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Objectives

The SARS-CoV-2 Pandemic: Still Very Much Alive

At the conclusion of this presentation, participants will be able to:

 Discuss the application of principles of evidence-based medicine
to treatment and prevention of infection during the COVID-19
pandemic.

 Evaluate the efficacy and safety of drug therapies, including those
both recommended and not recommended, for preventing and
treating COVID-19 infection.

 Identify investigational therapies which may potentially prove
useful in the prevention or treatment of COVID-19 infection.

https://coronavirus.jhu.edu/map.html Last accessed 5/19/22.

COVID-19 Cases in Colorado (through 5/18/22)

Infections Caused by COVID-19 Variants, Colorado
(12/2020 - 5/2022)

U.S. national data

https://covid19.colorado.gov/data

https://covid19.colorado.gov/data
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Seroprevalence of Infection-Induced SARS-CoV-2 Antibodies —
United States, 9/2021–2/2022
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The SARS-CoV-2 Pandemic in the U.S.

75.2%
74.2%

Overall seroprevalence in 2/2022 = 57.7%

63.7%
49.8%
33.2%

https://coronavirus.jhu.edu/map.html Last accessed 5/19/22.

Clarke KEN, et al. MMWR 4/26/2022
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Investigational/Experimental/Mythical Agents for COVID-19
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›
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Acalabrutinib
ACE inhibitors
Adalimumab
Anakinra
Angiotensin receptor blockers
Angiotensin II agonists
Anticoagulants
Antihistamines
Atazanavir
Azithromycin
Baricitinib
Certolizumab
Choroquine
Colchicine
Convalescent plasma
Corticosteroids
Dapagliflozin
Darunavir/cobicistat
Etanercept
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›
›
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Famotidine
Favipiravir
Fluvoxamine
Golimumab
Hydroxychloroquine
Ibrutinib
Icatibant
Infliximab
Interferon alpha
Interferon beta
Ivermectin
IVIG
Linagliptin
Lopinavir/ritonavir
Melatonin
Metformin
Molnupiravir
Monoclonal antibodies
N-acetylcysteine

NSAIDs
Paxlovid (PF-07321332)
Proton pump inhibitors
Quercetin
Remdesivir
Ribavirin
Ruxolitinib
Sarilumab
Siltuximab
Sitagliptin
Statins
Thiamine
Tocilizumab
Tofacitinib
Umifenovir
Vitamin C
Vitamin D
Zanubrutinib
Zinc sulfate

“Publication by Press Release”: Dexamethasone
› “The survival benefit is clear and large in those patients who are sick enough to
require oxygen treatment, so dexamethasone should now become standard of
care in these patients.”

› “These preliminary results from the RECOVERY trial are very clear –
dexamethasone reduces the risk of death among patients with severe
respiratory complications…it is fantastic that the first treatment demonstrated
to reduce mortality is one that is instantly available and affordable worldwide.”

› "Dexamethasone will likely now be part of the standard of care for COVID-19
patients requiring oxygen support and/or ventilation.”

› “I think it needs to be validated, but it certainly suggests that this could be
beneficial in this setting.”
https://www.recoverytrial.net/files/recovery_dexamethasone_statement_160620_v2final.pdf

Dexamethasone for COVID-19: HHS Guidelines
6/25/20)

(revised

Retractions of Published Articles in Lancet and NEJM
(6/4/2020)

Press release  guideline inclusion = 9 days

› The COVID-19 Treatment Guidelines Panel recommends using
dexamethasone (at a dose of 6 mg per day for up to 10 days) in
patients with COVID-19 who are mechanically ventilated (AI) and
in patients with COVID-19 who require supplemental oxygen but
who are not mechanically ventilated (BI).

› The Panel recommends against using dexamethasone in
patients with COVID-19 who do not require supplemental
oxygen (AI).
https://www.covid19treatmentguidelines.nih.gov/dexamethasone/
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Intersections (Collisions?) of Science, Public Health, and
Politics

› Hydroxychloroquine: “…the most bizarre episode in 21stcentury medicine; the most baseless, cock-eyed
madness to reach all the way to the President of the
United States and the CEO of Space-X.…”

C2

COVID-19–Related Infodemic and Its Impact on
Public Health: A Global Social Media Analysis

13

› Evaluated COVID-19–related rumors, stigma, and conspiracy theories
circulating on online platforms

 E.g., fact-checking agency websites, Facebook, Twitter, online
newspapers

› 2,311 reports of rumors, stigma, and conspiracy theories in 25
languages from 87 countries.

› Claims related to:

› Masks: “The U.K. and the U.S. have been lessons in how
not to give clear messaging to the public.”

Rohin Francis: “COVID-19: where science goes to die”. medpagetoday.com

14







Illness, transmission and mortality (24%)
Control measures (21%)
Treatment and cure (19%)
Cause of disease including the origin (15%)
Miscellaneous (21%)

› 82% of claims were false

Islam MS, et al. Am J Trop Med Hyg, 00(0), 2020, pp. 1–9.
doi:10.4269/ajtmh.20-0812.

Viral vs. Inflammatory Phases

COVID-19: Where are we with pharmacologic
treatment and prevention?

16

HHS Guidelines:
Therapeutic Management of
Hospitalized Adults with COVID19
Recommended agents include:
• Remdesivir
• Dexamethasone
• IL-6 inhibitors
• Tocilizumab
• Sarilumab
• JAK inhibitors
• Baricitinib
• Supportive care
• Anticoagulation
https://www.covid19treatmentguidelines.nih.gov/managemen
t/clinical-management/hospitalized-adults--therapeuticmanagement/
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Remdesivir
Dexamethasone
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Remdesivir for Treatment of COVID-19 in
Hospitalized Patients

Remdesivir for the Treatment of Covid-19 (ACTT-1)
› Results:

19

› Prospective open-label study in 185 patients:

 Time to recovery = remdesivir 11 days vs. placebo 15 days (rate ratio for recovery,
1.32; 95% CI, 1.12 - 1.55; P<0.001)
 Mortality = remdesivir 7.1% vs. placebo 11.9% (HR, 0.70; 95% CI, 0.47 - 1.04)



No significant difference in mortality vs. SOC (Barratt-Due et al, Ann Intern Med 2021 July 13;epub.)



No difference in mortality, need for ventilation, or duration of hospitalization with remdesivir vs. controls

› Prospective, randomized, open-label study in 2,750 patients:
(WHO Solidarity, N Engl J Med 2021; 384:497.)

› Prospective, randomized, open-label study in 857 patients:


No difference in disease severity, disease progression or mortality with remdesivir vs. controls (Ader et al,
Lancet Infect Dis 2021;Sept 14.)

› Retrospective study in 342 patients:


Significantly decreased time to clinical improvement with remdesivir vs. matched controls, no difference in
mortality (Garibaldi et al, JAMA Network Open 2021; 4:e213071.)

› Retrospective study in 2,344 patients:


No difference in mortality, significantly longer time to discharge with remdesivir vs controls

(Ohl et al, JAMA

Network Open 2021;4:e2114741.)

› Prospective open-label study in 1,282 patients:


No difference in mortality, significant reduction in mechanical ventilation with remdesivir vs. SOC (Ali K, et al.
CMAJ Jan 2022.)

Beigel JH, et al. NEJM. Published 5/22/20; DOI: 10.1056/NEJMoa2007764
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Dexamethasone for COVID-19 (RECOVERY):
28-Day Mortality

Dexamethasone: 12 mg vs. 6 mg
› Evaluated whether higher doses
›
›
›

might provide greater benefits in
severely ill patients
Patients randomized to receive 12
mg/d vs. 6 mg/d x 10 days (N =
982)
Median days alive without life
support = 22.0 vs. 20.5, respectively;
P = 0.07
No difference in mortality

› Also significant differences in progression to mechanical ventilation,
discharge from hospital alive at 28 days

NEJM 2020;10.1056/NEJMoa2021436

Remdesivir and Dexamethasone for COVID-19:
Continuing Questions
› Safety and efficacy of remdesivir + dexamethasone
 Dexamethasone appears most beneficial in ventilated patients
 Remdesivir appears most beneficial in nonventilated patients
 What happens if you use them together???

› Efficacy in key subgroups:





Age groups
Patients with comorbidities
Pregnancy
Children

JAMA. doi:10.1001/jama.2021.18295

23

IL-6 Antagonists and Mortality in
Patients Hospitalized for COVID19: A Meta-analysis
• Included 27 trials, 10,930 patients
• Significant reduction in mortality (OR,
•

•

0.86 [95%CI, 0.79-0.95]; P = .003)
NNT = 25
Also significant reduction in
progression to mechanical ventilation
(OR, 0.77 [95%CI, 0.70-0.85]) NNT =
14
Best benefits seen in patients also
receiving corticosteroids

WHO REACT Working Group. JAMA. 2021;326(6):499-518. doi:10.1001/jama.2021.11330.
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Janus Kinase (JAK) Inhibitors:
and Tofacitinib

Baricitinib

› JAKs play crucial role in signaling pathway between
binding of cytokines at cell surface receptors and
initiation of inflammatory response


25

HHS Guidelines:
Therapeutic Management of
Nonhospitalized Adults with
COVID-19
Recommended agents include:
• Nirmatrelvir/ritonavir (Paxlovid)
• Remdesivir
• Bebtelovimab
• Molnupiravir

Potent anti-inflammatory agents

› ACTT-2:  death or progression to more aggressive
pulmonary support by Day 29
(95% CI 0.56, 0.99); p = 0.04]

C2

[odds ratio: 0.74

› COV-BARRIER:  mortality [odds ratio: 0.54 (95% CI
0.31, 0.96); p = 0.03] NNT = 6

› Dosing:
 Baricitinib 4mg PO once daily up to 14 days
 Tofacitinib 10mg PO BID for up to 14 days

http://pi.lilly.com/eua/baricitinib-eua-factsheet-hcp.pdf
Marconi VC, et al. Lancet Resp Med. 2021;9:1407-18.

Risk Factors for
COVID-19 Progression

• Strongest predictors:

• Age ≥ 60 years
• Obesity (BMI ≥30)
• Diabetes mellitus
• Immunocompromised states

• Malignancy
• Transplantation
• HIV
• Primary immunodeficiencies
• Corticosteroids, other immunosuppressive
drugs

• CKD
• Chronic diseases of the heart, lungs, liver
• Neurologic and cerebrovascular
conditions
• Pregnancy
Williamson EJ, et al. Nature. 2020; 584(20): 430-40.

Nirmatrelvir/ritonavir for COVID-19

Hammond J, et al. New Engl J Med 2022; DOI: 10.1056/NEJMoa2118542

https://www.covid19treatmentguidelines.nih.gov/management/clinica
l-management/clinical-management-summary/

Antivirals for Nonhospitalized Patients with COVID-19

27

› Nirmatrelvir/ritonavir (Paxlovid; Pfizer)
 Nirmatrelvir: inhibits SARS-CoV-2 protease (Mpro) and viral replication
 Ritonavir: potent CYP450 3A4 inhibitor, improves pharmacokinetics of
nirmatrelvir

› EPIC-HR trial
 Double-blind, randomized, placebo-controlled
 Subjects with mild-to-moderate symptoms, confirmed SARS-CoV-2 infection, ≥ 1
risk factor for poor outcomes, enrolled within 5 days of symptom onset
 Planned interim analysis of 1,219 patients from Phase 2/3 trial
 Paxlovid reduced the risk of hospitalization or death by 88% through Day 29
among patients enrolled within 5 days of symptom onset (p <0.0001) NNT = 19
 Trial stopped early
Hammond J, et al. New Engl J Med 2022; DOI: 10.1056/NEJMoa2118542

Nirmatrelvir/ritonavir for COVID-19

Hammond J, et al. New Engl J Med 2022; DOI: 10.1056/NEJMoa2118542
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Paxlovid for Nonhospitalized Patients with COVID-19
› Dosing:
 300 mg nirmatrelvir (two x 150 mg tablets)
mg ritonavir (one x 100 mg tablet)
 All three tablets taken together twice daily
to food for 5 days

30

C2

Nirmatrelvir/ritonavir Drug-Drug Interactions

31

with 100
without regard

› Adjustments:
 eGFR 30-60mL/min/1.73m2: 150 mg nirmatrelvir + 100 mg ritonavir twice
daily for 5 days
 Not recommended for eGFR < 30 mL/min/1.73m2 or severe hepatic
impairment (Child-Pugh class C)

› Many significant drug-drug interactions due to ritonavir
› Safety: dysgeusia, diarrhea, myalgia, nausea/vomiting
Hammond J, et al. New Engl J Med 2022; DOI: 10.1056/NEJMoa2118542

Antivirals for Nonhospitalized Patients with COVID-19

32

› Molnupiravir (Lagevrio; Merck/Ridgeback)

https://www.covid19treatmentguidelines.nih.gov/therapies/antiviral-therapy/ritonavir-boosted-nirmatrelvir--paxlovid-/paxlovid-drug-drug-interactions/

Molnupiravir for Nonhospitalized Patients with COVID-19

› HHS Guidelines: lower efficacy than other preferred treatment
options

 Inhibits viral replication by inhibiting viral RNA polymerase

› MOVe-OUT Trial

 Double-blind, randomized, placebo-controlled
 Subjects with mild-to-moderate symptoms, confirmed SARS-CoV-2
infection, ≥ 1 risk factor for poor outcomes, enrolled within 5 days of
symptom onset
 Planned interim analysis of 775 patients from Phase 3 trial
 Molnupiravir reduced the risk of hospitalization or death by 31% (6.8% vs.
9.7%) through Day 29
[Difference -3.0% (95% CI, 5.9% to -0.1%) NNT = 35
 Study stopped early

 Should be used only when the preferred options are not available,
feasible to use, or clinically appropriate

› Dosing:

 800 mg (4 x 200 mg capsules) twice daily without regard to food for 5
days

› Renal/hepatic dosing adjustments: none
› Significant drug-drug interactions: none
› Safety:
 Well tolerated, most common side effects =
nausea, dizziness
 ? mutagenecity, embryofetal toxicity risks

diarrhea,

Bernal AJ, et al. N Eng J Med. 2021; DOI: 10.1056/NEJMoa2116044

34

Remdesivir for High-Risk, Non-Hospitalized Patients with
COVID-19 (PINETREE)
› Phase 3, randomized, double-blind, placebo-controlled trial
› Non-hospitalized patients with COVID-19 at high risk for disease
progression (N = 562)

 IV remdesivir x 3 days vs. placebo

› Composite primary endpoint of COVID-related hospitalization or
all-cause death by day 28

 Remdesivir = 0.7% (2/279) vs. placebo = 5.3% (15/283); p = 0.008

› Composite secondary endpoint of medical visits due to COVID
or all-cause death by day 28

Remdesivir for High-Risk, Non-Hospitalized Patients with
COVID-19 (PINETREE)

› Overall 87% risk reduction
› NNT = 22
› Consistent benefits with

decreased risk of
hospitalization across most
subgroups
› Well tolerated, adverse event
rate similar to placebo

 Remdesivir = 1.6% (4/246) vs. placebo = 8.3% (21/252); p = 0.002
https://www.gilead.com/news-and-press/press-room/press-releases/2021/9/veklury-remdesivirsignificantly-reduced-risk-of-hospitalization-in-highrisk-patients-with-covid19.

https://www.gilead.com/news-and-press/press-room/press-releases/2021/9/vekluryremdesivir-significantly-reduced-risk-of-hospitalization-in-highrisk-patients-with-covid19.
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mAb Efficacy for the Treatment of Ambulatory
Patients with Mild to Moderate COVID-19

Monoclonal Antibody (mAb) Preparations
› Treatment only:

› Overall, 70-85% risk reduction against hospitalization/death from RCTs

 Sotrovimab (GSK)
 Bamlanivimab (Lilly)
 Bebtelovimab (Lilly)

Study

› Treatment and Post-exposure
prophylaxis

 Casirivimab-imdevimab (Regeneron)
 Bamlanivimab/etesevimab (Lilly)

› Pre-exposure prophylaxis
 Tixagevimab-Cilgavimab
(AstraZeneca)

Design

Gupta A, et al.
NEJM. 2021

Phase 3 RCT
Placebo controlled
Symptoms within 5 days
High risk

Sotrovimab 500mg
IV once

Day 29 hospitalization or death: 1%
sotrovimab vs. 7% placebo (relative
risk reduction 85%; 97.24% CI, 4496%)

17

Weinreich DM, et
al. NEJM. 2021

Phase 3 RCT
Placebo controlled
Symptoms within 7 days
High risk

Casirivimab 600 or
1200mg and
imdevimab 600 or
1200mg IV once

Day 29 hospitalization or death: 1.3%
C/I vs. 4.6% placebo (relative risk
reduction 71.3%; 95% CI, 51.782.9%)

31

• AND

Criteria for
mAb
Treatment

 Recommended in HHS guidelines, but should be used only when
preferred treatment options are not available, feasible to use, or
clinically appropriate
 Safety:
• Infusion-related, 0.3%

Not requiring new or increase from baseline
supplemental oxygen for COVID-19
• AND

Not hospitalized due to COVID-19
• AND

At high-risk for progression to severe COVID-19

• Pruritis, 0.3%

• AND

• Rash, 0.8%

Within 7 days from symptom onset

• Nausea and/or vomiting, 0.8%
›

40

Monoclonal Antibodies for COVID-19 Prophylaxis

› Tixagevimab/cilgavimab (Evusheld; AstraZeneca) reported to
reduce symptomatic COVID-19 by 77% when used as single-dose
PrEP

› EUA granted for PrEP
› New dosing based on activity against BA.2 subvariant, but not much

O’Brien et al. N Engl J Med 2021;385:1184-95.

21

Positive SARS-CoV-2 with mild-moderate
COVID-19

 HOWEVER, no actual clinical efficacy data from well-designed trials

 Initial dose = 150mg each (300mg total)
 New dose = 300mg each (600mg total)

NNT

Dougan M, et al.
NEJM. 2021

 Active in vitro against all circulating Omicron subvariants

efficacy data

Results

Bamlanivimab
Day 29 hospitalization or death: Risk
2800mg and
difference -4.8%; 95% CI, -7.4 to -2.3
etesevimab 2800mg (70% risk reduction)
IV once

Bebtelovimab for COVID-19

 PREVENT Trial = 5,172 high-risk subjects followed for 6 months

Intervention

Phase 3 RCT
Placebo controlled
Within 3 days of + test
High risk

https://www.covid19treatmentguidelines.nih.gov/management/clinical-management/clinical-management-summary/

Monoclonal Antibodies for PEP –
No Longer Recommended by HHS Guidelines
› Post-exposure prophylaxis (PEP)
 BAM-ETE (EUA granted for PEP)
• BLAZE-2 phase 3 trial in nursing home residents and staff
• N= 965 participants who had initial negative SARS-CoV-2 PCR test
– Randomized to 4200mg BAM or matching placebo
– At 8 week follow-up, symptomatic COVID-19 lower with BAM (OR 0.2, p <
0.0001)
– 4 COVID-19 related deaths among NH residents, all in placebo group

 CAS-IMD (EUA granted for PEP)
• N=1,505 household contacts randomized to CAS/IMD subQ or placebo
• 1.5% CAS-IMD vs. 7.8% placebo developed infection (81% risk reduction,
p < 0.0001)
https://www.fda.gov/media/145802/download
https://www.fda.gov/media/145611/download
https://www.fda.gov/media/154701/download
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Take Home Points and Future Directions for mAb’s

Convalescent Plasma: So Promising, So Ineffective

› mAb administration logistics are challenging
› Prevents disease progression to hospitalization among high-risk

› Randomized, controlled, open-

patients
 Bebtelovimab only available mAb for treatment given retained
potency against BA.2 subvariant
 Evidence suggests mAb effective in setting of vaccine
breakthrough
› Must give early (before natural immunity)
 Symptom duration limit now 7 days

› PrEP - Evusheld (tixagevimab/cilgavimab)

label adaptive trial included
11,558 severely ill patients
receiving CP vs. SOC

 No significant differences in any
primary or secondary outcomes

› Randomized, controlled,

adaptive trial in 2,011 critically
ill patients receiving high-titer
CP vs. SOC
 No significant differences in any
primary or secondary outcomes

authorized under EUA

Recovery Collaborative Group. Lancet 2021; May 14: doi.org/10.1016/S0140-6736(21)00897-7.
REMAP-CAP Investigators. JAMA. 2021;326(17):1690-1702.

44

Ivermectin for
COVID-19

45

Hill et al. Research Square, October 25, 2021; doi.org/10.21203/rs.3.rs-1003006/v1.

› Reanalysis of previous meta-analysis
› Analysis including all studies  ivermectin = significant 51% increase in

“Meta-analysis of 15
trials [N=2,438] found
that ivermectin reduced
risk of death compared
with no ivermectin
(average risk ratio 0.38,
95% confidence
interval 0.19–0.73.”

survival (p=0.01)

› After excluding a potentially fraudulent study  borderline significant
38% increase in survival (p=0.05)

› After excluding 3 studies at high risk of bias  non-significant 10%
increase in survival (p=0.66)

› Lastly, after excluding 4 studies with some concerns of bias 
non-significant 4% increase in survival (p=0.90)

› “These observations demonstrate that the significant effect of

ivermectin on survival was dependent on the inclusion of studies
with a high risk of bias or potential medical fraud.”

Bryant et al. Am J Ther 2021;28:e434-e460.

46

Ivermectin for COVID-19: More Nails in the Coffin
› I-TECH: randomized open-label trial of ivermectin vs. control in adults with
mild to moderate COVID-19 and comorbidities (N = 490)

 Primary outcome = progression to severe disease  P=0.25
 No significant difference in any secondary outcome (time to progression, new
mechanical ventilation, ICU admission, all-cause mortality, hospital LOS, complete
symptom resolution, normal chest radiography)

› TOGETHER: randomized, double-blind, placebo-controlled trial of

ivermectin in adults with COVID-19 and risk factors for disease progression
(N = 3,515)

 Primary outcome = 28-day hospitalization or ED visit  P=NS
 No significant difference in any secondary outcome (viral clearance, time to clinical
recovery, death, mechanical ventilation, severity scores)

Chee Loon Lim S, et al. JAMA Int Med 2022; ;182(4):426-435. doi:10.1001/jamainternmed.2022.0189.
Reis G, et al. New Engl J Med 2022; DOI: 10.1056/NEJMoa2115869.

Ivermectin for COVID-19: addressing potential
bias and medical fraud

Early Treatment of COVID-19 with Fluvoxamine

47

› Placebo-controlled, randomized trial in high-risk Brazilian
patients with confirmed SARS-CoV-2 infection

› Subjects randomly assigned to fluvoxamine 100 mg BID x 10
days (n = 742) vs. placebo (n = 756)

› Primary outcome = composite endpoint of hospitalization or ED
observation for >6 hours

› Primary outcome occurred in 11% fluvoxamine vs. 15% placebo
(RR 0.69 [95% CI, 0.53-0.90])

 Difference driven by ED duration (p = 0.0001), not hospitalizations (p =
NS)

› Although encouraging at face value, these data not supported by
other well-designed studies

Reis et al. Lancet Glob Health 2021; doi.org/10.1016/ S2214-109X(21)00448-4.
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Summary of COVID-19 Outpatient Therapies

Early Treatment of COVID-19 with Fluvoxamine

› Paxlovid, remdesivir, and monoclonal antibodies appear most effective in

 Recent meta-analysis of 3 RCTs suggested benefit with 50-100mg PO BID
 HOWEVER, proposed efficacy much lower than other recommended agents
•
•
•
•
•

preventing disease progression and COVID-19-related hospitalization

 Supply constraints with mAb’s and Paxlovid limit accessibility for many patients

Nirmatrelvir/ritonavir = 88% reduction in hospitalizations, NNT = 19
Remdesivir = 87% reduction in hospitalizations, NNT = 22
Monoclonal antibodies = 70-80% reduction in hospitalizations, NNT 16-30
Molnupiravir = 30% reduction in hospitalizations, NNT = 35
Fluvoxamine = 25% reduction in hospitalizations, NNT 100-200

 Logistical hurdles with outpatient infusions for mAb’s and remdesivir complicate
many facilities’ ability to provide access
 Paxlovid administration further complicated by significant interactions and
exclusion of those with severe renal/hepatic impairment

› Impact on efficacy unclear in setting of Omicron sub-variants and vaccine status
› More evidence needed for molnupiravir, fluvoxamine, many other agents
 Fluvoxamine may be an attractive, cost-effective option in resource limited areas
with limited/timely access to mAb, Paxlovid, or remdesivir

Lee TC, et al. JAMA Netw Open. 2022; 5(4): e226269

Health Outcomes at 2 Years After Hospitalization with COVID:
Longitudinal Cohort Study

51

50

› Assessed ~2,500 patients at 6,
12, and 24 months

› Patients with ≥1 sequelae

symptom decreased from 68% at
6 months  55% at 24 months

COVID-19: Where are we with more
investigational agents for treatment and/or
prevention?

 Fatigue, muscle weakness most
frequent at all time points
 Dyspnea, depression, anxiety all
significantly improved over time
 More common in women, greater
initial COVID severity

› Patients with symptoms at 2

years  worse HRQoL, exercise
capacity, mental health
abnormalities, pain or
discomfort, healthcare utilization


89% were able to return to
original work within 2 years

› No known effective therapy

52

An Unbelievable Pace of Drug Discovery
› Milken Institute COVID-19 tracker
(https://covid-19tracker.milkeninstitute.org/)

 332 treatments under development
 276 new vaccines under development

› ClinicalTrials.gov reports 4,472 COVID-19
related studies
 1,752 from U.S., including 289 federally funded

Sabizabulin for COVID-19

53

› Investigational oral agent with both antiviral and anti-inflammatory effects
› Phase 3 randomized, double-blind, placebo-controlled trial





210 hospitalized patients
Moderate to severe COVID-19 at risk for ARDS
Randomized 2:1 to receive sabizabulin PO QD x 21 days or placebo
Primary endpoint = 60-day mortality

› Planned interim analysis  55% relative reduction in mortality (P=0.0029)
 Mortality = sabizabulin 20%, placebo = 45%
 No clinically relevant safety concerns

› Trial stopped early by the Data Safety Monitoring Committee
Press release 4/11/22. Available at: https://www.globenewswire.com/news-release/2022/04/11/2419839/11676/en/Veru-s-Novel-COVID-19-Drug-CandidateReduces-Deaths-by-55-in-Hospitalized-Patients-in-Interim-Analysis-of-Phase-3-Study-Independent-Data-Monitoring-Committee-Halts-Study-Early-for-.html.
Last accessed 5/14/22.
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Vaccination Status in Colorado (through 5/17/22)

COVID-19: Where are we with vaccines?

https://covid19.colorado.gov/vaccine-data-dashboard

COVID-19 Vaccines Approved/Authorized in the U.S.
Pfizer-BioNTech

Moderna

J&J (Janssen)

Vaccine type

mRNA encapsulated in lipid
nanoparticles

mRNA encapsulated in lipid
nanoparticles

Recombinant, replicationincompetent adenovirus
serotype 26 (Ad26) vector

Immune response
elicited by:

Direct translation of mRNA
into viral spike protein

Direct translation of mRNA
into viral spike protein

Production of viral spike
protein from viral DNA
introduced by adenovirus
vector

Approved/
Authorized Ages

≥5 y.o., incl. booster x 2

≥18 y.o., incl. booster x 2

≥18 y.o., incl. booster x 1

2 x 30 mcg doses (0.3 mL)
21 days apart

2 x 100 mcg doses (0.5 mL)
28 days apart

1 dose (0.5 mL)

When fully
vaccinated?

Two weeks after second
dose

Two weeks after second
dose

Two weeks after dose

Storage

Ultracold Freezer (-70○ C)

Cold Freezer (-20○ C)

Refrigerator

Dosage

Rates of COVID-19 Deaths by Vaccination/Booster Status and
Vaccine Product: United States
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Ewig et al. Curr Opin Infect Dis 2012;25:166-175.

https://covid.cdc.gov/covid-data-tracker/#rates-by-vaccine-status

COVID-19 Vaccine Adverse Effects (Pfizer)
› Adverse reactions in subjects ≥16













Pain at injection site
Fatigue
Headache
Muscle pain
Chills
Joint pain
Fever
Injection site swelling
Injection site redness
Nausea
Malaise
Lymphadenopathy

84.1%
62.9%
55.1%
38.3%
31.9%
23.6%
14.2%
10.5%
9.5%
1.1%
0.5%
0.3%

Percentage of Patients (%)

years of age:

70
60
50
40
30
20
10
0

Dose 1

Dose 2

COVID-19 Viral-Vector Vaccines and
Thrombosis with Thrombocytopenia Syndrome (TTS)
› Background CVST rate in general U.S. population = 2.4/million
› Most vaccine-related cases in U.S. in women, most commonly 18-49
years of age

› CVST rates reported through VAERS are 7.0/million doses in women 18-49
years, 0.9/million doses in women ≥50 years and men

› CVST rate with AstraZeneca vaccine in U.K.= 3.6/million
› Estimated CVST rates in patients with COVID-19:
 42.8/million in both inpatients and outpatients
 207.1/million in hospitalized COVID-19 cases
› In U.S., J&J vaccine now only recommended for those unable/unwilling to
receive mRNA vaccine
Pfizer-BioNTech COVID-19 Vaccine EUA Fact Sheet for HCP_12-11-20

Bikdeli B, et al. J AmColl Cardiol 2021;
DOI:10.1016/j.jacc.2021.06.001.
https://www.cdc.gov/mmwr/volumes/70/wr/pdfs/mm7017e4-H.pdf
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Pharmacologic Management of COVID-19
Douglas Fish, PharmD

Neurological Complications after Vaccination
vs. SARS-CoV-2 Infection

C2

60

mRNA Vaccines and Myocarditis

› Through 10/6/2021 = total of 1,640 cases of myocarditis and pericarditis
reported to VAERS

 Median time to onset after 2nd dose = 3 days (range 0-98)

› Estimated rates/1 million doses:

 Males 12-15 y.o. = 40
 Males 16-17 y.o. = 69 (0.007% of doses)
 Males 18-24 y.o. = 37

› Most patients hospitalized, quickly discharged (median LOS = 1 day),
responded well to treatment with NSAIDs, steroids, colchicine
 No deaths

› Recent meta-analysis = myopericarditis after mRNA COVID vaccines less than after
smallpox and similar to influenza, other vaccines

› Risk-vs.-benefit considerations strongly favor vaccination
Patone et al. Nature Medicine. doi.org/10.1038/s41591-021-01556-7.

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/myocarditis.html
Larson et al. 10.1161/CIRCULATIONAHA.121.055913; June 16, 2021.
Ling RR, et al: Lancet Resp Med 2022; https://doi.org/10.1016/ S2213-2600(22)00059-5.

COVID-19: Where Are We Now? Summary
› COVID-19 continues to be an active pandemic with significant morbidity and
mortality, particularly in higher-risk populations

› Numerous medications have been tested and/or advocated for treatment or
prevention of COVID-19, but only a few have been shown effective

› Several investigational agents for treatment or prevention of COVID-19 appear
promising in reducing incidence and severity of infection

› Together with other public health measures, vaccinations continue to have
important impacts on COVID-19 cases, hospitalizations, and deaths

› COVID-19 vaccines are quite safe overall, despite the fact that more serious
adverse effects may occur

› We’ve made amazing progress in the past 2+ years, but challenges remain!
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