone were similar to
those reported in studies investigating anakinra sisgle agent [8-10].

Our work has limitations. Firstly, the monocentmature of the study might affect the
generalizability of our results. Secondly, althowgimtrols have been recruited in the same setting,
their number is lower than the cases, mainly bexdlne association of anti-IL-1+MPD has been
implemented relatively early during the pandemibirdly, since no groups treated either with
anakinra alone or methylprednisolone alone haven beeluded in the analysis, no definitive
conclusions could be drawn on the single or sysaogeffect of the two drugs. Moreover, standard-
of-care consisted of evolving combinations of airai¢ and anti-coagulant therapy which, although
not significantly associated to survival, represemotential bias. Lastly, no primary hard endpoint
other than 28-day mortality was considered: intefiate endpoints may help better evaluating
treatment efficacy in patients with different setyeand length of disease.

In conclusion, combined treatment with anakinra andthylprednisolone may be a valid

therapeutic option in COVID-19 patients with hypéiammation and respiratory failure, also in



mechanically ventilated patients. Randomized, adliet trials that include arms for steroids and

anti-IL1 therapy alone are needed to confirm thesalts.

For detailed methods, please see the Methods sedctiathis article’s Online Repository at

www.jacionline.org
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Table 1 — Summarization of the study population characteristics according to treatment with

anakinra and methylprednisolone. Continuous variables are presented as median (interquartile

range), categorical variables are reported as absolute number (percentage)

N Treated N Not treated p value
Demographics
Age, years 65 60 (54-69) 55 63 (55-76) 0.339
Gender, male 65 52 (80%) 55 44 (80%) 1.000
Charlson Comorbidity Index 65 0 (0-0) 55 0(0-1) 0.037
Charlson Comorbidity Index 21 64 16 (25%) 55 25 (45.4%) 0.017
Days between hospitalization and inclusion 65 3(1-6) 55 1(0-2) <0.0001
Respiratory function at inclusion
Pa02:FiO2 ratio
<100 62 19 (30.7%) 50 7 (14.0%)
100-200 62 32 (51.6%) 50 24 (48.0%)
200-300 62 9 (14.5%) 50 14 (28.0%) 0049
300-400 62 2 (3.2%) 50 5 (10.0%)
Mechanical Ventilation 65 18 (27.7%) 55 21 (37.5%) 0.222
Laboratory markers at inclusion
Ferritin, ng/mL
<2000 63 35 (56.45%) 38 27 (71.0%)
>2000 63 27 (43.55%) 38 11 (29.0%) 0144
Lymphocyte count, 1073/I 63 0.7 (0.5-0.9) 55 0.8 (0.5-1.1) 0.458
C-Reactive Protein, mg/d| 65 14.8 (9.0-24.5) 51 15.6 (11.5-21.9) 0.969
Hemoglobin, g/dL 65 12.9 (10.6-14.1) 55 12.5(10.9-14.1) 0.912
Platelet count, 1073/l 65 244 (177-326) 55 230 (189-304) 0.436
Alanine transaminase , U/L 62 41 (28-56) 51 38.0(25.0-73.0) 0.899
Gamma-glutamyl transferase, U/L 41 59.0 (34.4-110.8) 41 53.0 (26.6-95.0) 0.792
d-dimer, mcg/L 56 1220 (855-2906) 47 1271 (1059-1854) 0.944
Concomitant medications
Remdesivir 65 8 (12.3%) 55 11 (20.0%) 0.250
Hydroxychloroquine 65 65 (100%) 55 52 (94.6%) 0.057
Lopinavir/ritonavir 65 20 (30.8%) 55 39 (70.9%) <0.0001
Anti-coagulant therapy 65 41 (63.1%) 54 21 (38.9%) 0.009




Table 2 — Summarization of major clinical studies that have employed either anakinra alone or

steroids alone for the treatment of severe COVID-19

investigated

Reference drug study design | study population treatment/intervention | outcomes
Cavalli et anakinra monocentric | ¢  hyperinflammation | IV anakinra 5 mg/kg e 21-day
al., Lancet retrospective (CRP 2100 mg/L twice a day (n° 29) vs survival:
Rheumatol case — and/or ferritin SOT (n° 16, historical 90% in
2020 [9] control study >900 ng/mL) controls) anakinra
(Italy) « bilateral group vs
pneumonia 56% in SOT
e Pa02:Fi02 <200 group
mmHg on non- (p=0.009)
invasive ventilation *  mechanical
*  No mechanically ventilation-
ventilated patients free
survival:
72% in
anakinra
group vs
50% in SOT
group
(p=0.15)
Huet et al., | anakinra monocentric | ¢  bilateral SC anakinra 100 mg * need for
Lancet case-control pneumonia twice daily for 72 hours invasive
Rheumatol study »  oxygen saturation | followed by 100 mg mechanical
2020 [10] (prospective of <93% under daily for 7 days (n° 52) ventilation
cohort with oxygen 6 L/min or vs SOT (n° 44, historical or death:
historical more, or controls) 25% in
controls) saturation <93% anakinra
(France) under oxygen 3 group vs
L/min with a loss 73% in SOT
of 3% in 24 hours group (95%
*  No mechanically €l 0.10-
ventilated patients 0.49,
p=0.00021)
Cauchois anakinra multicentre e hyperinflammation | IV anakinra 300mg daily | «  mortality:
etal, retrospective (CRP 2110 mg/L) for 5 days tapered to 0% in
PNAS 2020 case — e  bilateral 200mg daily for 2 days anakinra
control study pneumonia and 100mg for 1 day (n° group vs
(France) . increase of oxygen 12) vs SOT (n° 10) 10% in SOT
requirement of group
more than 4 L/min (p=0.45)
in the previous 12 * ventilator-
hours free days
¢ mechanically during the
ventilated patients first 20
included (2 in days
anakinra group vs (number of
4in SOT group) days alive
and free
from MV):
20in
anakinra

group vs 17




in SOT
group
(p=0.06)
number of
days with
oxygen
requiremen
t less than
3 L/min:
15.5in
anakinra
group vs 8
in SOT
group
(p<0.05)

Horby et
al.,, N Engl
J Med
2020 [14]

dexamethasone

multicentre
randomized
open-label
trial (United
Kingdom)

Hospitalized
patients with
SARS-CoV-2
infection
mechanically
ventilated patients
included

SOT + oral or IV
dexamethasone 6 mg
once daily for up to 10
days (n° 2104) vs SOT
(n®4321)

overall 28-
day
mortality:
22.9% in
dexametha
sone group
vs 25.7% in
SOT group
(95% ClI
0.75-0.93)
[29.3% vs
41.4% in
mechanicall
y ventilated
patients
(95% ClI
0.51-0.81);
23.3% vs
26.2% in
patients
with
oxygen
requiremen
t (95% Cl
0.72-0.94);
17.8% vs
14.0% in
patients
with no
respiratory
support
(95% ClI
0.91-1.55)]

Tomazini
etal.,
JAMA
2020 [15]

dexamethasone

multicentre
randomized
open-label

trial (Brazil)

mechanically
ventilated patients
only

MV for less than
48 hours
moderate to
severe ARDS
(Pa02:Fi02 <200
mmHg)

No corticosteroid

SOT + IV
dexamethasone 20 mg
daily for 5 days followed
by 10 mg daily for
additional 5 days or
until ICU discharge (n°
151) vs SOT (n° 148)

ventilator-
free days
during the
first 28
days: 6.6 in
dexametha
sone group
vs4.0in
SOT group
(p=0.04)




use in the previous 28-day
15 days mortality:
56.3% in
dexametha
sone group
vs 61.5% in
SOT group
(p=0.85)
Fadel et MPD multicentre bilateral IV MPD 0.5-1 mortality:
al., Clin quasi- pneumonia mg/kg/day for 3 days 13.6% in
Infect Dis experimental oxygen (up to 7 dayinICU MPD group
2020 [16] study (United requirement of 4 patients) (n° 132) vs vs 26.3% in
States) L/min or more, or SOT (n° 81, historical SOT group
escalating oxygen | controls) (p=0.024)
requirement from need for
baseline MV: 21.7%
mechanically in MPD
ventilated patients group vs
included 36.6% in
SOT group
(p=0.025)
ICU
admission
during
hospitalizat
ion: 27.3%
in MPD
group vs
44.3% in
SOT group
(p=0.017)
composite
outcome
(all three
above):
34.9% in
MPD group
vs 54.3% in
SOT group
(p=0.005)
Ramiroet | MPD monocentric hyperinflammation | IV MPD 250 mg on day clinical
al., Ann case-control (at least two: CRP 1 followed by 80 mg improveme
Rheum Dis study >100 mg/L, ferritin | daily for 2-7 days with nt (2 points
2020 [17] (prospective >900 ng/mL, D- possible escalation with in the WHO
cohort with dimer >1500 TCZ (single dose 8 7-point
historical mcg/L) mg/kg) at day 2-5 if ordinal
controls) bilateral worsening in clinical or scale):
(Netherlands) pneumonia respiratory status (n° 74.4% in
oxygen saturation | 86) vs SOT (n° 86, MPD group
of <94% in historical controls) vs 51.2% in
ambient air or SOT group
tachypnoea (p=0.0025)
>30/min mortality:
mechanically 16.3% in
ventilated patients MPD group
included (1 in MPD vs 47.7% in
group vs 13 in SOT SOT group

(p=0.0004)




group) *  need for
MV:11.6%
in MPD
group vs
27.9% in
SOT group
(p=0.0003)

Legend: CRP C-reactive protein, IV intravenous, Stahdard of therapy, SC subcutaneous, CI
confidence interval, MV mechanical ventilation, MPi2thylprednisolone, ICU intensive care unit,
TCZ tocilizumab (humanized monoclonal antibody agathe interleukin-6 receptor)



FIGURE LEGENDS

Figure 1 — Survival according to treatment with anakinra and methylprednisolone (anti-IL-1+MPD).
Both treated patients and controls were characterized by hyperinflammation and respiratory
failure and fulfilled inclusion/exclusion criteria (see METHODS in the Online Repository). Panel A):
survival of all individuals exposed to combined treatment is shown in the red color, dotted line;
survival of the control group is shown in the blue color, continuous line; Panels B and C): survival
of individuals exposed to combined treatment compared to controls in patients without and with
mechanical ventilation at inclusion, respectively.

Figure 2 — Daily changes in serum C-reactive protein (CRP) from inclusion to day 14 (overall
duration of the treatment with anakinra and methylprednisolone) for treated (Panel A) and

untreated (Panel B) patients.
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METHODS

A secondary analysis of prospective, observati@ohlort studies (COVID-19 Network; nCOV-
2019 ICU Study) was performed at Fondazione IRCC& Granda Ospedale Maggiore
Policlinico, Milan, Italy (Institutional Review Bod #241 2020; #236_2020). All COVID-19
patients who fulfilled the following inclusion ceitia were analyzed: age >18 years; evidence of
pneumonia; ferritirx1000ng/mL and/or CRP >10mg/dL (see [2-4,6]); respity failure with need

of supplemental oxygen (oxygen therapy from 0.4 Z\enturi mask to invasive mechanical
ventilation-MV). Exclusion criteria were: data alale for <48 hours or death within 48 hours
from inclusion; symptoms for <7 days; uncontrolleatterial infections (i.e., sepsis/septic shock);
treatment with anti-IL-1 or MPD alone.

From March 5, 2020, patients were treated off-lalvéh anti-IL-1+MPD according to local
standard operating procedures. Treatment was ingrited at a different time in distinct settings (
e, COVID-19 intensive care unit, sub-intensive caret, internal medicine), starting from the
intensive care unit. Written informed consent fdf-label use was obtained from all patients
(except those on MV). The control group included\@® 19 patients admitted and followed from
February 25, 2020, to the time of anti-IL-1+MPD roduction. Patients who retrospectively
fulfilled all the inclusion and exclusion criterfar treatment were consecutively included in the
control group.

Anakinra (Swedish Orphan Biovitrum AB (SOBI), Swajlevas administered subcutaneously at
200mg g8h for 3 days, then 100mg g8h up to daylB# MV patients were treated with off-label
intravenous administration (3-hour infusion tim8)10,13]. Intravenous route was chosen in view
of the pharmacokinetics alterations of critically patients in the ICU i(e.,, high volume of
distribution, massive generalized cutaneous edemsegjuent to water retention and low albumin).
Also, since MV patients were on anti-coagulant dpgr subcutaneous administration could caused

to hematomas or infectious complications.



Methylprednisolone was administered at 1mg/kg logdiose, then 1mg/kg/day (fractioned, two
doses) for 5 days, then 0.5mg/kg/day (fractioned,doses) for 5 days, followed by 0.25mg/kg/day
(g24h or fractioned) up to day 14.

All subjects received the treatment which was aiergid standard-of-care at time of the study,
which includes hydroxychloroquine in most cases kpahavir/ritonavir in some. Some patients
were also subjected to the use of experimentaliaaitiremdesivir through compassionate use
(Table 1). According to the hospital internal gliidkes, all patients received antithrombotic
prophylaxis/treatment with enoxaparin sodium duringspitalization. Specifically, until mid
March, 2020, hospital guidelines recommended prigpdg/with 100 U/kg g24h for patients <80Kg
and 5000 U qg12h for >80Kg (if normal renal funcdioimrespectively of the severity of the disease.
From mid March, based on increased observatiotisromboembolic events in severe COVID-19
patients, dosage was increased and stratified diocpto the severity of the disease (and the
corresponding risk of thromboembolic events): 10Rgy24h in COVID-19 internal medicine (70
U/kg gq12h for obese patients), 70 U/kg q12h in CDNIB sub-intensive care units, 100 U/kg q12h
in COVID-19 intensive care unit. This latter schewas considered in evaluating the percentages
of anticoagulant therapy reported in Table 1.

Primary outcome was 28-days survival rate. Advessents (AE) were graded according to
CTCAE_v4.0.

Differences between groups were assessed usingdmpe t-test ovwilcoxon rank-sum test for
parametric and non-parametric continuous varialded Fisher's exact test for categorical
variables. Study inclusion (t0) started at antitkMPD initiation (cases) or when ferritin/CRP
levels above thresholds were registered (contrilaplan-Meier plots were used for survival data.
Patients were followed from tO to day 28 or de#itllischarged earlier than day 28, patient status
was assessed by post-discharge follow-up phons. ¢afladjusted and adjusted Cox proportional
regression models were performed after controlforgproportional hazards assumption. Factors

associated with mortality at univariate analysigl drospitalization setting (days elapsed from



hospitalization to t0, MV at inclusion) were coresied as covariates. Statistical significance set at

<0.05. Analyses were performed using SAS softwedely



TABLES

Table E1 — Sensitivity analysis of the impact of anti-colagu therapy on the clinical outcome of

treated and control patients. Variables are redageabsolute number (percentage).

Characteristics Ranges Num_ber of Deaths p value
patients

anti-IL-1+MPD

Anti-coagulant

therapy No 24 2 (8.3) 0.466
Yes 41 7 (17.1)

No anti-IL-1+MPD

Anti-coagulant

therapy No 33 10 (30.3) 0.554
Yes 21 8(38.1)

Table E2 — Sensitivity analysis of the impact of antivithérapy (lopinavir/ritonavir +

hydroxychloroquine) on the clinical outcome of tezhand control patients. Variables are reported

as absolute number (percentage). Three patietit® icontrol group that were treated with

lopinavir/ritonavir alone were excluded.

- Number of

Characteristics Ranges patients Deaths p value

anti-IL-1+MPD

antiviral therapy No 45 8(17.8) 0.169
Yes 20 1(5.0)

No anti-IL-1+MPD

antiviral therapy No 13 3(23.1) 0.488
Yes 39 13 (33.3)




Table E3 — Crude and adjusted Cox proportional regressiodats of the treatment with anakinra

and methylprednisolone

5 .
Hazard Ratio 95/0. confidence p value
interval
Crude 0.33 0.15-0.77 0.007
Adjusted* 0.18 0.07-0.50 0.001

*Adjusted Cox proportional regression model by:,sge, PaO2/FiO2 at baseline, Charlson Comorbidity
Index, mechanical ventilation at inclusion and delgpsed from hospitalization to inclusion.

The proportional hazards (PH) assumption was clitlbieusing a transform of the Schoenfeld residaats
perform a supremum test of the null hypothesisti@bbserved pattern of martingale residuals veas n
different from the expected pattern (https://stdits.ucla.edu/sas/seminars/sas-survival/).



