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Classification of COVID-19 Disease Stages

Antivirals
Anti-inflammatory drugs

Siddiqu HK, Mehra MR. J Heart Lung Transplant. March 25th 2020 doi: 10.1016/j.healun.2020.03.012

246 studies on going !!!
→ 157 clinical trials
Only in vitro and in vivo evidence
Some clinical studies in SARS-CoV and MERS-CoV
We are using drugs with off-label indications!
… but in few weeks we have learned:
→ Antivirals must be started in early stages
→ Stop the inflammatory response before ARDS

https://clinicaltrials.gov, access on April 1st 2020
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Remdesevir (GS-5734)
 RNA-dependent RNA polymerase inhibitor.

 Effective in vitro and in animal models against zoonotic and epidemic SARSCoV and MERS-CoV as both prophylactic and therapeutic agent.
 Limited published clinical experience. Nine RCT are underway (April 1st 2020)
 No drug-drug interactions (DDI).
 Dosage: 200 mg IV, then 100 mg/24 h during 5-10 days.
 Side effects: Hypotension during infusion (1 h.); gastrointestinal (nausea,
vomiting, diarrhea, constipation, abdominal pain)
Sheahan TP et al. Sci Transl Med, 2017; De Wit ET al. Proc Natl Acad Sci U S A, 2020; Sheahan TP et al. Nat Commun; 2020.

SARS-CoV-2 life cycle: Potential targets for antivirals
Neutralizing Antibodies/Plasma
Entry inhibitors
ACE2
Chloroquine

Interferon-beta*

Potential for
combination with other
antiviral drugs

Lopinavir/rtv

Remdesivir
* Interferon induces hundreds of genes which can act on various parts of the lifecycle
from potentially degrading viral RNA (OAS, RNASL) to inhibiting virus egress (BST-2)

De Wit Nature Rev Microbiol, 2016; Sheahan TP, personal communication.

T.P. Sheahan
UNC, Chapel Hill

Remdesivir Inhibits both Epidemic and Zoonotic Coronaviruses
MERS-CoV antiviral efficacy, toxicity, and metabolism of remdesivir in 2B4 cells

Pharmacokinetics of remdesivir in Ces1c−/− mice

Therapeutic PEP administration of remdesivir mitigates disease in mice

Sheahan TP et al. Sci Transl Med, 2017.

In vitro Remdesivir vs. Lopinavir/ritonavir ± Interferon-beta
Therapeutic RDV but not LPV/RTV-IFNb diminishes signs of Acute Lung Injury

Sheahan TP et al. Nat Commun; 2020.

Remdesivir is active in the MERS-CoV Rhesus Macaque model
Viral loads in respiratory tract tissues of
rhesus macaques

Pathological findings in the lungs of rhesus macaques
inoculated with MERS-CoV and treated with remdesivir

De Wit ET al. Proc Natl Acad Sci U S A, 2020.

Clinical trials with Remdesivir (N=9)
Types of COVID-19 pneumonia
• Mild/Moderate
• Severe (ICU patients)
• Critical (intubated patients)
Study arms
→ Remdesivir 5 vs. 10 days
→ vs. HCQ 10 days
→ vs. HCQ vs. LPV/rtv + INF-β1a 10 days
https://clinicaltrials.gov, access on April 1st 2020 at 08:00 h

Place of the Clinical trials with Remdesivir (N=9)

Current situation in Spain (April 1st 2020)
• 13 sites are participating in 2 RCT (n=110)
• 10 sites early access program
• 200 patients treated using compassionate use

https://clinicaltrials.gov, access on April 1st 2020
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SARS-CoV-2 (COVID19) Pathogenesis: ARDS

ACE2

Cytokine
storm

Acute Respiratory Distress Sydrome (ARDS) pathology
Acute diffuse alveolar damage, with pulmonary edema and
formation of a hyaline membrane in a SARS-CoV patient
The airspaces are indicated by asterisks and some of the hyaline membranes lining the alveolar
spaces are highlighted by arrows (hematoxylin and eosin stain; original magnification,x100).

Ware LB et al. NEJM 2000; Tse GMK et al. J Clin Pathol 2004

SARS-CoV-2 (COVID19) Pathogenesis: ARDS

ACE2

Cytokine
storm

• Corticosteroids
• IL-6 inhibitors
- Tocilizumab
- Sarilumab
- Siltuximab
• IL-1 inhibitors
- Anakinra
• JAK inhibitors
- Baricitinib (also entry inhibitor)
• Colchicine
• Others
Ware LB et al. NEJM, 2000

Tocilizumab (RoActemra®)
 Interleukin-6 (IL-6) inhibitor. Tocilizumab binds specifically to both soluble and membranebound IL-6 receptors (sIL-6R and mIL-6R).
 Indications:
- Rheumatoid arthritis,
- Systemic juvenile idiopathic arthritis,
- Juvenile idiopathic polyarthritis,
- Giant cell arteritis,
- CAR-T cell induced cytokine release syndrome (CRS).
 Limited published clinical experience in COVID-19 pneumonia. Several clinical trials ongoing.
Criteria used:
- Confirmed COVID-19 pneumonia (Chest X-ray or CT scan)
- SPO2 ≤93% or PaO2/FiO2 <300 mmHg
Product label EMA, 2019; FDA, 2019

Tocilizumab (RoActemra®)
 Dosage (8 mg/kg): ≥80 kg: Single 600 mg IV dose. Consider second dose 12 h later
<80 kg: Single 400 mg IV dose. Consider second dose 12 h later
- Exceptionally, a third dose could be administered 16-24h later.

 PK: Very long t1/2: 7-14 days.
 Drug-drug interactions (DDI): modest CYP450 inducer. Potential mild interactions with
amiodarone, quinidine, some anticoagulants and anti-platelets.

 Side effects: upper respiratory tract infections, nasopharyngitis, headache, hypertension
and abnormal liver function tests.
→ SAE: severe infections, complications of diverticulitis and hypersensitivity reactions.
 Potential reactivation of latent TB and HBV infection.
Product label EMA, 2019; FDA, 2019

Tocilizumab was an Effective Treatment of 21 patients with
Severe COVID-19 in China
• Study design: Observational study. All patients received SoC (according to the Diagnosis and
Treatment Protocol for Novel Coronavirus Pneumonia (6th interim edition), including:
• Lopinavir/ritonavir
• Methylprednisolone
• Other symptom relievers
• Oxygen therapy
+ Tocilizumab (TCZ), 400 mg IV – 5 vials; 4 - 8 mg/kg; 6 mg/kg if BW=66.7 kg
• 18 patients received one dose TCZ
• 3 patients received two doses TCZ (due to fever within 12 hours)
• Assessments included:
• Clinical features including temperature, oxygen saturation
• Whole blood white cell counts
• Spiral computerized tomography (CT) on admission and 1 week after starting TCZ
Xiaoling Xu et al, chinaRxiv, Mar 2020

Tocilizumab was an Effective Treatment of 21 patients with
Severe COVID-19
• All patients had severe or critical COVID-19 Pneumonia
• Defined using the Diagnosis & Treatment Protocol for Novel Coronavirus Pneumonia (6th interim edition)
sponsored by National Health Commission, People’s Republic of China
• Diagnosis using RT-PCR (throat swab)

→ 17 patients had severe pneumonia, defined as any of following:
• Respiratory rate ≥ 30 breaths/min
• SpO2 ≤ 93% while breathing room air
• PaO2/FiO2 ≤ 300 mmHg

→ 4 patients had critical pneumonia (ICU), defined as any of following:
• Respiratory failure which requiring mechanical ventilation
• Shock
• Multiorgan failure
Xiaoling Xu et al, chinaRxiv, Mar 2020

Baseline Patient Characteristics (N=21)
Characteristics

Value

Age (years)
Gender (M)
Supplemental oxygen required
High flow
NC
Mask

56.8±16.5 (25-88)
18 (85.7%)
20 (95.2%)
9 (45.0%)
7 (35.0%)
1 (5.0%)

Mechanical ventilation
Invasive
Non-invasive

2 (9.5%)
1 (4.8%)

IL-6 (pg/mL)*
21

*Normal range <7 pg/mL

132.38 ± 278.54
Xiaoling Xu et al, chinaRxiv, Mar 2020

Clinical outcomes
• Temperature reduced to normal on first day of TCZ therapy and then remained stable in all
patients
• Clinical symptoms (not specified) were also significantly relieved in the following days
• Peripheral Oxygen Saturation improved for 15 (75.0%) patients:
• 2 patients taken off mechanical ventilation within 5 days
• 1 patient remained on mechanical ventilation
• 19 patients (90.5%) have been discharged and the rest remained under hospital observation,
but his body temperature remained normal and all symptoms improved remarkably.
• There have been no reports of subsequent pulmonary infection and deterioration of
illness or death
• No adverse drug reactions were reported during TCZ treatment
Xiaoling Xu et al, chinaRxiv, Mar 2020

Laboratory Outcomes

23
Xiaoling
Xu et al, chinaRxiv, Mar 2020

CRP and Temperature Changes Following TCZ Treatment

CRP

Temperature
24
Xiaoling
Xu et al, chinaRxiv, Mar 2020

Chest CT scans showed significant remission in both
lungs after TCZ treatment
Ground-glass opacities increased in size, extent, and severity in 11 patients within the first 7 days after admission.
No pleural effusions, mediastinal nodes, or central pulmonary emboli were found.

Before TCZ (A-C)
• All patients had abnormal CT
• Primarily ground-glass opacities and focal
consolidation
• Mainly distributed in peripheral, especially
subpleural region

After TCZ (D-F)
• Diffuse infiltration in both lungs but lesions
clearly absorbed after one week of TCZ
therapy
• Lesions were absorbed in 19 patients
(90.5%) with ”a little improvement” in the
two others

Xiaoling Xu et al, chinaRxiv, Mar 2020

Clinical trials with Tocilizumab (N=6)

https://clinicaltrials.gov, access on April 1st 2020 at 08:00 h

Place of the Clinical trials with Tocilizumab (N=6)
Types of COVID-19 pneumonia
• Early treatment in mild/moderate pneumonia
• Severe
pneumonia
1
• Critical (ICU or intubated patients)
Study arms
→ vs. Continuous Renal Replacement Therapy (CRRT)
→ vs. Favipiravir
→ IV vs. SC
→ vs. Anakinra vs. Siltuximab alone or in combination
https://clinicaltrials.gov, access on April 1st 2020 at 08:00 h
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Take-home Messages
 Treat early and hard SARS-CoV-2 infection.
 Remdesivir is a RdRp inhibitor and it is the most powerful in vitro and in vivo
antiviral drug against SARS-CoV-2.

 Clinical trials that are being carried out will determine the length of therapy
and its efficacy and safety in moderate and severe COVID-19 pneumonia.

 Tocilizumab is an IL-6 inhibitor and a preliminary open label trial showed its
efficacy and safety in severe and critical COVID-19 pneumonia.

 Clinical trials that are being carried out will determine the number of doses to
be administered and its efficacy and safety in COVID-19 pneumonia.

 The results of all these trials will be available soon (May 2020)
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