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Objectives





Objectives
After participating in this presentation, the physician will be 
able to: 

• Identify optimal clinical outcomes in COVID-19 
pharmacotherapy studies

• Recall key outcomes from notable U.S. and international 
COVID-19 research studies

• Discuss medications without sufficient evidence to support 
use



Pitfalls of COVID-19 
Pharmacotherapy



Pitfalls of 
Pharmacotherapy

• Pace of information

• Preprints and press releases

• Emergency Use Authorization

• Repurposing

• Social media

• Meaningful study outcomes

• Fear of harm





Pitfalls of Pharmacotherapy:
Preprints 

Lachapelle F. medRxiv 2020.09.04.20188771; doi: 
https://doi.org/10.1101/2020.09.04.20188771

Gautret et al. (2020). International Journal of Antimicrobial Agents – In 
Press 17 March 2020 – DOI : 10.1016/j.ijantimicag.2020.105949



Emergency Use 
Authorization
• Section 564 of Federal Food, 

Drug, and Cosmetic Act
• Effective 27 March 2020

• EUAs issued
• Bamlanivimab + etesevimab 

• Casirivimab + imdevimab

• Baricitinib + remdesivir

• Convalescent plasma

• Remdesivir (certain patients)

• EUAs revoked
• Hydroxychloroquine

• Remdesivir (FDA approval)

• Bamlanivimab monotherapy

https://www.federalregister.gov/documents/2020/04/01/
2020-06905/emergency-use-authorization-declaration



Pitfalls of Pharmacotherapy: 

Repurposing Medications
• Remdesivir initially studied for Ebola

• Baricitinib for Rheumatoid Arthritis (RA)

• Tocilizumab for RA

• Hydroxychloroquine for malaria, lupus, RA

• Ivermectin for onchocerciasis, strongyloidiasis



Pitfalls of Pharmacotherapy: 

Social Media

https://www.cincinnati.com/story/opinion/2020/03/20/its-necessary-during-coronavirus-pandemic-step-away-phones/2885350001/



Pitfalls of Pharmacotherapy: 

Meaningful Study Outcomes?

•Viral Load

•Viral Clearance

•Hospital discharge

• Time to recovery

•Mortality

•Mechanical ventilation

• ICU admission

•Hospital admission



Pitfalls of Pharmacotherapy: 

Fear of causing 
harm

• First, Do No Harm

• Medication risks unknown

• Disease state risks unknown



Pitfalls of Pharmacotherapy: 
Cost of Medications

• Dexamethasone 6 mg daily 
• PO x 10 days ~$10
• IV x 10 days ~$20

• Remdesivir 200 mg x 1 then 100 mg 
• x 4 days ~$3,120
• x 9 days ~$5,720



Overview of 
Notable Research 

Studies



Notable Research Studies 

•N=12,000; 500 hospitals; 30 countries

•Repurposed drugs remdesivir, hydroxychloroquine, 
lopinavir/ritonavir, interferon had little to no effect on 
28-day mortality or in-hospital course of COVID-19

WHO Solidarity Trial Consortium. Repurposed antiviral drugs for COVID-19 – Interim WHO Solidarity Trial Results. N Engl J Med 2021; 384:497-511.



Notable Research Studies 

• N=39,371; 181 sites

• Azithromycin (14 Dec 2020)

• Hydroxychloroquine (5 June 2020)

• Lopinavir/ritonavir (29 June 2020)

• Convalescent Plasma (15 Jan 2021)

• Dexamethasone (16 June 2020)

• Tocilizumab (11 Feb 2021)

• Colchicine (5 Mar 2021)

• Macrolide therapy

• Corticosteroid

• Antivirals

• Immunomodulators

• Renin-angiotensin-
aldosterone inhibitors

https://www.recoverytrial.net/ https://www.remapcap.org/

A Randomized, Embedded, Multi-
factorial, Adaptive Platform Trial for 
Community Acquired Pneumonia

• Anticoagulation

• High dose vitamin C

• Simvastatin

• Aspirin or P2Y12 
inhibitor

• Convalescent plasma

• 200 sites in 19 countries

https://www.recoverytrial.net/
https://www.remapcap.org/


Notable Research Studies 

• ACTIV-
• 1 - Immune modulator 

compounds
• 2 - Outpatient monoclonal 

antibodies and other therapies
• 3 - Inpatient monoclonal 

antibodies 
• 4 - Antithrombotics
• 5 - Big Effect Trial - remdesivir 

plus monoclonal antibody vs 
remdesivir plus placebo

• ACTT trials (The Adaptive COVID-
19 Treatment Trials)
• ACTT-1 - placebo, remdesivir
• ACTT-2 - placebo, remdesivir, 

baricitinib
• ACTT-3 - placebo, remdesivir, 

interferon beta-1a
• ACTT-4 - placebo, remdesivir, 

baricitinib, dexamethasone

https://www.nih.gov/research-training/medical-research-initiatives/activ/covid-19-therapeutics-prioritized-testing-clinical-trials

https://www.nih.gov/research-training/medical-research-initiatives/activ/covid-19-therapeutics-prioritized-testing-clinical-trials


General Treatment 
Approaches



Adapted from Siddiqi H, Mehra MR. COVID-19 illness in native and immunosuppressed states: A clinical-therapeutic staging proposal. J Heart Lung Transplant. 2020 May;39(5):405-407.

Potential 
Therapies

Anti-SARS-CoV-2 
Monoclonal antibodies 

(at risk populations only)

Remdesivir Remdesivir,
dexamethasone, IL-6 
inhibitors, JAK inhibitors

Reduce 
immunosuppression 

(avoid excess steroids)

Careful use of antivirals, corticosteroids, cytokine 
response syndrome prevention agents 

(IL-6, JAK inhibitors, etc.)

dexamethasone

Stage 1 (early infection)                    Stage II (pulmonary phase)            Stage III (hyperinflammation)     
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• High risk: Bamlanivimab 700 mg + etesevimab 1400 mg (AIIa) or 
casirivimab 1200 mg + imdevimab 1200 mg (AIIa) 

• Recommend against dexamethasone or other corticosteroids (AIII)

Not hospitalized

(Mild/Moderate COVID-19)

• Recommend against dexamethasone or other corticosteroids (AIII)

• Insufficient data to recommend for/against remdesivir

Hospitalized, no oxygen 
requirement

• Remdesivir (BIIa) OR

• Dexamethasone plus remdesivir (BIII) OR

• Dexamethasone (when remdesivir n/a) (BI)

Hospitalized, oxygen 
required

• Dexamethasone (AI)

• Dexamethasone plus remdesivir (BIII)

• If recently hospitalized with increasing O2 need: add tocilizumab to 
one of the above options (BIIa)

Hospitalized, requires 
HFNC/NIMV

• Dexamethasone (AI)

• If within 24 hours of admission to ICU: dexamethasone plus 
tocilizumab (BIIa)

Hospitalized, requires IMV 
or ECMO

Adapted from COVID-19 Treatment Guidelines Panel. Coronavirus Disease 2019 (COVID-19) Treatment Guidelines. National Institutes of Health. Available at 
https://www.covid19treatmentguidelines.nih.gov/. Accessed [26 Apr 2021].



Medications 
for COVID-19



Medications for  COVID-19
Guideline Based Recommendations

•Remdesivir

•Monoclonal Antibodies

•Dexamethasone

• Tocilizumab

•Baricitinib

Additional Notable Primary Literature 

•Budesonide

•Colchicine

• Ivermectin



Remdesivir
• Pearls:

• Best benefit in hospitalized patients requiring oxygen
• Reduced viral response + hydroxychloroquine
• ACTT-1 = shorter time to recovery (10 vs. 15 days)
• SOLIDARITY = drug did not reduce mortality, IMV, hospital duration
• Inhaled version in Phase I

• Pitfalls: 
• Guidelines do not agree on place in therapy
• Mortality benefit not yet proven

Beigel JH, et al. N Engl J Med 2020;383:1813-1826.; WHO Solidarity Trial Consortium. N Engl J Med 2021; 384:497-511.; COVID-19 Treatment Guidelines Panel. National Institutes 
of Health. Available at https://www.covid19treatmentguidelines.nih.gov/. Accessed [24 Mar 2021].; Bhimraj A, et al. Infectious Diseases Society of America 2021; Version 4.1.1. 
Available at https://www.idsociety.org/practice-guideline/covid-19-guideline-treatment-and-management/. Accessed [24 Mar 2021].;
https://clinicaltrials.gov/ct2/show/NCT04539262. 



Monoclonal Antibodies



Monoclonal Antibodies
• Pearls: 

• EUAs define “at-risk populations” the same
• Outpatients only, unless admitted to hospital for a 

non-COVID-19 reason
• FDA MedWatch for adverse reactions

• Pitfalls: 
• Clinical endpoints needed to determine if benefit 

outweighs risk/cost
• Wait 90 days for COVID-19 vaccine 
• Efficacy against variants (pseudovirus) varies 

• Bamlanivimab EUA revoked

COVID-19 Treatment Guidelines Panel. National Institutes of Health. Available at https://www.covid19treatmentguidelines.nih.gov/. Accessed [24 Mar 2021].

CDC.gov. Interim clinical considerations for use of COVID-19 vaccines currently authorized in the United States. Last updated 5 March 2021. Accessed at 
https://www.cdc.gov/vaccines/covid-19/info-by-product/clinical-considerations.html on 24 March 2021. 



Variants in the United 
States by week

• B.1.1.7
• “U.K. variant”
• Increased frequency in 

U.S.

• B.1.351 (E484K)
• “South African variant”
• Infrequently detected 

in U.S.

• B.1.429/B.1.427 
(L452R)
• “California variant”
• California, Arizona, 

Nevada

https://covid.cdc.gov/covid-data-tracker/#variant-proportions



Monoclonal Antibodies:

Bamlanivimab + etesevimab
• Pearls:

• NIH and IDSA guidelines agree on use in at-risk populations who are SARS-CoV-2 positive
• BLAZE-1 

• Change in log viral load at day 11 = -0.057 (95% CI -1.00 to -0.14)
• Hospitalization or ED visits 0.9% (1/112) vs. 5.8% (9/156) 
• Adverse Events: 

• Serious: 0/309 monotherapy, 1/112 combo, 1/156 placebo
• Immediate hypersensitivity: 6/309 monotherapy, 2/112 combo, 1/156 placebo
• Most common side effects: Nausea, diarrhea

• Pitfalls: 
• No clinical endpoint data
• Different doses used in EUA vs. BLAZE-1 Phase 3 study
• Availability not widespread
• Retained efficacy against U.K. pseudovirus variant
• Reduced efficacy against South African and California pseudovirus variants

CDC.gov. https://www.covid19treatmentguidelines.nih.gov/statement-on-bamlanivimab-plus-etesevimab-eua/ accessed on 18 April 2021. Last updated 18 March 2021.

Gottlieb RL et al. Effect of Bamlanivimab as Monotherapy of in Combination with Etesevimab on Viral Load in Patients with Mild to Moderate COVID-19: A Randomized Clinical 
Trial. JAMA 2021;325(7):632-644.

Fact sheet. https://www.fda.gov/media/145802/download Accessed 26 Apr 2021. 

https://www.covid19treatmentguidelines.nih.gov/statement-on-bamlanivimab-plus-etesevimab-eua/
https://www.fda.gov/media/145802/download%20Accessed%2026%20Apr%202021


Monoclonal Antibodies:

Casirivimab + imdevimab
• Pearls

• NIH and IDSA guidelines agree on use in at-risk populations who are SARS-CoV-2 
positive

• Phase 1/Phase 2 results: 
• Reduced viral load
• Reduced medical visits (6% of placebo vs. 3% of antibody cocktail)
• Adverse events: 

• Serious: 4/258 regular dose, 2/260 high dose, 6/262 placebo
• Hypersensitivity/infusion related: 0/258 regular dose, 4/260 high dose, 1/262 placebo

• Pitfalls
• No clinical endpoint data
• Remainder of phase 2 and 3 studies not peer reviewed 

• “Reduced risk of hospitalization and death by 70%”
• Combination therapy retains efficacy against pseudovirus variants

Weinreigh DM, et al. N Engl J Med 2021; 384:238-251. 
et al. Fact sheet. Accessed at https://www.fda.gov/media/143892/download on 26 Apr 2021.

https://www.fda.gov/media/143892/download


Corticosteroids
• Pearls: 

• RECOVERY trial showed dexamethasone had lower 28-day mortality than standard of 
care alone (22.9% vs. 25.7%, NNT=29)
• Greatest benefit in invasive mechanical ventilation (29.3% vs. 41.4%, NNT=8.5)
• No benefit, potential harm with dexamethasone in group not requiring oxygen at 

baseline 
• Dexamethasone pharmacokinetics
• Comparable dosing? 

• Prednisone 40 mg, methylprednisolone 3 mg, hydrocortisone 160 mg

• Pitfalls: 
• No other steroids have shown the same mortality benefit
• Trials stopped early when RECOVERY trial results released
• Delayed viral clearance if started in “viral response phase”

The RECOVERY Collaborative Group. Dexamethasone in hospitalized patients with COVID-19. N Engl J Med 2021;384:693-704.

COVID-19 Treatment Guidelines Panel. Coronavirus Disease 2019 (COVID-19) Treatment Guidelines. National Institutes of Health. Available at 
https://www.covid19treatmentguidelines.nih.gov/. Accessed [24 Mar 2021].



IL-6 Antibodies: Tocilizumab

REMAP-CAP Investigators. N Engl J Med. 2021.; RECOVERY Collaborative Group. rial. medRxiv. 2021;preprint.; COVID-19 Treatment Guidelines Panel. Coronavirus 
Disease 2019 (COVID-19) Treatment Guidelines. National Institutes of Health. Available at https://www.covid19treatmentguidelines.nih.gov/. Accessed [24 Mar 2021].

• Pearls: 
• Tocilizumab (8 mg/kg, max 800 mg single dose) + dexamethasone (10 days)

• Hospitalized (<3 days), admitted to ICU (<24 hours), and require IMV, NIMV, HFNC, or rapid decline 
• Mortality benefit seen in REMAP-CAP and RECOVERY trials
• REMAP-CAP: mortality benefit, shorter time to hospital discharge, fewer days on organ-

support
• RECOVERY: mortality benefit, shorter median time to be discharged alive

• Pitfalls: 
• RECOVERY- preprint, not yet peer-reviewed
• Insufficient evidence to determine which patients benefit
• Avoid in immunocompromised patients, high ALT, GI perf. risk, infection other than SARS-CoV-

2, ANC <500, PLT <50,000
• Strongyloidiasis infection
• Availability and cost
• No EUA for this medication 



Janus Kinase Inhibitors: Baricitinib
• Pearls: 

• EUA approved for use with remdesivir in hospitalized patients requiring supplemental 
oxygen, IMV, or ECMO

• ACTT-2 study showed 
• Shorter time to recovery (7 days vs. 8 days, p=0.47)
• Mortality difference not significant

• Always to be used with remdesivir (AIII)

• Pitfalls: 
• Data is insufficient to recommend for or against use

• If corticosteroids cannot be used, NIH recommends remdesivir + baricitinib (BIIa)
• Corticosteroid recommendations changed during ACTT-2
• eGFR dosing
• Potentially higher thromboembolic risk; prophylaxis required
• Studies with ruxolitinib, tofacitinib not significant

Fact sheet for healthcare providers. Emergency Use Authorization of Baricitinib. Accessed at https://www.fda.gov/media/143823/download on 24 March 2021.
Kalil AC, et al. Baricitinib plus remdesivir for hospitalized adults with COVID-19. N Engl J Med 2021; 384;795-807.; COVID-19 Treatment Guidelines Panel. Coronavirus 
Disease 2019 (COVID-19) Treatment Guidelines. National Institutes of Health. Available at https://www.covid19treatmentguidelines.nih.gov/. Accessed [24 Mar 2021].

https://www.fda.gov/media/143823/download%20on%2024%20March%202021


Budesonide
• Pearls

• STOIC trial: 800 mcg inh BID vs. usual care started in non-hospitalized 
adults with symptoms suggestive of early COVID-19
• Budesonide started within 3 days, continued for 7
• Urgent care/ED/hospitalizations decreased in treatment group (2 vs 11, 

p=0.009), NNT=8
• Fewer persistent symptoms at days 14 and 28
• 5 patients with treatment-limiting adverse events

• Pitfalls
• Not included in NIH guidelines (yet?)
• More studies needed

Ramakrishnan S, et al. Inlahed budesonide in the treatment of early COVID-19 (STOIC): a phase 2, open-label, randomized controlled trial. Lancet Respir Med 
2021;Published online https://doi.org/10.1016/ S2213-2600(21)00160-0. 



Colchicine
• Pearls

• Anti-inflammatory drug that may reduce neutrophil 
chemotaxis, inhibit inflammasome signaling, and decrease 
production of cytokines (IL-1 beta)

• Pitfalls
• Patient outcomes centered data has not supported use

• COLCORONA (outpatient)
• No difference in death or hospitalization by day 30
• More GI symptoms in treatment arm (13.7% vs 7.3%, p<0.001)
• More pulmonary emboli in treatment arm (11 vs. 2, p=0.01)

• RECOVERY (hospitalized) - halted early for futility

COVID-19 Treatment Guidelines Panel. Coronavirus Disease 2019 (COVID-19) Treatment Guidelines. National Institutes of Health. Available at 
https://www.covid19treatmentguidelines.nih.gov/. Accessed [24 Apr 2021].



Ivermectin
• Pearls

• Anti-parasitic, anthelminthic
• Well tolerated at regular doses
• Shown to inhibit replication of SARS-COV-2 in cell cultures

• Pitfalls
• Dose required to inhibit replication is ~100 fold higher than usual dose

• High doses can cause allergic reactions, seizures, liver injury, death
• Not FDA approved for any viral infection
• Insufficient evidence to recommend for or against ivermectin in COVID-19
• Ivermectin for animal use is not safe for human use

NIH Treatment Guidelines. Accessed at https://www.covid19treatmentguidelines.nih.gov/antiviral-therapy/ivermectin/ on 26 April 2021.

https://www.covid19treatmentguidelines.nih.gov/antiviral-therapy/ivermectin/


Resources



FDA MedWatch: 
Adverse Event 
Reporting

Required by 
Emergency Use 
Authorizations

FDA MedWatch 
Form

Sign up for FDA 
MedWatch 
Emails

https://www.fda.gov/safety/medwatch-fda-safety-information-and-adverse-event-reporting-program
https://www.fda.gov/safety/medwatch-fda-safety-information-and-adverse-event-reporting-program/about-medwatch-e-list

https://www.fda.gov/safety/medwatch-fda-safety-information-and-adverse-event-reporting-program
https://www.fda.gov/safety/medwatch-fda-safety-information-and-adverse-event-reporting-program/about-medwatch-e-list


Pharmacotherapy Quick Reviews
• American Society of 

Health Systems 
Pharmacists
• https://www.ashp.org/

COVID-19

• Society of Infectious 
Diseases Pharmacists
• https://sidp.org/covid1

9therapeuticreviews

https://www.ashp.org/COVID-19
https://sidp.org/covid19therapeuticreviews


Key Takeaways



Key Takeaways
• Each COVID-19 pharmacotherapy pitfall was well-intentioned 

• Outcomes
• Mortality benefit: dexamethasone
• Mortality benefit?: tocilizumab + dexamethasone
• Shorter time to recovery: remdesivir alone and with baricitinib
• Decreased ED/hospitalizations: monoclonal antibody cocktail, budesonide(?)

• Continue to evaluate studies and reliable information sources for clinically 
relevant outcomes

• Report adverse events to FDA MedWatch





Thank you!

Kelly Murray, PharmD, BCACP
Kelly.murray@okstate.edu

https://www.reddit.com/r/VennDiagrams/comments/ltef92/hamiltoneminemvaccine/


