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Off-label use of therapeutics

• Tocilizumab and other immunomodulatory agents discussed 
are not FDA approved for COVID-19.
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1. COVID-19 and ‘cytokine storm’

2. Tocilizumab: what is the evidence?

3. Lessons learned
• Targeted immunomodulators
• Weighing the evidence (or, guzzling 

from the COVID-19 firehose)

Where are we going?



No rest for the weary

https://www.bbc.com/news/world-51235105; https://www.nytimes.com/interactive/2020/world/coronavirus-maps.html

Global

US

https://www.bbc.com/news/world-51235105
https://www.nytimes.com/interactive/2020/world/coronavirus-maps.html


Why do some patients deteriorate so quickly?

• Hyperinflammatory state observed in SARS-CoV-1 & 2

• ‘Cytokine storm’ used to describe elevated cytokine 
and chemokines (compared to normal) in SARS-CoV-1

• Cytokine storm paradigm rapidly adopted early in 
the COVID-19 pandemic.

• IL-6 elevation associated with death & severe disease

Huang K-J J Med Virol 2005; Zhou Lancet 2020; Qin Clin Infect Dis 2020; Wu JAMA Int Med 2020   



Hyperinflammation in COVID-19 – should we intervene?

Images: CarBibles.com, Frontiers News (Apr 14, 2020)



Hyperinflammation in COVID-19 – should we intervene?

Images: CarBibles.com, Frontiers News (Apr 14, 2020), Pixabay, Wikimedia



June C, Science 2020

Tocilizumab

• Monoclonal antibody

• Binds IL-6 receptor 

• FDA indications for RA and 
inflammatory arthritis, giant
cell arteritis

• Approved for cytokine release
syndrome after CAR-T cell 
therapy
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Early non-randomized studies of IL-6 blockade

China: Two-center retrospective study

• 20 pts with severe or critical COVID-19

• Improved oxygenation, temp, markers

Xu X, PNAS 2020
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Early non-randomized studies of IL-6 blockade

China: Two-center retrospective study

• 20 pts with severe or critical COVID-19

• Improved oxygenation, temp, markers

China: Single-center retrospective study

• 15 patients with mod. to critical COVID-19

• Mixed results, but “appears to be effective”

Italy: Multi-center, prospective open study

• 63 hospitalized pts with severe COVID-19

• Inflammatory markers, PaO2/FiO2 improved

Xu X, PNAS 2020; Luo P, J Med Virol 2020;  Sciascia S, Clin Exp Rheum 2020



What can we learn from our own patients?

Rimland C, Morgan C et al. medRxiv 2020 (2020.05.13.20100404)
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• Early description of tocilizumab at UNC (n=11)

• CRP rapidly normalized, as previously reported

• But no clear evidence of improvement in 
oxygen requirements, temperature, and other 
markers



Increasing off-label usage and positive observational studies

Malgie J, Clin Infect Dis 2020

• Meta-analysis of 10 
observational studies 
including controls

• 12% lower mortality in 
tocilizumab-treated patients



More evidence for efficacy from observational studies

• From the STOP-COVID registry

• Observational study at 68 sites across 
the US

• 4,485 critically ill patients in ICUs

• Thresholds for efficacy met:

• Improved 30d mortality:

Gupta S, JAMA Int Med 2020



But RCTs were largely negative…

Salvarini JAMA Int Med 2020; CORIMMUNO JAMA Int Med 2020; Stone J NEJM 2020; F. Hoffman-La Roche Ltd (press releases)



Italy (RCT-TCZ-COVID-19) - stopped for futility

Salvarini S, JAMA Int Med 2020

• 24 sites in Italy, 126 subjects with severe COVID-19

• On oxygen (low- or high-flow)

• Stopped early by DSMB for futility

• Thresholds for efficacy not met:

• No 28d mortality benefit:

Cumulative clinical worsening Hospital discharge rates



France (CORIMUNO-TOCI-1) - barely meets one efficacy threshold

Hermine O, JAMA Int Med 2020

• 9 sites in France, 131 subjects with severe COVID-19

• On oxygen (but no high-flow, mech vent, or ECMO)

• 1/2 thresholds for efficacy met:

• No 28d mortality benefit:

Death or MV, high-flow, NIV at d14

Death or MV at d14



N. America and Europe (COVACTA) - negative

Derived from clinicaltrials.gov; Roche press release (roche.com/investors/updates/inv-update-2020-07-29.htm); Rosas IO, medRxiv 2020

• 67 sites in Canada, Denmark, France, Germany, 
Italy, the Netherlands, Spain, UK, and the US

• 450 subjects with severe and critical COVID-19

• Double-blind, placebo-controlled

• Conducted by Roche (tocilizumab’s manufacturer)

• Thresholds for efficacy not met:

• No 28d mortality benefit:

Peer-reviewed analysis pending



Americas and Africa (EMPACTA) – meets efficacy threshold

Clinicaltrials.gov; Roche press release (roche.com/media/releases/med-cor-2020-09-18.htm); Salama C medRxiv 2020

• 69 sites in Brazil, Kenya, Mexico, Peru, South Africa, & US

• 389 subjects with severe COVID-19, 2:1 to TCZ:placebo

• Focus on ‘minority’ racial/ethnic groups

• Majority received steroids (~80%) and remdesivir (~55%)

• Double-blind, placebo-controlled

• Conducted by Roche (tocilizumab’s manufacturer)

• Thresholds for efficacy met:

• No 28d mortality benefit:

Peer-reviewed analysis pending



Parr JB JAMA Int Med 2020

Trying to make sense of it all…



RCTs do not support routine tocilizumab use

XXXX

XX X

Randomized trial results



Primary outcomes

28d overall mortality

Parr JB JAMA Int Med 2020



Boston, USA (BACC Bay Tocilizumab) – negative

Stone JH, NEJM 2020

• 7 Boston-area hospitals

• 243 subjects with severe COVID-19, 2:1 to TCZ:placebo

• Double-blind, placebo-controlled

• Sponsored by Roche/Genentech (toci’s manufacturer)

• Thresholds for efficacy not met:

• No 28d mortality benefit:



Where are we going?

1. COVID-19 and ‘cytokine storm’

2. Tocilizumab: what is the evidence?

3. Lessons learned
• Targeted immunomodulators
• Weighing the evidence (or, guzzling 

from the COVID-19 firehose)



Immune-based therapies - which and when?

Clearly a role for immune-based therapies
• Dexamethasone is now standard of care worldwide for those with 

COVID-19 who require oxygen

RECOVERY investigators, NEJM 2020; WHO REACT, JAMA 2020; Huet T Lancet 2020; Cauchois R PNAS 2020; ANSM press release 10/29/20; Sanofi press release 
9/1/20; | Images: CarBibles.com, Pixabay, Wikimedia

Role of targeted cytokine/chemokine blockade remains unclear
• Increasing positive results from anakinra (anti-IL1R) observational studies,

but RCT stopped in France due to excess mortality in treatment group.
• Sarilumab (anti-IL6R) RCT failed.
• Siltuximab (anti-IL6), canakinumab (anti-IL1B), vilobelimab (anti-C5a), many 

many others – results pending…



Now is the time to rely upon randomized trials

LitCovid (ncbi.nlm.nih.gov/research/coronavirus/faq); ClinicalTrials.gov; NIH (covid19treatmentguidelines.nih.gov)

• >67,000 COVID-19 publications 
to-date

• >2,500 clinical trials registered



Summary
• A hyperinflammatory state can be seen in COVID-19. 

• Observational studies supported rapid uptake of 
targeted immune-based therapies like tocilizumab, 
but…

• Randomized trials to-date do not support routine 
tocilizumab use. Additional RCT results are expected.

• Data from high quality randomized controlled trials is 
essential to identify therapeutics with real impact.



@jonbparrideelresearch.org

Thank you!
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