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VERSION HISTORY 
Version # Version Date Summary of Changes 
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ABBREVIATIONS/DEFINITIONS 
 ACE2 Angiotensin-Converting Enzyme 
 AE Adverse Events 
 AHC-IE Academic Health Center Information Exchange 
 ARDS Acute Respiratory Distress Syndrome 
 COVID-19 Disease caused by the virus SARS-CoV-2, or “Wuhan coronavirus” 
 CLIA Clinical Laboratory Improvement Amendments 
 CTSI Clinical and Translational Science Institute 
 DM Type 2 Diabetes Mellitus  
 DSMB Data Safety Monitoring Board 
 ECMO Extracorporeal membrane oxygenation 
 eConsent Electronic consent 
 ED Emergency Department 
 EGFR Estimated Glomerular Filtration Rate 
 EHR Electronic Health Record 
 ER Extended Release 
 GDF 15 Growth/Differentiating Factor 15 
 ICF Informed Consent Form 
 ICU Intensive care unit 
 IDS Investigational Drug Services 
 IL-6 Interleukin 6 
 IL-10 Interleukin 10 
 IQR Interquartile Range 
 IR Immediate Release 
 MHealth University of Minnesota Health 
 mtDNA Mitochondrial DNA 
 mTOR Mammalian Target of Rapamycin 
 NDMA Nitrosodimethylamine 
 NETs Neutrophil-Extracellular Traps 
 RC’s Research Coordinators, and refers to members of the study team (includes                    

project manager, Co-I, PI).  
 SAE Severe Adverse Event 
 SARS Severe Acute Respiratory Syndrome 
 SOPs Standard Operating Procedures 
 SIREN Strategies to Innovate Clinical Trials network 
 TLR7 Toll-Like-Receptor 7 
 TNF-alpha Tumor Necrosis Factor alpha 
 UMMC  University of Minnesota Medical Center 
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1.0 Objectives 

 Title:  

COVID-OUT: Outpatient treatment of SARS-CoV-2 infection, a factorial Randomized Clinical 
Trial.  

Purpose:  

1) To understand whether metformin vs fluvoxamine vs ivermectin vs 
metformin+fluvoxamine vs metformin+ivermectin are superior to placebo in non-
hospitalized adults with SARS-CoV-2 infection for preventing COVID-19 disease 
progression. 

2) To understand if the active treatment arms are superior to placebo in improving viral load, 
serologic markers associated with Covid-19, and gut microbiome in non-hospitalized adults 
with SARS-CoV-2 infection. 

3) To understand if any of the active treatment arms prevent long-covid syndrome, PASC 
(post-acute sequelae of SARS-CoV-2 infection). 

2.0 Background 

 Significance of Research Question/Purpose:  

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a rapidly spreading viral 
infection causing COVID-19 disease. While vaccine development for SARS-CoV-2 has been 
promising, there may be hurdles to wide distribution, reduced immunity in persons with advanced 
age or obesity (a state of thymic aging), and reduced willingness among the public to receive a 
vaccine developed so quickly.1 Additionally, new strains appear resistant to the vaccines. 

 Preliminary Data:  

Several observational studies have shown an association with decreased mortality with outpatient 
metformin use in patients who were then hospitalized with COVID-19, including a study we 
conducted.2 Two prospective studies have found efficacy of fluvoxamine in prevention 
hospitalization and death.3,4 Biophysical modeling of the SARS-CoV-2 life cycle, which 
accurately predicted the efficacy of remdesivir and the lack of efficacy of hydroxychloroquine, 
identified viral protein translation, which is inhibited by mTOR inhibitors such as metformin, as 
an especially sensitive node in the model (Castle et al., 2020). 

 Existing Literature:  

Table 1: Existing Literature 
Papers in 2020 with observational mortality findings related to metformin and COVID-19. 
Author Population Methods Finding 
Luo et al.1 
Am J Trop 
Med Hyg 

283 adults with 
DM hospitalized 
with COVID-19 
in Wuhan. 

Retrospective review, 
appears to be of home 
metformin us; 104 in 
metformin, 179 in no-
metformin group 

Hospital mortality 2.9% in metformin 
group vs 12.3% in no-metformin group, 
p=0.01.  OR for survival: 4.36 (1.22-
15.59, p=0.02). No difference in length of 
stay. No mortality difference based on use 
of other DM medications. 
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Cariou et 
al,2  
“Coronado 

study” 
Diabetalgia 

1,317 adults 
with DM in 
France, with or 
without home 
metformin use 

Multi-center 
observational study. 
Main outcome: 
mortality or 
intubation; Secondary 
outcome was 
mortality. 

HbA1C was not associated with main 
outcome (p=0.28) or death (p=0.91); 
home metformin was associated with 
lower mortality OR 0.59 (0.42, 0.84). 
Increased risk of death with insulin OR 
1.71, (1.20, 2.43). No association with 
other DM meds. 

Bramante 
et al. 
Lancet 
Healthy 
Longevity.  

6,256 adults 
with DM or 
obesity 
hospitalized for 
COVID-19 in 
the US. 

Retrospective review 
of USA UHG claims 
data of home 
metformin use (claims 
for >= 90 days in prior 
12 months) 

Metformin was associated with a reduced 
mortality in females: OR 0.759 (0.601, 
0.960) by propensity matching; OR 0.780 
(0.631, 0.965) by a mixed effects model; 
OR 0.785 (0.650, 0.951) by Cox 
proportional-hazards.  

Crouse et 
al. 
Metrxiv.org 

239 persons with 
diabetes and 
COVID-19   

Retrospective review 
of 25,326 subjects 
tested for COVID-19 
between 2/25 - 
6/22/20 at UAB. 

- Metformin treatment was independently 
associated with a significant mortality 
reduction in subjects with diabetes and 
COVID-19, OR 0.33 (0.13-0.84; p=0.02) 

Paper with laboratory findings suggesting lower IL-6 in metformin users with COVID-19 
Chen et al.3 
Diabetes 
Care 

904 patients with 
COVID-19, 136 
of whom had 
DM 

Retrospective review 
of patients with DM 
and COVID-19 in 
association with 
glucose lowering 
medications. 

Metformin users had lower IL-6 (4.07 vs 
11.1, p=0.02). In PCR-confirmed cases, 
IL-6 was also lower in metformin users 
than non-metformin users (4.77 vs 11.1, 
p=0.024). No differences between DDP-4 
users vs non-users. GLP-1 use not 
reported. 

Bramante 
et al, under 
review. 

2,135 patients 
with SARS Co-
V-2, subset with 
lab values 

Lab 
Bicarb 
Lactate 
IL-6 
CRP 

No Metformin 
25 (8), n=438 
1.5 (1.1), n=136 
1,702 (1,011), n=66 
111 (83), n=290 

Metformin 
26 (5), n=25 
1.3 (0.5), n=7 
54 (69), n=7 
84 (75), n=16 

P Value 
0.38 
0.78 
0.08 
0.02 

 

 
Figure 1: Pooled risk of mortality in hospitalized COVID‐19 patients with diabetes with preadmission 
metformin. (heterogeneity: I2= 29%; p = .23).5 

Prior to COVID-19, the exact mechanisms by which metformin conveyed benefit was a matter 
of debate. There are several ways by which metformin may offer protection from SARS-CoV2. 

Overall 

Study OR (95% CI)      % Weight

0.62 (0.43, 0.89)    100.0

Kow, J  M ed  V iro l
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Existing Literature on Mechanistic Reasons for Metformin to be Effective against COVID: 

High glucose is associated with worse COVID-19 outcomes: Metformin reduces blood glucose 
levels, but not below physiologic levels, by reducing hepatic gluconeogenesis. Worse glucose 
control has also been associated with higher mortality and end-organ complications in patients 
with COVID-19.6 
 
Metformin could decrease endothelial injury and its complications: Metformin has been shown 
to improve microvascular endothelial function in women perhaps due to a significant increase in 
response to acetylcholine, decrease in insulin resistance, and non-significant decrease in tissue 
plasminogen activating factor, as was shown in a randomized control study of 8 weeks of 
metformin versus placebo in women with angina and normal coronary arteries .7 Pulmonary 
vascular endotheliatis has been observed in the lungs of patients with COVID-19.8 Endothelial 
dysfunction may be an important mechanism and therapeutic target in mitigating COVID-19 
sequelae. Metformin decreases thrombosis in long-term follow-up, possibly by inhibiting platelet 
activation factor and mitochondrial DNA (mtDNA) release,9,10 and may mediate improved 
cardiovascular outcomes via mechanisms beyond glucose control. COVID associated 
coagulopathy and thrombosis is a unique attribute to this disease, and the pathophysiology is 
poorly understood. Further, frequently widespread micro and macrovascular thrombosis has been 
reported in autopsies of patients with COVID 19.11,12  
 
Metformin decreases neutrophil-extracellular traps (NETs), and the neutrophil to lymphocyte 
ratio.13-15 NETs are microbiocidal compounds containing DNA, histones, and proteins.14,15 Sera 
from patients with COVID-19 demonstrate elevated levels of these histones and DNA 
components.15 It has been hypothesized that excessive NET formation leads to cytokine storm 
and microthrombus (possibly independent of tissue factor), and ultimately acute respiratory 
distress syndrome (ARDS) in COVID-19.16 Lymphopenia and neutrophil infiltration in 
pulmonary capillaries have been an important feature of severe COVID-19 disease.13,17-19 
Metformin’s inhibition of NET release could therefore mitigate the development of downstream 

lung injury.  
 
Metformin could decrease the viral cycle: There is evidence that metformin increases endosomal 
pH via action on vacuolar ATPase and/or endosomal Na+/H+ exchangers,20 thus reducing viral 
replication. Metformin leads indirectly to alteration of the mammalian target of rapamycin 
(mTOR)  pathway,21 which could decrease the viral lifecycle through effects on proteins 
including Orf9c and Nsp7.21  Biophysical modeling of the SARS-CoV-2 life cycle, which 
accurately predicted the efficacy of remdesivir and the lack of efficacy of hydroxychloroquine, 
identified viral protein translation, which is inhibited by mTOR inhibitors such as metformin, as 
an especially sensitive node in the model.22 Metformin has been shown to inhibit mTOR, and 
mTOR inhibition is associated with efficacy against MERS and COVID-19.23-25 



UNIVERSITY OF MINNESOTA  
08December2021 
COVID-OUT (formerly called MET-COVID) (MET29324) VERSION 3.4 

CONFIDENTIAL Page 8 of 49 

 
Figure 2. Gordon et al found decreased 
SARS-CoV-2 and increased cell viability 
with metformin in vitro.21 

 
Figure 3. Biophysical modeling. 

 

Metformin may decrease entry of SARS-CoV-2 into cells: Activation of AMPK by metformin 
increases expression of angiotensin-converting enzyme 2 (ACE2). Simultaneously, increased 
phosphorylation of the ACE2 receptor leads to conformational changes26-28 that could 
theoretically decrease SARS-CoV-2 binding and entry into cells.29  

 

 
Figure 4, Karam et al, in press.  

 

Metformin has immune-modulatory effects: In patients with and without diabetes, metformin has 
been shown to favorably alter inflammatory mediators, including interleukin 6 (IL-6), TNF-
alpha, and to possibly boost interleukin 10 (IL-10), and suppress the C-C motif chemokine 
ligand.13,30-32 Metformin’s activation of the AMPK/mTor/Stat3 pathway seems to steer 
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macrophages away from the pro-inflammatory classical activation that produces TNF/IL6/IL1b, 
cytokines that contribute to morbidity in COVID-19.33-35 Possible evidence of this effect was 
seen in a retrospective study by  Chen et al of, review 904 patients with COVID-19 which showed 
that metformin users had lower IL-6 levels compared to non-metformin users (Table 2).18 
Metformin also inhibits toll-like-receptor 7 (TLR7) signaling and interferon production, which 
appears important to COVID-19 pathophysiology.36,37 Metformin also inhibits IgE- and aryl 
hydrocarbon-mediated mast cell activation.38 Mast cell activation has been implicated as an early 
indicator of inflammatory response to SARS-CoV-2. and possibly an indicator of impending 
cytokine storm.39,40 Mast cells from female rats have been found to cause a greater increase in 
tumor necrosis factor alpha (TNF-alpha) than mast cells in male rats, which may explain the 
observational findings of reduced mortality in women on metformin, but no among men on 
metformin.41  

 

Metformin has a history of anti-infectious properties: Metformin was found to have antiviral 
activity before SARS-CoV-2. In the 1940s and 1950s, metformin was used against influenza (as 
“Flunamine”), and was found to be effective against parainfluenza and cowpox.42,43 Metformin 
has also been associated with improved response to anti-infectious agents in HIV and 
tuberculosis.44 With the Zika virus, another RNA virus, activation of AMPK by metformin 
resulted in restricted viral replication by potentiating innate antiviral responses and decreasing 
glycolysis, with PKA Inhibitor PKI leading to decreased viral infection and replication.45,46 In 
patients with hepatitis C, metformin has been associated with improved virologic response to 
antivirals through decreased insulin resistance.47  
 
Metformin’s past anti-infectious benefits have been both against the infectious agent directly, as 
well as by improving the underlying health of the human host. It is unknown if the lower mortality 
observed in patients infected with COVID-19 who are on metformin is due to direct activity 
against the virus itself, improved host substrate, or both.  
 
Fluvoxamine 
In addition to metformin, fluvoxamine appears to have important anti-viral and anti-
inflammatory effects in SARS-CoV-2 infection. There is evidence that SARS-CoV-2 infection 
causes ER stress and activates pathways of unfolded protein response.48,49 This response is 
related to several signaling pathways such as autophagy, apoptosis, innate immunity, pro-
inflammatory response, and MAP kinase pathways.48 Further study has demonstrated that the 
virus can take over the ER by utilizing the stress sensor inositol requiring enzyme 1 (IRE1) 
which helps to regulate coronavirus-induced autophagy.49 This ER response provides a 
potential pathway for immunomodulatory treatment.  
 
Sigma-1 receptor (S1R) is an ER chaperone protein that regulates cytokine production through 
interaction with IRE1.4 S1R modulation has demonstrated significant changes to coronavirus 
replication, and atypical antipsychotics with S1R activity have displayed protective effects 
against clinical deterioration.50 Fluvoxamine is a selective serotonin reuptake inhibitor that is a 
powerful S1R agonist.51 Fluvoxamine has previously been shown to protect mice from septic 
shock and reduce the inflammatory response.52 There is potential for fluvoxamine as an 
immunomodulatory treatment for SARS-Cov-2. Fluvoxamine in CACO2 cells infected with 
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SARS-Cov-2 had a reduction in production of a subset of cytokines including IL-6, IL-8, 
CXCL1, and CXCL10.53 A randomized controlled clinical trial of 152 patients showed that 
patients who received fluvoxamine were less likely to experience clinical deterioration, or 
serious adverse events due to SARS-Cov-2 when compared to placebo (0% vs. 8%).4  A follow 
up real world observational cohort had similar findings of 0% (0/65) hospitalization with 
fluvoxamine vs. 12% (6/48) with observation.54  
 

 
 
Ivermectin 
Ivermectin has also shown anti-inflammatory effects that would reduce the harmful cytokine 
cascade noted in severe Covid-19 disease.55 A recent trial assessing a multi-therapy including 
12mg one-time dose of ivermectin found a 75% reduction in hospitalizations.56 Another small 
double-blinded RCT showed significant increased chance of viral clearance after a 5-day 
course of ivermectin.57 Another March 2021 RCT reported no effect on diminishing symptoms, 
but was under-powered for assessing reductions in hospitalization.58 An RCT with ivermectin 
must be done in the US, as endemic strongyloidiasis in other countries may confound results.  

 
Importance of factorial design approach: 
It is important to study all 3 of these medications in a factorial design because they all fit into 
the same implementation category: all are existing, FDA-approved, generic, inexpensive, 
currently available world-wide, and have long records of excellent safety. They each hold few 
medication or co-morbidity related contraindications, and none of them require any follow-up 
for short-term use.  
 
A factorial design approach is important for minimizing the percentage of patients who receive 
placebo in this urgent public health emergency. A factorial design allows us to efficiently 
compare the drugs directly to each other, as well as combination arms, while maintaining a 
placebo control. While EUA’s and prospective cohorts have become common in the body of 
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literature about Covid-19, we feel that randomized placebo control is necessary for best 
understanding medication effect.  

3.0 Study Endpoints 

 Primary Endpoint:  

1) Clinical progression, defined as: Emergency department visit for any COVID-19 
related symptom (including hospitalization or death) or decrease in O2 saturation 
(≤93%*59 on room air, or need for supplemental oxygen to maintain an O2 saturation 
>93%) by 14 days.  

*COVID-19-related symptoms as defined by the CDC*, or attributed to COVID by 
treating team. *https://www.cdc.gov/coronavirus/2019-ncov/symptoms-
testing/symptoms.html. Currently those symptoms include: Fever or chills, cough, 
shortness of breath or difficulty breathing, fatigue, muscle or body aches, headache, 
new loss of taste or smell, sore throat, congestion or running nose, nausea or vomiting, 
or diarrhea. 

  

Secondary Endpoints:  

 Clinical deterioration on a Likert-type scale: (0) No symptoms (1) moderate severity of 
illness as defined by O2 saturation ≤93% but no supplemental oxygen requirement; (2) 
O2 saturation >93% plus supplemental oxygen requirement; (3) ED visit for any 
COVID symptoms (4) hospitalization for any COVID symptom; (5) the above, plus 
ventilator support requirement; (6) the above, plus ventilator support for at least 3 days; 
(7) death;4,60 and by number of days requiring supplemental oxygen; hospitalization; 
ventilator support), by Day 28. Hospitalized patients may be followed for maximal 
outcome.                 

 Time to meaningful recovery61 (symptoms or severity improved by one category and 
sustained for at least 36 hours) 

 Maximum symptom severity experienced by Days 14, 28 (Appendix B) 
 Incidence of all-cause study medicine discontinuation (Day 14). 

 Portion of participants with Post-Acute Sequelae of SARS-CoV-2 Infection (PASC)  

 a. PASC assessment monthly after enrollment for 6 months to 12 months with the 
“Questionnaire to characterize long COVID.” (Appendix G).62  

  

 Laboratory Endpoints:  

The first approximately 62 patients who are enrolled will be analyzed as a sub-study of 
continuous lab outcomes63 comparing those on metformin versus placebo: C-reactive protein 
(CRP) level; albumin level; viral load; as well as microbiome changes (stool sample is optional 
for participants), from baseline to days 5 and 10.64-66 (See Section 13 for more information) 

https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
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*Patients will be asked to take a second reading if they have a reading ≤93% and to hold a hand-
warmer for 5 minutes first to obtain good blood flow; to take the reading while sitting up; and 
advised to place the oximeter on the 4th finger (where skin is thinner). 

4.0 Investigational Products 

 Description:  

Metformin: a biguanide, administered in its immediate release (IR) formation, 1,500mg by mouth 
(typical dose for clinical use is 2,000mg per day). Patients will be instructed to take 500mg once 
on Day 1, ideally in the PM; 500mg in the AM and PM of Days 2-5; and 500mg in the AM and 
1,000mg in the PM of Days 6-14. 

Fluvoxamine: an antidepressant, administered in twice daily dosing, 50mg twice per day for 14 
days (typical dose for clinical use is 100mg to 300mg per day).  

Ivermectin: is an antiparasitic medication administered typically in ranges of 200-
800mcg/kg/day.67 In order to stay within this dose range, the following doses will be given in 
the following weight categories: 74 kg - 88 kg = 35 mg; 88kg – 106kg = 42mg; 106-124kg = 
49mg; >124kg = 56mg. See details in Section 4.2. Treatment will be given for 3 days, and the 
remaining 11 days will be placebo tablets that exactly match the ivermectin in order to protect 
the blind.  

 Rational for formulation and dose:  

Metformin: Given the current recall of Metformin Extended Release, ER, (see section on FDA 
recall below), availability of ER is limited. Additionally, it is possible that additional lots of ER 
will be recalled, further complicating supply issues and exposure to the recalled substance to 
patients. The side effect profile of immediate and extended release is similar, and we are limiting 
the dose at 1,500mg daily to balance the need to achieve a consistent dose and an effective dose 
without causing side effects, as the risk of side effects increase at a dose of 2,000mg daily.68  

Fluvoxamine: A dose of 100mg TID was recently used in a small randomized trial,4 and 50mg 
BID were recently used in a prospective cohort study.69 The higher dose elicited side effects in 
approximately 10% of participants.4 A separate ongoing phase III trial is now testing 100mg BID.  
We feel it is important to test a lower 50mg BID dose as the risks of side effects is lower and the 
public may be more willing to take an antidepressant medication if it is low dose. Additionally, 
the risk of serotonin syndrome and other drug interactions that may occur with fluvoxamine is 
lower with a lower dose, and thus persons currently on a serotonin reuptake inhibitor (SSRI) 
would not have to stop or alter their current therapy.  

Ivermectin: we are using the standard release formulation (and only formulation) of ivermectin 
tablets. Given our lower BMI limit of 25kg/m2, we do not anticipate enrolling many individuals 
weighing < 74kg. If someone weighs < 74kg or >124kg enrolls, the RC will contact the lead 
pharmacy for guidance on individual dispensing (regardless of treatment allocation, as the RC 
will be blinded to this), to keep the dose within approximately 390-470mcg/kg/day for the 
majority of patients, 350mcg/kg/day-480mcg/kg/day for all patients.   

- We anticipate that most individuals enrolled will weigh between 68-104kg.  

 35mg/day: is 390-470 mcg/kg/day for body masses of 74 to <88kg  
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 42mg/day: is 390-470 mcg/kg/day for body masses of 88 to <106kg.  

 49mg/day: is 390-470 mcg/kg/day for body masses of 106 to <124kg 

 56mg/day: is 390-470mcg/kg/day for body masses of >=124kg 

Acquisition:  

A sufficient quantity of the FDA-approved formulation of metformin IR, ivermectin, and 
fluvoxamine IR for the study has been acquired by the MHealth Fairview IDS pharmacy. 

 Storage and Stability:  

Store at room temperature up to 30ºC. Dispense in a tight, light-resistant container. 

 Pharmacokinetics:  

Metformin: Intravenous single-dose studies in normal subjects demonstrate that metformin is 
excreted unchanged in the urine and does not undergo hepatic metabolism (no metabolites have 
been identified in humans) nor biliary excretion. Renal clearance is approximately 3.5 times 
greater than creatinine clearance, which indicates that tubular secretion is the major route of 
metformin elimination. Following oral administration, approximately 90% of the absorbed drug 
is eliminated via the renal route within the first 24 hours, with a plasma elimination half-life of 
approximately 6.2 hours. In blood, the elimination half-life is approximately 17.6 hours, 
suggesting that the erythrocyte mass may be a compartment of distribution. 

Fluvoxamine: Onset of action: Anxiety disorders (obsessive-compulsive, panic, and posttraumatic stress 
disorder): Initial effects may be observed within 2 weeks of treatment, with continued improvements 
through 4 to 6 weeks (Issari 2016; Varigonda 2016; WFSBP [Bandelow 2012]); some experts suggest 
up to 12 weeks of treatment may be necessary for response, particularly in patients with obsessive-
compulsive disorder and posttraumatic stress disorder (BAP [Baldwin 2014]; Katzman 2014; WFSBP 
[Bandelow 2012]). Depression: Initial effects may be observed within 1-2 weeks of treatment, with 
continued improvements through 4- 6 weeks (Papakostas 2006; Posternak 2005; Szegedi 2009; Taylor 
2006). Distribution: Vd: ~25 L/kg  
Protein binding: ~80%, primarily to albumin 
Metabolism: Extensively hepatic via oxidative demethylation and deamination 
Bioavailability: Immediate release: 53%; Extended release: 84%; not affected by food. 
Half-life elimination: ~14 to 16 hours; ~17 to 26 hours in the elderly 
Time to peak, plasma: 3 to 8 hours 
Excretion: Urine (~85% as metabolites; ~2% as unchanged drug) 

 
Ivermectin: Absorption: Well absorbed in the fasting state (Baraka 1996; Edwards 1988; Okonkwo 
1993); may be increased with a high-fat meal (Duthaler 2020; Guzzo 2002; Miyajima 2013). 
Distribution: Vd: 3.1 to 3.5 L/kg in healthy volunteers; mean 9.9 L/kg (range: 6.9 to 15.3 L/kg) in 
patients with onchocerciasis; high concentration in the liver and adipose tissue; does not readily cross 
the blood-brain barrier (Gonzalez Canga 2008; Okonkwo 1993). 
Protein binding: ~93% primarily to albumin (Gonzalez Canga 2008) 
Metabolism: Hepatic via CYP3A4 (major), CYP2D6 (minor), and CYP2E1 (minor) 
Half-life elimination: 18 hours 
Time to peak, serum: ~4 hours 
Excretion: Feces; urine (<1%) 
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 Dose Modification:  

Participants will be advised to take ivermectin and its matching placebo on an empty stomach 
with water. Ivermectin and its matching placebo are provided in a small blister-packed square. 
 
Participants will be advised to take all other medications (i.e., metformin and/or fluvoxamine 
and their matching placebos) with a small amount of food (not on an empty stomach). 

 

With mild side effects, participants will be reminded to take the tablets at the end of a meal, as 
opposed to the beginning of or “with” a meal. They will also be advised to stay upright for about 
an hour after consuming the study tablet. 

With mild-moderate side effects, if the patients find them tolerable, patients will be advised the 
above, and that side effects should decrease after about 5 days of the medication. With moderate 
or moderate-substantial side effects that the patient finds intolerable, participants will be advised 
that they can break tablets in half if they feel they are having a non-tolerable medication side 
effect. Each type of active drug and placebo pill in this study can be broken in half. Dose 
modification will be recorded in the study database.  

In the event of substantial side effects, participants may discontinue the study medication and 
stay in the study to complete follow up. This treatment discontinuation (whether in the placebo 
or any active treatment group), will not be considered study withdrawal.  

 Placebo:  

The placebo will be tablet  of microcrystalline cellulose, made to exactly mimic metformin or 
fluvoxamine or ivermectin.  

 Study Drug Handling:  

Fairview IDS, part of M Health Fairview, will oversee the study and provision of bulk and pre-
packaged study drug (including placebo) to participating sites. Participants will be given a study 
number coded by site (e.g. 01-001, 02-001, etc.). The pharmacy team involved will be unblinded 
to patient randomization. All other members of the clinical care team and the participants will be 
blinded to treatment allocation. The research team statisticians will remain blinded (additional 
information in Section 13, Statistical Considerations).  

The IDS pharmacy will oversee the pre-packaging of the study drug into 2-week AM/PM pill 
packs for patients to improve compliance with the study drug regimen, improve safety (so they 
take the right number of each type of medication pill), and facilitate delivery to patients on the 
day of their consent. The research staff or pharmacy will select study drug based on the 
randomization code that preserves blinding, place the patient’s name and study ID in the drug 
accountability log and study database, and place it in the study box for that patient and arrange 
for the delivery. 

Pill packs will be labeled with the study name and PI name, contact information about the study; 
and the names and doses of all potential study drugs.   

4.7.1 Provision of study drug to patients: 



UNIVERSITY OF MINNESOTA  
08December2021 
COVID-OUT (formerly called MET-COVID) (MET29324) VERSION 3.4 

CONFIDENTIAL Page 15 of 49 

Following randomization, study drug to participants in an expedited way (for example 
courier, overnight mail service).  

 Study Unblinding:  

Each participating pharmacy team, or the central pharmacy, will hold the blind for their site. Each 
site will have 24-hour access to the blind. Each subject will be provided information as to whom 
to contact for unblinding information in the event of an emergency. There is one unblinded 
statistician with two unblinded supporting statisticians on the study team.  

4.8.1 Multiple strategies will be developed to assure that study drug is stopped at the time of 
hospitalization (as metformin is typically stopped at hospitalization for safety reasons)  

4.8.2 Multiple strategies will be developed to inform patients and their medical providers that 
they are in study involving metformin or fluvoxamine or ivermectin, and that it should 
be stopped prior to imaging studies with contrast. 

4.8.3 Multiple strategies will be developed to inform patients’ medical providers that they are 

in a study involving metformin or fluvoxamine or ivermectin, and thus any potential 
interacting medications, or metformin itself, should not be started while the patient is in 
the study. The patient may withdraw consent at any time.     

 Biosafety:  

Patient samples will be carried in an expedited way (i.e. courier or mail services) in packaging 
that is approved for Biologic Substances Category B, UN 3373, per CDC guidelines for shipping 
SARS-CoV-2 samples: https://www.cdc.gov/coronavirus/2019-ncov/lab/lab-biosafety-
guidelines.html#specimen 

5.0 Study Procedures 

 Study Design:  

Double-blinded, factorial, placebo-controlled randomized trial comparing metformin vs 
fluvoxamine vs ivermectin vs metformin + fluvoxamine vs metformin +ivermectin vs placebo 
for outpatient treatment of COVID-19 disease. This is an outpatient study. Study drug will be 
stopped at the time of hospitalization for any reason. 

 

Overview of Study*: 

https://www.cdc.gov/coronavirus/2019-ncov/lab/lab-biosafety-guidelines.html#specimen
https://www.cdc.gov/coronavirus/2019-ncov/lab/lab-biosafety-guidelines.html#specimen
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*Updated sample size: 225 per arm, 1,350 total.  

 Recruitment 

Advertising may be done by approaching patients who are scheduled to come for PCR testing, 
prior to or after their SARS-CoV-2 screening test, and before or after they may have the results. 
Advertising to patients before their SARS-CoV-2 test result is back allows the patients to 
consider the study and read about metformin and discuss with family. Receiving a positive 
SARS-CoV-2 test result will be overwhelming and make it challenging for patients to fully 
consider whether or not they want to participate. Being informed of the study before results are 
known will facilitate enrolling soon after their result is known so that study medication can be 
started early in the course of disease or soon after exposure.  

Clinical teams may refer patients to the study in person or over the phone, including transferring 
patients to the study phone line if they are willing to be transferred. RC’s may reach out to close 

contacts of persons with positive SARS-CoV-2 infection, and/or respond to patient emails, phone 
calls, or inquiries on the study website. The study teams may receive lists of persons who reach 
out to community patient advocacy groups looking for trials to enroll into.  The central and 
participating site study teams may receive names and phone numbers of persons with a positive 
SARS-CoV-2 result from other facilities conducting testing. This information will only be in a 
secure database (Redcap or Box).  

Patients may be given a brochure or electronic message with study information for contacting 
the study team if interested in this clinical trial. RC’s may also pro-actively reach out to patients 
who are scheduled for SARS-CoV-2 testing or recently underwent SARS-CoV-2 testing either 
before or after they receive test results, as not all patients may receive or read an electronic 
message or brochure.  

Patients can also self-refer based on seeing advertisements (such as through all forms of social 
media, newspaper, local posters, and email referrals). 

Patients receiving test results by phone from the clinical care team may be alerted they may 
qualify for a research study and that study team members may contact the patient about eligibility. 

IL-6,neutrophil extracellular traps,19-26 and improved T cell immunity.27,28  Outpatient metformin use has been 
associated with lower IL-6, CRP, and neutrophil-lymphocyte ratio in persons with Covid-19.29,30  
 

Fluvoxamine Background: a strong Sigma-1 receptor (S1R) agonist. S1R is an ER chaperone protein that 
regulates cytokine production through interaction with IRE1 (4). S1R modulation has demonstrated significant 
changes to SARS-CoV-2 replication. The combination of metformin + fluvoxamine may be particularly powerful 
by targeting the viral life cycle in two places. 
 

Fluvoxamine has been 
associated with reduced 
Covid-19 progression in 
a prospective cohort 
and a double-blinded 
placebo controlled trial. 
Fluvoxamine’s actions 
are likely through strong 
Sigma 1 receptor 
agonism. Seftel, Boulware, 

in press. Lenze et al, JAMA.  
 

We will be using a lower dose fluvoxamine (50mg BID), which allows patients to stay on their existing SSRI’s 
(about 20% of US adult population31), and will have lower risk of side effects.  

 

Ivermectin Background: Ivermectin has also shown anti-inflammatory effects that would reduce the harmful 
cytokine cascade noted in severe Covid-19 disease.32 A recent trial assessing a multi-therapy including 12mg 
one-time dose of ivermectin found a 75% reduction in hospitalizations.33 Another small double-blinded RCT 
showed significant increased chance of viral clearance after a 5-day course of ivermectin.34 An RCT with 
ivermectin must be done in the US, as endemic strongyloides in other countries may confound results.  
 

Significance: A rigorous, double-blinded placebo-controlled RCT of metformin, fluvoxamine, and ivermectin 
for outpatient treatment of Covid-19 is urgently needed. There are no widely available outpatient therapies,35 
and there are currently no trials enrolling outpatient therapies in dual-therapy arms in the US. Additionally, new 
variants of the virus appear resistant to the spike-protein based vaccines.36 Medication combinations that stop 
viral translation and transcription in two places in the viral life cycle may remain effective against variants.  
 

Impact: Metformin, fluvoxamine, and ivermectin are available, well tolerated, have years of safety data,18,37 few 
contraindications, and costs <$4/month. All three medications are safe in pregnancy and children. No follow-up 
is needed until 12 months on metformin. No follow-up is needed for short-term fluvoxamine or ivermectin. 
 

Specific Aim: Conduct a Phase III trial, placebo-controlled, double blinded multi-site, 6-arm factorial RCT of 
metformin, fluvoxamine, ivermectin, and combination arms for early outpatient treatment of Covid-19.  
Hypothesis: Outpatient treatment of SARS-CoV-2 infection with metformin, fluvoxamine, and ivermectin will 
reduce Covid-19 severity. The combination of metformin/fluvoxamine will have the greatest effect.  
 

 *2 weight categories  
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Every attempt will be made to make sure the clinical team is informing patients of their SARS-
CoV-2 testing results rather than the research team.   

At times recruitment and enrollment efforts may be focused on priority populations within the 
eligibility criteria. 

 Screening: 

● Based on patient feedback, to reduce participant burden because SARS-CoV-2 symptoms 
may be present, we will offer the opportunity for patients to self-screen online to avoid 
burden and barriers to participating 

○ This will be performed via a web-based form. Eligibility criteria and medical 
history will be by self-report entries into the secure web-based form. 

○ After self-screening online, patients may elect to self-consent online, or have a 
consent discussion with an RC (section 5.4).  

● For patients who do not want to screen or consent via web-based form, screening and consent 
may be done over the phone with RC with eligibility criteria and history entered into the web-
based form by the RC. 

● Patients will be asked to submit proof of their positive SARS-CoV-2 result via secure means, 
but the receipt of the result may occur after enrollment.  

5.3.1 GFR  

GFR will be collected on persons > age 75 years or persons of any age who select or 
respond that they have chronic kidney disease, heart failure, or liver disease if a GFR is 
not available within 2 weeks in the EHR. It may be collected from patients by either self-
collection kits sent to patients’ homes with return arranged by the study team; or by local 
in-person collection.  

Participants will receive the study drug at the same time as the GFR testing kit in the mail 
(or GFR drawn in person), as well as a return envelope for the study drug. They will start 
the study drug before their GFR result is returned. If the GFR result returns and is < 
45ml/min, they will be asked to stop taking the study drug and return the remainder of 
the study drug. This will count as a screen failure.  

We are taking this approach for 3 reasons: a) this is consistent with clinical practice in 
which metformin us often started while a GFR result is pending, because the use of 
metformin for two weeks at a dose of 1,500mg does not significantly increase risk of 
lactic acidosis in someone who has no known history of severe heart, liver or kidney 
injury, including in persons with COVID-19;70 b) to start the study drug early in the 
course of the disease, as in real life an outpatient post-exposure prophylactic or treatment 
therapy would be offered at the time of SARS-CoV-2 exposure or positive infection, c) 
maintain a virtual study design so as to not create unnecessary exposure and use of PPE 
by having labs drawn in person. Metformin is FDA approved down to a GFR > 30ml/min, 
though sometimes used down to a GFR of 15.71   

For any in-person contact, all measures will be taken to mitigate risk of SARS-CoV-2 
exposure to the phlebotomy or study team members, and to the participant.  
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Optional serum samples 
Serum samples (approximately 20-30cc) will be collected on patients who are willing to 
provide these samples, via mobile phlebotomy to their home, to better understand 
treatment response and mechanism. A random sample of 95% of these samples will be 
analyzed. Labs will be processed at local eligible labs, or at the University of Minnesota 
Advanced Research and Diagnostic Laboratory, which is a CLIA-certified, CAP-
accredited clinical testing laboratory that is certified to receive, process and test samples 
from COVID-19 patients. Any antibody samples will be conducted by FDA-approved 
assays or academic institutions that have validated their assays. 

 Informed Consent 

Consent will be obtained (via self-consent (below), or a traditional consent conversation) before 
beginning any study procedures. The entire consent document will be reviewed, including all 
study procedures and expectations, risks, benefits, and what volunteering means. Participants 
will be asked questions to gauge their level of understanding. 

Potential participants will be given time to read the consent and ask questions. If needed, a 
participant may take additional time to review the consent or discuss participating in the study 
with family/friends. The consent conversation will be done remotely, using a phone or secure 
HIPAA compliant video/web conferencing or in-person.  

Based on patient feedback, we will also offer the opportunity to self-consent online, waiving the 
consent conversation. This would mean that after potential participants answer eligibility 
questions with the RC or online (section 5.3 above), they could access the online consent module. 

○ Patients will be able to read the consent form online and asked to answer 
comprehension questions about the consent. Participants will review short 
sections and need to click in order to move to the next section to increase 
engagement and comprehension of the study during the self-consent process. 

○ If their responses to the comprehension questions indicate that they are well-
informed about the study, they would be able to sign the consent form online.  

○ If their responses indicate that they lack understanding, the RC may call them 
for a traditional consent conversation and assessment of comprehension.  

 
The consent document will be presented to the participant as an electronic document (eConsent) 
through the University of Minnesota’s instance of REDCap.  The REDCap eConsent document 

will contain the full consent text and is compliant with FDA 21 CFR Part 11 for the electronic 
capture of signatures. Participants will be sent a link via email or text to the REDCap survey 
which will contain the full consent text.  After signing the consent, participants will receive an 
electronic copy of the signed document or a paper copy if in-person. Consent may also be done 
in person via hard-copy print out of the consent form if patients are in clinic for other reasons. 

5.4.1 Non-English Speaking Participants:  

Non-English speaking patients will not be specifically targeted for enrollment, but any 
non-English speaking participants will be consented using the short form consent process. 
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Before consenting, the study team will ensure that a suitable interpreter will be available 
during the consent process and throughout the study. For any non-English speakers who 
are enrolled using the short form consent process, a certified translation will then be 
obtained for the long form consent form in the participant’s preferred language. After the 
IRB approves this document, the participant will be re-consented using the translated 
form. 

 

Enrollment: 

Eligible patients will be randomized to metformin IR or fluvoxamine or fluvoxamine + 
metformin or ivermectin or ivermectin + metformin or placebo and will receive the study drug 
by courier or mail service with every effort made to deliver the drug same-day or via overnight 
delivery.  

Medication regimen:  

Metformin or Placebo: Participants will be advised to take 1 pill by mouth on Day 1, ideally in 
the evening; and 1 pill by mouth approximately every 12 hours starting Day 2; and 1 pill by 
mouth in the AM and 2 in the PM day 6 and onwards, and to take pill at the end of a balanced 
meal and to stay upright for at least an hour after taking it.  

Fluvoxamine or Placebo: Participants will be advised to take 1 pill by mouth on Day 1, ideally 
in the evening, and 1 pill by mouth approximately every 12 hours for Days 2 – 14.  

Ivermectin: Participants will be advised to take any blister-packed tablets on an empty stomach. 

The following data points may also be collected, if available, by self-report or EHR review: 
o Name; Date of birth; Medical record number (if applicable); Phone number; Email 
o Contact information for family members to assist with follow-up if needed  
o Age; biologic sex; Race; Ethnicity; Insurance status (if available); Zip code 
o Location of initial sample collection for diagnosis, Location of assessment  
o Date and time of initial sample collection for diagnosis 
o Date and time of positive test result for COVID-19 
o Date of first symptoms  
o Date of first fever, if applicable (temperature >100.5°F) 
o Patient-reported comorbidities [for example: hypertension (requiring or not requiring 

medication), diabetes mellitus (insulin or non-insulin dependent), coronary artery disease, 
myocardial infarction, congestive heart failure (with preserved or reduced ejection fraction, 
if known), pacemaker or AICD, asthma (with or without emergency department evaluation 
and / or hospital admission in the past year), chronic obstructive pulmonary disease, chronic 
bronchitis, chronic steroid use, history of transplant (with type), arrhythmias including 
atrial fibrillation, dialysis, angina, pulmonary hypertension and obstructive sleep apnea, 
renal disease, liver disease, tobacco and alcohol use history, recent or current pregnancy or 
breastfeeding history, and height and weight at study start and completion.] 

o Self-reported home medications [for example: antihypertensives, insulin, non-insulin 
diabetes medications, corticosteroids (inhaled, systemic), other immunosuppressants 
hydroxychloroquine, other COVID-directed treatments or vaccines] or home oxygen use 
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o Use of outpatient COVID-directed treatments (such as Tylenol, ibuprofen, azithromycin, 
or others); whether or not they received the 2020/21influenza or COVID-19 vaccines. 

o Medication adherence, known exposures, symptoms and side effects 
 

The following data points may also be collected, if available, by self-report or EHR review: 
o Vital signs at presentation to ER or urgent care (if recorded) 
o Clinical laboratory results at presentation (if recorded) 
o Hospital admission (with date, if applicable) 
o Date of death (if applicable) 
o Study withdrawal, with date and time (if applicable) 

5.4.2 Retention: 

All study staff members will be informed of the importance of retention and steps to 
prevent missing data. RC’s will be advised to contact participants a second time per 
patient contact point if they are not able to reach the participant after the 1st contact. RC’s 

may call, video, text, or email with patients on Day 2 to assess side effects or questions. 
If patients experience side effects, the RC’s may remind patients of approaches to 
minimize side effects (See Section 4.3), and to advise the patients that side effects usually 
subside after about 5 days. 

5.4.3 Lab Collection: 

Labs will be considered optional if patients want to participate but not collect the nasal 
swab and/or stool. For interested and willing patients, labs will be done on approximately 
Day 1, 5, and 10.  

The SARS-CoV-2 PCR may be assessed via self-collect anterior nasal swab, which may 
be done over phone or video with the RC if the patient prefers this aid. Detailed 
instructions for the patient are in Appendix B, the patient manual.*  

The GFR blood tests may be collected by the clinic, mobile phlebotomy, or finger-prick, 
with the option of it being done while on secure video or phone with the RC if the patient 
prefers this aid. Blood will be collected in a microtainer tube and placed in approved 
shipping materials that will then be returned to the lab via courier or mail.  

Stool sample collection is optional and would be done with a self-collect microbiome kit. 
Patients will be given detailed lab collection procedures for each test. 

Missing biospecimens will not constitute protocol deviations. 

5.4.4 Seeking Medical Care:   

Patients will be advised to seek medical care, as they would if they were not in the study, 
including other treatments of Covid-19. Participants will be advised that the distribution 
of home oxygen monitors is not meant to prevent them from seeking medical care, and 
that they should seek medical care as they would whether they were in the study or not. 

 Follow-up Procedures: 
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Data on clinical progression may be collected on any consented patient by EHR review, 
from contact if patient not available, by patient self-report (phone, survey, email, text), or 
by vital records search. 

RC’s may contact patients on Day 2 to assess side effects or questions. If patients 
experience side effects that they find distressing, the RC’s will discuss approaches to 

minimize side effects (See Section 4.6 Dose Modification), and to advise the patients that 
side effects usually subside after about 5 days.  

Participants will be asked to track symptoms (including temperature and oxygen 
saturation), and medication adherence daily. Patients will receive a thermometer and 
oxygen saturation monitor with their study drug (details below). Study personnel will 
attempt to contact with patients about every 2 to 3 days during the 14-day intervention 
window to review study drug adherence, and review symptoms for possible adverse 
events. 

Patients will be followed for 28 days for disease severity. Follow-up contact with patient 
or family and electronic medical record review will determine the primary and secondary 
efficacy endpoints. 

A patient who has a visit to an emergency department for COVID-19 related symptoms, 
(determined by current CDC definition of COVID-19 related symptoms or treating team), 
or hypoxia (two measurements of O2 saturation ≤ 93% or supplemental oxygen required 
to maintain saturation >93%) will have achieved a positive result for the primary 
outcome. 

Patients who experience a primary outcome before enrollment (i.e. ED visit at which they 
received their +SARS-CoV-2 result) will be followed for occurrence of a primary or 
secondary outcome after T0 (Day 1 in the study).   

 Patients who are hospitalized will stop the study drugs.  
 Secondary outcomes will be assessed at 14 and 28 days, including in patients who 

drop out of doing the study tasks. EHR search of outcomes will be assessed of all 
patients who enroll.  

 Patients in the treatment arm who visit an urgent care or emergency department and 
are sent home without being admitted should continue the study drug through day 14, 
unless otherwise directed by the treating physician in the emergency department or 
urgent care.  

 Long-Covid symptoms will be assessed at approximately 1-month intervals after the 
completion of the 14-day study treatment period.  

Oxygen Saturation:  

For the daily oxygen saturation recording, participants will be asked to measure their 
oxygen level ideally in the afternoon or evening. They may take a reading at any time, 
especially if they feel short of breath or are breathing faster than normal. If they have an 
oxygen saturation ≤ 93% on room air on 2 readings or more, they will be advised to 
call their doctor’s office (or go to the ED if they feel they need to). If a study participant 
develops a decrease in oxygen saturation to less than 90% on room air on >2 readings, 
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the research staff will direct them to seek emergency medical care at the nearest ED. 
Research staff may call 911 on behalf of the patient, or otherwise engage the patient’s 

medical provider, if they feel the patient is not able to do this on their own.  

Referral to medical care: If the research staff feels a patient is unwell, they will advise 
the patient to reach out to their doctor. Physician investigators may also evaluate the 
participant via phone/telehealth and direct them for further care if needed.  

When a participant is directed to seek emergency medical care, they will be instructed 
to identify themselves to EMS or to the ED staff as having been diagnosed with 
COVID-19.  

5.5.1 Survey Data Collection:  

Participants will be given a hard-copy symptom log to capture COVID-19 related 
symptoms daily (Appendix B). Patients will be asked to record their medication 
adherence, their temperature, and their oxygen saturation with a home O2 monitor every 
day for the 14 days of participation.  

The symptom log may also be available by Part-11 approved means (such as via text or 
app). For patients not using app, RC’s will assess whether the symptom logs are being 

filed out daily at each contact point with patients. Adherence with taking the medication 
will be assessed via self-report daily in the log or software to record adherence.  

Survey questions will be listed in a physical paper study log that is included in the study 
box that is sent to patients. Patients can fill out the survey on these paper logs and then 
send a picture of the logs to study staff (no identifying information on the pages of the 
logs); patients can also receive the survey questions via Part 11-certified electronic 
means; or patients can report the survey question answers to the RC over the phone if 
they prefer. 

5.5.2 Timeline of Events: 
Every attempt will be made for the contact points with patients to be done in the way that 
they prefer (i.e. text, phone, email, video): 

Day 1 Contact: Verify receipt of study drug, participant starts study drug. If multiple 
participants live in the same household, they will be reminded to keep all of their study 
materials labeled with their own participant ID and separated from the other participants.   
 Phone or video visit to walk through procedures for obtaining lab values if the 

patient desires. 
 RC will arrange for the lab samples to be returned.  
 Patient records symptoms (via symptom log adapted from FDA suggestions, 

Appendix B), RC does not need to collect over phone. 
Day 2 Contact:  
 Patient records side-effects (PROMIS diarrhea survey, Appendix C) 
 Patient records symptom/adherence log (adapted from FDA suggestions, Appendix 

B) 
 Assessment of clinical progression 
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 Query for medication-related side effects / AEs 
 

Day 3/4: RC will follow-up results of GFR for patients for whom GFR was indicated. If 
the GFR is < 45ml/min, the RC will have the patient return the remaining study drug in 
one of the return envelopes provided and will arrange for this shipping.  
 
Day 3, 4: Symptom/adherence log (adapted from FDA suggestions, Appendix B) 
 
Day 5 Contact:  
 Symptom/adherence log (adapted from FDA suggestions, Appendix B) 
 Assist with return shipping of optional labs (viral load, stool) 
 Assess clinical progression 

 
Day 6-9: Symptom/adherence log (adapted from FDA suggestions, Appendix B) 

 
Day 10 Contact: 
 Symptom/adherence log (adapted from FDA suggestions, Appendix B) 
 Assess clinical progression (Query for hospitalization or ER visit or SAEs) 
 Assist with return shipping of optional labs (viral load stool) 

 
Day 11-13: Symptom/adherence log (adapted from FDA suggestions, Appendix B) 

 
Day 14 Contact: 
 Symptom/adherence log (Appendix B) 
 Assess clinical progression  
 

Day 28 Contact: 
 Symptom log (adapted from FDA suggestions, Appendix B) 
 Assess clinical progression (Query for hospitalization or ER visit or SAEs that 

occurred between Day 14 and Day 28) 
 Assess other medicines used during study period 
 

A vital status search will be conducted on all randomized patients.  

Days are +/- 3 days, for the first 14 days every attempt will be made to capture data +/- 1 
day. 

Patients will be advised to seek medical care for symptoms in the same way that they 
would if they were not in the study.  

Participants will be reimbursed for their time via a trackable means (i.e. Clin card or Visa 
card), after completion of these study activities: enrollment; Day 1 labs; Day 5 labs; Day 
10 labs; Day 14 log returned; and Day 28 follow-up. 

Monthly Contact: Patients will be assessed approximately once/month for 9 months after 
the completion of their Day 28 contact to assess for ongoing symptoms suggestive of 
post-acute sequelae of COVID-19. Patients will receive reimbursement for each of these 
monthly follow-ups completed.  
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 Study Duration:  

14 days of treatment with follow-up, and a follow-up survey at 28 days then monthly for 
9 months. 

Schedule of Assessments: 
Symptoms: Days 1- 14, 28.  

Side effects: Day 2 

AE’s/SAE’s: Days 2, 5, 10, 14, 28 

Clinical Progression: Days 5, 10, 14, 28 

PASC: Monthly after Day 28 

 Retention:  

We will make every effort to keep participants engaged through the entirety of the study so as to 
minimize missing data (for example regular calls, texts, emails, assessment via vital records 
search, and contact with family members if needed). The principal investigators have recent 
experience working with patients on COVID-19 trials, and they will leverage this experience.  

6.0 Study Population 

 Study Population:  

Adults age 30-85 years with no prior history of SARS-CoV-2 infection and with BMI in 
overweight or obesity category. We will not exclude patients who have diabetes, but we will 
exclude patients on insulin or a sulfonylurea. Symptoms are not a requirement to enroll in the 
because of their subjective nature and because of wanting to start patients on study drug early in 
the disease course.   

 Inclusion and Exclusion Criteria: 

Inclusion criteria Exclusion criteria 
- Positive laboratory test for active SARS-CoV-2 
viral infection based on local laboratory standard 
(i.e. +PCR) within 3 days of randomization. 
-  no known history of confirmed SARS-CoV-2 
infection 

- Age >=30 years and < 85 years  
- BMI >= 25kg/m2 by self-report height/weight or 

>= 23kg/m2 in patients who self-identify in  
Asian or Latinx background.72-74 

- Has an address and electronic device for 
communication 
- GFR>45ml/min within 2 weeks for patients 
>75 years old, or with history of heart, kidney, or 
liver failure.  
 

-  Hospitalized, for COVID-19 or other reasons. 
- Symptom onset greater than 7 days before 
randomization (symptoms not required for inclusion). 
- immune compromised state (solid organ transplant, 
bone marrow transplant, AIDS, on chronic high dose 
steroids) 
- Hepatic impairment (Child-Pugh B and C) or 
that in the opinion of the investigator, would affect  safety  
- Inability to obtain informed consent 
- Enrollment in another blinded RCT for COVID-19 
- Already received an effective (FDA approved/EUA*) 
therapy for COVID-19 (currently monoclonal antibody 
treatment) 
- Alcohol use disorder 
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- Other unstable medical condition or combination of 
home medications that in the view of the PI make it 
unsafe for the individual to participate 
 
- History of severe kidney disease i.e.: 

 Stage 4 or 5 CKD, or Estimated Glomerular 
Filtration Rate (eGFR) of < 45ml/min/1.73 m2  

 Other kidney disease that in the opinion of the 
investigator would affect clearance  

- Unstable heart failure (Stage 3 or 4 heart failure) 
- Current use of metformin, fluvoxamine, or ivermectin  
- Bipolar disease: individuals who report they have 

bipolar disorder or are taking medication for bipolar 
disorder (lithium, valproate, high-dose antipsychotic), 
unless the investigator concludes that the risk for mania 
is unlikely (i.e. it is doubtful that the patient actually has 
bipolar disorder).  

- allergic reaction to metformin in the past  
- allergic reaction to fluvoxamine in the past 
- allergic reaction to ivermectin in the past 
 current loa loa or onchocerciasis infection 
 typhoid, BCG, or cholera vaccination within the 14-

days or 3 days after 

Medication Exclusions:75 
- cimetidine, hydroxychloroquine, insulin, 

sulfonylurea, dolutegravir, patiromer, ranolazine, 
tafenoquine.  

- rasagiline, selegiline, or monoamine oxidase 
inhibitors, linezolid, methadone 

- Duloxetine, methylene blue  
- Tizanidine, ramelteon, sodium picosulfate 
- Alosetron, agomelatine, bromopride, dapoxetine, 

tamsimelteon, thioridazine, urokinase, pimozide 
 
The following medications may not need to be excluded 
when dose for that individual is considered alongside the 
low dose of fluvoxamine being used and other 
medications being used. The PI or site PI may review and 
decide if the patient should be excluded from the 
fluvoxamine arms: 

1. Taking SSRIs, SNRIs, or tricyclic antidepressants, 
unless these are at a low dose such that a study 
investigator concludes that a clinically significant 
interaction with fluvoxamine (ie either serotonin 
syndrome or TCA overdose) is unlikely (examples: 
participant takes escitalopram but only at 10mg daily; 
that dose plus 100mg fluvoxamine would be 
insufficient to cause serotonin syndrome; or, 
participant takes amitriptyline but only at 25mg 



UNIVERSITY OF MINNESOTA  
08December2021 
COVID-OUT (formerly called MET-COVID) (MET29324) VERSION 3.4 

CONFIDENTIAL Page 26 of 49 

*Additional COVID-19 treatments to exclude will be decided by a panel of at least 3 Co-Investigators 
on this study. The additional treatments to exclude will be documented and submitted to the IRB but 
may be implemented before formal IRB approval is complete. We take this approach because of the 
rapidly changing treatment landscape of COVID-19. 

 Vulnerable Populations:  

By nature of the disease and the fact COVID-19 is a rapidly evolving pandemic, with uncertain 
clinical course but potentially significant morbidity and mortality, all participants enrolled in this 
study are considered to be vulnerable. Some participants have additional characteristics that add 
to this vulnerability. Our criteria for inclusion and exclusion of each of these groups is 
summarized below, followed by our rationale and additional safeguards built into our study 
design. Our group has significant experience enrolling vulnerable patients in emergency care 
trials, and experience with a diverse population of potential participants in high stress situations.  

COVID-19 is disproportionately impacting low-income communities and persons of color, and 
these reasons are multifactorial. It is important to include individuals of diverse backgrounds in 

nightly; even if fluvoxamine inhibits its metabolism, it 
would be an insufficient dose to cause QTc 
prolongation or problematic side effects). Risk Class 
C, monitor therapy. 

2. Individuals who take alprazolam or diazepam and are 
unwilling to cut the medication by 20% (rationale: 
fluvoxamine modestly inhibits the metabolism of 
these drugs). Risk Class C, monitor therapy 

3. Participants taking theophylline, clozapine, or 
olanzapine (drugs with a narrow therapeutic index 
that are primarily metabolized by CYP 1A2, which is 
inhibited by fluvoxamine) will be reviewed with a 
study investigator and excluded unless the 
investigator concludes that the risk to the participant 
is low (this would be unlikely; example: participant 
takes clozapine only as needed and is willing to avoid 
it for the 14 days of the study). 

4. Patients will be advised that there is a small risk that 
the following substances will be affected by 
fluvoxamine, but that significant effects are not likely 
at the low dose being used:  

1. caffeine, nicotine, melatonin. Risk Class 
C, monitor therapy 

5. Taking warfarin-also known as Coumadin, NSAIDs, 
and Aspirin (rationale: increased risk of bleeding), 
phenytoin (rationale: fluvoxamine inhibits its 
metabolism), clopidogrel (rationale: fluvoxamine 
inhibits its metabolism from pro-drug to active drug 
which raises risk of cardiovascular events), and St 
John's wort (rationale: fluvoxamine + St John's wort 
are considered contraindicated because of the risk of 
serotonin syndrome) Risk C, monitor therapy. 
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this research. It is also important to not present this research in a coercive way to individuals with 
low income and who come from traditionally marginalized backgrounds. We have chosen 
participating sites throughout the US based on sampling diverse populations throughout the US 
(i.e. areas serving primarily Black and Latinx populations), areas where there are high incident 
rates, and areas with experienced PI’s.  

6.3.1 Additional Safeguards:  

● Non-English speakers: Excluding this group would compromise the principle of justice 
in clinical research. For groups likely to be enrolled given our known demographics (for 
example, Spanish-speaking and Somali-speaking), we will translate informed consent 
forms (ICF) and use professional interpreters during both the consent and follow-up 
periods. These interpreters are available to our group during daytime hours by telephone. 
We will request the use of the Short Form Consent for non-English speaking participants, 
and adhere to the regulations surrounding its use. When the translated ICFs become 
available, they will be used for non-English speakers. We will make every effort to have 
Spanish-speaking research coordinators on our team and access to interpreter services.  

● Employees or students of the researcher: This group will be excluded. 
● Undervalued or disenfranchised social group: We will assure confidentiality, that they 

have the right to withdraw at any time without penalty, and they have the freedom to 
refuse to answer questions.  

● Active members of the military (service members), DoD personnel (including civilian 
employees): The status of participants of this group is not asked during the study nor 
known by study staff, and therefore vulnerability is not increased for anyone in this 
group.  

● Individual or group that is disadvantaged in the distribution of social goods and services 
such as income, housing, or healthcare: We will assure that information from participants 
in this study will be treated with the strictest confidentiality, that participants have the 
right to withdraw at any time without penalty, and they have the freedom to refuse to 
answer questions. When needed, every effort at making accommodations will be made 
for those who do not have a home address, such as medication pick-up space in a local 
shelter or emergency department. If the potential participant needs a phone in order to 
comply with study needs, one will be provided for the duration of the individual’s 

enrollment. 
● Individual or group with a serious health condition for which there are no satisfactory 

standard treatments: We will assure confidentiality, that they have the right to withdraw 
at any time without penalty, and they have the freedom to refuse to answer questions. We 
will also employ the teach-back method to ensure participants understand risks and 
demands of study participation.  

● Individual or group with a fear of negative consequences for not participating in the 
research (e.g. institutionalization, deportation, disclosure of stigmatizing behavior): The 
status of participants from these groups is not asked during the study nor known by study 
staff, and that vulnerability is not increased for anyone in this group. 

 Number of Participants 

Enrollment will occur remotely via the previously described methods for interested participants 
presenting to one of the PCR-testing sites or via self-referral to the study. Patients in assisted 
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living facilities do qualify for this study. The total number at each site will be affected by local 
incidence rates at the time of enrollment. We anticipate that at least 100 participants will be 
enrolled at each participating institution.   

7.0 Sharing of Results with Participants 

 Sharing of results:  

Data collected within this study will be obtained from the participants themselves or will be 
obtained from the electronic medical record and thus are already available to the patient and 
treatment team.  Any testing of biospecimens will occur at a later time point and do not have 
specific clinical relevance. Research results will be shared with the participant and/or the 
participant’s primary care provider when determined by the research clinician to be clinically 

relevant. 

 Sharing of genetic testing 

Not applicable. No genetic testing will be conducted 

8.0 Withdrawal of Participants 

 Withdrawal Circumstances: 
Participants may withdraw from the study at any time for any reason. Participants may be 
withdrawn from the study without their consent if at any point they develop an exclusion criteria 
that makes it unsafe for them to continue in the study. All data from patients withdrawn from the 
study will be analyzed up until time of withdraw. Clinical progression after withdrawal may be 
assessed via EHR or vital status review or by reaching out to patients or their contacts. 

 Withdrawal Procedures:   
If patients choose to withdraw, study procedures including intervention and follow-ups will stop. 
Given the remote nature of this study, written notification is not required. If the patient chooses 
to withdraw, the study team will ask if the patient is willing to allow continued electronic medical 
record evaluation for the determination of study endpoints (partial withdrawal). We will also ask 
if the patient wishes to withdraw consent for the use of future biologic specimens. If the patient 
declines to participate in any component of research, no further study data will be collected, 
biologic samples will be destroyed, but existing study data may be used. Each of these 
circumstances will be documented and stored as a study document. 

 Termination Procedures:  

Upon trial termination, study outcomes will be followed until completion. Case report forms and 
collection templates will be maintained in paper format (when applicable) and electronically for 
7 years in accordance with regulations. Collected data will be used for secondary analyses with 
approval of the principal investigators in a deidentified fashion. Data entry will be completed, 
checked for accuracy, and locked for analysis within 1 year of enrollment of the final patient. 

9.0 Risks to Participants 
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Metformin: Metformin has been safely used since the 1920s, making it an appealing option for 
treatment in asymptomatic individuals.76 The most common side effects are gastrointestinal (GI), 
and typically happen in fewer than 15% of patients; GI side effects are minimized when 
metformin is taken at the end of a meal (rather than at the beginning or “with” a meal), and often 
subside after 5 days of regular use.68 The most common GI side effects are: 

 nausea, vomiting, stomach pain; 
 lose bowel movements 
 diarrhea  

We are not obtaining safety labs after starting the trial because we are not including patients on 
medications that increase risk for hypoglycemia (insulin and sulfonylureas), and the package 
insert recommends GFR monitoring only every 12 months, and monitoring B12 levels every 2-
3 years in patients at risk for B12 deficiency, as participants will not be taking study drug for 
more than 14 days.  

Fluvoxamine: Fluvoxamine has been safely used since the 1980s. The most common side effects 
are central nervous system and gastro-intestinal. About 10 to 30% of patients may experience 
headaches or insomnia, particularly at higher doses. About 10 to 40% or patients may experience 
nausea or diarrhea, particularly at higher doses. The dose used in this trial is lower than the dose 
typically used in clinical care with fluvoxamine.  

Ivermectin: Ivermectin has been safely used since the 1980’s. Use during infection with 
onchocerciasis is associated with more side effects, so persons with concomitant infection are 
excluded. In the absence of onchocerciasis, about 4% of persons will have tachycardia; 2% will 
have diarrhea/nausea; and 3% will have dizziness. About 2% to 3% of persons will also have 
laboratory changes (changes in CBC or transaminase levels).  

See Metformin, Fluvoxamine, and Ivermectin Packet Inserts for additional drug information and 
risks. 

 Mitigation of Risk:   

Metformin: 

 Elevated levels of NDMA have not been found in metformin IR, immediate release. We will 
only use immediate release metformin, not extended release.  

 In order to reduce the risk of lactic acidosis, we are excluding patients with advanced heart 
failure, liver failure, or renal failure, or known alcohol use disorder 

 We are requiring a baseline GFR in persons > age 75, or with history of heart, liver, or renal 
failure, within 2 weeks before enrolling to ensure those high risk patients have a GFR > 45. 
 
Fluvoxamine: 

 We are using a low dose of fluvoxamine with only 1 dose on the first day to mitigate side 
effects from BID dosing on the first day.  
 

 Ivermectin: 
 While the range of acceptable and safe per kilo doses of ivermectin is large, we are using 

weight-based dosing. 
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All arms: 

 We will use careful screening of exclusion criteria so that participants are excluded from arms 
that may include a contraindication or medication interaction.   

 We are recommending that study drug be taken at the end of a small meal, and that patients 
abstain from alcohol use during the study period. 

 We are creating an upper age limit in order to reduce the likelihood of a patient experiencing 
reduced GFR during the study period.  

 Patients will be advised to let their providers know that they are in a research study that 
involves metformin, ivermectin, or fluvoxamine, and thus that they should discontinue the 
study medication at the time of hospitalization or before a CT scan with contrast.  

 Every effort will be made to enter a Research Note into the electronic health record stating 
that the patient is in a double-blinded randomized trial of metformin, fluvoxamine, 
ivermectin, and placebo with the study number and contact information for participants who 
are enrolled from participating health systems.  

 Reproduction Risks:  

While fluvoxamine and ivermectin may be used in pregnancy and have no known teratogenic 
effects, they have not been assessed in prospective randomized trials in pregnancy as often as 
metformin has.  Thus, we will close the randomization arms that include ivermectin or 
fluvoxamine to pregnant women. We will have a separate group of blinded study packs for 
pregnant and lactating women, so that study staff will know that pregnant and breastfeeding 
participants are getting only either metformin or placebo, but will remain blinded to whether they 
are receiving metformin or placebo. Additionally, because pregnant and lactating women will be 
considered their own sub-study in this trial, and an important sub-study, we will enroll 
pregnant/lactating women down to age 18 years old. Thus, pregnant women may be analyzed as 
a separate substudy.  

Metformin has not been found to have teratogenic effects and is commonly used in pregnancy, 
so we do not have a justification to exclude pregnant women.77-80 Pregnant women will be 
advised to inform their care providers that they are in this study. As with all participants, study 
procedures may be done completely virtually. If a participant prefers in-person lab draws or other 
procedures, every possible effort will be made to follow current standards of protecting the 
subject and study staff against transmission of the virus. 

10.0 Outcomes that are specific to pregnancy, 
https://www.cdc.gov/reproductivehealth/maternalinfanthealth/smm/severe-
morbidity-ICD.htm, will also be analyzed (they would all be captured as a 
hospitalization or ED visit, the primary outcomes for the main study). 
Potential Benefits of Treatment Arms 

 COVID-related potential benefits of Metformin:  

10.1.1 Observational data show associations of reduced  mortality from COVID-19 in patients 
using metformin.2,81,82 There is un-published observational data showing decreased 
likelihood of being hospitalized for patients on home metformin. Metformin has been 
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associated with improved outcomes in other viruses (Influenza and Zika, another RNA 
virus).42,45 

 COVID-related potential benefits of Fluvoxamine: 

10.2.1 Fluvoxamine has been shown in a phase 2 trial and prospective cohort, as well as in 
vitro-studies and computer modeling, to decrease severity of COVID-19 disease.4,50 

 Covid-related potential benefits of Fluvoxamine: 

10.3.1 A recent trial assessing a multi-therapy including 12mg one-time dose of ivermectin 
found a 75% reduction in hospitalizations.56 Another small double-blinded RCT showed 
significant increased chance of viral clearance after a 5-day course of ivermectin.57   

 Other possible benefits: 

Metformin has been associated with reduced incidence of blood clots, improved outcomes in 
some cancer, improved cholesterol, and improved insulin resistance, in patients with and without 
diabetes.7,9,10,83,84 

Metformin is commonly used as a chronic medication for type 2 diabetes, pre-diabetes, and often 
off-label use for weight management, poly-cystic ovarian syndrome, and preventing anti-
psychotic related weight gain.80 

Additionally, 34.5% of adults in the US have prediabetes,85 and 90% of them have never been 
told about this diagnosis.86 Metformin is indicated for many persons with prediabetes, however 
only about 1% of persons with prediabetes have been prescribed metformin.87  

11.0 Data and Specimen Banking 

 Storage and Access:  

Study data will be recorded and retained within a University of Minnesota REDCap database 
with study personnel being granted access to the database based on need as listed in the 
Delegation of Authority log.  

The electronic consent (eConsent) forms will be maintained in a University of Minnesota 
REDCap database.  

Biologic specimens intended for research beyond the study outcomes, provided by patients, may 
be processed by the University of Minnesota BSL2+ laboratory and frozen at -80 C. Samples 
will be deidentified and labeled only with a patient’s study ID number. 

Only authorized study team members will have access to data/specimens, expect as detailed in 
section 11.2. 

 Release/Sharing:  

Data will be shared among members of the study team with appropriate access based on study 
role, training, and delegation of authority. Data will be made available to assigned study 
monitors, the data safety monitoring board, the appropriate University of Minnesota oversight 
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authorities, the Food and Drug Administration, and other state and federal regulatory authorities 
as required by state and federal law.  

De-identified specimens and data may be shared for future research. Requests will be evaluated 
on a case-by-case basis. No data will be released without proof of IRB approval or determination. 
Agreements as required by local policies will be completed when necessary, including data use 
agreements and material transfer agreements.  

12.0 Statistical Considerations 
A detailed statistical analysis plan (SAP) will be included as an appendix and developed by the 
statisticians prior to analyzing unblinded data. The SAP may be amended as needed thereafter 
by the blinded statistician(s). All analyses will follow a modified intention to treat (mITT) 
approach, excluding participants who were screen failures or who did not ingest any study drug, 
unless specified otherwise. 

 Randomization: 

Eligible and consenting participants who test positive will be enrolled and randomized evenly 
among the arms for which they are eligible, i.e. 1:1:1:1:1:1 for participants who are eligible for 
all 6 arms. Randomization will be stratified by study site from which their IP is dispensed. 
Stratum specific schedules will be preemptively generated using mass-weighted urn 
randomization with a total mass of α = 6, which is a generalization of randomly permuted blocks 

that reduces predictability of future assignments.88 Patients eligible for one study drug and 
ineligible for another, who are still interested in the trial, may be randomized amongst the study 
drug arm for which they are eligible. Randomization schedules will be generated for each 
possible drug eligibility pattern, and assignments will be drawn sequential from each stratum 
specific sequence therein. Statistical analyses will be study drug specific and consist of all 
participants who were eligible for and randomized into the relevant arms. Direct comparisons of 
study drugs and evaluation of drug-drug interactions will be conducted amongst participants who 
were eligible for both drugs in the comparison/interaction. 

 Blinding: 

Study drug will be prepared by an unblinded study pharmacy team. Study personnel and 
participants will be blinded to participant assignments and outcomes data for the duration of the 
study, excepting lab data as detailed below and situations that require the blind to be broken for 
safety reasons. These instances will be recorded and reported to the PI and DSMB.  An un-
blinded analysis of the laboratory outcomes from the treatment cohort sub-study will be carried 
out by the unblinded statisticians and shared with the blinded investigators and potential sponsors 
of the trial.  

 Sample Size Assumptions: 

The statistical design is for the comparison of metformin vs placebo, controlling for the effect 
of fluvoxamine and ivermectin.  
 

Sample size estimates are based on a marginal test of metformin versus placebo comparison, 
controlling for fluvoxamine and ivermectin use, and selected to provide at least 80% power with 
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5% two-sided type I error rate for the target effect indicated by the event rates in the above figure 
and described in detail in subsection 12.3.1. The sample size estimates are also inflated by 11% 
and rounded to account for interim analysis plan (see subsection 13.4) and study withdrawals.  

 
These considerations result in a planned enrollment of 1,124 participants (187-188 in each arm). 
Because these sample size calculations are based on marginal tests, the actual power may be 
higher when based on the planned tests using adjusted logistic regression models adjusted for 
various predictive factors as described later.  

Factorial design maximizes the use of placebo
Metformin 

(n=563)

Placebo 

(n=187)

Fluvoxamine

(n = 375)

Metformin / Fluvoxamine
n =188

6% event rate if both effective

Fluvoxamine / placebo
n=187

11% event rate
Ivermectin

(n=375)

Metformin/Ivermectin
n = 188

6% event rate if both effective

Ivermectin/Placebo
n = 187

11% event rate
Metformin / placebo

n = 187
11% event rate

Placebo / Placebo
n=187

20% event rate
Total 563 561 1,124

Each patient gets 2 types of pills

• If two medications are effective, we will have 80% power to detect a difference over placebo. 
• If only one medication is effective, we will have 90% power to detect a difference over placebo. 
• Assumes a 10% loss to follow-up rate.
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12.3.1 Hypothesized Rates: 

We hypothesize that metformin is superior to placebo for the primary endpoint 
controlling for possible use of fluvoxamine or ivermectin. Similarly, we hypothesize that 
fluvoxamine is superior to placebo for the primary endpoint controlling for possible use 
of metformin; and ivermectin is superior to placebo for the primary endpoint controlling 
for possible use of metformin. Let 𝜋𝑇 and 𝜋𝐶 denote the rate of the composite primary 
endpoint in the treatment and control groups, respectively. We will evaluate the following 
hypotheses:  

𝐻0: 𝜋𝑇 ≥ 𝜋𝐶  versus 𝐻𝐴: 𝜋𝑇 < 𝜋𝐶 
The hypothesized marginal rate of the primary endpoint under placebo is 20%.89 The 
expected event rate for the primary outcome in the single medication treatment arms is 
11% which corresponds to a relative risk reduction of 45%. To detect this effect with 80% 
power using a marginal test with 5% two-sided type I error requires 337 participants in 
each comparison group. To account for effects of other drugs used in combination, which 
may reduce the event rate of the control group, for the interim analysis plan, and for losses 
to follow-up, we plan to enroll 1,124 participants in total.    
 
Prespecified analyses:  
A detailed SAP will be submitted to the DSMB and updated if needed prior to analyses. 
The primary efficacy analysis for each study drug, metformin, fluvoxamine, and 
ivermectin, will be based on a logistic regression model with a main effect for the relevant 
drug controlling for study site, and use of the other study drugs. In particular, no 
interaction effects will be included in this analysis. Prespecified subgroup analyses 
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include: pregnant women, and individuals who have already received a SARS-CoV-2 
vaccine.  
 
The SAP includes a sample-size re-calculation procedure that was pre-specified for the 
analysis of futility and efficacy on the first 2/3 of participants enrolled. This procedure 
was presented to and approved by the DSMB at the DSMB analysis of futility and 
efficacy done after 2/3 of participants were enrolled, + 14 days of follow-up. The updated 
total sample size for the study based on this sample size re-calculation is 1,350. This re-
estimation accounts for a larger portion of participants being vaccinated and greater 
prevalence of monocloncal antibody use after enrollment than was envisioned when the 
protocol was written in fall 2020, and the resultant impact on the event rate in the placebo 
control arm; and external evidence from the Together Trial indicating a 33% relative 
reduction from fluvoxamine for which the original sample size would not provide 
adequate power.. The updated sample size is expected to provide 80% power to detect a 
35% relative reduction from fluvoxamine, and similarly for ivermectin, while accounting 
for the recent impact of vaccination and therapeutics by using a projected estimate of the 
event rate for the primary outcome in the participants randomized to the placebo control 
arm. 

 DSMB Monitoring Guidelines: 

Safety, efficacy and futility will be monitored for both cohorts by an independent DSMB (more 
info below). Timing of analyses will be with respect to information time defined as the proportion 
of participants who have completed the primary endpoint follow-up interval relative to the 
planned sample size. Interim analyses will include all participants who have been followed for 
specified window so as to exclude participants with possibly yet to be determined outcome status 
and thereby ensure unbiased estimates of the primary event rate in each arm. Safety data will be 
reviewed regularly by the DSMB. The first interim analysis of efficacy data (Stage 1) will focus 
on safety and feasibility, while still allowing early stopping for efficacy. Subsequent interim 
analyses of efficacy data (Stage 2) will focus on efficacy, futility and any ongoing safety or 
feasibility concerns.   

12.4.1 Safety Monitoring: 

Safety monitoring will be undertaken for each agent and combination. Regular reports 
will be provided to the DSMB at a mutually agreeable interval with an evaluation of 
safety outcomes that focus on comparisons of the frequency of deaths, SAEs and grade 4 
events between the active treatment arms and placebo arm irrespective of attribution to 
study drug. Proportions and 95% exact confidence intervals will be used to summarize 
the results with unconditional exact tests and corresponding exact intervals to evaluate 
differences. Cumulative counts of adverse reactions and numbers of participants 
experiences and adverse reaction will be reported and compared similarly. Further safety 
assessments may be considered as demanded by the DSMB as well. The purpose of these 
reports is to catch any unexpected severe adverse reactions to metformin in the study 
populations. Formal statistical comparisons of safety endpoints using p-values will be 
undertaken at the request of the DSMB, and will otherwise not be reported. 

12.4.2 Efficacy Monitoring: 
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Efficacy monitoring will be undertaken for each of the three active agents against its 
control. Efficacy monitoring boundaries will be based on a Kim and DeMets alpha-
spending function that mimics O’Brien-Fleming boundaries (parameter value of 3). This 
upper boundary controls one-sided type I error at 2.5%, and will be modified according 
to the information fractions at the time of the actual analyses (defined by the current 
evaluable sample size / maximum sample size). The monitoring boundaries that will be 
provided to the DSMB for each cohort are reported in Table 2 and updated based on the 
actual sample size(s) available at the time of each analysis. The lower futility boundary 
will be treated as non-binding and supplemented with conditional power calculations in 
conjunction with the DSMB. This futility boundary is based on a Kim and DeMets beta 
spending function with a parameter value of 1.5. The lower Haybittle-Peto boundary for 
harm of -2.5 with 50% or less of the planned enrollment and -2.0 otherwise will be 
considered binding, though harm will be assessed in conjunction with safety data and 
may be declared by the DSMB despite the primary efficacy endpoint analysis not 
achieving this lower boundary. (Monitoring boundary calculations have been and will be 
carried out using the gsDesign package in R version 3.6.1 or newer.)  

Following the sample size re-estimation procedure, the upper efficacy boundary will be 
calculated by spending the remaining type I error rate in proportion to the specified Kim 
and DeMets alpha-spending function where the information fraction is calculated with 
respect to the updated sample size. This approach corrects for over-spending alpha 
relative to the revised sample size and controls the overall one-sided type I error rate at 
the intended 2.5% level (or equivalently the two-sided 5% level).  

 

Table 2: Monitoring Boundary Guidelines on Z-Score Scale. The futility boundary will be 
considered non-binding and supplemented by conditional power calculations. The harm boundary 
will be considered binding.  

Sample Size 62 386 774 1,124 
Efficacy 3.737 3.116 2.461 2.001 
Futility -2.130 -0.093 1.087 2.001 

Harm -2.500 -2.500 -2.000 -2.000 

 Sub-Study of Laboratory Outcomes: 

The first approximately 62 to 82 patients will be analyzed as a sub-study to compare changes 
(from day 1 to days 5 and 10) in continuous laboratory outcomes between those on metformin 
to those on placebo (CRP, albumin, viral load, and microbiome changes (optional)), to help 
further understand mechanisms and apply for further funding early in the course of the 
trial.65,66,90 The study procedures are the same for those in the sub-study as the rest of the trial. 

 Data Analysis: 

A detailed SAP will be developed by the statisticians and included in the appendix prior to 
carrying out any unblinded data analysis of either cohort. Amendments to the SAP will be 
considered and developed by the blinded statistician(s). For secondary and tertiary outcomes, the 
unblinded statistician may participate in drafting amendments to the SAP but only for data for 
which their blind is not compromised. A brief analysis plan is outlined here. All analyses will 
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follow a modified intent to treat (mITT) principle, excluding participants who were post-
randomization screen failures and who did not ingest any study drug. Formal comparisons will 
use 2-sided tests with a 5% significance level.  

Descriptive statistics will be reported for baseline covariate information. Continuous variables 
will be summarized using mean and standard deviations, as well as median and interquartile 
range for skewed variables. Binary and categorical variables will be summarized using counts 
and percentages. Differences in important prognostic variables will be monitored visually with 
formal statistical testing undertaken only at the request of the DSMB.  

Each study drug version control comparison will be separate. Each control group will consist of 
the participants who were eligible to receive the study drug but were assigned to a relevant 
placebo control arm instead. The metformin comparison will control for fluvoxamine and 
ivermectin use, and the fluvoxamine and ivermectin versus control comparisons will each control 
for metformin use. Primary hypotheses will be evaluated using logistic regression with a main 
effect for the relevant drug adjusted for study site and use of the other study drugs. The statistical 
significance of the main effect will be evaluated using a likelihood ratio test with interim 
monitoring boundaries specified above.  

A secondary analysis for each study drug versus control comparison will control for age and BMI 
as well. Metformin effect heterogeneity with respect to biologic sex will be assessed in both 
cohorts though a logistic regression model with an interaction term, as well as separate logistic 
regression models fit to the data from males and females. During interim analyses, some 
participants will not have been followed adequately long for inclusion in the primary analysis. 
As a secondary analysis, marginal cumulative incidence rates in each arm at the specified follow-
up interval will be estimated using the Kaplan-Meier method by censoring those in the midst of 
follow-up who have yet to experience the primary endpoint at their point of last study contact.  

Laboratory outcomes, which are continuous longitudinally measured outcome, will be evaluated 
using generalized estimating equations with a treatment effect and adjustments for the 
corresponding outcome at baseline. 

Secondary outcomes will be analyzed using generalized linear models with an appropriate 
distributional assumption and/or normalizing transformations. These analyses will adjust for 
study site and other prognostic information as appropriate. Time-to-event outcomes will be 
compared using Kaplan-Meier and log-rank tests as well as Cox proportional hazards models 
that adjust for prognostic variables. Ordinal endpoints will be analyzed using proportional odds 
regression models that adjust for prognostic variables and supplemented by logistic regression 
models for each ordinal threshold. These analyses will be supplemented by descriptive 
cumulative statistics for each ordinal category by treatment group.  Detailed plans for primary, 
secondary and supplemental analyses will be provided in the SAP prior to conducting any 
unblinded data analyses.  

All analyses will be carried out  using R version 3.6.1 or newer. 

 Data Integrity: 

The principal investigator will manage oversight of quality control for collected data. 
Recruitment of subjects will be performed using inclusion/exclusion criteria defined above Study 
data will be recorded within a REDCap database, which is HIPAA complaint, password protected 
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with variable assignable security access and an audit trail consistent with all regulatory 
requirements for maintenance of clinical trial data. Data summaries and quality control checks 
will be run routinely. 

 Missing Data: 

Research coordinators will make a consistent effort to ascertain all study data within the protocol 
specified windows, as well as outside these windows as needed. Participants who fail to respond 
will be contacted by study staff multiple times, and family will be contacted as well, prior to 
being recorded as lost to follow up. All data collected on a participant prior to loss to follow up 
or withdrawal of consent will be included in analyses. Missing values will be multiply imputed 
using chained equations and predictive mean matching via the mice package  and the effect 
estimate and confidence intervals will reflect the uncertainty in these missing values. For the 
primary outcome variables, sensitivity analyses that are biased towards the null will be carried 
out by assuming missing outcomes in the placebo arm follow the estimated distribution in the 
treatment arm, and vice versa for missing outcomes in the treatment arm. Additional details will 
be provided in the SAP. 

13.0 Safety 

 Adverse Event (AE)  

At every study visit, participants will be asked a standard nonleading question to elicit any 
medically related changes in their well-being. They will also be asked if they have been 
hospitalized, had any accidents, used any new medications, or changed concomitant medication 
regimens (both prescription and OTC medications). 

An AE is any symptom, sign, illness, or experience that develops or worsens in severity during 
the course of the study but does not necessarily have a causal relationship with study 
agent/intervention or procedures. Any medical condition that is present at the time that the 
participant is screened but does not deteriorate should not be reported as an AE. However, if it 
deteriorates at any time during the study, it should be recorded as an AE. 

A clinical trial adverse event is defined as any untoward medical event associated with the use 
of a drug or study procedure. Non-serious adverse events will be collected during the period from 
enrollment (randomization) through the period on study drug, day 14. Any adverse event that is 
being collected as an expected Covid outcome by the Daily Covid Symptom Log or Clinical 
Outcomes assessments, or an expected side effect being collected by the Side Effect Survey, will 
only be recorded in those eCRF’s and not additionally recorded in an adverse event eCRF. They 
will be reported to the DSMB at interim analyses. 

Any adverse event that is not captured in the Covid Daily Symptom Log questions, Side Effect 
Survey, or Clinical Outcomes assessments will be recorded as an adverse event and reported to 
the DSMB at interim analyses. AE’s will not be followed to resolution unless worsening during 

the course of the trial.  

 Serious Adverse Event (SAE) 

Serious adverse events will be collected from enrollment through day 14 and 28. Investigators 
will determine if the event is serious or related to the study drug. 
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An SAE is any AE that is: 

 Fatal, 
 life-threatening, 
 requires or prolongs a hospital stay, 
 results in persistent or significant disability or incapacity, 
 a congenital anomaly or birth defect, or 
 an important medical event*. 

*Important medical events are those that may not be immediately life threatening, but are 
clearly of major clinical significance.  They may jeopardize the subject, and may require 
intervention to prevent 1 of the other serious outcomes noted above.  For example, drug 
overdose or abuse, a seizure that did not result in in-patient hospitalization, or intensive 
treatment of bronchospasm in an emergency department would typically be considered 
serious. 

SAEs must be entered into the study database within 24 hours of investigator awareness of the 
event.  

 Assessment of Safety 

Scale used to Grade Severity of Adverse Events. Toxicity Grading Scale for Healthy Adult and 
Adolescent Volunteers Enrolled in Preventive Vaccine Clinical Trials 
https://www.fda.gov/media/73679/download). The scale provides a grading severity scale for 
AEs with unique clinical descriptions of severity based on this general guidance, and for this 
study an ED visit (without hospitalization) is considered Grade 3, not Grade 4 (a hospitalization 
is Grade 4).  

 Investigator Assessment of Serious Adverse Events 

The Investigator will evaluate all SAEs with respect to Seriousness and Causality (relationship 
to study agent and relationship to research) as defined below. 

 Causality 

The likelihood that the SAE is related to the study agent will be assessed by the investigator 
considering the following categorization. Due to the severity of COVID-19 illness further 
detailed breakdown will not occur: 

 Definitely Related: There is clear evidence to suggest a causal relationship, and other possible 
contributing factors can be ruled out. The clinical event, including an abnormal laboratory 
test result, occurs in a plausible time relationship to study agent/intervention administration 
and cannot be explained by concurrent disease or other drugs or chemicals. The response to 
withdrawal of the study agent/intervention (de-challenge) should be clinically plausible. The 
event must be pharmacologically or phenomenologically definitive, with use of a satisfactory 
re-challenge procedure if necessary. 

 Probably Related: There is evidence to suggest a causal relationship, and the influence of 
other factors is unlikely. The clinical event, including an abnormal laboratory test result, 
occurs within a reasonable time sequence to administration of the study agent/intervention, 
is unlikely to be attributed to concurrent disease or other drugs or chemicals, and follows a 



UNIVERSITY OF MINNESOTA  
08December2021 
COVID-OUT (formerly called MET-COVID) (MET29324) VERSION 3.4 

CONFIDENTIAL Page 40 of 49 

clinically reasonable response on withdrawal (de-challenge). Re-challenge information is not 
required to fulfill this definition. 

 Possibly Related: There is some evidence to suggest a causal relationship (e.g., the event 
occurred within a reasonable time after administration of the trial medication). However, the 
influence of other factors may have contributed to the event (e.g., the subject’s clinical 

condition, other concomitant events). Although an adverse drug event may rate only as 
“possible” soon after discovery, it can be flagged as requiring more information and later be 
upgraded to probable or certain as appropriate. 

 Unlikely: A clinical event, including an abnormal laboratory test result, whose temporal 
relationship to study agent/intervention administration makes a causal relationship 
improbable (e.g., the event did not occur within a reasonable time after administration of the 
trial medication) and in which other drugs or chemicals or underlying disease provides 
plausible explanations (e.g., the subject’s clinical condition, other concomitant treatments). 

 Not related: The AE is completely independent of study agent/intervention administration, 
and/or evidence exists that the event is definitely related to another etiology. There must be 
an alternative, definitive etiology documented by the clinician. 

 

 Investigator Reporting Responsibilities: 

13.6.1 Serious Adverse Events 

All SAEs must be reported on the Serious Adverse Event case report form (SAE CRF) 
within 24 hours of awareness of the event. All other AEs must be reported within 5 
business days of site awareness. The safety medical monitor will review all SAEs and 
determine the expectedness of each SAE. 

13.6.2 Unanticipated Problems 

An Unanticipated Problem is any event, incident, experience, or outcome that is 

  unexpected in terms of nature, severity, or frequency in relation to 
o the research risks that are described in the IRB-approved research protocol and 

informed consent document; Package Insert, or other study documents; 
o the characteristics of the subject population being studied (persons with COVID-

19); and 
 possibly, probably, or definitely related to participation in the research; and 
 places subjects or others at a greater risk of harm (including physical, psychological, 

economic, or social harm) than was previously known or recognized. 
  

Unanticipated Problems will be reported in the study database. Unanticipated problems 
may include problems with protocol implementation, participant safety, and/or concerns 
regarding informed consent.  Initial reports must be submitted within 7 calendar days of 
site awareness of the event. 

 Follow-Up of Serious Adverse Events 
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All unresolved SAEs will be followed by the CRC until the event is resolved or 14 days past the 
participants final study visit.  

 Sponsor’s Reporting Responsibilities 

Serious and unexpected suspected adverse reactions as defined in ICH E6 5.17 and as determined 
by the IND Sponsor will be reported to FDA, all participating country regulatory authorities, and 
all participating Investigators as IND Safety Reports. 

The IND Sponsor will also submit an IND Annual Report of the progress of the investigation to 
the FDA and all participating country regulatory authorities. 

14.0 Data Monitoring 

 Data Integrity Monitoring 

Data entry will be performed by trained members of the research team who have received 
documented delegation of authority. Data integrity will be overseen by the PIs and the statistical 
team. A study monitor will review the electronic consent documents, study drug administration 
data, and SAE reporting. Additionally, a random sampling of subjects will undergo full 
evaluation and comparison of source documentation with data entered into the study database if 
source documentation is needed. Source documentation will be collected according to each 
institution’s requirements for source documentation.  

The first data monitoring visit will be scheduled within an appropriate time after the first subject 
is enrolled, with subsequent visits thereafter at designated time intervals. Monitors will evaluate 
study team members to ensure access is consistent with training and delegation of authority logs.  

Sites will maintain binders (either paper or electronic) containing pertinent documents and 
information including IRB approval letters, documentation of GCP training, licenses, human 
subjects research ethics training certificates, curriculum vitae, and correspondence. 

 Data Safety Monitoring Board (DSMB) 
A data safety monitoring board (DSMB) has been convened and includes individuals meeting 
the key element criteria below, it includes a biostatistician with prior clinical trials experience. 
The DSMB will follow the guidance as outlined in the application and the DSMB charter unless 
there is a compelling, unanticipated reason to deviate from these rules. Data regarding the 
primary outcome will be reported to the DSMB at weekly intervals or according to the frequency 
decided by the DSMB. The DSMB may recommend stopping the trial early only for safety, 
following these guidelines: 

A. Patient Safety 

A recommendation to suspend, alter the study, or stop for harm would occur if the lower 
bound for harm is crossed at any interim analysis for the primary efficacy outcome, or 
there is concerning evidence in the opinion of the DSMB, there is concerning evidence 
in the opinion of the DSMB that the rate of IRB-reported SAEs is higher in the 
experimental group than in the placebo group.  

Despite the lower number of formal preplanned analyses, the DSMB will still receive 
near timely reports of hospitalizations and deaths, and can deviate from this strategy and 
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perform earlier testing if desired. They retain authority to change this plan if the reporting 
suggests harm prior to the first formal planned assessment if they feel that a formal 
hypothesis test is warranted.  

B. Efficacy 

Efficacy monitoring will be monitored in accordance to the guidelines in Section 12.4.2.  

The DSMB will operate in accordance with guidelines established by the FDA in “Guidance for 

Clinical Trial Sponsors: Establishment and Operation of Clinical Trial Data Monitoring 
Committee” jointly published by the CBER, CDER and CDRH of the FDA 

(https://www.fda.gov/regulatory-information/search-fda-guidance-documents/establishment-
and-operation-clinical-trial-data-monitoring-committees). The key elements include: 

1. Expertise and independence: The members must have expertise in the area of study, not 
be study authors and have no financial conflict of interest. 

2. Members will sign a confidentiality agreement. 

3. It is preferred that the DSMB have a face-to-face initial meeting, but can meet by 
telephone thereafter more frequently. 

4. All meetings must follow standard operating procedures (SOPs). 

If the DSMB recommends closure of the study, then the DSMB Chair will email the principal 
investigator who will notify the IRB. If the trial is stopped for patient safety and a repairable 
cause of unacceptably high adverse events can be identified, the action must be reviewed and 
approved by the DSMB and IRB prior to resuming enrollment. For example, if one additional 
exclusion criterion is discovered that would account for the majority of unexpected events, this 
new exclusion criterion could be added, and the study could proceed. 

 Data Security:  
All standard confidentiality procedures will be observed for this study. Research staff will be 
trained on protocol and GCP standards before they will be allowed contact with participants or 
data. All data will be stored in a secure HIPAA compliant manner. No indefinable data will be 
stored on individual research computers or flash drives.  

15.0 Provisions to Protect the Privacy Interests of Participants 

  Protecting Privacy:  

Conversations will be held in a private room whenever possible. Telephone calls will be 
performed one on one.  The electronic consent process will take place using a REDCap program 
that is secure and HIPAA compliant. 

  Access to Participants:   

Conduct of the study and determination of both safety and efficacy of the intervention requires 
access of the medical records. All study personnel undergo human subjects protection training 
and understand and value privacy standards set forth by HIPAA. Participants enrolled in the trial 
are made aware during the informed consent procedure that study personnel will be required to 

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/establishment-and-operation-clinical-trial-data-monitoring-committees
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/establishment-and-operation-clinical-trial-data-monitoring-committees
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access this private information for trial conduct, and consent to this access prior to agreeing to 
participate. 

16.0 Compensation for Research-Related Injury 

 Compensation for Research-Related Injury:  

The sponsor does not have funds for research-related injury compensation. 

 COVID-19 PREP Act 
Due to the coronavirus public health crisis, the federal government has issued an order that may 
limit your ability to recover damages if you are injured or harmed while participating in this 
COVID-19 clinical study. If the order applies, it limits your ability to recover damages from the 
University, researchers, healthcare providers, study sponsor, manufacturer or distributor involved 
with the study. However, the federal government has a program that may provide compensation 
to you or your family if you experience serious physical injuries or death due to this study. To 
find out more about this “Countermeasures Injury Compensation Program” go 

to https://www.hrsa.gov/cicp/about/index.html or call 1-855-266-2427. 

17.0 Multi-Site Research 

 Study-Wide Number of Participants:  

Up to 1,160 participants will be enrolled in the study to achieve the needed number of completed 
data sets.   

 Study-Wide Recruitment:  

Each site will determine appropriate recruitment methods. A study brochure will be made 
available to all sites. Coordinators from the central site may help call positive patients at 
participating sites if a site becomes overwhelmed at any given time, given the rapidly changing 
geographic nature of this pandemic.   

 Communication with Sites: 

All sites will be given access to study documents through the University of Minnesota BOX.  

A project manager will be tasked with coordinate all communication, regulatory efforts, and 
ensuring sites are informed of study changes. The Project Manager will also work with the PI 
to ensure all non-compliance, adverse events, and other reportable events are reviewed and 
reported in accordance with local policies. 

All study data will be entered into REDCap with each site being assigned a specific data access 
group so that staff at one site cannot see participant data from another site. 

Personnel from all sites will participate in monthly progress meeting calls, which will include 
discussion of any problems including reportable events, interim results, and completion of the 
study. More frequent meetings may be planned, as necessary. 

18.0 Appendices 

https://www.hrsa.gov/cicp/about/index.html


UNIVERSITY OF MINNESOTA  
08December2021 
COVID-OUT (formerly called MET-COVID) (MET29324) VERSION 3.4 

CONFIDENTIAL Page 44 of 49 

19.0 References 
 

1.0  
 
 

1. Barbaro M, Hoffman J. The Vaccine Trust Problem [Internet]: National Public Radio 2020 July 

21, 2020. Podcast. Available from: https://www.nytimes.com/2020/07/21/podcasts/the-

daily/coronavirus-vaccine.html 

2. Bramante C, Ingraham N, Murray T, et al. Observational Study of Metformin and Risk of 

Mortality in Patients Hospitalized with Covid-19. medRxiv. 2020. 

3. Seftel D, Boulware DR. Prospective Cohort of Fluvoxamine for Early Treatment of 

Coronavirus Disease 19. Open Forum Infectious Diseases. 2021;8(2). 

4. Lenze EJ, Mattar C, Zorumski CF, et al. Fluvoxamine vs Placebo and Clinical Deterioration in 

Outpatients With Symptomatic COVID-19: A Randomized Clinical Trial. JAMA. 2020. 

5. Kow CS, Hasan SS. Metformin use amid coronavirus disease 2019 pandemic. J Med Virol. 

2020. 

6. Zhu L, She ZG, Cheng X, et al. Association of Blood Glucose Control and Outcomes in 

Patients with COVID-19 and Pre-existing Type 2 Diabetes. Cell Metab. 2020;31(6):1068-

1077.e1063. 

7. Jadhav S, Ferrell W, Greer IA, Petrie JR, Cobbe SM, Sattar N. Effects of metformin on 

microvascular function and exercise tolerance in women with angina and normal coronary 

arteries: a randomized, double-blind, placebo-controlled study. Journal of the American 

College of Cardiology. 2006;48(5):956-963. 

8. Ackermann M, Verleden SE, Kuehnel M, et al. Pulmonary Vascular Endothelialitis, 

Thrombosis, and Angiogenesis in Covid-19. New England Journal of Medicine. 2020. 

9. Xin G, Wei Z, Ji C, et al. Metformin Uniquely Prevents Thrombosis by Inhibiting Platelet 

Activation and mtDNA Release. Sci Rep. 2016;6:36222. 

10. Lu D-Y, Leu H-B. METFORMIN AND RISK OF DEEP VEIN THROMBOSIS: A 

NONRANDOMIZED, PAIR-MATCHED COHORT STUDY. Journal of the American 

College of Cardiology. 2014;63(12 Supplement):A2099. 

11. Levi M, Thachil J, Iba T, Levy JH. Coagulation abnormalities and thrombosis in patients with 

COVID-19. The Lancet Haematology. 2020. 

12. Bikdeli B, Madhavan MV, Jimenez D, et al. COVID-19 and Thrombotic or Thromboembolic 

Disease: Implications for Prevention, Antithrombotic Therapy, and Follow-up. Journal of the 

American College of Cardiology. 2020:27284. 

13. Cameron AR, Morrison VL, Levin D, et al. Anti-Inflammatory Effects of Metformin 

Irrespective of Diabetes Status. Circulation research. 2016;119(5):652-665. 

14. Bendib I, de Chaisemartin L, Granger V, et al. Neutrophil Extracellular Traps Are Elevated in 

Patients with Pneumonia-related Acute Respiratory Distress Syndrome. Anesthesiology. 

2019;130(4):581-591. 

15. Zuo Y, Yalavarthi S, Shi H, et al. Neutrophil extracellular traps in COVID-19. JCI Insight. 

2020. 

16. Almeida VH, Rondon AMR, Gomes T, Monteiro RQ. Novel Aspects of Extracellular Vesicles 

as Mediators of Cancer-Associated Thrombosis. Cells. 2019;8(7). doi:10.3390/cells8070716. 

Accessed 2019/07//. 

https://www.nytimes.com/2020/07/21/podcasts/the-daily/coronavirus-vaccine.html
https://www.nytimes.com/2020/07/21/podcasts/the-daily/coronavirus-vaccine.html


UNIVERSITY OF MINNESOTA  
08December2021 
COVID-OUT (formerly called MET-COVID) (MET29324) VERSION 3.4 

CONFIDENTIAL Page 45 of 49 

17. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting Characteristics, Comorbidities, and 

Outcomes Among 5700 Patients Hospitalized With COVID-19 in the New York City Area. 

JAMA. 2020. 

18. Chen R, Sang L, Jiang M, et al. Longitudinal hematologic and immunologic variations 

associated with the progression of COVID-19 patients in China. J Allergy Clin Immunol. 2020. 

19. Zeng F, Li L, Zeng J, et al. Can we predict the severity of COVID-19 with a routine blood test? 

Pol Arch Intern Med. 2020. 

20. Kim J, You Y-J. Regulation of organelle function by metformin. IUBMB Life. 2017;69(7):459-

469. 

21. Gordon DE, Jang GM, Bouhaddou M, et al. A SARS-CoV-2-Human Protein-Protein 

Interaction Map Reveals Drug Targets and Potential Drug-Repurposing. bioRxiv. 

2020:2020.2003.2022.002386. 

22. Castle BT, Dock C, Hemmat M, et al. Biophysical modeling of the SARS-CoV-2 viral cycle 

reveals ideal antiviral targets. bioRxiv. 2020:2020.2005.2022.111237. 

23. Howell JJ, Hellberg K, Turner M, et al. Metformin Inhibits Hepatic mTORC1 Signaling via 

Dose-Dependent Mechanisms Involving AMPK and the TSC Complex. Cell Metab. 

2017;25(2):463-471. 

24. Kindrachuk J, Ork B, Hart BJ, et al. Antiviral Potential of ERK/MAPK and PI3K/AKT/mTOR 

Signaling Modulation for Middle East Respiratory Syndrome Coronavirus Infection as 

Identified by Temporal Kinome Analysis. Antimicrobial Agents and Chemotherapy. 

2015;59(2):1088-1099. 

25. Garcia G. Antiviral Drug Screen of Kinase inhibitors Identifies Cellular Signaling Pathways 

Critical for SARS-CoV-2 Replication. 2020. 

26. Liu J, Li X, Lu Q, et al. AMPK: a balancer of the renin–angiotensin system. Bioscience 

Reports. 2019;39(9). 

27. Plattner F, Bibb JA. Chapter 25 - Serine and Threonine Phosphorylation. In: Brady ST, Siegel 

GJ, Albers RW, Price DL, eds. Basic Neurochemistry (Eighth Edition). New York: Academic 

Press; 2012:467-492. 

28. Sharma S, Ray A, Sadasivam B. Metformin in COVID-19: A possible role beyond diabetes. 

Diabetes Res Clin Pract. 2020;164:108183. 

29. Kuo CL, Pilling LC, Atkins JC, et al. COVID-19 severity is predicted by earlier evidence of 

accelerated aging. medRxiv. 2020. 

30. Ursini F, Russo E, Pellino G, et al. Metformin and Autoimmunity: A "New Deal" of an Old 

Drug. Front Immunol. 2018;9(1236):1236. 

31. Dehkordi AH, Abbaszadeh A, Mir S, Hasanvand A. Metformin and its anti-inflammatory and 

anti-oxidative effects; new concepts. Journal of Renal Injury Prevention. 2018;8(1):54-61. 

32. Afshari K, Dehdashtian A, Haddadi NS, et al. Anti-inflammatory effects of Metformin improve 

the neuropathic pain and locomotor activity in spinal cord injured rats: introduction of an 

alternative therapy. Spinal Cord. 2018;56(11):1032-1041. 

33. Mehta P, McAuley DF, Brown M, et al. COVID-19: consider cytokine storm syndromes and 

immunosuppression. Lancet. 2020;395(10229):1033-1034. 

34. Ingraham NE, Lotfi-Emran S, Thielen BK, et al. Immunomodulation in COVID-19. Lancet 

Respir Med. 2020. 

35. Berlin DA, Gulick RM, Martinez FJ. Severe Covid-19. New England Journal of Medicine. 

2020. 



UNIVERSITY OF MINNESOTA  
08December2021 
COVID-OUT (formerly called MET-COVID) (MET29324) VERSION 3.4 

CONFIDENTIAL Page 46 of 49 

36. Saenwongsa W, Nithichanon A, Chittaganpitch M, et al. Metformin-induced suppression of 

IFN-α via mTORC1 signalling following seasonal vaccination is associated with impaired 

antibody responses in type 2 diabetes. Scientific Reports. 2020;10(1):3229. 

37. van der Made CI, Simons A, Schuurs-Hoeijmakers J, et al. Presence of Genetic Variants 

Among Young Men With Severe COVID-19. JAMA. 2020. 

38. Wang HC, Huang SK. Metformin inhibits IgE- and aryl hydrocarbon receptor-mediated mast 

cell activation in vitro and in vivo. Eur J Immunol. 2018;48(12):1989-1996. 

39. Kritas SK, Ronconi G, Caraffa A, Gallenga CE, Ross R, Conti P. Mast cells contribute to 

coronavirus-induced inflammation: new anti-inflammatory strategy. J Biol Regul Homeost 

Agents. 2020;34(1). 

40. Theoharides TC. COVID-19, pulmonary mast cells, cytokine storms, and beneficial actions of 

luteolin. BioFactors.n/a(n/a). 

41. Mackey E, Ayyadurai S, Pohl CS, S DC, Li Y, Moeser AJ. Sexual dimorphism in the mast cell 

transcriptome and the pathophysiological responses to immunological and psychological stress. 

Biol Sex Differ. 2016;7:60. 

42. Bailey CJ. Metformin: historical overview. Diabetologia. 2017;60(9):1566-1576. 

43. EY G. Flumamine, a new synthetic analgesic and antiflu drug. Philippine Med Assoc. 

1950;26:287–293. 

44. Schor S, Einav S. Combating Intracellular Pathogens with Repurposed Host-Targeted Drugs. 

ACS Infect Dis. 2018;4(2):88-92. 

45. Singh S, Singh PK, Suhail H, et al. AMP-Activated Protein Kinase Restricts Zika Virus 

Replication in Endothelial Cells by Potentiating Innate Antiviral Responses and Inhibiting 

Glycolysis. J Immunol. 2020;204(7):1810-1824. 

46. Cheng F, Ramos da Silva S, Huang I-C, Jung JU, Gao S-J. Suppression of Zika Virus Infection 

and Replication in Endothelial Cells and Astrocytes by PKA Inhibitor PKI 14-22. Journal of 

Virology. 2018;92(4):e02019-02017. 

47. 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. 

International Journal of Infectious Diseases. 2012;16(6):e436-e441. 

48. Fung TS, Huang M, Liu DX. Coronavirus-induced ER stress response and its involvement in 

regulation of coronavirus-host interactions. Virus Res. 2014;194:110-123. 

49. Fung TS, Liu DX. The ER stress sensor IRE1 and MAP kinase ERK modulate autophagy 

induction in cells infected with coronavirus infectious bronchitis virus. Virology. 2019;533:34-

44. 

50. Gordon DE, Jang GM, Bouhaddou M, et al. A SARS-CoV-2 protein interaction map reveals 

targets for drug repurposing. Nature. 2020;583(7816):459-468. 

51. Ishima T, Fujita Y, Hashimoto K. Interaction of new antidepressants with sigma-1 receptor 

chaperones and their potentiation of neurite outgrowth in PC12 cells. Eur J Pharmacol. 

2014;727:167-173. 

52. Rosen DA, Seki SM, Fernández-Castañeda A, et al. Modulation of the sigma-1 receptor-IRE1 

pathway is beneficial in preclinical models of inflammation and sepsis. Sci Transl Med. 

2019;11(478). 

53. Gaultier. Anti-inflammatory testing CAC02 cells. 2020;In preparation. 

54. Seftel D, Boulware DR. Prospective Cohort of Fluvoxamine for Early Treatment of 

Coronavirus Disease 19. Open Forum Infect Dis. 2021;8(2):ofab050. 



UNIVERSITY OF MINNESOTA  
08December2021 
COVID-OUT (formerly called MET-COVID) (MET29324) VERSION 3.4 

CONFIDENTIAL Page 47 of 49 

55. 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. 

56. 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. 

57. 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. 

58. 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. 

59. Polack FP, Thomas SJ, Kitchin N, et al. Safety and Efficacy of the BNT162b2 mRNA Covid-

19 Vaccine. New England Journal of Medicine. 2020. 

60. Marshall JC, Murthy S, Diaz J, et al. A minimal common outcome measure set for COVID-19 

clinical research. The Lancet Infectious Diseases. 2020;20(8):e192-e197. 

61. FDA. Developing Drugs and Biologic Products for Treatment or Prevention. 2020. 

62. Hannah D, Gina A, Lisa M, et al. Questionnaire to Characterize Long COVID: 200+ symptoms 

over 7 months. 2021. 

63. WHO. R&D Blueprint: Novel Coronavirus. 2020. 

64. AlSamman M, Caggiula A, Ganguli S, Misak M, Ali P. Non-respiratory presentations of 

COVID-19, a clinical review. The American Journal of Emergency Medicine. 2020. 

65. Carlino MV, Valenti N, Cesaro F, et al. Predictors of Intensive Care Unit admission in patients 

with coronavirus disease 2019 (COVID-19). Monaldi Arch Chest Dis. 2020;90(3). 

66. Dhar D, Mohanty A. Gut microbiota and Covid-19- possible link and implications. Virus Res. 

2020;285:198018. 

67. Smit MR, Ochomo EO, Aljayyoussi G, et al. Safety and mosquitocidal efficacy of high-dose 

ivermectin when co-administered with dihydroartemisinin-piperaquine in Kenyan adults with 

uncomplicated malaria (IVERMAL): a randomised, double-blind, placebo-controlled trial. 

Lancet Infect Dis. 2018;18(6):615-626. 

68. 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. 

69. Seftel D, Boulware DR. Prospective cohort of fluvoxamine for early treatment of COVID-19. 

Open Forum Infectious Diseases. 2021. 

70. Lazarus B, Wu A, Shin JI, et al. Association of Metformin Use With Risk of Lactic Acidosis 

Across the Range of Kidney Function: A Community-Based Cohort Study. JAMA internal 

medicine. 2018;178(7):903-910. 

71. Lalau J-D, Kajbaf F, Bennis Y, Hurtel-Lemaire A-S, Belpaire F, De Broe ME. Metformin 

Treatment in Patients With Type 2 Diabetes and Chronic Kidney Disease Stages 3A, 3B, or 4. 

Diabetes care. 2018;41(3):547-553. 

72. Wong WW, Strizich G, Heo M, et al. Relationship between body fat and BMI in a US hispanic 

population-based cohort study: Results from HCHS/SOL. Obesity (Silver Spring, Md). 

2016;24(7):1561-1571. 



UNIVERSITY OF MINNESOTA  
08December2021 
COVID-OUT (formerly called MET-COVID) (MET29324) VERSION 3.4 

CONFIDENTIAL Page 48 of 49 

73. Jensen MD, Ryan DH, Apovian CM, et al. 2013 AHA/ACC/TOS guideline for the 

management of overweight and obesity in adults: a report of the American College of 

Cardiology/American Heart Association Task Force on Practice Guidelines and The Obesity 

Society. Journal of the American College of Cardiology. 2014;63(25 Pt B):2985-3023. 

74. Source OP. Abdominal Obesity Measurement Guidelines for Different Ethnic Groups. The 

International Diabetes Federation’s definition of the metabolic syndrome uses ethnic-specific 

criteria to define abdominal obesity. Web site. https://www.hsph.harvard.edu/obesity-

prevention-source/waist-circumference-guidelines-for-different-ethnic-groups/. Accessed. 

75. FDA. Fluvoxamine package insert. 

76. Flory J, Lipska K. Metformin in 2019. JAMA. 2019;321(19):1926-1927. 

77. Nascimento IBD, Sales WB, Dienstmann G, Souza MLR, Fleig R, Silva JC. Metformin for 

prevention of cesarean delivery and large-for-gestational-age newborns in non-diabetic obese 

pregnant women: a randomized clinical trial. Arch Endocrinol Metab. 2020;64(3):290-297. 

78. Alqudah A, McKinley MC, McNally R, et al. Risk of pre-eclampsia in women taking 

metformin: a systematic review and meta-analysis. Diabetic Medicine. 2018;35(2):160-172. 

79. Kalafat E, Sukur YE, Abdi A, Thilaganathan B, Khalil A. Metformin for prevention of 

hypertensive disorders of pregnancy in women with gestational diabetes or obesity: systematic 

review and meta-analysis of randomized trials. Ultrasound Obstet Gynecol. 2018;52(6):706-

714. 

80. Igel LI, Sinha A, Saunders KH, Apovian CM, Vojta D, Aronne LJ. Metformin: an Old Therapy 

that Deserves a New Indication for the Treatment of Obesity. Curr Atheroscler Rep. 

2016;18(4):16. 

81. Crouse A, Grimes  T, Peng L, Might  M, Ovalle F, Shalev A. METFORMIN USE IS 

ASSOCIATED WITH REDUCED MORTALITY IN A DIVERSE POPULATION WITH 

COVID-19 AND DIABETES. 2020. 

82. Luo P, Qiu L, Liu Y, et al. Metformin Treatment Was Associated with Decreased Mortality in 

COVID-19 Patients with Diabetes in a Retrospective Analysis. Am J Trop Med Hyg. 2020. 

83. Effect of intensive blood-glucose control with metformin on complications in overweight 

patients with type 2 diabetes (UKPDS 34). UK Prospective Diabetes Study (UKPDS) Group. 

Lancet (London, England). 1998;352(9131):854-865. 

84. Park JW, Lee JH, Park YH, et al. Sex-dependent difference in the effect of metformin on 

colorectal cancer-specific mortality of diabetic colorectal cancer patients. World J 

Gastroenterol. 2017;23(28):5196-5205. 

85. CDC. Prediabetes. 2020. 

86. Tseng E, Greer RC, O'Rourke P, et al. National Survey of Primary Care Physicians' 

Knowledge, Practices, and Perceptions of Prediabetes. Journal of general internal medicine. 

2019;34(11):2475-2481. 

87. Tseng E, Yeh HC, Maruthur NM. Metformin Use in Prediabetes Among U.S. Adults, 2005-

2012. Diabetes care. 2017;40(7):887-893. 

88. Zhao W. Mass weighted urn design--A new randomization algorithm for unequal allocations. 

Contemp Clin Trials. 2015;43:209-216. 

89. Health MDo. Weekly Covid-19 Report. 

https://www.health.state.mn.us/diseases/coronavirus/stats/covidweekly30.pdf. Accessed July 

23, 2020. 

90. Bramante C, et al. Outpatient metformin use and its association with hospitalization for and 

death from Covid-19 disease. . Under Review 2020. 

https://www.hsph.harvard.edu/obesity-prevention-source/waist-circumference-guidelines-for-different-ethnic-groups/
https://www.hsph.harvard.edu/obesity-prevention-source/waist-circumference-guidelines-for-different-ethnic-groups/
https://www.health.state.mn.us/diseases/coronavirus/stats/covidweekly30.pdf


UNIVERSITY OF MINNESOTA  
08December2021 
COVID-OUT (formerly called MET-COVID) (MET29324) VERSION 3.4 

CONFIDENTIAL Page 49 of 49 

 


	Study Title
	Bramante protocol

