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COVID-19 - PATHOGENESIS

VIRAL PHASE

HOST IMMUNE RESPONSE
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SIGNS & 
SYMPTOMS

LAB

Asymptomatic, fever <37.5°C, 
diarrhea, headache, asthenia, 

anosmia and ageusia, conjunctivitis

ARDS, SIRS, Shock, MOF, cardiac failure, 
MAS /HLH (Enlarged liver/spleen/lymph 
nodes), skin rash, Easy bruising and/or 

abnormal bleeding, fever >38.5°C.

Shortness of breathe, Hypoxia, arrythmiaDry cough, fever >37,5°C, arthro-myalgia 

Normal routine lab tests, mild 
lymphopenia, normal blood gas

Increasing lymphopenia, mild increase of 
PT and/or ferritin and/or D-Dimer and/or 

LDH, mild hypoxia >92

progressive increase of d-dimer and 
ferritin, increase transaminases and 

triglycerides, abnormal blood gas (hypoxia 
<92-hypocapnia etc.), mild increase NT-

proBNP and troponin, IL6, CRP, reduction 
of platelet count

Elevation of inflammatory markers and 
ferritin, progressive cytopenias, increase 

in NT-proBNT, troponin and renal function 
markers

LUNG US Normal Localized B-lines Diffuse B-lines – pleural line thickening
Diffuse B-lines – pleural line thickening –

Subpleural consolidation, localized pleural 
effusion

Diffuse B-lines – pleural line thickening –
Subpleural and alveolar consolidation – air 

bronchograms

CT SCAN Normal
Localized 
supleural 

ground glass

Crazy paving
Ground glass
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paracetamol

azithromycin

hydroxychloroquine

Remdesivir - lopinavir/ritonavir

Tocilizumab (Anakinra - Jak inhibitors - sarilumab)

Pulse steroids

Rescue: plasma exchange – IVIG (etoposide - emapalumab- Stem cells?)

Hyperimmune serum transfusions (convalescent patients)

LMWH

Dr Felice Galluccio – Dr Mario Fajardo

THERAPEUTIC ALGORITHM FOR COVID-19

HOME OR COMMUNITY HOSPITAL BASED COVID CLINICS 
(NON INVASIVE VENTILATION) 

INTENSIVE CARE UNITS

“RheumaPain Academy” available at http://www.rheumapainacademy.com/wp-content/uploads/2020/03/Algoritmo-COVID19.pdf.

How early?

For how long?

Biomarker 

Trehsolds??



Cytokine Release 
Syndrome

Shimabukuro-Vornhagen A, et al. J Immun Ther Cancer 2018; Garvin MR et al. eLife 2020;9:e59177 

Bradykinin Storm 

Syndrome



TRANSCRIPTOME NETWORK ANALYSIS

Wong HS, et al. Genomics 2021



THE ROLE OF 
ANTIRHEUMATICS IN 
PATIENTS WITH COVID-19 
NISSEN CB, ET AL. LANCET RHEUMATOL 2021



TREATMENT OF HOSPITALIZED PATIENTS IN 

▪ Early recognition of high-risk patients with pneumonia

▪ High flow nasal  cannula and CPAP/NIV
▪ Pronation

▪ Late intubation

▪ Low molecular weight heparin
▪ Prophylactic in all patients (potential antiviral effect and prevention of thrombotic complications) 4000/6000 units of enoxaparin (according to 

weight)

▪ Anticoagulant in critical/severe cases (enoxaparin 50→100 UI/Kg x2)?

▪ Antivirals
▪ Remdesivir

▪ Monoclonal antibodies

▪ Antibiotics/Antifungals
▪ If proven/suspected co-infection

▪ Anti-inflammatory agents
▪ Dexamethasone 6 mg for 5-10 days in those requiring oxygen

▪ Tocilizumab

▪ Anakinra?

▪ Baricitinib?



CORTICOSTEROIDS

https://www.bmj.com/content/370/bmj.m2980



o 2104 vs. 4321

o Oral or iv dexamethasone 6 mg/day up to 10 days 

(median 7 days, IQR 3-10)





Early View 

Correspondence 

Corticosteroids in Covid-19: One size does not fit 

all 

Athena Gogali, Chris Kyriakopoulos, Konstantinos Kostikas 

Please cite this article as: Gogali A, Kyriakopoulos C, Kostikas K. Corticosteroids in Covid-19: 

One size does not fit all. Eur Respir J 2021; in press (https://doi.org/10.1183/13993003.00224-

2021). 

This manuscript has recently been accepted for publication in the European Respiratory Journal . It is 

published here in its accepted form prior to copyediting and typesetting by our production team. After 

these production processes are complete and the authors have approved the resulting proofs, the article 

will move to the latest issue of the ERJ online. 

©The authors 2021. This version is distributed under the terms of the Creative Commons Attribution 

 Non-Commercial Licence 4.0. For commercial reproduction rights and permissions contact 

permissions@ersnet.org 

2 mg/kg and half dose very 5 days



IMMUNE EFFECTOR CELL-ASSOCIATED NEUROTOXICITY
SYNDROME (ICANS)

Treatment of ICANS

GRADE 2 → dexamethasone 

10 mg x 4 (3 dd)

GRADE 3 → dexamethasone 

20 mg x 2 ( 3 dd)

GRADE 4 →

methylprednisolone 1 g (3dd), 

then 250/125/60 (2 dd each)

If not succesfull consider high-

dose cyclophosphamide, 

anakinra or siltixumab

Tallantyre EC, et al. J Neurol 2020 



ANTI IL-6/IL-6R MEDICATIONS
1. Tocilizumab

 Humanized MoA against IL-6R

 Rheumatoid arthritis and systemic juvenile idiopathic 
arthritis

2. Sarilumab

 Human MoAb against IL-6R

 Rheumatoid arthritis

3. Siltuximab

 Chimeric MoAb that binds IL-6

 Multicentric Castleman’s disease



ANTI IL-6/IL-6R: OBSERVATIONAL STUDIES

Outcomes

Effect size (95 % 

Confidence Interval), 

p-value

Heterogeneity 

(I2), p-value 

Begg’s 

test 

Egger’

s test 

Number

of 

Studies

Mortality 
OR = 0.54 [0.42–

0.71], < 0.00001 

79 %, < 

0.00001 
0.968 0.284 37 

Severe 

COVID-19 

OR = 1.05 [0.92–

1.20], 0.47 

84 %, < 

0.00001 
0.464 0.150 30 

Length of 

hospital 

stay 

Mean Difference = 

1.77 [ − 0.61–4.14], 

0.15 

97 %, < 

0.00001 
0.836 0.213 17 

Thrombosis 

incident 

OR = 1.02 [0.69–

1.50], 0.93 
12 %, 0.33 0.916 0.978 9 

Secondary

infection

OR = 0.86 [0.63–

1.18], 0.36 
57 %, 0.02 0.558 0.451 16 

Hariyanto TI, et al. Drug Res 2020



The WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working Group, JAMA 2021 



ANTI IL-6/IL-6R: OPEN QUESTIONS
Timing?

Clinical/Lab test based

Dose (1 or 2?) and route of administration?

Mono or combination therapy?

Sinha P, et al. Int J Infect Dis 2020

Guaraldi G, et al. Lancet Rheumatol 2020

Narain S, et al. Chest 2020

Sciascia S, Exp Rheumatol 2020



289/1354 (21%)
234/480 (49%)
171/260 (66%)

504/1437 (35%)
190/657 (29%)

519 /1426 (36%)
110/357 (31%)
65/311 (21%)

245/660 (37%)
449/1433 (31%)

202/933 (22%)
350/867 (40%)
142/294 (48%)

565/1721 (33%)
127/367 (35%)

2/6 (33%)

694/2094 (33%)

RECOVERY: 28-DAY MORTALITY BY BL CHARACTERISTICS

Slide credit: clinicaloptions.com

Usual care 
better

Tocilizumab
better

0.5 0.75 1 1.5 2

RR (95% CI)Usual CareTocilizumab

Age, yrs (x2
1 = 0.1; P = .80)

< 70
≥ 70 to < 80
≥ 80

Sex (x2
1 = 2.2; P = .14)

Men
Women

Ethnicity (x2
1 = 0.3; P = .56)

White
Black, Asian, or minority ethnic
Unknown

Days since symptom onset (x2
1 = 0.6; P = .46)

≤ 7
> 7

Respiratory support at randomization (x2
1 = 0.4; P = .52)

No ventilator support
Noninvasive ventilation†
Invasive mechanical ventilation

Use of corticosteroids (x2
1 = 7.1; P = .1)

Yes
No
Unknown

All participants

0.88 (0.74-1.04)
0.84 (0.69-1.01)
0.93 (0.74-1.17)

0.81 (0.71-0.93)
0.98 (0.80-1.20)

0.83 (0.73-0.95)
0.91 (0.69-1.20)
1.00 (0.71-1.41)

0.81 (0.67-0.97)
0.88 (0.77-1.01)

0.84 (0.69-1.03)
0.86 (0.74-1.01)
0.94 (0.73-1.19)

0.80 (0.70-0.90)
1.16 (0.91-1.48)

0.86 (0.77-0.96)
P = .0066

256/1332 (19%)
206/477 (43%)
134/213 (63%)

400/1335 (30%)
196/687 (29%)

429 /1356 (32%)
98/341 (29%)
69/325 (21%)

210/668 (31%)
386/1354 (29%)

175/935 (19%)
296/819 (36%)
125/268 (47%)

457/1664 (27%)
139/357 (39%)

0/1 (0%)

596/2022 (29%)

82% of 
patients 
received 

corticosteroids 
as part of usual 

care

Recovery Collaborative Group. medRxiv. 2021;[Preprint]. Note: this study has not been peer reviewed. 

http://www.clinicaloptions.com/


Tocilizumab 8 mg/kg (max 800 mg) i.v. (one single administration, insufficient data to reccomend two

doses yet several countries use 2 doses) in adult hospitalized patients with

1. Confirmed SARS-CoV-2 infection

2. Respiratory failure as SatO2<92% (room air) or need for oxygen

when?

In the first 24-72 h after the introduction o HFNC, NIV/CPAP o IV in addition to corticosteroids

(REMAP-CAP criteria);

or

progressive oxygen supplementation required and CRP≥ 7.5 mg/dL (while on dexamethasone) 

(RECOVERY criteria)



ANTI IL-1R MEDICATIONS

Anakinra

 Recombinant IL-1R antagtonist

 Rheumatoid arthritis

 cryopyrin-associated periodic syndrome

 Macrophage activation syndrome

 Hemophagocytic lymphohistiocytosis

Canakinumab

 Human anti IL-1Beta

 systemic juvenile idiopathic arthritis

 Still's disease

 cryopyrin-associated periodic syndrome



ANAKINRA 
STUDIES

Kyriazopoulou E, et al. Lancet Rheumatol 2021  

Dose?



SAVE MORE

o RCT, Italy and Greece

o Inclusion criteria:
o Hospitalized with COVID-19 pneumonia

o plasma suPAR ≥6 ng ml−1

o no stage IV malignancy

o no do-not-resuscitate order

o p/f >150 mmHg 

o no need of NIV (CPAP or BPAP) or MV

o no primary immunodeficiency

o neutrophils >1500/mm3

o no anti-cytokine biological treatment, including JAK 
inhibitors, during the last 1 month

o no severe hepatic failure

o no end-stage renal failure necessitating hemofiltration 
or peritoneal hemodialysis

Kyriazopoulou E, et al. Nature Med 2021  

Anakinra 100 mg s.c. once 

daily for 7-10 days



ANTI-INTERLEUKIN TREATMENTS (COV-AID)

▪ RCT, Belgium, proven COVID-19

▪ Inclusion/exclusion
▪ symptoms 6-16 days

▪ p/f <350 mm Hg on room air or <280 mm Hg on 
supplemental oxygen

▪ signs of a cytokine release syndrome in their
serum (ferritin>2000 μg/L,  rising ferritin >1000 
μg/L, lymphopenia <800/mL, LDH >300 IU/L, 
CRP >70 mg/L, risign D-dimer >1000 ng/mL)

▪ 342 patients were randomly assigned to IL-1 
blockade (n=112) or no IL-1 blockade
(n=230) and simultaneously randomly
assigned to IL-6 blockade (n=227; 114 for 
tocilizumab and 113 for siltuximab) or no IL-
6 blockade (n=115)

Declercq J, Lancet Resp Med 2021



JANUS KINASE 1-2 (JAK1/JAK2) INHIBITORS

Baricitinib

 JAK/JAK2 inhibitor

 Rheumatoid arthritis

Ruxolitinib

 JAK1/JAK2 inhibitor

 Myelofibrosis, Polycythemia vera, GVHD

Tofacitinib

 JAK1/JAK3 inhibitor

 Rheumatoid Arthritis, Psoriasic arthritis and 
Ulcerative colitis



BARICITINIB

Richardson P, et al. Lancet 2020; Bronte V, et al. JCI 2020



BARICITINIB IN MACAQUES

Animals treated with baricitinib showed

▪ reduced inflammation, decreased lung infiltration
of inflammatory cells, reduced NETosis activity, 
more limited lung pathology. 

▪suppression of lung macrophage production of 
cytokines and chemokines responsible for 
inflammation and neutrophil recruitment. 

Hoang TN, et al. Cell 2021



BARICITINIB STUDIES
1st author Design Setting N Main finding

Kalil 2021 RCT + remd Hosp 1033
Shorter time to improvement, trend for lower mortality

Higher effect in patients on NIV (small sample size)

Marconi 2021 RCT vs. SOC Hosp 1525 38.2% reduction in mortality

Cantini 2020 Obs Hosp 191/12 Lower mortality and ICU in the bar arm

Rosas 2020 Obs ±TOC Hosp 60 Lower mortality and ICU in the bar arm

Hasan 2020 Obs HD/UD Hosp 37/238 Lower mortality and ICU in the HD arm

Bronte 2020 Obs Hosp 66 Reduction in inflammatory markers

Stebbing 2020 Obs vs. SOC Hosp 166 Lower mortality

Rodriguez-Garcia 

2021
Obs Hosp 152 Faster clinical improvement

Tziolos 2021 Obs vs. SOC Hosp - severe 369 Lower mortality and ICU admission

Garcia-Garcia 2021
Obs vs. 

Anak
Hosp 342 No difference in mortality

Perez-Alba 2021 Obs vs. SOC Hosp 197 Lower mortality

Abizanda 2021 Obs. Hosp 327 Lower mortality (also if age >70)

Bronte V, et al. JCI 2020; Cantini F, et al. J Infect 2020; Stebbing J et al., Sci. Adv. 2020; Rosas J, et al. Reumatolg Clin 2020; Kalil AC, et al. NEJM 2021; Marconi VC, et al. Lancet Respir Med. 

2021; Rodrgiuez-Garcia JL, et al. Rheumatology 2021; Tziolos N, et al. Open Forum Infect Dis. 2021; Pérez-Alba E, et al. J Microbiol Immunol Infect. 2021; García-García JA, et al. J Clin Med. 

2021; Abizanda P, et al. J Am Geriatr Soc. 2021.



COV-BARRIER

▪ RCT, world, proven COVID-19

▪ Inclusion/exclusion
▪ hospitalized

▪ pneumonia or symptomatic COVID-19

▪ at least one elevated inflammatory marker (C-
reactive protein, D-dimer, lactate dehydrogenase, 
or ferritin)

▪ no MV

▪ no immunosuppressants (high-dose corticosteroids, 
biologics, T-cell-targeted or B-cell-tar- geted
therapies, interferon, or JAK inhibitors)

▪ no convalescent plasma or intravenous
immunoglobulin for COVID-19

▪ no neutropenia, lymphopenia, AST/ALT >X5, 
eGFR<30 mL/min

▪ 4 mg baricitinib once daily plus standard of 
care (n=764) or placebo plus standard of 
care (n=761)

Marconi VC, et al. Lancet Resp Med 2021



Lin Z, et al. J Med Vir 2021

BARICITINIB
SYSTEMATIC
REVIEW AND 

META‐ANALYSIS



TOFACITINIB

▪ RCT

▪Hospitalized patients with COVID-19 
pneumonia

▪ Hospitalized <72 hours

▪ no NIV/ECMO

▪ no history of thrombosis or current thrombosis,

▪ no immunosuppression

▪ no current cancer on active treatment

▪ 10 mg or placebo twice daily for up to 14 
days or until hospital discharge

Guimara ̃es PO, et al. NEJM 2021



COLCHICINE
Mortality

Hospitalization

Golpour M, et al. International Journal of Immunopathology and Pharmacology 2021 



COLCHICINE HOSPITALIZED VS. OUTPATIENT?

0,0%

1,0%

2,0%

3,0%

4,0%

5,0%

6,0%

7,0%

Primary composite
endpoint

Death Hospitalization Mechanical
ventilation

Colchicine (2235) SOC (2253)

OR 0.75 

(0.57-

0.99)

OR 0.56 

(0.19-

1.66)

OR 0.75 

(0.57-

0.99)

OR 0.50 

(0.23-

1.07)



VITAMIN D
Several observations of lower levels in 
patients with COVID-19 and even lower with 
severe forms

Immune-modulatory properties

Supported by a network-based analysis 
(Ahmed F, Front Immun)

Involved in bradykinin storm cascade

One small interventional study 
(calcifediol)reported better outcomes in 
treated patients; another one was retracted 
after concerns about randomization

Mariani J, et al. Health Security; Entrenas Castillo M, et al. Journal of Steroid Biochemistry and Molecular Biology 203 (2020) 



Murai IH, et al. JAMA 2021

0,0%

5,0%

10,0%

15,0%

20,0%

25,0%

In-hospital mortality Admission to ICU Mechanical Ventilation

Vitamin D3 (119) Placebo (118)

p=0.43 p=0.30 p=0.09





IMATINIB
▪ BCR–ABL tyrosine-kinase inhibitor

▪ chronic myeloid leukaemia

▪ gastrointestinal stromal tumours

▪ antiviral properties against other β-
coronaviruses in vitro by hindering the early

stages of the virus lifecycle.

▪ as the upregulation of genes involved in 

the response against viruses?

▪ possible immunomodulator capable of reducing

pro- inflammatory cytokines, chemokines, and 

vascular adhesion molecules

▪ preventing pulmonary endothelial barrier

dysfunction observed in some inflammatory

conditions, which might lead to a mitigation of 

pulmonary capillary leak. 



IMATINIB

Aman J, et al. Lancet Resp Med 2021

• RCT, Netherlands

• Hospitalised patients (aged ≥18 years) with 

supplemental Oxygen

• Excluded if:

• severe pre-existing pulmonary disease

• pre-existing heart failure

• undergone active treatment of a haematological

or non-haematological malignancy (12 months)

• receiving concomitant treatment with medication

known to strongly interact with imatinib. 

• Loading dose of 800 mg on day 0 followed by 400 

mg daily on days 1–9, or placebo. 

• Imatinib group (n=204) or placebo group (n=196). 



CONCLUSIONS
No magic bullet but probably the combination 
of timely and tailored interventions according 
to the risk of progression, phase of disease and 
extrapulmonary involvement

▪Dexamethasone 6 mg 5-10 days

▪ Tocilizumab 8 mg/Kg (one/two doses?)

▪Anakinra in high-risk patients (not on NIV/IV)

▪Baricitinib (early? late?)

Peter Hunt, personal communication



CONCLUSIONS

No magic bullet but probably the combination of timely and tailored interventions according 
to the risk of progression, phase of disease and extrapulmonary involvement
▪Dexamethasone 6 mg 5-10 days

▪ Tocilizumab 8 mg/Kg (one/two doses?)

▪Anakinra in high-risk patients (not on NIV/IV)

▪Baricitinib (early? late?)

Several ongoing RCTs

Need accurate and careful evaluation of setting, methods and results

Open Questions
 Dose and choice of corticosteroids (vs. dexamethasone 6 mg as SOC)

 Anti-IL6 vs. anti IL-1 vs. JAK-i?

 Are the available data enough to widely use colchicine in outpatients?

 High-dose calcifediol?



THANK YOU FOR YOUR ATTENTION andrea.calcagno@unito.it


