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COVID-OUT Trial Overview

Early outpatient treatment to prevent severe COVID-19
• Remotely delivered, de-centralized trial at 6 participating institutions
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Metformin: started with in silico modeling, NLP identification 

Natural language processing, Covid clinical 
trials
Learning Health System Scholar

Chris Tignanelli, MD MS
Department of Surgery, UMN 

David Odde, PhD
Professor of Biomedical Engineering

Early 2020 developed simulator on SARS-CoV-2 life 
cycle

Metformin
Inhibits mTOR -->



Metformin: a history of potential antiviral properties

• Discovered in 1922
• 1950s, studied in influenza

• associated with reduced incidence of H3N2 
influenza (5.4 vs 24%, p<0.001)

• Other biguanides had safety issues

• 1990s FDA approved for diabetes
• 2000s, growing interest in anti-cancer
• 2010 Interest as anti-infectious agent
• Zika, hep C (autophagy, mTOR inhibition) 

• Was not prospectively assessed in Zika

• Current RCT's include: TB, dengue

1. Garcia EY (1950) Flumamine, J Philippine Med Assoc 26:287–293
2. Bailey C. Metformin: historical overview. Diabetologia (2017) 
3. Boominathan L, Combinatorial Antiviral Therapy (CAT): Metformin, the widely used drug in the treatment of TIIDM, inhibits Hepatitis-B/C, Dengue, Zika, Ebola, HIV-1, 2017
4. Fan Cheng, et ai. Journal of Virology Jan 2018,
5. Yu J-W, Sun L-J, Zhao Y-H, Kang P, Yan B-Z. The effect of metformin on the efficacy of antiviral therapy in patients with genotype 1 chronic hepatitis C and insulin resistance. Int J of Infec Dis. 2012;16(6):e436-e441.
7. Singh S, et al. AMP-Activated Protein Kinase Restricts Zika Virus Replication in The Journal of Immunology. 2020 
8. Babinski, 1971

In vitro activity against Zika (RNA virus)



In-vitro activity against SARS-CoV-2

Gordon et al, Nature 2020.
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Extended Data Fig. 8: Viral growth and cytotoxicity for compounds tested in New
York.
From: A SARS-CoV-2 protein interaction map reveals targets for drug repurposing

Viral growth (percentage infection; red) and cytotoxicity (black) results for compounds tested at Mount Sinai in New York. TCID  assay results (green)

for zotatifin, hydroxychloroquine and PB28 are also shown. Zotafitin and midostaurin were tested in two independent experiments and data are shown in

two individual panels. Data are mean ± s.d.; n = 3 biologically independent samples. The full dataset is available in Supplementary Table 6.
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The Red line shows: “Decreased viral growth (percentage infection)”

The Black line shows: “Decreased cytotoxicity, increased cell viability”



Observational analyses; potentially lower inflammation in Covid-19
Observational data in patients with Covid-19 showing favorable lab results
Chen et al. Diabetes Care, 2020 Cohort of adults with Type 2 DM Metformin users had lower IL-6: 4.07 vs 11.1, p=0.02

Forest Plot: Heterogeneity: Tau = 0.03; Chi2 = 71.92,
df=24 (p<0.00001); I2=67%
Test for overall effect: z=4.13 (p<0.0001)



Metformin is safe, inexpensive, and widely available

(1) Alqudah A, McKinley MC, McNally R, et al. Diabet Med. 2018
(2) Kalafat E, Sukur YE, Abdi A, Thilaganathan B, Khalil A. Ultrasound Obstet Gynecol. 

• <$4/month, available in probably all pharmacies 

• Providers are familiar with prescribing it

• Few drug interactions

• Few contra-indications

• Safe in children and pregnancy

• No follow-up monitoring needed (for 12 months or more)

• Well tolerated in most people, especially at <2,000mg/day

So a clinical trial seemed warranted



Initial Ivermectin data

-Portmann-Baracco A, Bryce-Alberti M, Accinelli RA. Antiviral and Anti-Inflammatory Properties of Ivermectin and Its Potential Use in COVID-19. Arch Bronconeumol. 2020;56(12):831.
-Lima-Morales R, Méndez-Hernández P, Flores YN, et al. Effectiveness of a multidrug therapy consisting of ivermectin, azithromycin, montelukast and acetylsalicylic acid to prevent hospitalization and death among ambulatory 
COVID-19 cases in Tlaxcala, Mexico. International Journal of Infectious Diseases. 2021.
-Ahmed S, Karim MM, Ross AG, et al. A five-day course of ivermectin for the treatment of COVID-19 may reduce the duration of illness. International Journal of Infectious Diseases. 2021;103:214-216.

Initial data suggested anti-viral activity of ivermectin, at high 
doses.

Combination treatment that included ivermectin suggested 
prevention of hospitalization.

A small double-blinded RCT suggested significant increased 
chance of viral clearance after a 5-day course of ivermectin.

Safe, orally administered, few contraindications, widely available.



Ivermectin initial data

Lopez-Medina E, Lopez P, Hurtado IC, et al. Effect of Ivermectin on Time to Resolution of Symptoms Among Adults
With Mild COVID-19: A Randomized Clinical Trial. Jama. 2021.

300mcg/kg/day for 5 days



Fluvoxamine: In Vitro Anti-Inflammatory Action

CACO2 cells were infected with SARS-CoV-2 at 
MOI of 0.01 in the presence or absence of 
fluvoxamine. 

Fluvoxamine was able to block the production of a 
subset of cytokines/chemokines, including:
IL-6 IL-8 CXCL1 CXCL10

Possible Mechanism:
Activation of S1R with fluvoxamine may overcome 

Nsp6 inhibition of S1R to allow autophagy to clear 
SARS-CoV-2.

(Alban Gaultier, et al.)
Courtesy of Angela Reiersen, MD



Fluvoxamine RCT: 100mg TID prevented severe disease

A

Figure 2. Time to Clinical Deterioration in the Fluvoxamine and Placebo Groups
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Fluvoxamine (n = 80)

Log-rank P = .009

Placebo (n = 72)

Fluvoxamine
Placebo

The median observation time was 15
days (interquartile range, 15-15 days)
for the fluvoxamine group and 15
days (interquartile range, 15-15 days)
for the placebo group. Study day 0
indicates the day of randomization.

Table 2. Primary, Secondary, and Nonprespecified Outcomes

Fluvoxamine
(n = 80)

Placebo
(n = 72)

Absolute difference
(95% CI)a P valueb

Primary end point

Clinical deterioration (met both criteria), No. (%)c 0 6 (8.3) 8.7 (1.8 to 16.4) .009

Secondary end points

Clinical status on 7-point scale, No. (%)d

0 (none) 80 (100) 66 (91.7) 8.3 (0.6 to 18.4) .009

Any nonzero value 0 6 (8.3) −8.3 (−18.4 to −0.6) .009

1 (shortness of breath and oxygen saturation
<92% but no supplemental oxygen needed)

0 2 (2.8) −2.8 (−10.8 to 3.5) .15

3 (oxygen saturation <92% plus supplemental oxygen
needed and hospitalization related to dyspnea or hypoxia)

0 3 (4.2) −4.2 (−13.2 to 2.0) .07

5 (oxygen saturation <92% plus supplemental oxygen
needed and hospitalization related to dyspnea or hypoxia
plus ventilator support needed for ≥3 days)

0 1 (1.4) −1.4 (−8.4 to 4.4) .36

Clinical status on 7-point scale, mean (SD) 0 0.22 (0.84) −0.22 (−0.41 to −0.04) .02

Clinical deterioration, No. of dayse NA NA NA NA

Most severe baseline symptom change score
(difference between baseline and final rating)f

−5.6 −5.8 0.3 (−0.8 to 1.4) .63

Nonprespecified end points

30-d post trial observation events (emergency department
visit, hospitalization, or both)g

1 (1.3) 1 (1.4) −0.1 (−6.7 to 5.1) >.99

Abbreviation: NA, not applicable (see footnote “e” for explanation).
a For outcomes reported as No. (%), the absolute difference is a difference in

proportions. For other variables, the difference between group means is
reported. Most analyses were conducted using BinomCI from the R package
ExactCIdiff.

b Most were calculated using the exact.test from the R package Exact. The
log-rank χ2 was used (χ2 = 6.8) for the primary end point. The t test was used
for clinical status on 7-point scale (t = −2.4) and the most severe baseline
symptom change (t = 0.5).

c Shortness of breath or hospitalization for shortness of breath or pneumonia
and oxygen saturation dropped below 92% or supplemental oxygen was
required to keep oxygen saturation at or above 92%. The prespecified primary
outcome analysis was determined instead by survival analysis (time to clinical
worsening). The absolute difference and 95% CI are for the Kaplan-Meier
estimate of the placebo group at day 15. The test of difference is the log-rank
statistic (χ2 = 6.8).

d No study participants were rated 2 (shortness of breath and oxygen saturation
<92% plus supplemental oxygen needed), 4 (oxygen saturation <92% plus
supplemental oxygen needed and hospitalization related to dyspnea or
hypoxia plus ventilator support needed for <3 days), or 6 (death).

e The protocol included a plan to examine number of days (1) requiring oxygen,
(2) requiring hospitalization, and (3) requiring ventilator support. This type of
outcome measure turned out to be invalid for this study because few patients
required these interventions; therefore, a statistical analysis comparing the
number of days was not appropriate.

f Change from day 0 to day 15. The mean of the highest daily symptom score for
each participant that was reported most severe at baseline (62 for
fluvoxamine group and 54 for placebo group). This analysis was not pursued
further because the curves showed no substantial differences and because the
baseline most severe symptom was heterogeneous across participants (Table
1) and likely did not adequately capture overall symptom burden. eFigure 1 in
Supplement 2 is a box and whisker plot of the symptom data over the 15 days.

g During the 30-day observation period after the 15-day randomized clinical
trial, 1 participant from the fluvoxamine group was hospitalized for
post-COVID headache and 1 participant from the placebo group had an
emergency department visit for chest pain (costochondritis COVID-19
sequela). Details appear in eResults 2 in Supplement 2.
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with missing data (0.80) was not different from the overall
mean score for shortness of breath (0.83) and the median was
0 for both missing data and overall. The mean score for oxy-
gen saturation was 97.3% for both those with missing data
and overall and the median was 98% for both. Therefore, the
data appeared to be missing at random and no data imputa-
tion was conducted. For the participants who stopped
responding to the surveys prior to day 15 because they met
the primary end point or for other reasons (Figure 1), the data
were censored. In 31 individuals who stopped responding to
the surveys prior to day 15 for other reasons, we confirmed
that none received medical care at a hospital or emergency
department for worsening COVID-19. However, for 6 of these
individuals, we could not exclude the possibility that they
received care at an urgent care center that was outside the
major regional hospital systems.

Discussion
In this preliminary randomized clinical trial, fluvoxamine (an
S1R agonist) was associated with a reduction in clinical dete-
rioration in adult outpatients with COVID-19. No fluvoxamine-
treated patients met criteria for clinical deterioration as de-

fined in the study, whereas 8.3% of patients taking placebo met
this end point. However, because of study limitations, these
findings need to be interpreted as hypothesis generating rather
than as a demonstration of efficacy.

This double-blind, placebo-controlled, randomized clini-
cal trial demonstrated the feasibility of a fully remote
(contactless) study during the COVID-19 pandemic. Adult
outpatients with COVID-19 are in self-quarantine, but few
studies have focused on the care of this vulnerable popula-
tion. This design included a short time from symptom onset
to first dose of medication (median, 4 days), efficient study
treatment initiation (92% took the first dose on the same day
as they were contacted), and representative sample of race
and sex.20 The study required approximately 4500 hours of
staff time and 30 hours of time per participant.

If fluvoxamine is determined to be effective in treating
COVID-19, the underlying mechanism needs further clarifi-
cation. The study was prompted by a hypothesis involving
the influence of fluvoxamine on the S1R-IRE1 pathway. Anti-
inflammatory (cytokine reduction) actions resulting from
S1R activation would fit with recent findings of benefits of
other anti-inflammatory drugs, such as colchicine and corti-
costeroids, for COVID-19.21,22 However, a recent study found
lower levels of cytokines in patients with severe COVID-19
vs patients with bacterial sepsis.23 Alternative mechanisms
of a potential fluvoxamine benefit include direct antiviral
effects via its lysosomotropic properties,24 modulation of
the effect of IRE1 effects on autophagy,25 and SSRI inhibi-
tion of platelet activation.26

The potential advantages of fluvoxamine for outpatient
treatment of COVID-19 include its safety,27 widespread avail-
ability, low cost, and oral administration. Fluvoxamine does
not promote QT prolongation unlike other SSRIs.28 However,
fluvoxamine has adverse effects and can cause drug-drug
interactions, particularly via inhibition of cytochromes P450
1A2 and 2C19.29

Limitations
This study has several limitations. First, it was a small study
and it was conducted within a single geographic area, so
these findings should be regarded as preliminary. The study
needs to be replicated in larger trials with a more heteroge-
neous study population.

Second, there was a small number of end point events,
which makes the findings extremely fragile. Third, it is pos-
sible that the differences in clinical deterioration may have been
a reflection of the comparative baseline distributions of oxy-
gen saturation rather than an effect of treatment.

Fourth, the method of measuring the most severe base-
line symptom over time did not appear to provide valid
data, so potential effects of fluvoxamine on symptomatic
improvement are unknown. Fifth, 20% of study partici-
pants stopped responding to surveys during the 15-day trial.
Although it was confirmed that none of these participants
required medical care, such as hospitalization or an emer-
gency department visit, it is possible that some received
care at an urgent care center outside the major regional hos-
pital systems.

Table 3. Adverse Events

No. of adverse events (%)a

Fluvoxamine
(n = 80)

Placebo
(n = 72)

Pneumonia 3 (3.8) 6 (8.3)

Shortness of breath 2 (2.5) 4 (5.6)

Headache or head pain 2 (2.5) 1 (1.4)

Gastroenteritis, nausea,
or vomiting

1 (1.3) 5 (6.9)

Muscle aches 1 (1.3) 0

Bacterial infection 1 (1.3) 0

Vasovagal syncope 1 (1.3) 0

Teeth chattering 1 (1.3) 0

Dehydration 1 (1.3) 0

Low oxygen saturation or hypoxia 0 6 (8.3)

Chest pain or tightness 0 2 (2.8)

Fever 0 2 (2.8)

Acute respiratory failure 0 1 (1.4)

Hypercapnia 0 1 (1.4)

Flank pain 0 1 (1.4)

By No. of patients

Serious adverse eventsb 1 (1.3) 5 (6.9)

Other adverse eventsc 11 (13.8) 6 (8.3)

a In some cases, there was more than 1 symptom or problem that occurred as
part of 1 adverse event. Additional details of adverse events appear in eResults
1 in Supplement 2.

b One patient in the placebo group had more than 1 serious adverse event. The
total No. of serious adverse events was 1 in the fluvoxamine group and 6 in the
placebo group.

c There were patients in the placebo group who had more than 1 other adverse
event. The total No. of other adverse events was 11 in the fluvoxamine group
and 12 in the placebo group.
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Fluvoxamine prospective cohort: 50mg BID may work

Seftel, Boulware, 2021.

100mg TID and BID can 
cause side effects and 
drug:drug interactions.
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*6 weight categories.
Doses to minimize side effects

Metformin titration to 1,500mg/day, n=187

Placebo, n=187

Primary End Point was a
4-part composite endpoint:

1. Hypoxemia
2. ED visit 

3. Hospitalization 
4. Death

due to Covid-19 by Day 14

14 days of treatment (3 of ivermectin)
Daily symptom log, adherence log, and SpO2 log

6-arm parallel group trial

Secondary Endpoints:
1. Analyses of primary:

• Healthcare 
utilization 
components

• Primary by Day 28
2. Subgroups
3. Symptom severity
3. Long Covid 

(9months)

Metformin / Fluvoxamine, n=188

Fluvoxamine 50mg BID, n=187

Optional viral load and stool samples on Days 1, 5, 10

Ivermectin* 390 - 470mcg/kg/day x 3 days, n=187

Metformin / Ivermectin, n=188

Optional baseline & follow-up blood samples via mobile phlebotomy 



No adjustment for parallel treatments in the same trial

Recommends against adjusting for 
multiplicity of multiple treatments



No adjustment for parallel treatments in the same trial



• Adults age 30 - 85
• +SARS-CoV-2 within 3 days
• < 7 days of symptoms
• No known prior infection with SARS-CoV-2
• No severe kidney, liver, or heart failure

• Tested GFR on persons > 75 or persons with a history of heart, liver, or kidney disease

• Not excluding or restricting to patients with diabetes or prediabetes
• Excluding those on insulin or sulfonylurea

• Pregnancy not excluded
• With overweight or obesity

COVID-OUT: Study Population



Metformin may inhibit SARS-CoV2 induced adipokine cascade

Ingraham N, …, Tignanelli CJ, Immunomodulation in COVID-19, Lancet Respiratory Medicine, 2020
Xin et al. 2016.
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Randomization

• Equal allocation to open arms using pre-generated schedules
• 1:1 to Metformin or Placebo -> 1:1:1:1:1:1 to 6 arms -> 1:1:1:1 to 4 arms w/o Flu

• Stratification by study site pharmacy
• Weight-based dosing for ivermectin and ivermectin placebo

• Shiny app to allocate pre-packed, individually labeled, blinded meds to each 
enrollee based on their weight and random assignment

Metformin Placebo
Fluvoxamine 1: Met + Fluvoxamine 4: Placebo + Fluvoxamine
Ivermectin 2: Met + Ivermectin 5: Placebo + Ivermectin

Placebo 3: Met + Placebo 6: Placebo + Placebo



Randomization via Shiny App



Statistical Considerations - Primary Analysis
• Clinical progression within 14 days

• O2 saturation ≤ 93% or supplemental O2, ED visit, Hospitalization, Death

• mITT Analysis 
• Excluded those who did not receive or confirmed not taking study IP, and 

those who had a post-randomization eligibility disqualification

• Evaluate main effect of each agent using logistic regression (adjusted OR)
• Active group received agent and control group were at risk of receiving agent but 

received control condition instead (i.e. concurrently randomized controls).
• Metformin: 1+2+3 vs 4+5+6 
• Fluvoxamine: 1+4 vs 3+6 
• Ivermectin: 2+5 vs 3+6

• Adjusted for vaccination + other study 
agents

• Multiple imputation of missing outcomes

Metformin Placebo
Fluvoxamine 1: Met + Flu 4: Pla + Flu
Ivermectin 2: Met + Iver 5: Pla + Iver

Placebo 3: Met + Pla 6: Pla + Pla



Power Considerations
• 1,350 participants (~204 per arm) 

• Accounts for up to 10% withdrawal

• Metformin main effect (all participants)
• 90% power for 35% relative risk reduction 

• (20% placebo, 11% mono-therapy, 6% combo-therapy)
• If fluvoxamine and ivermectin don’t work, power is higher

• Fluvoxamine / Ivermectin main effects (~2/3 participants)
• 80% power for 35% relative risk reduction

• Final sample size due to power recalculation
• new information from other trials
• a high percent of vaccinated individuals enrolling
• lower than expected drop out rate



Secondary Analyses
• Subgroup analyses

• Assigned Sex at Birth, BMI, Age, Time from Symptom Onset, Vaccination Status
• Adherence Analyses

• Secondary Endpoints
• Removing least severe component of composite:

• ED visit, Hospitalization, or Death 
• Hospitalization, or Death

• Symptomatology
• Labs
• Post-acute sequelae of SARS-CoV-2 infection

• Drug-Drug Synergies/Interactions 
• Metformin + Ivermectin / Fluvoxamine



Data Monitoring

• Bi-weekly Safety Reports to DSMB
• SAEs/AEs, Side Effects

• Three Full DSMB Reviews
• May drop agent / arm(s) for efficacy, futility or harm

• Conservative Efficacy Boundary (O’Brien-Fleming-like)
• Haybittle-Peto Lower Harm Boundary
• Non-binding Futility Boundary + Conditional Power

• At the last review DSMB recommended closing the fluvoxamine arms
• The stopping guidelines was conditional power < 10%
• Actual conditional power < 3 %
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Overview
• Results

• Sample Population
• Figure 1, Consort diagram 
• Table 1

• Covid Severity Outcomes, primary analysis 
• Table 2

• Complete Case Results
• Supplemental Figure 1
• Supplemental Figure 2
• Supplemental Figure 7, 8

• Covid Severity Outcomes, intention to treat
• Overview of Intention to Treat versus Modified Intention to Treat 
• Table 1 of ITT versus mITT
• Table 2 of ITT 

• Symptom Outcomes
• Figure 2
• Supplemental Figures 5

• Study Drug Discontinuation 
• Other medication use



Active 
(n = 718)

Control 
(n = 713)

Active
(n = 443)

Control 
(n = 437)

Active 
(n = 359)

Control
(n = 362)

Participants included in the modified intention to treat (mITT) analysis: n = 1,323

Total persons excluded: n = 5,178*

Active 
(n = 663)

Control 
(n = 660)

Active
(n = 410)

Control 
(n = 398)

Active 
(n = 334)

Control
(n = 327)

Factorial Design Groups. Metformin = 1+2+3 vs 4+5+6 Placebo While groups 1 and 2 were the 
only groups with two active 
medications, all participants 
received two types of pills to 
maintain the blind and have a 

similar pill burden in each group.

Fluvoxamine = 1+4 vs 3+6 1:    Metformin + Fluvoxamine 4:     Placebo + Fluvoxamine  

Ivermectin = 2+5 vs 3+6 2:    Metformin + Ivermectin 5:    Placebo + Ivermectin 

Placebo 3:   Metformin + Placebo 6: Placebo + Placebo

Metformin, 6-day titration to 1,500mg; 14 days total Ivermectin, 430mcg/kg/day for 3 days Fluvoxamine, 50mg twice daily  for 14 days

Metformin Ivermectin Fluvoxamine

Participants consented and randomized: n = 1,431

Adults with SARS-CoV-2 positive, age 30-85, screened between December 30, 2020 and January 28, 2022: n = 6,602

n = 94 
excluded 

from mITT
analysis**

*Detail on the number excluded for each reason are outlined in the Supplementary Appendix. 
**Excluded from mITT analysis: did not receive kit (n=9); confirmed taking zero doses (n=77); hospitalized before received study medications (n=8). These 94 participants 
are included in the intention to treat analysis.  

n = 14: Informed by lab 
of false positive; gave 
false information; could 
not prove +SARS-CoV-2 
result; or withdrew

Figure 1. 
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Active 
(n = 718)

Control 
(n = 713)

Active
(n = 443)

Control 
(n = 437)

Active 
(n = 359)

Control
(n = 362)

Participants included in the modified intention to treat (mITT) analysis: n = 1,323

Total persons excluded: n = 5,178*

Active 
(n = 663)

Control 
(n = 660)

Active
(n = 410)

Control 
(n = 398)

Active 
(n = 334)

Control
(n = 327)

Factorial Design Groups. Metformin = 1+2+3 vs 4+5+6 Placebo While groups 1 and 2 were the 
only groups with two active 
medications, all participants 
received two types of pills to 
maintain the blind and have a 

similar pill burden in each group.

Fluvoxamine = 1+4 vs 3+6 1:    Metformin + Fluvoxamine 4:     Placebo + Fluvoxamine  

Ivermectin = 2+5 vs 3+6 2:    Metformin + Ivermectin 5:    Placebo + Ivermectin 

Placebo 3:   Metformin + Placebo 6: Placebo + Placebo

Metformin, 6-day titration to 1,500mg; 14 days total Ivermectin, 430mcg/kg/day for 3 days Fluvoxamine, 50mg twice daily  for 14 days

Metformin Ivermectin Fluvoxamine

Participants consented and randomized: n = 1,431

Adults with SARS-CoV-2 positive, age 30-85, screened between December 30, 2020 and January 28, 2022: n = 6,602

n = 94 
excluded 

from mITT
analysis**

*Detail on the number excluded for each reason are outlined in the Supplementary Appendix. 
**Excluded from mITT analysis: did not receive kit (n=9); confirmed taking zero doses (n=77); hospitalized before received study medications (n=8). These 94 participants 
are included in the intention to treat analysis.  

n = 14: Informed by lab 
of false positive; gave 
false information; could 
not prove +SARS-CoV-2 
result; or withdrew

Figure 1. 
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● Total Persons excluded (n = 5,178)
● BMI <25 kg/m2, or <23 kg/m2 for those who identify as Asian or Latinx background (n = 769)
● Medication exclusion (n = 594)
● Symptoms started >7 days ago (n = 593)
● More than 3 days since positive SARS-CoV-2 test (n = 589)
● Currently admitted to hospital (n = 427)
● Previously tested positive for SARS-CoV-2 in prior illness (n = 413) study)

Reasons for Trial Exclusion

No Pictures or Dissemination.

Not interested in research was the most common



Table 1. Baseline characteristics of participants, overall and by each study medication with its concurrent randomized placebo control.

Baseline Characteristics Overall
n=1,323

Metformin Ivermectin Fluvoxamine†
Active
n=663

Control
n=660

Active
n=410

Control
n=398

Active 
n=336

Control 
n=327

Age, median (IQR) 46 (37, 55) 46 (38, 55) 45 (37, 55) 46 (39, 55) 45 (37, 56) 46 (38, 53) 43 (37,53)
Women, n (%), 6% of whom were 
pregnant 741 (56) 359 (54) 382 (58) 216 (53) 226 (57) 170 (51) 188 (57)

Race, n (%)
Native American
Asian
Hawaiian, Pacific Islander
Black
White
Other/Declined

Ethnicity, n (%) Latinx

27 (2.0)
51 (3.9)
9 (0.7)

100 (7.6)
1091 (82)
80 (6.0)
160 (11)

10 (1.5)
25 (3.8)
5 (0.8)

55 (8.3)
545 (82)
43 (6.5)
76 (11)

17 (2.6)
26 (3.9)
4 (0.6)

45 (6.8)
546 (83)
37 (5.6)
84 (13)

7 (1.7)
19 (4.6)
2 (0.5)

30 (7.3)
340 (83)
24 (5.9)
41 (10)

9 (2.3)
18 (2.5)
3 (0.8)

29 (7.3)
322 (81)
29 (7.3)
57 (14)

8 (2.4)
9 (2.7)
2 (0.6)

28 (8.4)
272 (81)
21 (6.3)
42 (12)

9 (2.8)
12 (3.7)
3 (0.9)

23 (7.0)
267 (82)
23 (7.0)
46 (14)

Medical history, insurance status
BMI, median (IQR) 30 (27, 34) 30 (27, 34) 30 (27, 34) 30 (27, 34) 30 (27, 34) 30 (27, 34) 30 (27, 34)
BMI > 30 kg/m2 646 (49) 316 (48) 330 (50) 194 (47) 189 (47) 155 (46) 157 (48)
Cardiovascular disease* 353 (27) 178 (27) 175 (27) 94 (23) 90 (23) 104 (31) 74 (23)
Diabetes 26 (2.0) 10 (1.5) 16 (2.4) 8 (2.0) 5 (1.3) 4 (1.2) 3 (0.9)
Vaccinated, primary series 690 (52) 359 (54) 331 (50) 222 (54) 227 (57) 55 (186) 187 (57)
Symptom duration, mean (+SD) 4.8 (+1.9) 4.8 (+1.9) 4.8 (+1.9) 4.6 (+1.9) 4.8 (+1.8) 5.0 (+2.2) 4.7 (+1.8)
Symptoms ≤4 days 603 (47) 298 (46) 305 (48) 199 (49) 174 (45) 147 (45) 147 (46)

Variant 
Period

Alpha (pre 6/19/21) 159 (12) 79 (12) 80 (12) 11 (2.7) 11 (2.8) 12 (3.6) 11 (3.4)
Delta (6/19-12/12/21) 871 (66) 440 (66) 431 (65) 278 (68) 275 (69) 278 (83) 275 (84)
Omicron (post 
12/12/21) 293 (22) 144 (22) 149 (23) 121 (30) 112 (28) 46 (14) † 41 (13)†

Insurance
Status

Medicaid 200 (15) 92(14) 108 (15) 70 (17) 60 (15) 43 (13) 42 (13)
Medicare 100 (7.7) 52 (7.9) 48 (7.4) 27 (6.6) 31 (7.8) 27 (8.0) 21 (6.4)
Private 823 (62) 410 (62) 413 (63) 257 (63) 230 (58) 206 (61) 197 (60)
No 
insurance 178 (13) 97 (15) 81 (12) 52 (13) 67 (17) 55 (16) 58 (18)

• † Enrollment in the 
fluvoxamine arm was 
stopped on January 7, 
2022 by the DSMB, for 
lack of conditional 
power.

Under Embargo. N
o Pictures o

r D
isse

mination. 



COVID-19 Cases
U.S. General 
Population

U.S. CDC Data Covid-Out Participants
Female % 53% 54% 51%
Age, years (median) 36-41 46 38.1

Race (%)
Native American 1.1% 2.2% 0.7%
Asian 3.8% 3.8% 5.6%
Hawaiian, Pacific Islander 0.3% 0.6% 0.2%
Black 12.3% 7.3% 12.5%
White 54% 82% 60.1%

Ethnicity (%)
Latino 25% 11% 18.5%

Comparison of Background Information on race, ethnicity, age, sex of the broader population affected 
by SARS-CoV-2 based on CDC data.

COVID-OUT sample compared to US population and Covid Cases



Overview
• Results

• Sample Population
• Figure 1, Consort diagram 
• Table 1

• Covid Severity Outcomes, primary analysis (modified Intention To Treat analysis)
• Table 2

• Complete Case Results
• Forest Plot (Supplemental Figure 1)
• Forest Plot (Supplemental Figure 2)

• Combination arms in the trial
• Covid Severity Outcomes, intention to treat

• Overview of Intention to Treat versus Modified Intention to Treat 
• Table 1 of ITT versus mITT
• Table 2 of ITT 

• Symptom Outcomes
• Figure 2
• Supplemental Figures 5

• Study Drug Discontinuation 
• Other medication use



Table 2. Analysis of the primary outcome sequentially 
omitting the least severe component.

• n with event / n with known outcome (n with unknown outcome)

• Adjusted Odds Ratio and 95% CI are based on a logistic regression model adjusted for baseline vaccination and other study 
drugs, and used multiple imputation using chained equations and predictive mean matching.

• Comparison of absolute event rates across groups is not valid due to differences in timing of enrollment (with differences in
vaccination rates and SARS-CoV-2 variants).

Metformin Outcomes Metformin
(n=663)

Control
(n=660)

Adjusted 
Odds Ratio 95% CI

Overall Primary Composite 154/652 (11) 179/653 (7) 0.844 (0.655 - 1.086)
Hypoxemia <93% only 147/650 (13) 158/651 (9) 0.939 (0.724 - 1.218)

ER visit / Hospitalization / Death 27/652 (11) 48/655 (5) 0.577 (0.354 - 0.942)

Hospitalization / Death 8/652 (11) 18/655 (5) 0.474 (0.203 - 1.107)
Death 1/657 (6) 0/655 (5)
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Table 2. Analysis of the primary outcome sequentially 
omitting the least severe component.

• n with event / n with known outcome (n with unknown outcome)

• Adjusted Odds Ratio and 95% CI are based on a logistic regression model adjusted for baseline vaccination and other study drugs, and used 
multiple imputation using chained equations and predictive mean matching.

• Comparison of absolute event rates across groups is not valid due to differences in timing of enrollment (with differences in vaccination rates 
and SARS-CoV-2 variants).

Ivermectin Outcomes Ivermectin
(n=410)

Control
(n=398)

Adjusted 
Odds Ratio 95% CI

Overall Primary Composite 105/407 (3) 96/391 (7) 1.048 (0.758 - 1.448)

Hypoxemia <93% only 96/406 (4) 88/390 (8) 1.041 (0.745 - 1.455)

ER visit / Hospitalization / Death 23/406 (4) 16/394 (4) 1.392 (0.720 - 2.693)

Hospitalization / Death 4/406 (4) 5/394 (4) 0.732 (0.193 - 2.769)
Death 1/408 (2) 0/396 (2)
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Table 2. Analysis of the primary outcome sequentially 
omitting the least severe component.

• n with event / n with known outcome (n with unknown outcome)
• Adjusted Odds Ratio and 95% CI are based on a logistic regression model adjusted for baseline vaccination and other study 

drugs, and used multiple imputation using chained equations and predictive mean matching.
• Comparison of absolute event rates across groups is not valid due to differences in timing of enrollment (with differences 

in vaccination rates and SARS-CoV-2 variants).

Fluvoxamine Outcomes Fluvoxamine
(n=336)

Control
(n=327)

Adjusted
Odds Ratio 95% CI

Overall Primary Composite 79/329 (5) 80/321 (6) 0.943 (0.657 - 1.355)

Hypoxemia <93% only 71/328 (6) 73/320 (7) 0.929 (0.639 - 1.350)
ER visit / Hospitalization / Death 18/329 (5) 15/324 (3) 1.167 (0.569 - 2.395)
Hospitalization / Death 6/329 (5) 5/324 (3) 1.113 (0.329 - 3.763)
Death 0/330 (4) 0/325 (2)
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Analysis of the primary outcome sequentially omitting the least 
severe component – complete case analysis (no imputation)

• Figures reflect the # with event / # with complete data in the modified intention to treat cohort.

• The number with incomplete data reflects the number of people with a missing outcome or unknown vaccination status (n=5).

• Results are consistent when not excluding the participants with a missing vaccination status and treating them as unvaccinated (data not 

shown).

Outcome Metformin
(n=663)

Control
(n=660)

Adjusted Odds 
Ratio 95% CI

Primary Composite 154/650 (13) 179/651 (9) 0.841 (0.653 - 1.082)

Hypoxemia <93% only 147/648 (15) 158/649 (11) 0.940 (0.725 - 1.218)

ER Visit, Hospitalization, Death † 27/650 (13) 48/653 (7) 0.570 (0.35 - 0.929)

Hospitalization or Death† 8/649 (14) 18/653 (7) 0.463 (0.199 - 1.078)

Death 1/654 (9) 0/653 (7)
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Analysis of the primary outcome sequentially omitting the least 
severe component – complete case analysis (no imputation)

• Figures reflect the # with event / # with complete data in the modified intention to treat cohort.

• The number with incomplete data reflects the number of people with a missing outcome or unknown vaccination status (n=5).

• Results are consistent when not excluding the participants with a missing vaccination status and treating them as unvaccinated (data not 

shown).

Outcome Ivermectin
(n=410)

Control 
(n=398)

Adjusted 
Odds Ratio 95% CI

Primary Composite 105/406 (4) 96/390 (8) 1.051 (0.761 - 1.452)

Hypoxemia <93% only 96/405 (5) 88/389 (9) 1.044 (0.748 - 1.457)

ER Visit, Hospitalization, Death † 23/405 (5) 16/393 (5) 1.382 (0.715 - 2.673)

Hospitalization or Death† 4/405 (5) 5/393 (5) 0.737 (0.195 - 2.784)

Death 1/407 (3) 0/395 (3)
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Analysis of the primary outcome sequentially omitting the least 
severe component – complete case analysis (no imputation)

• Figures reflect the # with event / # with complete data in the modified intention to treat cohort.

• The number with incomplete data reflects the number of people with a missing outcome or unknown vaccination status (n=5).

• Results are consistent when not excluding the participants with a missing vaccination status and treating them as unvaccinated (data not 

shown).

Outcome Fluvoxamine
(n=334)

Control
(n=327)

Adjusted Odds 
Ratio 95% CI

Primary Composite 79/327 (7) 80/320 (7) 0.949 (0.661 - 1.363)

Hypoxemia <93% only 71/326 (8) 73/319 (8) 0.930 (0.64 - 1.351)

ER Visit, Hospitalization, Death † 18/327 (7) 15/323 (4) 1.169 (0.571 - 2.394)

Hospitalization or Death† 6/327 (7) 5/323 (4) 1.12 (0.332 - 3.778)

Death 0/328 (6) 0/324 (3)
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Descriptive statistics regarding the incomplete aspects of the primary endpoint.
Overall Metformin Ivermectin Fluvoxamine

Active Control Active Control Active Control
Missing Participant -Reported Component 18/1323

(1%)
11/663
(2%)

7/660
(1%)

3/410
(1%)

7/398
(2%)

5/334
(1%)

6/327
(2%)

Hypoxia / Supplemental O2
18/1323

(1%)
11/663
(2%)

7/660
(1%)

3/410
(1%)

7/398
(2%)

5/334
(1%)

6/327
(2%)

ED Visit
15/1323

(1%)
10/663

(2%)
5/660
(1%)

3/410
(1%)

4/398
(1%)

5/334
(1%)

3/327
(1%)

Hospitalization
14/1323

(1%)
9/663
(1%)

5/660
(1%)

3/410
(1%)

4/398
(1%)

5/334
(1%)

3/327
(1%)

Death
10/1323

(1%)
5/663
(1%)

5/660
(1%)

2/410
(0%)

2/398
(1%)

0/334
(0%)

0/327
(0%)

Incomplete or missing SpO2 Daily Log Data 
(<14 Days)

371/1323 
(28%)

199/663
(30%)

172/660
(26%)

100/410
(24%)

111/398
(28%)

99/334
(30%)

89/327
(27%)

0 Days with Data
250/1323 

(19%)
134/663

(20%)
116/660
(18%)

69/410
(17%)

77/398
(19%)

68/334
(20%)

63/327
(19%)

1 - 7 Days with Data
29/1323

(2%)
14/663

(2%)
15/660

(2%)
5/410
(1%)

13/398
(3%)

6/334
(2%)

7/327
(2%)

8 - 13 Days with Data
92/1323

(7%)
51/663

(8%)
41/660

(6%)
26/410

(6%)
21/398

(5%)
25/334

(7%)
19/327

(6%)
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Oxygen data had the highest amount of missingness 



Many sources of bias and error for the oxygen values

1. Inherent error in the device: In Feb, 2021, the FDA issued a safety communication with concerns expressed over the 
accuracy of home pulse oximeters.7

• For prescription oximeters, 66% of readings will fall within 2-3% of the gold standard (arterial blood gas)

2. Recall bias: ED visit, hospitalization are more memorable, and are verifiable in the EHR

3. Measurement error: i.e. having cold hands; or having the oximeter on a finger with the thickest skin.
• Additionally, the devices may not fit all individuals’ fingers the same, causing measurement error in some.

4. Misclassification bias: Transient state of lower oxygen saturation that does not represent true hypoxemia (i.e. 
atelectasis because they had not coughed, stood up, or walked in some time).

5. Selection bias: The protocol did not specify a certain number of times that each person had to measure their oxygen 
each day, with specified spacing and movement between measurements.
• Nor did the protocol specify that participants should record their highest value for the day.
• Some individuals may have entered their lowest number, and some may have entered their highest number.
• Some may have entered many readings per day, while others entered only 1 or none.



Subgroup Metformin

All PaUWLFLSDQWV

Control

Sex
   Female

Adjusted Odds Ratio (95% CI)
IRU�(5�9LVLW��+RVSLWDOL]DWLRQ��'HDWK

   Male
BRG\�0DVV�,QGH[��%M,�
   <�30�kg/m2

   >�30�kg/m2

Symptom onset to drug initiation
   < 4 days
   >�4 days
   Unknown
Age
   <�45 years
   >�45 years
Covid−19 Variant�7LPH�3HULRG
$OSKD
'HOWD
2PLFURQ

Vaccinated��SULPDU\�VHULHV
   No
   Yes
   Unknown
Preganant
   Not Pregnant
   Pregnant
Combo/Monotherapy Subgroups
   MetIRUPLQ only vs. Placebo
   Met+IverPHFWLQ vs. IverPHFWLQ
   Met+Fluv vs. FluvR[DPLQH

n events    /
27/652 (11)

17/351 (8)
10/301 (3)

9/343 (4)
18/309 (7)

11/290 (6)
16/352 (5)
0/10 (0)

11/303 (5)
16/349 (6)

10/77 (2)
16/435 (5)
1/140 (4)

22/292 (9)
5/358 (1)
0/2 (1)

27/630 (10)
0/22 (1)

13/279 (5)
10/200 (4)
4/173 (2)

n  (n missing)
48/655 (5)

29/378 (4)
19/277 (1)

15/327 (3)
33/328 (2)

26/299 (4)
21/338 (1)
1/18 (0)

24/309 (4)
24/346 (1)

12/80 (0)
29/427 (4)
7/148 (1)

34/323 (4)
14/330 (1)
0/2 (0)

45/632 (4)
3/23 (1)

21/293 (2)
13/206 (0)
14/156 (3)

0.58 (0.35 to 0.94)

0.62 (0.34 to 1.16)
0.52 (0.23 to 1.16)

0.65 (0.28 to 1.51)
0.55 (0.30 to 1.01)

0.45 (0.22 to 0.93)
0.75 (0.38 to 1.47)

0.50 (0.24 to 1.05)
0.65 (0.34 to 1.25)

0.84 (0.33 to 2.10)
0.55 (0.29 to 1.03)
0.16 (0.02 to 1.32)

0.70 (0.40 to 1.23)
0.31 (0.11 to 0.88)

0.62 (0.38 to 1.01)
0.00 (0.00 to Inf)

0.64 (0.31 to 1.31)
0.82 (0.35 to 1.93)
0.27 (0.08 to 0.84)

0.00 0.50 1.00 1.50 2.00 2.50

Metformin Better Control Better

Figure S2A. 

Metformin vs. control 
for healthcare 
utilization, overall 
and by subgroups.

Subgroup Metformin

All PaUWLFLSDQWV

Control

Sex
   Female

Adjusted Odds Ratio (95% CI)
IRU�(5�9LVLW��+RVSLWDOL]DWLRQ��'HDWK

   Male
BRG\�0DVV�,QGH[��%M,�
   <�30�kg/m2

   >�30�kg/m2

Symptom onset to drug initiation
   < 4 days
   >�4 days
   Unknown
Age
   <�45 years
   >�45 years
Covid−19 Variant�7LPH�3HULRG
$OSKD
'HOWD
2PLFURQ

Vaccinated��SULPDU\�VHULHV
   No
   Yes
   Unknown
Preganant
   Not Pregnant
   Pregnant
Combo/Monotherapy Subgroups
   MetIRUPLQ only vs. Placebo
   Met+IverPHFWLQ vs. IverPHFWLQ
   Met+Fluv vs. FluvR[DPLQH

n events    /
27/652 (11)

17/351 (8)
10/301 (3)

9/343 (4)
18/309 (7)

11/290 (6)
16/352 (5)
0/10 (0)

11/303 (5)
16/349 (6)

10/77 (2)
16/435 (5)
1/140 (4)

22/292 (9)
5/358 (1)
0/2 (1)

27/630 (10)
0/22 (1)

13/279 (5)
10/200 (4)
4/173 (2)

n  (n missing)
48/655 (5)

29/378 (4)
19/277 (1)

15/327 (3)
33/328 (2)

26/299 (4)
21/338 (1)
1/18 (0)

24/309 (4)
24/346 (1)

12/80 (0)
29/427 (4)
7/148 (1)

34/323 (4)
14/330 (1)
0/2 (0)

45/632 (4)
3/23 (1)

21/293 (2)
13/206 (0)
14/156 (3)

0.58 (0.35 to 0.94)

0.62 (0.34 to 1.16)
0.52 (0.23 to 1.16)

0.65 (0.28 to 1.51)
0.55 (0.30 to 1.01)

0.45 (0.22 to 0.93)
0.75 (0.38 to 1.47)

0.50 (0.24 to 1.05)
0.65 (0.34 to 1.25)

0.84 (0.33 to 2.10)
0.55 (0.29 to 1.03)
0.16 (0.02 to 1.32)

0.70 (0.40 to 1.23)
0.31 (0.11 to 0.88)

0.62 (0.38 to 1.01)
0.00 (0.00 to Inf)

0.64 (0.31 to 1.31)
0.82 (0.35 to 1.93)
0.27 (0.08 to 0.84)

0.00 0.50 1.00 1.50 2.00 2.50

Metformin Better Control Better



Figure S2B. 

Ivermectin vs. 
control for 
healthcare 
utilization, overall 
and by subgroups.

Subgroup Ivermectin

All Patients

Control

Sex

 

   Female

Adjusted Odds Ratio (95% CI)

   Male
BMI
   <30kg/m2
   >=30kg/m2
Symptom onset to drug initiation
   < 4 days
   >= 4 days
   Unknown
Age
   <45 years
   >=45 years
Covid−19 Variant
   <=2021−06−19
   2021−06−19 − 2021−12−20
   >2021−12−20
Vaccinated
   No
   Yes
   Unknown
Dose (mcg/kg)
   <= 430 mcg/kg
   > 430 mcg/kg
Combo/Monotherapy Subgroups
   Iver only vs. Placebo
   Met+Iver vs. Met
 
 
 

n events    /
23/406 (4)

14/213 (3)
9/193 (1)

6/214 (2)
17/192 (2)

11/197 (3)
12/205 (1)
0/4 (0)

10/175 (3)
13/231 (1)

2/10 (1)
16/276 (2)
5/120 (1)

15/183 (4)
8/222 (0)
0/1 (0)

9/201 (2)
14/205 (2)

13/206 (0)
10/200 (4)
 
 
 

n  (n missing)
16/394 (4)

10/224 (2)
6/170 (2)

5/207 (3)
11/187 (1)

10/184 (2)
6/203 (2)
0/7 (0)

12/188 (1)
4/206 (3)

2/11 (0)
12/272 (3)
2/111 (1)

12/167 (3)
4/226 (1)
0/1 (0)

16/394 (4)
16/394 (4)

12/202 (1)
4/192 (3)
 
 
 

                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
                              
 
 
 

 
1.39 (0.72 to 2.69)
 
1.50 (0.65 to 3.47)
1.27 (0.43 to 3.74)
 
1.17 (0.35 to 3.94)
1.50 (0.68 to 3.34)
 
0.99 (0.40 to 2.40)
2.07 (0.75 to 5.69)
 
 
0.91 (0.38 to 2.20)
2.78 (0.88 to 8.73)
 
1.10 (0.09 to 13.12)
1.29 (0.59 to 2.82)
2.51 (0.47 to 13.56)
 
1.16 (0.52 to 2.56)
2.10 (0.62 to 7.12)
 
 
1.09 (0.47 to 2.54)
1.73 (0.81 to 3.66)
 
1.03 (0.45 to 2.33)
2.43 (0.75 to 7.93)
 
 
 

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

Ivermectin Better Control Better

Subgroup Ivermectin

All Patients

Control

Sex

 

   Female

Adjusted Odds Ratio (95% CI)

   Male
BMI
   <30kg/m2
   >=30kg/m2
Symptom onset to drug initiation
   < 4 days
   >= 4 days
   Unknown
Age
   <45 years
   >=45 years
Covid−19 Variant
   <=2021−06−19
   2021−06−19 − 2021−12−20
   >2021−12−20
Vaccinated
   No
   Yes
   Unknown
Dose (mcg/kg)
   <= 430 mcg/kg
   > 430 mcg/kg
Combo/Monotherapy Subgroups
   Iver only vs. Placebo
   Met+Iver vs. Met
 
 
 

n events    /
23/406 (4)

14/213 (3)
9/193 (1)

6/214 (2)
17/192 (2)

11/197 (3)
12/205 (1)
0/4 (0)
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13/231 (1)

2/10 (1)
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14/205 (2)
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Ivermectin mcg/kg/day

Weight Mg dose of Ivermectin
<74kg 28mg (2x14mg)
74 to < 88kg 35mg (2 x 14mg + 7mg)
88 to < 106kg 42mg (3 x 14)
106 to < 124kg 49mg (3 x 14mg + 7mg)
124kg to < 160kg 56mg (4 x 14mg)
≥ 160 kg 63mg (4 x 14mg + 7mg)



Figure S2C. 

Fluvoxamine vs. 
control for 
healthcare 
utilization, overall 
and by subgroups.

Subgroup Fluvoxamine

All Patients

Control

Sex

 

   Female

Adjusted Odds Ratio (95% CI)

   Male
BMI
   <30kg/m2
   >=30kg/m2
Symptom onset to drug initiation
   < 4 days
   >= 4 days
   Unknown
Age
   <45 years
   >=45 years
Covid−19 Variant
   <=2021−06−19
   2021−06−19 − 2021−12−20
   >2021−12−20
Vaccinated
   No
   Yes
   Unknown
Combo/Monotherapy Subgroups
   Fluv only vs. Placebo
   Met+Fluv vs. Met
 
 
 

n events    /
18/329 (5)

12/166 (4)
6/163 (1)

6/179 (1)
12/150 (4)

10/145 (4)
8/180 (1)
0/4 (0)

7/150 (3)
11/179 (2)

3/12 (0)
14/274 (3)
1/43 (2)

12/143 (4)
6/184 (1)
0/2 (0)

14/156 (3)
4/173 (2)
 
 
 

n  (n missing)
15/324 (3)

9/187 (1)
6/137 (2)

4/168 (2)
11/156 (1)

9/152 (1)
6/167 (2)
0/5 (0)

11/171 (1)
4/153 (2)

2/11 (0)
12/272 (3)
1/41 (0)

12/136 (3)
3/187 (0)
0/1 (0)

11/165 (1)
4/159 (2)
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All Patients

Control
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   Female

Adjusted Odds Ratio (95% CI)

   Male
BMI
   <30kg/m2
   >=30kg/m2
Symptom onset to drug initiation
   < 4 days
   >= 4 days
   Unknown
Age
   <45 years
   >=45 years
Covid−19 Variant
   <=2021−06−19
   2021−06−19 − 2021−12−20
   >2021−12−20
Vaccinated
   No
   Yes
   Unknown
Combo/Monotherapy Subgroups
   Fluv only vs. Placebo
   Met+Fluv vs. Met
 
 
 

n events    /
18/329 (5)

12/166 (4)
6/163 (1)

6/179 (1)
12/150 (4)

10/145 (4)
8/180 (1)
0/4 (0)

7/150 (3)
11/179 (2)

3/12 (0)
14/274 (3)
1/43 (2)

12/143 (4)
6/184 (1)
0/2 (0)

14/156 (3)
4/173 (2)
 
 
 

n  (n missing)
15/324 (3)

9/187 (1)
6/137 (2)

4/168 (2)
11/156 (1)
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0/5 (0)

11/171 (1)
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Combination Subgroups are underpowered

The trial was not powered for these comparisons.

Ø Adding fluvoxamine does not
move the point estimate left of 1.0



Comparisons across treatments are not against concurrently enrolled participants 

Vertical comparisons of these 
rows are not valid à

(From Table 1)
n(%)

Overall Met Met 
Control Iver Iver 

Control Fluvox Fluvox
Control

Variant 
Period

Alpha (pre 6/19/21) 159 (12) 79 (12) 80 (12) 11 (2.7) 11 (2.8) 12 (3.6) 11 (3.4)
Delta (6/19-12/12/21) 871 (66) 440 (66) 431 (65) 278 (68) 275 (69) 278 (83) 275 (84)
Omicron (post 
12/12/21) 293 (22) 144 (22) 149 (23) 121 (30) 112 (28) 46 (14) 41 (13)

Enrollment in the treatment arms was through different variant periods of the pandemic
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Our definition of modified intention to treat (mITT)
Participants eligible, consented, randomized

Intention to Treat (n = 1,431)

1. Did not receive medication (n=9)

2. Hospitalized when medication was delivered (n=8)

3. Told us they did not take any medication (n=77)
- They felt better
- They didn’t like the medication/placebo

- exact matching placebo, but could identify 
which 2 of the 3 meds or placebo they received

Modified Intention to Treat (n=1,323)

Includes those for whom we don’t know whether or not they took study drug

A. Properties of 
conducting a 
remote trial

B. Properties of 
natural disease 

progression

C. Properties 
of the 

medication

X

X X

X X

(and n=14 ineligible after randomization)



Baseline Characteristics Overall
n=1,323

ITT and not MITT
N=94

Metformin Ivermectin Fluvoxamine
Active
n=48

Control
n=46

Active
n=28

Control
n=36 Active n=23 Control n=32

Age, median (IQR) 46 (37, 55) 46 (37, 55) 45 (37, 55) 48 (40, 56) 44 (38, 55) 50 (37, 56) 46 (38, 54) 48 (36, 55)
Female, % (n) 56% (741) 47% (44) 42% (20) 52% (24) 57% (16) 42% (15) 48% (11) 41% (13)

Race, % (n)
Native American
Asian
Hawaiian/Pacific Isl.
Black
White

Other / Declined
Ethnicity, n (%) Latinx

2.0% (27)

3.9% (51)
0.7% (9)

7.6% (100)
82%(1,091)

6.1% (80)
12% (160)

5.3% (5)

2.1% (2)
0% (0)

8.5% (8)
70% (66)

16.5%(15)
12% (11)

6.2% (3)

2.1% (1)
0% (0)

10% (5)
67%(32)

16.2%(6)
8.3% (4)

4.3% (2)

2.2% (1)
0% (0)

6.5% (3)
74%(34)

15.2%(7)
15% (7)

0% (0)

0% (0)
0% (0)

3.6% (1)
89%(25)

7.2% (2)
7.1% (2)

5.6% (2)

2.8% (1)
0% (0)

5.6% (2)
67%(24)

19.3% (7)
14% (5)

13% (3)

4.3% (1)
0% (0)

13% (3)
57% (13)

21.3%(5)
13% (3)

6.2% (2)

3.1% (1)
0% (0)

6.2% (2)
62% (20)

21.5%(7)
12% (4)

Medical history, insurance status

BMI, median (IQR) 29.8 
(27, 34)

30.2 
(27, 34)

28.2 
(27, 32)

31.0 
(28, 35)

30.1 
(27, 34)

29.6 
(28, 37)

30.4 
(26, 33)

29.6 
(28, 37)

BMI > 30 kg/m2 49% (646) 53% (50) 44% (21) 63% (29) 54% (15) 50% (18) 57% (13) 50% (16)
Cardiovascular disease* 27% (353) 28% (26) 33% (16) 22% (10) 25% (7) 22% (8) 30% (7) 19% (6)
Diabetes 2.0% (26) 2.1% (2) 2.1% (1) 2.2% (1) 3.6% (1) 0% (0) 4.3% (1) 0% (0)
Vaccinated, primary series 52% (690) 46% (43) 48% (23) 43% (20) 36% (10) 61% (22) 35% (8) 59% (19)
Symptom Days,    mean (+SD) 4.8 (+1.9) 4.9 (1.8) 4.4 (1.8) 5.3 (1.8) 4.3 (1.5) 4.9 (1.9) 5.4 (2.1) 5.0 (2.0)
Symptoms ≤4 days 47% (603) 42% (36) 53% (24) 29% (12) 54% (14) 40% (14) 29% (6) 35% (11)

Variant Period
Alpha 12% (159) 11% (10) 8.3% (4) 13% (6) 7.1% (2) 5.6% (2) 4.3% (1) 6.2% (2)
Delta 66% (871) 65% (61) 67% (32) 63% (29) 54% (15) 72% (26) 83% (19) 81% (26)
Omicron 22% (293) 24% (23) 25% (12) 24% (11) 39% (11) 22% (8) 13% (3) 12% (4)

Medicaid 15% (200) 16% (15) 21% (10) 11% (5) 14% (4) 14% (5) 17% (4) 16% (5)
Medicare 7.6% (100) 9.6% (9) 6.2% (3) 13% (6) 11% (3) 5.6% (2) 13% (3) 6.2% (2)
Private 62% (823) 51% (48) 52% (25) 50% (23) 57% (16) 61% (22) 30% (7) 59% (19)
No insurance 13% (178) 22% (21) 21% (10) 24% (11) 18% (5) 17% (6) 39% (9) 16% (5)
Values are n (%), median (interquartile range), or mean (+SD).
Abbreviations: BMI = body mass index; IQR=inter-quartile range; SD = standard deviation. * Cardiovascular disease defined as: hypertension, hyperlipidemia, coronary artery 
disease, past myocardial   infarction, congestive heart failure, pacemaker, arrhythmias, or pulmonary hypertension. 

Baseline characteristics of participants who were randomized but not included in the modified intention to treat analysis
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Analysis of the primary outcome sequentially omitting the least
severe component – Intention to Treat sample (with imputation)

• † Outcome reflects outcome defined as the corresponding component or worse.
• Numbers reflect: # with event / # with known outcome (# with unknown outcome) in ITT cohort.
• Adjusted Odds Ratio and 95% CI are based on a logistic regression model adjusted for baseline vaccination and other study 

drugs.
• Missing outcomes are multiply imputed.

Metformin Outcomes Active
(n=711)

Control
(n=706)

Adj. Odds 
Ratio (95% CI)

Overall Primary Composite 161/673 (38) 188/674 (32) 0.838 (0.655 - 1.073)
Hypoxemia <93% only 153/670 (41) 162/667 (39) 0.930 (0.721 - 1.200)

ER visit / Hospitalization / Death
31/78
(33) 54/682 (24) 0.586 (0.372 - 0.925)

Hospitalization / Death 11/678 (33) 24/682 (24) 0.479 (0.231 - 0.993)

Death
1/686
(25)

0/679
(27)
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Analysis of the primary outcome sequentially omitting the least
severe component – Intention to Treat sample (with imputation)

• † Outcome reflects outcome defined as the corresponding component or worse.
• Numbers reflect: # with event / # with known outcome (# with unknown outcome) in ITT cohort.
• Adjusted Odds Ratio and 95% CI are based on a logistic regression model adjusted for baseline vaccination and other study 

drugs.
• Missing outcomes are multiply imputed.

Ivermectin Outcomes Active
(n=438)

Control
(n=434)

Adj. Odds 
Ratio (95% CI)

Overall Primary Composite 109/416 (22) 101/410 (24) 1.049 (0.763 - 1.443)

Hypoxemia <93% only 99/414 (24) 90/406 (28) 1.047 (0.753 - 1.457)

ER visit / Hospitalization / Death 27/420 (18) 20/417 (17) 1.287 (0.705 - 2.350)

Hospitalization / Death 8/420 (18) 8/417 (17) 0.897 (0.326 - 2.470)

Death 1/422 (16) 0/419 (15)
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Analysis of the primary outcome sequentially omitting the least
severe component – Intention to Treat sample (with imputation)

• † Outcome reflects outcome defined as the corresponding component or worse.
• Numbers reflect: # with event / # with known outcome (# with unknown outcome) in ITT cohort.
• Adjusted Odds Ratio and 95% CI are based on a logistic regression model adjusted for baseline vaccination and other study 

drugs.
• Missing outcomes are multiply imputed.

Fluvoxamine Outcomes Active
(n=357)

Control
(n=359)

Adj. Odds 
Ratio (95% CI)

Overall Primary Composite 86/342 (15) 83/337 (22) 1.007 (0.709 - 1.429)

Hypoxemia <93% only 76/339 (18) 74/334 (25) 0.994 (0.693 - 1.427)

ER visit / Hospitalization / Death 20/342 (15) 18/343 (16) 1.048 (0.537 - 2.048)

Hospitalization / Death 8/342 (15) 8/343 (16) 0.898 (0.327 - 2.467)

Death 0/342 (15) 0/344 (15)
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Analysis of the primary outcome sequentially omitting the least
severe component – Intention to Treat sample (complete case)

• † Outcome reflects outcome defined as the corresponding component or worse.
• Numbers reflect: # with event / # with known outcome (# with unknown outcome) in ITT cohort.
• Adjusted Odds Ratio and 95% CI are based on a logistic regression model adjusted for baseline vaccination and other study 

drugs.
• Missing outcomes are multiply imputed.

Metformin Outcomes Active
(n=711)

Control
(n=706)

Adj. Odds 
Ratio (95% CI)

Overall Primary Composite 161/671 (40) 188/672 (34) 0.838 (0.654 - 1.073)

Hypoxemia <93% only 153/668 (43) 162/665 (41) 0.953 (0.737 - 1.231)

ER visit / Hospitalization / Death 31/676 (35) 54/680 (26) 0.586 (0.37 - 0.928)

Hospitalization / Death 11/675 (36) 24/680 (26) 0.482 (0.233 - 0.998)

Death 1/682 (29) 0/677 (29)
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Analysis of the primary outcome sequentially omitting the least
severe component – Intention to Treat sample (complete case)

• † Outcome reflects outcome defined as the corresponding component or worse.
• Numbers reflect: # with event / # with known outcome (# with unknown outcome) in ITT cohort.
• Adjusted Odds Ratio and 95% CI are based on a logistic regression model adjusted for baseline vaccination and other study 

drugs.
• Missing outcomes are multiply imputed.

Ivermectin Outcomes Active
(n=438)

Control
(n=434)

Adj. Odds 
Ratio (95% CI)

Overall Primary Composite 109/415 (23) 101/409 (25) 1.061 (0.773 - 1.457)

Hypoxemia <93% only 99/413 (25) 90/405 (29) 1.079 (0.776 - 1.499)

ER visit / Hospitalization / Death 27/419 (19) 20/416 (18) 1.305 (0.716 - 2.380)

Hospitalization / Death 8/419 (19) 8/416 (18) 0.923 (0.34 - 2.503)

Death 1/421 (17) 0/417 (17)
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Analysis of the primary outcome sequentially omitting the least
severe component – Intention to Treat sample (complete case)

• † Outcome reflects outcome defined as the corresponding component or worse.
• Numbers reflect: # with event / # with known outcome (# with unknown outcome) in ITT cohort.
• Adjusted Odds Ratio and 95% CI are based on a logistic regression model adjusted for baseline vaccination and other study 

drugs.
• Missing outcomes are multiply imputed.

Fluvoxamine Outcomes Active
(n=357)

Control
(n=359)

Adj. Odds 
Ratio (95% CI)

Overall Primary Composite 86/340 (17) 83/336 (23) 1.013 (0.712 - 1.442)

Hypoxemia <93% only 76/337 (20) 74/333 (26) 1.001 (0.694 - 1.445)

ER visit / Hospitalization / Death 20/340 (17) 18/342 (17) 1.062 (0.543 - 2.078)

Hospitalization / Death 8/340 (17) 8/342 (17) 0.912 (0.332 - 2.51)

Death 0/340 (17) 0/342 (17)
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Symptom Outcomes – FDA symptom score
Metformin Ivermectin Fluvoxamine
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The symptom slides have been updated after the live 
recording was made. No other slides were updated. 



Individual Symptoms

Metformin Ivermectin Fluvoxamine
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(A) Nasal Congestion or Rhinorrhea

Metformin Ivermectin Fluvoxamine
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(B) Sore Throat

Metformin Ivermectin Fluvoxamine
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(C) Shortness of Breath or Difficulty Breathing

Metformin Ivermectin Fluvoxamine
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(D) Cough

Metformin Ivermectin Fluvoxamine

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0

Day of Follow−up

Ex
pe

ct
ed

 S
ym

pt
om

 
 S

ev
er

ity
 S

co
re

Arm
Active

Control

(E) Fatigue

Metformin Ivermectin Fluvoxamine
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(F) Myalgia

Metformin Ivermectin Fluvoxamine
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(H) Chills or Shivering
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(I) Subjective Fever
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(K) Vomiting
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The symptom slides have been updated after the live 
recording was made. No other slides were updated. 
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(B) Sore Throat
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(C) Shortness of Breath or Difficulty Breathing
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(D) Cough
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(E) Fatigue
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(F) Myalgia
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(G) Headache
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(H) Chills or Shivering
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(I) Subjective Fever
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(J) Nausea
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(K) Vomiting
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The symptom slides have been updated after the live 
recording was made. No other slides were updated. 
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(C) Shortness of Breath or Difficulty Breathing
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(E) Fatigue
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(G) Headache
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(H) Chills or Shivering
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(I) Subjective Fever
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(J) Nausea
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(K) Vomiting
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The symptom slides have been updated after the live 
recording was made. No other slides were updated. 
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(C) Shortness of Breath or Difficulty Breathing
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(D) Cough
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(E) Fatigue
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(F) Myalgia
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(G) Headache
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(H) Chills or Shivering
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(I) Subjective Fever
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(J) Nausea
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(K) Vomiting
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(L) Diarrhea

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14

Activ
e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
0%

25%

50%

75%

100%

Metformin

Pe
rc

en
t

(M) Loss of Smell

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14

Activ
e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
0%

25%

50%

75%

100%

Ivermectin

Pe
rc

en
t

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14

Activ
e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
0%

25%

50%

75%

100%

Fluvoxamine

Pe
rc

en
t

Smell
No Smell

Less than Usual

Same as Usual

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14

Activ
e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
0%

25%

50%

75%

100%

Metformin

Pe
rc

en
t

(N) Loss of Taste

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14

Activ
e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
0%

25%

50%

75%

100%

Ivermectin

Pe
rc

en
t

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14

Activ
e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
Activ

e

Con
tro

l
0%

25%

50%

75%

100%

Fluvoxamine

Pe
rc

en
t

Taste
No Taste

Less than Usual

Same as Usual

The symptom slides have been updated after the live 
recording was made. No other slides were updated. 
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(C) Shortness of Breath or Difficulty Breathing
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(E) Fatigue
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(F) Myalgia
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(G) Headache
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(H) Chills or Shivering
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(I) Subjective Fever
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(J) Nausea
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(K) Vomiting
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The symptom slides have been updated after the live 
recording was made. No other slides were updated. 



Individual Symptoms

Metformin Ivermectin Fluvoxamine

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0

Day of Follow−up

Ex
pe

ct
ed

 S
ym

pt
om

 
 S

ev
er

ity
 S

co
re

Arm
Active

Control

(A) Nasal Congestion or Rhinorrhea
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(B) Sore Throat

Metformin Ivermectin Fluvoxamine
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(C) Shortness of Breath or Difficulty Breathing

Metformin Ivermectin Fluvoxamine
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(D) Cough
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(E) Fatigue
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(F) Myalgia

Metformin Ivermectin Fluvoxamine
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(G) Headache
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(H) Chills or Shivering

Metformin Ivermectin Fluvoxamine
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(I) Subjective Fever
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(J) Nausea

Metformin Ivermectin Fluvoxamine
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(K) Vomiting
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(L) Diarrhea
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The symptom slides have been updated after the live 
recording was made. No other slides were updated. 



Overview
• Results

• Sample Population
• Figure 1, Consort diagram 
• Table 1

• Covid Severity Outcomes, primary analysis (modified Intention To Treat analysis)
• Table 2

• Complete Case Results
• Forest Plot (Supplemental Figure 1)
• Forest Plot (Supplemental Figure 2)

• Combination arms in the trial
• Covid Severity Outcomes, intention to treat

• Overview of Intention to Treat versus Modified Intention to Treat 
• Table 1 of ITT versus mITT
• Table 2 of ITT 

• Symptom Outcomes
• Figure 2
• Supplemental Figures 5

• Study Drug Discontinuation 
• Other medication use



Study Medication Adherence

No Pictures o
r D

isse
mination.

Values are n (%)

Adherence
Overall

N = 1,323
Metformin

N = 284

Metformin+ 
Ivermectin

N = 204

Metformin+ 
Fluvoxamine

N = 175

Ivermectin
N = 206

Fluvoxamine
N = 159

Placebo
N = 295

70-100% 1,015 (77) 208 (73) 165 (81) 116 (66) 175 (85) 121 (76) 230 (78)
35-70% 102 (7.7) 20 (7.0) 20 (9.8) 17 (9.7) 11 (5.3) 16 (10) 18 (6.1)
0-35% 139 (11) 36 (13) 9 (4.4) 33 (19) 14 (6.8) 16 (10) 31 (11)
Missing 
Adherence 67 (5.1) 20 (7.0) 10 (4.9) 9 (5.1) 6 (2.9) 6 (3.8) 16 (5.4)



Additional Open-label Therapeutics Used after Randomization

Under Embargo. N
o Pictures o

r 

Disse
mination. 

n(%)
Overall, 
mITT

n = 1,323

Metformin
n = 284

Metformin+ 
Ivermectin

n = 204

Metformin+ 
Fluvoxamine

n = 175

Ivermectin
n = 206

Fluvoxamine
n = 159

Placebo
n = 295

Monoclonal 
Antibody 55 (4.2) 13 (4.6) 9 (4.4) 8 (4.6) 6 (2.9) 7 (4.4) 12 (4.1)

Ivermectin 8 (0.6) 3 (1.1) 1 (0.5) 0 (0) 2 (1.0) 0 (0) 2 (0.7)

Inhaler 30 (2.3) 8 (2.8) 4 (2.0) 3 (1.7) 2 (1.0) 2 (1.3) 11 (3.7)

Anti-coagulants 19 (1.4) 7 (2.5) 1 (0.5) 1 (0.6) 1 (0.5) 4 (2.5) 5 (1.7)

Outpatient Steroids
20 (1.5) 3 (1.1) 5 (2.5) 2 (1.1) 2 (1.0) 5 (3.1) 3 (1.0)

Other* 165 (12) 36 (13) 31 (15) 11 (6.3) 27 (13) 20 (13) 40 (14)

Sertraline † 35 (2.6) 12 (4.2) 2 (1.0) 3 (1.7) 5 (2.4) 2 (1.3) 11 (3.7)

* Other includes a wide variety of non-FDA EUA therapies.
† Sertraline is an antagonist to sigma-1 receptors, whereas fluvoxamine is an agonist.



Time constraints of Clinical Trials
Potential real-world use of these meds:

Affected by:

Constraints within a remote clinical trial

Step Approximate 
Days Step Approximate 

Days
Symptoms 0 Symptoms 0
Positive test 0 to 3 Access to test Positive test 0 to 3
Call Doctor 0 to 1 Access to resources Find patient / Find study 0 to 1
Get outpatient med
(generic, available) 0 to 1 Patient 

bandwidth
Research team 

bandwidth Reach out to patient 0 to 1

Start outpatient med
(generic, available)

0 to 5 from 
symptom onset

Patient bandwidth Get response from patient 0 to 1

Research team bandwidth +
Patient bandwidth

Consent conversation 0 to 1

Properties of remote trials:
- pharmacy hours, supply
- weather, distance, delivery

Dispense, then
Ship to patient

0 to 4

Start study medication 0 to 11 from 
symptom onset



Delivered medication within
1 day of consenting
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Average days to study drug

First week of study December 27 2020

This trial was focused on preventing severe 
Covid-19, not treatment of Covid or of 
symptoms.

So early study drug initiation seemed to be 
key to increase the chances of 
differentiating between active med and 
placebo



Pre-packing allows faster delivery of IP
Primary outcome was prevention of severe disease, starting study drug ASAP 
was a major goal.

• The pharmacy needed all enrollments by 3:30pm to dispense same-day 

• Study team distributed to courier or FedEx 
• 8:15pm on weekdays

• FedEx same-day shipping on weekends
• Courier delivers the box to a commercial airline flight with a courier to 

pick it up at destination 
• This is a new, increased cost of trial



Pre-packing was challenging with weight categories

Daily Drug Supply
<162.8 lbs

162.8 - 193.5 
lbs

193.6 - 233.1 
lbs

233.2 - 272.7 
lbs

272.8 - 352.6 
lbs

352.7+ 
lbs Pregnant

University of 
Minnesota 18 19 19 19 19 19 34

Optum - New 
West Physicians 
Network

10 18 18 18 18 10 8

Optum -
American 
Health Network

13 32 32 32 32 13 15

Northwestern 
University 34 34 19 21 33 9 16

Colorado 
University 12 35 35 35 35 12 15

UCLA/ LA 
County 11 35 35 35 35 11 16



Overview
• Overview of current COVID-OUT Trial
• Brief Background 

• 3 distinct treatments
• Design, Study population

• Statistical Considerations
• DSMB Reviews and stopping criteria
• Randomization

• Results
• Limitations
• Future Directions



• Primary outcome
• The protocol could have potentially mitigated some of the sources of bias 

with home oximeter use
•Generalizability
• Time to study drug initiation still longer than real life
•Definition of intention to treat

Limitations



Potential Future Directions

1. Funding for lab assays:
• Analyze the Day 1, 5, and 10 viral samples
• Human virome

• Ongoing shedding of virus in stool samples reduced by meds
2. Long Covid surveys
• New onset diabetes
• Incidence of re-infection
• (metformin associated with improved T cell immunity)

3. Pediatric trial
4. Repeat COVID-OUT trial powered for ED visit/hospitalization/death as 

primary outcome?



Negative Clinical Trials

https://www.nejm.org/doi/full/10.1056/NEJMra1510064?query=featured_clinical-trials

• "An unreasonable yet widespread practice is the labeling of 
all randomized trials as either positive or negative on the 
basis of whether the P value for the primary outcome is 
less than 0.05. This view is overly simplistic..

• Moreover, the interpretation of any trial should depend on 
the totality of the evidence (i.e., the primary, secondary, 
and safety outcomes), not just a single end point."



Negative Clinical Trials

https://www.nejm.org/doi/full/10.1056/NEJMra1510064?query=featured_clinical-trials

• “If the primary outcome is negative, positive findings 
for secondary outcomes are usually considered to be 
hypothesis-generating. 

• Certainly, regulatory approval of a new drug is 
unlikely to follow. 

• However, in some instances, secondary findings are 
compelling enough to affect guidelines and practice.”



• This is a negative trial
• Some aspects were a success

• We delivered study medication nation-wide within 1 day of consent
• A pre-specified secondary analysis of the primary outcome indicates a substantial reduction in ED visits, 

hospitalizations, death from Covid-19 with metformin
• Metformin has a history of anti-viral properties

• Is being studied in TB, Dengue, and other infectious disease studies
• Metformin has a history of anti-inflammatory properties

• Sabizabulin is an oral, novel microtubule disruptor that has dual antiviral and anti-inflammatory activities in preclinical models

• Metformin is safe, has few contra-indications or interactions, and requires no monitoring for >12 months

Summary



• Many people contributed to making this trial possible

Thank you 



Many helped with the study design, approach, search for funding

Chris Tignanelli, MD MS

Michael Puskarich, MD MS

Michelle Biros, MD

Nichole Klatt, PhD Thomas Murray, PhD 

David Odde, PhD David Boulware, MD 

John Buse, UNC

Infectious disease

Biophysical modeling

Clinical trialsNatural language processing, 
Covid clinical trials
Learning Health System Scholar

Covid Clinical trials Microbiome Clinical trial design and analysis Diabetes pharmacotherapy, 
clinical trials

Nancy Sherwood, PhD

Epidemiology



Patient Advisory Board helped design the protocol

I formed patient advisory board as part of my Learning Health System 
training
• To guide research around obesity 

They discussed this trial with me from the beginning 

They reviewed every aspect of patient-facing material, consent, protocol
• Gave important feedback on recruitment and consent approach



Collaborative input from many on protocol for IND 

PI Expertise Site

Leonardo Tamariz, MD, MPH General Internal Medicine (GIM) Univ of Miami, Chen Senior Medical Ctr clinic network, TAME PI

Ana Palacio, MD, MPH GIM, Cardiovascular outcomes University of Miami VA, Miami (TAME Site PI)

Jeanne Clark, MD, MPH GIM, Obesity and Diabetes Division Director and Look AHEAD PI, Johns Hopkins 

Nia Mitchell, MD GIM, Obesity research Duke University Medical School

Jacinda Nicklas, MD, MSPH GIM, Obesity research University of Colorado, Denver

Eric Anderson, MD Emergency Medicine Alameda Cty Medical Center, Oakland, CA, UCSF Medical School

David Liebovitz, MD GIM, Outpatient research Northwestern Medicine, Chicago, IL

Ananth Shalev, MD Endocrinology, Diabetes Division Director, University of Alabama Birmingham, AL 

Ildiko Lingvay, MD Endocrinology, Diabetes pharmacotherapy UT Southwestern 

Hrishi Belani MD, Art Jeng, MD GIM, Infectious disease Director of Primary Care, LA County Olive View-UCLA Medical Center

Angela Reiersen, MD and Eric Lenze, MD
Carlos Chaccour, MD 



Site Principal Investigators

Optum Labs, New West Physicians, Ken Cohen, MD 

Hennepin Healthcare, Michael Puskarich, MD

Optum Labs, American Health Network of IN, Andrew Daluga, MD 

Northwestern University, Dave Leibovitz, MD

UCLA Olive View / LA County, Hrishikesh Belani, MD

University of Colorado, Denver, Jacinda Nicklas, MD

Vanderbilt (Pregnant women only), 
Jennifer Thompson, MD and Anup Challa

Emory, Blake Anderson, MD



Participating Site Research Coordinators

Bristol Pavol
Gwen Carangi
Amber Voit
Amber Bretz

Audrey Hendrickson
Walker Tordsen
Lucas Brown
Olivia Kaus
Nicole Rudin
Radhika Edpuganti
Leah Stodieck
Jane Ude

Mary Schmoll
Melissa Denny
Sara Slaughter

Samuel Lee
Jannis Brea
Naveen Reddy

Riannon Atwater
Nikita Deng
Alex Pedowitz
Rosario Machicado



University of Minnesota
Fairview 
Research:

Statisticians:

Pharmacists:  

Jennifer Proper
Lianne Siegel
Sara Lindberg

Darlette Luke
Theresa Christiansen
Derek LaBar

Jill Cordes
Andrew Snyder
Pa Chia Yang
Melissa Schedler
Sarah Zwagerman
Erik Kuehl
Madeline Zolik

Lisa Rogers
Dave Ankarlo
Mary Farnsworth 

Surgery CTO:

BME: Bo Connelly 

FDA Prep: Harvey Arbit
Wrenda Temple

DOM: Sara Eischen
Leslie Kennedy 
Alicia Callahan
Ashlee Janecke

CPOM: Cameron Naughton
Juanita Jenson
Lucas Simmons

GIM: Kate Brekke
Jill Charles
HR 

CTSI: Casey Dahl
Study Monitor

SPA: contracts
ADRL: Bob Janicke

Jamie Lavalle



University of Minnesota
Research Coordinators: 

Paula Campora

Grace Christensen

Kristi Fordyce

Regina Fricton

Gwen Griffiths

Aubrey Hagen

Daniela Parra

Barkha Patel

Via Rao

Manju Nayar

Mercury Wu



University of Minnesota

Medical Students: Katrina Hartman
Hanna Saveraid
Tannon Tople
Arman Quraishi
Neha Reddy
Rumbidzai Ngonyama
Sarah Fenno
Megan Schramski
Spencer Erickson
Nandini Avula
Carissa Dock

Undergrad Students: Hanna Saveraide
Faith Fairborn 

Volunteers:
Folding boxes
Taping boxes 



• Appreciate any questions, discussion

Thank you



Extra slides



Individual Symptoms
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(A) Nasal Congestion or Rhinorrhea

Metformin Ivermectin Fluvoxamine

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0

Day of Follow−up

Ex
pe

ct
ed

 S
ym

pt
om

 
 S

ev
er

ity
 S

co
re

Arm
Active

Control

(B) Sore Throat

Metformin Ivermectin Fluvoxamine
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(C) Shortness of Breath or Difficulty Breathing
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(D) Cough
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(E) Fatigue
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(F) Myalgia
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(G) Headache
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(H) Chills or Shivering
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(I) Subjective Fever
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(J) Nausea
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(K) Vomiting

Metformin Ivermectin Fluvoxamine

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1

Day of Follow−up

Ex
pe

ct
ed

 N
um

be
r 

 o
f E

pi
so

de
s

Arm
Active

Control

(L) Diarrhea
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(M) Loss of Smell
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(N) Loss of Taste
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The symptom slides have been updated after the live 
recording was made. No other slides were updated. 



Pre-specified analyses all in 
one visual: 

Metformin data

Hospitalization / Death, by Day 14
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Figure S1A.
Subgroup Metformin

All PDUWLFLSDQWV

Control

Sex
   Female
   Male
BRG\�0DVV�,QGH[��%0,�
   <�30�kg/m2

   >�30�kg/m2

Symptom onset to drug initiation
   < 4 days
   > 4 days
   Unknown
Age
   <�45 years
 >�45 years

Covid−19 Variant�7LPH�3HULRG
$OSKD
'HOWD
2PLFURQ�

Vaccinated��SULPDU\�VHULHV
   No
   Yes
   Unknown
Preganant
   Not Pregnant
   Pregnant
Combo/Monotherapy Subgroups

   MetIRUPLQ only vs. Placebo
   Met+IverPHFWLQ vs. IverPHFWLQ
   Met+FluvR[ vs. FluvR[DPLQH

n events    /
154/652 (11)

78/352 (7)
76/300 (4)

80/344 (3)
74/308 (8)

63/290 (6)
85/352 (5)
6/10 (0)

53/303 (5)
101/349 (6)

27/78 (1)
101/434 (6)
26/140 (4)

87/293 (8)
67/357 (2)
0/2 (1)

151/630 (10)
3/22 (1)

70/278 (6)
50/201 (3)
34/173 (2)

n  (n missing)
179/653 (7)

107/378 (4)
72/275 (3)

78/326 (4)
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73/298 (5)
103/337 (2)
3/18 (0)

61/309 (4)
118/344 (3)

35/80 (0)
113/426 (5)
31/147 (2)

112/322 (5)
67/329 (2)
0/2 (0)

175/630 (6)
4/23 (1)

79/291 (4)
55/206 (0)
45/156 (3)

0.84 (0.66 to 1.09)

0.73 (0.52 to 1.02)
1.04 (0.71 to 1.52)

1.01 (0.70 to 1.45)
0.71 (0.50 to 1.01)

0.90 (0.61 to 1.32)
0.74 (0.53 to 1.04)

0.93 (0.61 to 1.42)
0.78 (0.56 to 1.08)

0.66 (0.34 to 1.28)
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0.84 (0.65 to 1.09)
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Adjusted Odds Ratio (95% CI)

Effect of metformin vs. 
control for the primary 
outcome, overall and by 
subgroups. 



Figure S1B.
Subgroup Ivermectin

All PaUWLFLSDQWV

Control

Sex
   Female
   Male
%RG\�0DVV�,QGH[��%0,�
   <�30�kg/m2

   >�30�kg/m2

Symptom onset to drug initiation
   < 4 days
   > 4 days
   Unknown
Age
   <�45 years
   >�45 years
Covid−19 Variant�7,PH�3HULRG
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'HOWD
2PLFURQ
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   Yes
   Unknown
Dose��Mg/kg)
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58/205 (1)
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72/231 (1)

5/11 (0)
69/276 (2)
31/120 (1)
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43/222 (0)
0/1 (0)

52/202 (1)
53/205 (2)

55/206 (0)
50/201 (3)

n  (n missing)
96/391 (7)

56/224 (2)
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45/206 (4)
51/185 (3)
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2/7 (0)
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4/11 (0)
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46/224 (3)
0/1 (0)

96/391 (7)
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1.05 (0.76 to 1.45)
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Effect of ivermectin 
vs. control for the 
primary outcome, 
overall and by 
subgroups. 
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Figure S1C. 

Effect of fluvoxamine 
vs. control for the 
primary outcome, 
overall and by 
subgroups. 



Extra slides



IR metformin has higher systemic exposure than ER

John B. Buse, Ralph A. DeFronzo, Julio Rosenstock, Terri Kim, Colleen Burns, Sharon Skare, Alain Baron, Mark Fineman; The Primary Glucose-Lowering Effect of Metformin Resides in the Gut, Not the Circulation: Results From Short-
term Pharmacokinetic and 12-Week Dose-Ranging Studies. Diabetes Care 1 February 2016; 39 (2): 198–205

Henry RR, Frias JP, Walsh B, et al. Improved glycemic control with minimal systemic metformin exposure: Effects of Metformin Delayed-Release (Metformin DR) targeting the lower bowel over 16 weeks in a randomized trial in subjects 
with type 2 diabetes. PloS one. 2018;13(9):e0203946.



Previous trial with evidence of benefit

The risk of side effects increase at a dose of 2,000mg daily. 2,500 per day would likely cause side effects and discontinuation.
Henry RR, Frias JP, Walsh B, et al. Improved glycemic control with minimal systemic metformin exposure: Effects of Metformin Delayed-Release (Metformin DR) targeting the lower bowel 
over 16 weeks in a randomized trial in subjects with type 2 diabetes. PloS one. 2018;13(9):e0203946.


