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Abstract
Background: Macrophage activation-like syndrome (MALS) 
and complex immune dysregulation (CID) often underlie 
acute respiratory distress (ARDS) in COVID-19. We aimed to 
investigate the effect of personalized immunotherapy on 
clinical improvement of critical COVID-19. Methods: In this 
open-label prospective trial, 102 patients with ARDS by Trial Registration: ClinicalTrials.gov, NCT04339712.

This is an Open Access article licensed under the Creative Commons 
Attribution-NonCommercial-4.0 International License (CC BY-NC) 
(http://www.karger.com/Services/OpenAccessLicense), applicable to 
the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.



Personalized Immunotherapy in 
COVID-19

219J Innate Immun 2022;14:218–228
DOI: 10.1159/000519090

SARS-CoV-2 were screened for MALS (ferritin >4,420 ng/mL) 
and CID (ferritin ≤4,420 ng/mL and low human leukocyte an-
tigen (HLA)-DR expression on CD14-monocytes). Patients 
with MALS or CID with increased aminotransferases received 
intravenous anakinra; those with CID and normal amino-
transferases received tocilizumab. The primary outcome was 
≥25% decrease in the Sequential Organ Failure Assessment 
(SOFA) score and/or 50% increase in the respiratory ratio by 
day 8; 28-day mortality, change of SOFA score by day 28, se-
rum biomarkers, and cytokine production by mononuclear 
cells were secondary endpoints. Results: The primary study 
endpoint was met in 58.3% of anakinra-treated patients and 
in 33.3% of tocilizumab-treated patients (p: 0.01). Most pa-
tients in both groups received dexamethasone as standard 
of care. No differences were found in secondary outcomes, 
mortality, and SOFA score changes. Ferritin decreased 
among anakinra-treated patients; interleukin-6, soluble uro-
kinase plasminogen activator receptor, and HLA-DR expres-
sion increased among tocilizumab-treated patients. Survi-
vors by day 28 who received anakinra were distributed to 
lower severity levels of the WHO clinical progression scale. 
Greater incidence of secondary infections was found with 
tocilizumab treatment. Conclusion: Immune assessment re-
sulted in favorable anakinra responses among critically ill pa-
tients with COVID-19 and features of MALS.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Background

Early from the start of the pandemic caused by SARS-
CoV-2, it was realized that patients with severe or critical 
illness present with profound immune dysregulation 
with the main features of lymphopenia, hyperproduction 
of pro-inflammatory cytokines, hyperferritinemia, and 
pro-inflammatory/anti-inflammatory imbalance [1–6]. 
An important question arising regarding the transition 
from severe COVID-19 pneumonia to critical illness and 
acute respiratory distress syndrome (ARDS) was wheth-
er this was identical in all patients, or whether different 
immune endotypes can be described in the severely ill 
patients [7]. Based on earlier studies, we used serum fer-
ritin and the expression of the human leukocyte antigen 
(HLA)-DR on circulating monocytes as biomarkers of 
immune dysregulation. Ferritin has emerged as a bio-
marker of COVID-19, indicative of hypercytokinemia, 
hyperinflammation, and cell damage resulting from sus-
tained macrophage activation; hyperferritinemia is also 
indicative of liver dysfunction, pro-coagulation, and sub-
stantial risk for death [5, 6]. We selected a cutoff ferritin 

of 4,420 ng/mL for the diagnosis of macrophage activa-
tion-like syndrome (MALS), as previously done for sep-
sis [8, 9]. Analysis showed that almost 25% of patients 
with ARDS by COVID-19 had MALS, whereas the rest 
had low expression of HLA-DR on circulating mono-
cytes. This low HLA-DR expression was interpreted as 
complex immune dysregulation (CID), since circulating 
monocytes retained their potential for cytokine produc-
tion [7].

Previous studies in sepsis have shown that patients 
with MALS have survival benefit from treatment with 
anakinra, a nonglycosylated recombinant protein of in-
terleukin (IL)-1 receptor antagonist [10]. The addition of 
the IL-6 receptor antagonist tocilizumab in cultures of 
circulating monocytes of patients with ARDS by CO-
VID-19 and CID restored the expression of HLA-DR [7]. 
These findings guided the concept to approach immuno-
therapy in critically ill patients with COVID-19 through 
personalized treatment based on their immune profile, 
that is, MALS or CID. Efficiency in management of organ 
dysfunction associated with infection by the novel SARS-
CoV-2 virus through a personalized immunotherapy ap-
proach (ESCAPE) was an exploratory phase II trial where 
patients with critical COVID-19 were allocated to open-
label treatment with anakinra or tocilizumab if they were 
presenting with MALS or CID, respectively.

Patients and Methods

ESCAPE was an open-label phase II prospective clinical trial 
conducted in 4 departments of internal medicine and 7 intensive 
care units of tertiary hospitals in Greece between April 2020 and 
November 2020 (EudraCT number 2020-001039-29; Clinicaltri-
als.gov NCT04339712). The trial was conducted in accordance 
with the Declaration of Helsinki and was approved by the Nation-
al Ethics Committee of Greece (approval 30/20) and by the Na-
tional Organization for Medicines of Greece (approval IS 021-20).

Enrolled patients were adults of both genders with written in-
formed consent provided by themselves or their legal representa-
tives; they presented ARDS and laboratory findings of MALS or 
CID. MALS was defined as any serum ferritin >4,420 ng/mL. CID 
was defined as a serum ferritin ≤4,420 ng/mL and <5,000 receptors 
of the membrane HLA-DR or 30 mean fluorescence intensity units 
of HLA-DR on blood CD14-monocytes by flow cytometry (meth-
ods details are shown in the online suppl. material; for all online 
suppl. material, see www.karger.com/doi/10.1159/000519090). 
Exclusion criteria were stage IV malignancy; do not resuscitate 
decision; active tuberculosis; infection by the human immunode-
ficiency virus; primary immunodeficiencies; intake of corticoste-
roids for more 15 days; anti-cytokine biological treatments the last 
1 month; history of systemic lupus erythematosus or demyelinat-
ing disorder; and pregnancy or lactation.
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Patients were treated with anakinra for MALS and with tocili-
zumab for CID. Patients with CID and a neutrophil count <2,500/
mm3 or a platelet count <100,000/mm3 or serum aminotransfer-
ases >1.5 × the upper normal when tocilizumab is contraindicated 
were treated with anakinra. Although anakinra is not the best suit-
able candidate drug for these patients, the need for some biological 
treatment other than tocilizumab, which is not allowed due to the 
hematological profile and/or liver function and the moderate fea-
tures of macrophage activation present in CID, has driven the de-
cision to treat them with anakinra. Both drugs were administered 
intravenously: tocilizumab as single 8 mg/kg dose up to 800 mg 
maximum and anakinra 200 mg every 8 h for 7 days; anakinra was 
adjusted to 100 mg every 8 h for 7 days for patients with a creati-
nine clearance <30 mL/min. Immunotherapy was initiated as soon 
as possible after the results of the immune function assessment 
became known to the study investigators. Standard-of-care treat-
ment was decided by the attending physicians. Peripheral blood 
mononuclear cells (PBMCs) were isolated at baseline and on day 
4 and stimulated for cytokine production. Patients were followed 
up daily; adverse events were captured (online suppl. material).

The primary study endpoint was any 25% or more decrease in 
baseline Sequential Organ Failure Assessment (SOFA) score and/or 
at least 50% increase in the baseline PaO2/FiO2 ratio by day 8. Sec-
ondary study endpoints were 28-day mortality, change of the SOFA 
score by day 28, and changes of serum biomarkers and of cytokine 
production by PBMCs. Exploratory endpoints were the WHO clini-
cal progression scale (CPS) [11] and the length of hospital stay.

As potential comparators without immunotherapy, we as-
sessed all admissions with ARDS at 3 other intensive care units of 
Greek tertiary hospitals, during the same time period (online  
suppl. material). Concurrent comparators were finally selected 
from a database of 136 patients after applying the inclusion and 
exclusion criteria of the ESCAPE trial, with the exception of the 
laboratory criteria for CID, which were not available (online suppl. 
Fig. 1, provided in the online suppl. material).

The primary endpoint was compared between anakinra- and to-
cilizumab-treated patients by Fisher’s exact test and further validated 
by forward stepwise logistic regression analysis. Biomarkers and cy-
tokines were expressed as means ± SE; serial comparisons were done 
by Wilcoxon’s paired test and correlations according to Spearman’s 
rank of order. The distribution of the WHO CPS was compared by 
Pearson’s χ2 test. The time to hospital discharge was compared by the 
log-rank test. Any value of p below 0.05 was considered significant. 
The study was exploratory and no power calculation was done.

Results

The first patient was enrolled on April 2nd, 2020, and 
the last patient on November 16th, 2020. A total of 102 
patients were enrolled; 42 were allocated to treatment 
with tocilizumab and 60 to treatment with anakinra. 
Among anakinra-treated patients, 14 had MALS and 46 
had CID with increased aminotransferases (Fig. 1). No 
differences were found between patients allocated to 
anakinra treatment and to tocilizumab treatment regard-
ing their baseline characteristics (Table 1).

The primary study endpoint was met in 58.3% of 
anakinra-treated patients and in 33.3% of tocilizumab-
treated patients (Table 2). This difference was confirmed 
after stepwise forward logistic regression analysis (OR 
3.11; 95% CIs 1.29–7.73; p: 0.01) (Table 3). However, no 
difference was found between the 2 groups regarding 28-
day mortality and the change of SOFA score by day 28 
(Table 2). Response to anakinra for patients with MALS 
and for patients with CID and hematological/liver dys-

Excluded = 42
• Failed immune classification = 19
• No increase of SOFA = 8
• Not meeting category 2 or 3
 criteria of LRTI involvement = 5
• Corticosteroid intake = 4
• Stage IV malignancy = 3
• Withdrew consent = 3

Anakrina = 60
• MAS = 14
• Dysregulation with ↑AST/ALT = 46

Tocilizumab = 42
Dysregulation with normal
PMNs, AST/ALT, PLT

Screened for eligibility = 144

Allocated to personalization treatment (ITT) = 102

ESCAPE trial (April–November 2020)

Fig. 1. Study flow of patients in the ES-
CAPE trial. ALT, alanine aminotransfer-
ase; AST, aspartate aminotransferase; ITT, 
intent-to-treat; LRTI, lower respiratory 
tract infection; MALS, macrophage activa-
tion-like syndrome; PLT, absolute platelet 
count; PMNs, absolute neutrophil count.
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Table 1. Baseline characteristics of patients enrolled in ESCAPE trial

Anakinra 
(N = 60)

Tocilizumab 
(N = 42)

p value

Age
Mean (SD), years 61.6 (16.4) 66.3 (10.8) 0.13
>65 years, n (%) 28 (46.7) 25 (59.5) 0.28
≤65 years, n (%) 32 (53.3) 17 (40.5)

Sex, n (%)
Female 15 (25.0) 8 (19.0)

0.63
Male 45 (75.0) 34 (81.0)

Ethnicity (white), n (%) 60 (100) 42 (100) 1.00
Invasive mechanical ventilation, n (%) 39 (65.0) 32 (76.2) 0.28
Severity scores, mean (SD)

CCI 2.63 (2.38) 2.72 (1.48) 0.83
PSI 82.4 (32.9) 89.1 (29.6) 0.31
APACHE II score 10.3 (7.9) 11.3 (11.3) 0.61
SOFA score 4.42 (2.31) 4.74 (2.06) 0.48

Comorbidities, n (%)
Type 2 diabetes mellitus 9 (15.0) 10 (23.8) 0.31
Chronic heart failure 3 (5.0) 1 (2.4) 0.64
Chronic renal disease 3 (5.0) 1 (2.4) 0.64
Coronary heart disease 8 (13.3) 7 (16.7) 0.78
Arterial hypertension 12 (20.0) 20 (47.6) 0.005
Cerebrovascular disease 2 (3.3) 0 (0.0) 0.51
COPD 3 (5.0) 1 (2.4) 0.64
Atrial fibrillation 5 (8.3) 1 (2.4) 0.40
Dyslipidemia 12 (20.0) 14 (33.3) 0.17
Hypothyroidism 5 (8.3) 2 (4.8) 0.70

Laboratory values, mean (SD)
Absolute neutrophil count, /mm3 7,284.6 (4,605.1) 9,392.0 (5,501.3) 0.06
Absolute lymphocyte count, /mm3 879.5 (624.8) 835.0 (693.4) 0.78
Platelets, ×103/mm3 238.6 (107.8) 281.9 (96.1) 0.06
AST, U/L 61.5 (39.7) 36.4 (15.9) <0.0001
ALT, U/L 65.7 (48.6) 31.9 (13.9) <0.0001
Creatinine, mg/dL 1.03 (0.51) 0.87 (0.25) 0.13

Treatment, n (%)
β-lactamase inhibitor 13 (21.7) 4 (9.5) 0.18
Piperacillin/tazobactam 24 (40.0) 17 (40.5) 1.00
3rd generation cephalosporin 21 (35.0) 10 (23.8) 0.28
Ceftaroline 16 (26.7) 15 (35.7) 0.38
Ceftazidime/avibactam 5 (8.3) 8 (19.1) 0.14
Colistin 25 (41.7) 23 (54.8) 0.23
Meropenem 22 (36.7) 22 (52.4) 0.16
Glycopeptide 11 (18.3) 17 (40.5) 0.02
Linezolid 26 (43.3) 24 (57.1) 0.23
Tigecycline 14 (23.3) 17 (40.5) 0.08
Moxifloxacin 5 (8.3) 11 (26.2) 0.03
Azithromycin 38 (63.3) 19 (45.2) 0.11
Hydroxychloroquine 9 (15.0) 9 (21.4) 0.44
Remdesivir 17 (28.3) 14 (33.3) 0.66
Dexamethasone 35 (58.3) 30 (71.4) 0.21

APACHE II, Acute Physiology and Chronic Health Evaluation; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; CCI, Charlson’s Comorbidity Index; COPD, chronic obstructive pulmonary disease; n, number; 
SOFA, sequential organ failure assessment; SD, standard deviation; SOFA, Sequential Organ Failure Assessment 
Score; PSI, Pneumonia Severity Index. Bold text denotes significance at <0.05 level.
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Table 2. Primary and secondary endpoints of the ESCAPE trial

Anakinra (n = 60) Tocilizumab (n = 42) OR (95% CI) p value

Primary endpoint, n (%) (95% CI) 35 (58.3; 44.9–70.7) 14 (33.3; 20.0–49.6) 2.80 (1.23–6.37) 0.02
At least 25% decrease of baseline SOFA score by day 8 23 (38.3; 26.4–51.8) 7 (16.7; 7.5–32.0) 3.11 (1.19–8.15) 0.03
At least 50% increase of the baseline PaO2/FiO2 ratio by day 8 18 (30.0; 19.2–43.4) 12 (28.6; 16.2–44.8) 1.07 (0.45–2.55) 1.00

28-day mortality, n (%) (95% CI) 20 (33.3; 22.0–46.8) 14 (33.3; 20.0–49.6) 1.00 (0.43–2.31) 1.00
Delta SOFA day 28, median (Q1-Q3) −10.0 (−75 to 257) 0 (−55 to 440) NA 0.32

CI, confidence interval; NA, nonapplicable; OR, odds ratio; Q, quartile; SOFA, Sequential Organ Failure Assessment Score. Bold text 
indicates significance at 0.05 level.
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Fig. 2. Change of biomarkers after immunomodulatory treatment 
for critical COVID-19 patients. Patients were treated with anakin-
ra (n = 60) or tocilizumab (n = 42). Comparative values of day 1 
before start of treatment and of day 8 are provided for the absolute 
lymphocyte count, serum CRP, and the ratio of partial oxygen 
pressure to the fraction of inspired oxygen (PaO2/FiO2). Com-
parative values of day 1 before start of treatment and of day 4 are 

provided for ferritin, IL-6, suPAR, absolute number of molecules 
of HLA-DR (mHLA-DR) and MFI of HLA-DR on circulating 
monocytes. The p values of the respective comparisons by the Wil-
coxon paired test are provided. CRP, C-reactive protein; IL, inter-
leukin; HLA, human leukocyte antigen; MFI, mean fluorescence 
intensity; suPAR, soluble urokinase plasminogen activator recep-
tor.
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function not making them eligible for tocilizumab are 
shown in online suppl. Table 1 (online suppl. material).

Immunotherapy was accompanied by significant 
changes of biomarkers (Fig.  2). By day 8, the absolute 
lymphocyte counts and the PaO2/FiO2 ratio were in-
creased only among anakinra-treated patients; serum C-
reactive protein was decreased in both groups. By day 4, 
circulating ferritin was decreased only among anakinra-
treated patients. Notably, on the same day 4, circulating 
IL-6 and soluble urokinase plasminogen activator recep-
tor (suPAR) were increased among tocilizumab-treated 
patients. Absolute HLA-DR receptors and the mean flu-
orescence intensity of HLA-DR on circulating CD14-

monocytes were also increased among tocilizumab-
treated patients.

Analysis of cytokine production capacity by PBMCs 
showed that the restoration of the cytokine potential ca-
pacity by PBMCs by day 4 was associated with better clin-
ical outcome. More precisely, PBMCs of patients treated 
with anakinra had increased production capacity for IL-6 
compared to baseline before start of treatment; this was 
not found with tocilizumab. It was also found that the bet-
ter production capacity for IL-6 by the PBMCs of anakin-
ra-treated patients by day 4 was associated with lower 
scales of severity of the 28-day 11-point WHO CPS; this 
was not found with tocilizumab (Fig. 3).
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Fig. 3. Modulation of mononuclear cell function (a–e) Concentra-
tions of TNFα, of interleukin (IL)-6, IL-17 and IFN γ in the super-
natants of PBMCs of patients treated with anakinra and with to-
cilizumab; PBMCs were isolated before start of treatment (day 1) 
and on day 4 of treatment and they were stimulated with LPS of 
Escherichia coli O55:B5 and with HKCA. p values indicate the lev-
el of significance after comparisons between days 1 and 4 by the 

Wilcoxon test. f, g Correlation between IL-6 produced by PBMCs 
on day 4 after stimulation with HKCA and the WHO-CPS on day 
28. The Spearman correlation co-efficient (rs) and the p values of 
significance are provided. CPS, clinical progression scale; HKCA, 
heat-killed Candida albicans; IL, interleukin; IFN, interferon; LPS, 
lipopolysaccharide; PBMCs, peripheral blood mononuclear cells; 
TNFα, tumor necrosis factor-alpha.



Personalized Immunotherapy in 
COVID-19

225J Innate Immun 2022;14:218–228
DOI: 10.1159/000519090

A total of 84 concurrent comparators were studied; 
they had the same baseline characteristics as patients en-
rolled in the ESCAPE trial (online suppl. Table 2, pro-
vided in the online suppl. material). Among these com-
parators, 7 had MALS as defined by serum ferritin >4,420 
ng/mL; 6 of them died by day 28 (85.7%; 95% CIs 48.7–
97.4%). Among the 14 patients with MALS treated with 
anakinra, 9 died by day 28 (64.3%; 95% CIs 38.7–83.6%); 
28-day mortality was lower with anakinra treatment  
(p: 0.03 by the binomial test).

Investigation of the 2 exploratory endpoints – WHO 
CPS and length of hospital stay – favored anakinra treat-
ment (Fig. 4). More precisely, survivors by day 28 who 

received anakinra were distributed to less severe scales 
than patients who received tocilizumab; this superiority 
of anakinra was also shown versus the concurrent com-
parators (Fig. 4a). The median time to hospital discharge 
was 20 days with anakinra treatment and 31 days with 
tocilizumab treatment (Fig. 4b).

The incidence of secondary infections, particularly 
pneumonia and bloodstream infections, was greater with 
tocilizumab treatment. The incidence of aminotransfer-
ases increase was also lower with anakinra treatment (Ta-
ble 4 and online suppl. Table 3, provided in the online 
suppl. material).

Discussion

A search at the Clinicaltrials.gov repository of ongoing 
trials for COVID-19 indicates that ESCAPE is the only trial 
aiming to deliver immunotherapy to critically ill patients, 
following a personalized approach. The approach is based 
on the classification of the immune function of the host, that 
is, MALS or CID. Although results showed superior efficacy 
of anakinra compared to tocilizumab for the achievement of 
the primary endpoint, this should not be interpreted as su-
periority of anakinra over tocilizumab. The findings suggest 
that the specific tools used for the classification of MALS and 
CID most probably favor the use of anakinra over tocili-
zumab. This treatment effect occurred above and beyond 
any benefit conferred by concurrent corticosteroid treat-
ment, since the co-administration of dexamethasone was 
58% among anakinra-treated patients and 71% among pa-
tients treated with tocilizumab. Moreover, it is of note that 
hypertension was more prevalent in the tocilizumab group, 
but no association was found between the presence of hy-
pertension and failure to achieve the primary endpoint.

ESCAPE was designed in March 2020 and started in 
April 2020 well before the WHO CPS was introduced as 
an endpoint for trials of COVID-19. Exploratory applica-
tion of WHO CPS showed that despite the lack of differ-
ence in mortality by day 28, the allocation of patients 
treated with anakinra to less severe scales was more fre-
quent than tocilizumab. This is compatible with the ear-
lier discharge of anakinra-treated patients from hospital. 
The superiority of anakinra was also shown versus 
matched comparators; anakinra provided survival bene-
fit for patients with MALS. A mechanistic insight on the 
function of PBMCs was shown for patients treated with 
anakinra. The improved capacity of PBMCs for the ex 
vivo production of IL-6 by day 4 should be considered as 
restoration of function; it is not associated with a system-
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son’s χ2 test. b Time to hospital discharge of patients receiving 
treatment with anakinra and with tocilizumab. The p value of com-
parison by the log-rank test is provided.
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ic release of IL-6, and it is associated with better clinical 
outcomes.

Treatment with anakinra decreased serum ferritin, prob-
ably indicating attenuation of macrophage activation. The 
expression of HLA-DR on circulating monocytes was in-
creased with tocilizumab, as previously described [7]. Treat-
ment with tocilizumab was accompanied by an increase in 
serum IL-6, as described by others [12]. Tocilizumab is an-

tagonizing the receptor of IL-6, and this may lead to a recip-
rocal increase in IL-6. Remarkably, in the same patients, su-
PAR was also increased, which is a biomarker of poor prog-
nosis [13, 14]. Whether there is a mechanistic link between 
the increase in IL-6 and suPAR and the lack of clinical im-
provement requires more research.

Important questions remain still unanswered for bio-
logical therapies in COVID-19: which is the best candi-

Anakinra 
(n = 60)

Tocilizumab 
(n = 42)

p value

Serious adverse events, n (%)
Pneumothorax 2 (3.3) 6 (14.3) 0.06
Pulmonary embolism 1 (1.7) 0 (0) 1.00
Deep venous thrombosis 1 (1.7) 0 (0) 1.00
Acute kidney injury 7 (11.7) 5 (11.9) 1.00
Shock 17 (28.3) 10 (23.8) 0.66
Infections

Ventilator-associated pneumonia* 9 (15.0) 15 (35.7) 0.02
Catheter-related bloodstream infection 4 (6.7) 4 (9.5) 0.71
Bloodstream infection** 13 (21.7) 17 (40.5) 0.049
Clostridioides difficile infection 3 (5.0) 1 (2.4) 0.64

Arrhythmias
Ventricular tachycardia 3 (5.0) 0 (0) 0.27
Atrial fibrillation 6 (10.0) 4 (9.5) 1.00
Bradycardia 0 (0) 4 (9.5) 0.03

Grade 4 laboratory investigation 4 (6.7) 5 (11.9) 0.57
Thrombocytopenia 3 (5.0) 4 (9.5) 0.44
Increase of aminotransferases 0 (0) 3 (7.1) 0.07
Increase of CPK 1 (1.7) 2 (4.8) 0.57

Nonserious adverse events
Grade 1/2 thrombocytopenia 3 (5.0) 4 (9.5) 0.44
Grade 1/2 increase of aminotransferases 5 (8.3) 14 (33.3) 0.002
Grade 1/2 increase of creatinine 6 (10.0) 8 (19.1) 0.25
Grade 1/2 increase of glucose 3 (5.0) 2 (4.8) 1.00
Grade 1/2 hyponatremia 5 (8.3) 4 (9.5) 1.00
Grade 1/2 hypokalemia 1 (1.7) 5 (11.9) 0.08
Grade 1/2 hyperkalemia 5 (8.3) 4 (9.5) 1.00
Grade 1/2 increase of CPK 0 (0) 3 (7.1) 0.07

Adverse events were graded according to the Common Terminology Criteria for Adverse 
Events (version 5.0). Adverse events of grade 4 were considered as serious adverse events. 
CPK, creatinine phosphokinase. *Pathogens of ventilator-associated pneumonia in the 
anakinra group were: Acinetobacter baumannii (n = 7); Pseudomonas aeruginosa (n = 1); and 
Aspergillus spp. (n = 1). Pathogens of ventilator-associated pneumonia in the tocilizumab 
group were A. baumannii (n = 7); P. aeruginosa (n = 3); Klebsiella pneumoniae (n = 1); 
Enterobacter cloacae (n = 1); Staphylococcus aureus (n = 1); and Stenotrophomonas maltophilia 
(n = 1) (2 patients of the tocilizumab arm developed ventilator-associated pneumonia by 
>1 pathogens, whereas no pathogen was identified in 3 cases). **Bloodstream pathogens 
in the anakinra group were: A. baumannii (n = 5); Enterococcus faecium (n = 3); K. pneumoniae 
(n = 2); P. aeruginosa (n = 1); Citrobacter freundii (n = 1); Enterobacter cloacae (n = 1); Enterococcus 
faecalis (n = 1); Candida albicans (n = 1) (2 patients had >1 pathogens). Bloodstream 
pathogens in the tocilizumab group were A. baumannii (n = 5); K. pneumoniae (n = 4);  
E. faecalis (n = 2); E. faecium (n = 2); P. aeruginosa (n = 2); Acinetobacter xylosoxidans (n = 1); 
S. aureus (n = 1); and Staphylococcus hominis (n = 1) (1 patient had >1 pathogen).

Table 4. Serious and nonserious adverse 
events captured during the ESCAPE trial
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date patient, for which type of treatment, and what is the 
correct time frame from disease onset to start the treat-
ment. Retrospective data for the efficacy of intravenous 
anakinra report clinical efficacy in cohorts ranging from 
12 to 65 patients respectively and using concurrent com-
parators [15–19]. Results suggest that it is better to start 
anakinra before mechanical ventilation is needed. ES-
CAPE was conducted in patients with profound organ 
dysfunction and results proved that anakinra benefit may 
still be obtained even when COVID-19 has substantially 
progressed if this is guided by biomarkers. Results cor-
roborate the reported efficacy of intravenous anakinra in 
7 mechanically ventilated patients with macrophage acti-
vation; the administered dose was 200 mg 3 times daily 
for 7 days and 5 patients were remarkably improved [20].

Results of 3 randomized clinical trials provided contradic-
tory evidence on tocilizumab efficacy to prevent the inci-
dence of mechanical ventilation or death, compared to pla-
cebo when given early in hospitalized patients in the ward 
[21–23]. However, 2 large platform trials, RECOVERY and 
REMAP-CAP, suggest for significant clinical efficacy in crit-
ically ill patients. In the RECOVERY trial, among 4,116 pa-
tients with hypoxic COVID-19 and evidence of systemic in-
flammation, a 28-day mortality reduction of 4% was achieved 
in the tocilizumab group providing a number needed to treat 
25 to avoid 1 death [24]. One preliminary report of the RE-
MAP-CAP trial of 895 patients reported 8% decrease in hos-
pital mortality and days of organ support [25].

The main limitations of the ESCAPE trial are (a) the 
lack of randomized, double-blind and double-dummy 
design; (b) the lack of immune assessment for CID in the 
concurrent comparator group; and (c) the different rate 
of co-administration of azithromycin, hydroxychloro-
quine, remdesivir, and dexamethasone between treated 
patients and concurrent comparators. However, the rate 
of co-administration of these drugs between the anakinra 
and tocilizumab arm was similar and cannot affect the 
primary endpoint.

The findings of the present study suggest clinical ben-
efit among critically ill patients when anakinra treatment 
is guided by either ferritin >4,420 ng/mL which is diag-
nostic of MALS or with low expression of HLA-DR on 
CD14-circulating monocytes and increase of amino-
transferases. This benefit should be confirmed in a ran-
domized clinical trial.
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