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Visual Abstract
IMPORTAIthE. Coronavirus disease 2019 (;OVID-19) may Ieaq tg serlous_lllneés as aresult of [ Editor's Note page 2300
an excessive immune response. Fluvoxamine may prevent clinical deterioration by

stimulating the o-1 receptor, which regulates cytokine production. Supplemental content

OBJECTIVE To determine whether fluvoxamine, given during mild COVID-19 illness, prevents
clinical deterioration and decreases the severity of disease.

DESIGN, SETTING, AND PARTICIPANTS Double-blind, randomized, fully remote (contactless)
clinical trial of fluvoxamine vs placebo. Participants were community-living, nonhospitalized
adults with confirmed severe acute respiratory syndrome coronavirus 2 infection, with
COVID-19 symptom onset within 7 days and oxygen saturation of 92% or greater. One
hundred fifty-two participants were enrolled from the St Louis metropolitan area (Missouri
and lllinois) from April 10, 2020, to August 5, 2020. The final date of follow-up was
September 19, 2020.

INTERVENTIONS Participants were randomly assigned to receive 100 mg of fluvoxamine
(n = 80) or placebo (n = 72) 3 times daily for 15 days.

MAIN OUTCOMES AND MEASURES The primary outcome was clinical deterioration within 15
days of randomization defined by meeting both criteria of (1) shortness of breath or
hospitalization for shortness of breath or pneumonia and (2) oxygen saturation less than 92%
on room air or need for supplemental oxygen to achieve oxygen saturation of 92% or greater.

RESULTS Of 152 patients who were randomized (mean [SD] age, 46 [13] years; 109 [72%]
women), 115 (76%) completed the trial. Clinical deterioration occurred in O of 80 patients in
the fluvoxamine group and in 6 of 72 patients in the placebo group (absolute difference, 8.7%
[95% Cl, 1.8%-16.4%] from survival analysis; log-rank P = .009). The fluvoxamine group had 1
serious adverse event and 11 other adverse events, whereas the placebo group had 6 serious
adverse events and 12 other adverse events.

CONCLUSIONS AND RELEVANCE In this preliminary study of adult outpatients with
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oronavirus disease 2019 (COVID-19), caused by infec-

tion with the novel severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2), can result in serious ill-
ness leading to hospitalization, intensive care unit admis-
sion, and death.! Clinical deterioration typically occurs dur-
ing the second week of illness. Early studies of COVID-19 found
that hospitalization most often occurs within 8 to 10 days of
initially mild to moderate symptoms.2 Further evidence sug-
gested that lung damage from COVID-19 was related to an ex-
cessive inflammatory response, prompting numerous trials of
immunomodulatory drugs.>®

A potential mechanism for immune modulation is o-1re-
ceptor (S1R) agonism.” The SIR is an endoplasmic reticulum
chaperone protein with various cellular functions, including
regulation of cytokine production through its interaction with
the endoplasmic reticulum stress sensor inositol-requiring en-
zyme la (IRE1). Previous studies have shown that fluvox-
amine, a selective serotonin reuptake inhibitor (SSRI) with high
affinity for the S1R,® reduced damaging aspects of the inflam-
matory response during sepsis through the SIR-IRE1 path-
way, and decreased shock in murine sepsis models.®
Fluvoxamine is a strong SIR agonist,'%!' is highly lipophilic,

and hasrapid intracellular uptake.!? This study tested whether
fluvoxamine, given as early treatment in individuals with mild
COVID-19 illness, may prevent clinical deterioration.

Methods

This was a double-blind, placebo-controlled, randomized
clinical trial that compared fluvoxamine with placebo in
adult outpatients with confirmed SARS-CoV-2 infection. The
trial protocol and statistical analysis plan appear in Supple-
ment 1. The study was approved by the institutional review
board at Washington University in St Louis and was con-
ducted in compliance with the Declaration of Helsinki,'* the
Good Clinical Practice guidelines, and local regulatory
requirements. All participants provided informed consent via
e-consent or written consent.

Study Design
This trial was conducted in the greater St Louis metropolitan
area (eastern Missouri and southern Illinois). Patients were
recruited from April 10, 2020, to August 5, 2020. The 30-day
postrandomization follow-up assessment was completed on
September 19, 2020. This was a fully remote (contactless)
clinical trial.'* Participants were recruited via electronic
health records, physician and other health professional refer-
rals, study advertisements near COVID-19 testing centers and
in emergency departments, referrals by colleagues, a study
website, and communication in local television and newspa-
pers. Participants were enrolled without regard to sex, race,
ethnicity, or religion. Potential participants underwent
screenings by email and phone, and provided informed con-
sent, typically electronically.

Study supplies were delivered to self-quarantined study
patients as a package left at their door and the study materi-
als consisted of the study medication, an oxygen saturation
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Key Points

Question Does fluvoxamine, a selective serotonin reuptake
inhibitor and o-1 receptor agonist, prevent clinical deterioration in
outpatients with acute coronavirus disease 2019 (COVID-19)?

Findings In this randomized trial that included 152 adult
outpatients with confirmed COVID-19 and symptom onset within 7
days, clinical deterioration occurred in O patients treated with
fluvoxamine vs 6 (8.3%) patients treated with placebo over 15
days, a difference that was statistically significant.

Meaning In this preliminary study, adult outpatients with
symptomatic COVID-19 treated with fluvoxamine, compared with
placebo, had a lower likelihood of clinical deterioration over 15
days; however, determination of clinical efficacy would require
larger randomized trials with more definitive outcome measures.

monitor, an automated blood pressure monitor, and a ther-
mometer. Participants then self-assessed using the equip-
ment provided and confirmed vital signs within range (sys-
tolic blood pressure between 80 mm Hg and 200 mm Hg,
diastolic blood pressure between 40 mm Hg and 120 mm Hg,
and pulse rate between 50 beats/min and 120 beats/min), preg-
nancy status when indicated, and oxygen saturation of 92%
or greater. Study staff called participants, informed them of
eligibility, and instructed them to take the study medication.
The study medication was targeted to start on the same day
that participants were first contacted and screened by the re-
search team.

All data collection was done by twice-daily REDCap sur-
veys sent to patients via email, with phone-based data collec-
tion as backup to ensure that individuals without internet ac-
cess were able to participate. The surveys recorded oxygen
saturation, vital signs, medication adherence, and COVID-19
symptoms. Fixed race and ethnicity categories were used by
interviewers as part of the demographic information col-
lected to characterize the sample.

Dyspnea (shortness of breath) was measured using a con-
tinuous scale (0O = symptom is not present and 10 = symptom
is very severe) with the Ecological Momentary Assessment'®
(ie, “how bad is your symptom right now?”). Phone contact was
attempted daily during the first 3 days of the trial to address
participants’ questions, address any medication-related issues,
and encourage assessment completion. Additional phone calls
were conducted on a case-by-case basis when participants’ sur-
vey data indicated values outside the ranges. For participants
who had worsening COVID-19 illness, study staff recom-
mended they seek medical attention.

Participants

The study included adults living in the community with SARS-
CoV-2 infection confirmed by polymerase chain reaction as-
say and who were symptomatic within 7 days of the first dose
of study medication (Figure 1). Exclusion criteria included hav-
ing COVID-19 that required hospitalization or evidence of the
primary end point with oxygen saturation less than 92% on
room air at the time of randomization. Other exclusion crite-
ria were severe underlying lung disease (eg, chronic obstruc-
tive pulmonary disease or required home oxygen, interstitial
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Figure 1. Enrollment and Patient Flow

1337 Adults with presumed or known SARS-CoV-2

2294

assessed for eligibility

92 Randomized to receive fluvoxamine
80 Received fluvoxamine as randomized
12 Did not receive fluvoxamine as randomized
7 Could not confirm eligibility at baseline®
2 Oxygen saturation <92% at baseline
3 Withdrew from study prior to taking
fluvoxaminef

!

62 Completed 15-d assessment
18 Did not complete 15-d assessment9
15 No reason given
0 Met primary end point of clinical worsening
2 Adverse effects
1 Symptoms improved

)

834 Excluded

322 Refused to participate

271 Currently hospitalized
260 Symptom onset >7 d ago
94 No current COVID-19 symptoms
67 Unable to perform study procedures?
53 Not from community dwelling
46 Had exclusionary medical condition®
33 Taking exclusionary medication®
8 Did not have a positive test resultd
2 Enrolled in another antiviral study

181 Randomized ;

89 Randomized to receive placebo
72 Received placebo as randomized
17 Did not receive placebo as randomized
9 Could not confirm eligibility at baseline®
2 Oxygen saturation <92% at baseline
6 Withdrew from study prior to taking

placebof
I

53 Completed 15-d assessment
19 Did not complete 15-d assessment9
13 No reason given
6 Met primary end point of clinical worsening
0 Adverse effects
0 Symptoms improved

)

COVID-19, coronavirus disease 2019;
SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2.

2 Did not speak English, lived outside
delivery area of the study, or unable
to provide data via phone or
internet.

®|nterstitial lung disease,
immunocompromised, actively
suicidal or psychotic, cognitive
impairment (dementia or Alzheimer
disease), metastatic cancer, or
end-stage congestive heart failure.

¢ Prednisone dose greater than 20
mg/d (most common exclusionary
medication), azithromycin (not
allowed at start of the study, but
later allowed), hydroxychloroquine
(not allowed at start of study, but
later allowed), or some
immunosuppressant biologic
medications (such as belimumab).

9 COVID-19 suspected and patient
either had a negative test result or
unable to obtain test.

€ Staff unable to contact potential
participants.

f Received medication and study
supplies, but then research staff
were unable to contact participants
further.

80 Included in primary and secondary analyses ‘

72 Included in primary and secondary analyses

8Included in analysis but censored

lung disease, pulmonary hypertension), decompensated cir-
rhosis, congestive heart failure (New York Heart Association
class III or IV), orimmunocompromised (eg, solid organ trans-
plant recipient or donor, bone marrow transplant recipient,
AIDS, or taking immunosuppressant biologic drugs or high-
dose corticosteroids [>20 mg/d of prednisone]; additional de-
tails appear in Supplement 1).

Randomization

Patients were randomized 1:1 to fluvoxamine or matching
placebo capsules. Randomization schedules were generated
that stratified by age (18-44, 45-54, 55-64, and =65 years)'®
and sex. Treatments were randomly allocated using alternat-
ing block sizes of 2 and 4. Randomization allocation was con-
ducted via REDCap, which displayed randomization assign-
ment to the laboratory manager (J.S.), who prepared the
study materials, including the study drug or placebo. All out-
come assessors, investigators, and research staff who were in
contact with participants were blinded to participant treat-
ment assignment.

Intervention

Participants received a dose of 50 mg of fluvoxamine (or
matching placebo) in the evening immediately after the base-
line assessment and confirmation of eligibility, then for 2
days at a dose of 100 mg twice daily as tolerated, and then
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early.

increasing to a dose of 100 mg 3 times daily as tolerated
through day 15 then stopped (additional details appear in
Supplement 1). This dose range was determined based on
the binding affinity of fluvoxamine for the SIR.!” After the
completion of 15 days of fluvoxamine or placebo, participants
were given the option to receive a 6-day open-label course of
fluvoxamine. This optional open-label phase was a change
from the original study protocol.

Primary and Secondary End Points

The primary end point was clinical deterioration defined by
both the (1) presence of dyspnea (ie, shortness of breath) or
hospitalization for shortness of breath or pneumonia and
(2) decrease in oxygen saturation (<92%) on room air or
supplemental oxygen requirement to maintain oxygen satu-
ration of 92% or greater. The primary end point was corrobo-
rated by phone discussion with participants and review of
the medical records.

For the secondary end points, episodes of clinical dete-
rioration were rated on a novel 7-point scale with O indicating
none; 1, shortness of breath and oxygen saturation less than
92% but no supplemental oxygen needed; 2, shortness of
breath and oxygen saturation less than 92% plus supplemen-
tal oxygen needed; 3, oxygen saturation less than 92% plus
supplemental oxygen needed and hospitalization related to
dyspnea or hypoxia; 4, oxygen saturation less than 92% plus
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supplemental oxygen needed and hospitalization related to
dyspnea or hypoxia plus ventilator support needed for less
than 3 days; 5, oxygen saturation less than 92% plus supple-
mental oxygen needed and hospitalization related to dysp-
nea or hypoxia plus ventilator support needed for at least 3
days; and 6, death. The number of days requiring supple-
mental oxygen, hospitalization, and ventilator support also
were assessed.

A prespecified secondary end point in the study protocol
was symptomatic severity during the 15 days of the trial using
acontinuous scale of each patient’s most severe baseline symp-
tom on an 11-point scale (O = symptom is not present and
10 = symptom is very severe). This analytic strategy was flawed
(eFigure 1in Supplement 2) and we did not pursue further
analyses. As a post hoc analysis, self-reported anxiety levels
were examined and were measured on the same 11-point scale
because anxiety may relate to shortness of breath (eFigure 2
in Supplement 2). Clinical deterioration was ranked using the
World Health Organization ordinal scale for COVID-19 trials
(eTable in Supplement 2).18

The primary and secondary end points were measured
using participants’ self-reported responses on twice-daily sur-
veys during the 15 days after randomization that were cor-
roborated by research staff with phone contact. For partici-
pants who had stopped responding to the surveys prior to day
15 or who had met the primary end point, medical records and
subsequent calls to these participants were used to deter-
mine whether they met the primary end point. For partici-
pants who met the primary end point, hospital records were
used to confirm specific health care use (eg, supplemental oxy-
gen use, hospital length of stay, ventilator support). Adverse
events and serious adverse events were recorded each day via
participant self-report for 15 days after randomization.

At 30 days after the conclusion of the 15-day trial,
a follow-up survey was performed asking, “Have you visited
ahospital or emergency department since your last study sur-
vey 30 days ago?” This nonprespecified end point was con-
firmed by phone, email, or electronic medical record review.

Statistical Analysis

Patients were analyzed according to randomization group.
Based on 80% power, an a level of .05, a rate of 20% for clini-
cal deterioration in the placebo group, and a reduction of 75%
in the risk of clinical deterioration in the fluvoxamine group,
atotal sample size of 152 participants was required. This mag-
nitude of risk reduction was chosen because discovery of a large
effect would be of major clinical importance and warrant fur-
ther study.

As prespecified in the study protocol, the full analysis set
included only participants who were confirmed eligible and
started taking the study medication, which is consistent with
the principles of infectious disease clinical trials.' A study stat-
istician (L.Y.) conducted the blinded analysis under the super-
vision of a senior biostatistician (J.P.M.) prior to unblinding.
No interim analysis was conducted.

The primary analysis was the survival analysis for the
primary outcome (clinical deterioration) using a log-rank
test. This analysis treated participants a priori as censored on
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the day that they met the primary outcome, or on the last day
that they filled out an outcome assessment. The rate of miss-
ingness for survey completion was measured. To determine
if missingness was nonrandom, the available scores immedi-
ately before and after each missing score and their mean
were compared with the total mean score for both shortness
of breath and oxygen saturation.

Because of the potential for type I error due to multiple
comparisons, the analysis of the secondary end points was ex-
ploratory. SAS version 9.4 (SAS Institute Inc) was used for all
the analyses. Significance was set as a 2-tailed a level of .05.

. |
Results

Patient Characteristics

0f1337 patients screened, 834 (62%) were excluded, 322 (24%)
were contacted and declined participation, and 181 (14%) were
randomized and provided with study materials (Figure 1). Of
the 181 patients randomized, 20 were excluded (9 in the fluvox-
amine group and 11 in the placebo group), 9 never began tak-
ing the study medication (3 in the fluvoxamine group and 6
in the placebo group), and 152 started the study and consti-
tuted the primary analysis set. Among the 152 patients, 140
(92%) took the first dose of study medication on the same day
they were first contacted by study staff (the rest started it the
day after contact). A total of 35 participants opted to take open-
label fluvoxamine after the double-blind phase, but no data
collection was conducted for this phase.

Participants were well matched in demographic and
clinical characteristics (Table 1). Of the 152 participants, 38
(25%) were Black adults and the mean age was 46 years (SD,
13 years). The most severe presenting COVID-19 symptom
varied, with fatigue (23%) and loss of sense of smell (29%)
being the most common. The baseline oxygen saturation
level did not differ between the groups (median of 97%
[interquartile range, 96%-98%] for fluvoxamine vs 97%
[interquartile range, 96%-98%] for placebo (distributions
shown in eFigure 3 in Supplement 2).

Efficacy of Fluvoxamine vs Placebo

Clinical deterioration occurred in O of 80 patients in the
fluvoxamine group and in 6 of 72 (8.3%) patients in the pla-
cebo group (absolute difference, 8.7% [95% CI, 1.8%-16.4%]
by survival analysis, log-rank x? = 6.8 and P = .009; Table 2
and Figure 2). In the placebo group, cases of clinical deterio-
ration ranged from 1 to 7 days after randomization and from
3 to 12 days after the onset of COVID-19 symptoms. Four of 6
patients were hospitalized for COVID-19 illness, with the
length of stay ranging from 4 to 21 days. One patient
required mechanical ventilation for 10 days (Table 2) and no
patients died. Detailed vignettes of clinical deterioration
appear in eResults 1 in Supplement 2.

Among fluvoxamine-treated participants, 18 of 80
stopped responding to the surveys prior to day 15 compared
with 19 of 72 who were randomized to placebo. For the non-
prespecified outcome of hospital or emergency department
care received during the 30 days after day 15 of the trial,
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Table 1. Baseline Characteristics

Fluvoxamine (n = 80)

Placebo (n = 72)

Age, median (IQR) [range], y
Sex at birth, No. (%)

46 (35-58) [20-75]

45 (36-54) [21-69]

Female 56 (70) 53 (74)
Male 24 (30) 19 (26)
Race, No. (%)?
White 56 (70) 50 (69)
Black 18 (23) 20(28)
Asian 3(4) 1)
Other 2(3) 1(1)
Unknown 1(1) 0
American Indian/Alaska Native 0 1(1)
Ethnicity, No. (%)?
Non-Hispanic/Non-Latino 75 (94) 66 (92)
Hispanic/Latino 3(4) 2(3)
Unknown/not reported 2(3) 4 (5)
Coexisting conditions, No. (%)?
Asthma 17 (21) 9(13)
Hypertension 15 (19) 15 (21)
Diabetes 9(11) 8(11)
High cholesterol 7 (9) 7 (10)
Hyperthyroidism 6(8) 6(8)
Anxiety 5(6) 1(1)
Arthritis® 4(5) 3(4)
Depression 1(1) 4 (6)
Body mass index category, No. (%)
Underweight (<18.5) 1(1) 1(1)
Normal (18.5-24.9) 14 (18) 7 (10)
Overweight (25-29.9) 22 (28) 22 (31)
Obese (230) 43 (54) 42 (58)
Duration of COVID-19 symptoms, 4 (3-5)[1-7] 4(3-5)[1-7]

median (IQR) [range], d*

Oxygen saturation,
median (IQR) [range], %

Most severe COVID-19 symptom
at baseline, No. (%)?

97 (96-98) [93-99]

97 (96-98) [92-99]

Loss of sense of smell 26 (33) 18 (25)

Fatigue 17 (21) 18 (25)

Body aches 9(11) 13(18)

Cough 9(11) 1(1) Abbreviations: COVID-19, coronavirus

L disease 2019; IQR, interquartile

Subjective fever 8(10) 4(6) range.

Loss of appetite 3(4) 8(11) 2 Per participant self-report.

Chills 3(4) 6(8) b Osteoarthritis or rheumatoid

Shortness of breath 2(3) 1(1) arthritis.

Loss of taste 2(3) 23) ¢ Calculated as weight in kilograms

e 1(1) 1) divided by height in meters
squared.

2296

among fluvoxamine-treated participants, 1 of 80 received
care (hospitalized for headache) compared with 1 of 72
placebo-treated participants (emergency department visit for
costochondritis) (eResults 1in Supplement 2).

Adverse Events
The fluvoxamine group had 1 serious adverse event and 11 other

adverse events, whereas the placebo group had 6 serious adverse

JAMA December 8,2020 Volume 324, Number 22

events and 12 other adverse events (Table 3 and eResults 1 in
Supplement 2). Pneumonia and gastrointestinal symptoms (such
as nausea and vomiting) occurred more often in the placebo
group compared with those who received fluvoxamine.

Missing Data
In terms of missing data, 517 of 3943 follow-up surveys (13%)

were not filled out by participants. The mean score for those
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Table 2. Primary, Secondary, and Nonprespecified Outcomes

Fluvoxamine Placebo Absolute difference
(n = 80) (n=72) (95% CI)? P value®
Primary end point
Clinical deterioration (met both criteria), No. (%) 0 6 (8.3) 8.7 (1.8t016.4) .009
Secondary end points
Clinical status on 7-point scale, No. (%)¢
0 (none) 80 (100) 66 (91.7) 8.3(0.6t018.4) .009
Any nonzero value 0 6 (8.3) -8.3(-18.4t0-0.6) .009
1 (shortness of breath and oxygen saturation 0 2(2.8) -2.8(-10.8t03.5) .15
<92% but no supplemental oxygen needed)
3 (oxygen saturation <92% plus supplemental oxygen 0 3(4.2) -4.2(-13.2t02.0) .07
needed and hospitalization related to dyspnea or hypoxia)
5 (oxygen saturation <92% plus supplemental oxygen 0 1(1.4) -1.4(-8.4t04.4) .36
needed and hospitalization related to dyspnea or hypoxia
plus ventilator support needed for 23 days)
Clinical status on 7-point scale, mean (SD) 0 0.22 (0.84) -0.22 (-0.41 to -0.04) .02
Clinical deterioration, No. of days® NA NA NA NA
Most severe baseline symptom change score -5.6 -5.8 0.3(-0.8t01.4) .63
(difference between baseline and final rating)f
Nonprespecified end points
30-d post trial observation events (emergency department 1(1.3) 1(1.4) -0.1(-6.7t05.1) >.99

visit, hospitalization, or both)?

Abbreviation: NA, not applicable (see footnote “e” for explanation).

@ For outcomes reported as No. (%), the absolute difference is a difference in
proportions. For other variables, the difference between group means is
reported. Most analyses were conducted using BinomCl from the R package
ExactCldiff.

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

¢ Shortness of breath or hospitalization for shortness of breath or pneumonia
and oxygen saturation dropped below 92% or supplemental oxygen was
required to keep oxygen saturation at or above 92%. The prespecified primary
outcome analysis was determined instead by survival analysis (time to clinical
worsening). The absolute difference and 95% Cl are for the Kaplan-Meier
estimate of the placebo group at day 15. The test of difference is the log-rank
statistic (x2 = 6.8).

9No study participants were rated 2 (shortness of breath and oxygen saturation
<92% plus supplemental oxygen needed), 4 (oxygen saturation <92% plus
supplemental oxygen needed and hospitalization related to dyspnea or
hypoxia plus ventilator support needed for <3 days), or 6 (death).

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

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

& During the 30-day observation period after the 15-day randomized clinical
trial, 1 participant from the fluvoxamine group was hospitalized for
post-COVID headache and 1 participant from the placebo group had an
emergency department visit for chest pain (costochondritis COVID-19
sequela). Details appear in eResults 2 in Supplement 2.

Figure 2. Time to Clinical Deterioration in the Fluvoxamine and Placebo Groups

The median observation time was 15
days (interquartile range, 15-15 days)
for the fluvoxamine group and 15

days (interquartile range, 15-15 days)

100 -
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Log-rank P=.009
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o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Study days
No. at risk
Fluvoxamine 80 80 8 77 76 75 71 71 70 67 66 64 63 62 62 62
Placebo 72 72 70 68 67 65 64 63 61 59 59 56 53 53 53 53

for the placebo group. Study day O
indicates the day of randomization.
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Table 3. Adverse Events

No. of adverse events (%)

Fluvoxamine Placebo
(n = 80) (n=72)

Pneumonia 3(3.8) 6(8.3)
Shortness of breath 2(2.5) 4(5.6)
Headache or head pain 2(2.5) 1(1.4)
Gastroenteritis, nausea, 1(1.3) 5(6.9)
or vomiting
Muscle aches 1(1.3) 0
Bacterial infection 1(1.3) 0
Vasovagal syncope 1(1.3) 0
Teeth chattering 1(1.3) 0
Dehydration 1(1.3) 0
Low oxygen saturation or hypoxia 0 6(8.3)
Chest pain or tightness 0 2(2.8)
Fever 0 2(2.8)
Acute respiratory failure 0 1(1.4)
Hypercapnia 0 1(1.4)
Flank pain 0 1(1.4)
By No. of patients

Serious adverse events® 1(1.3) 5(6.9)

Other adverse events® 11(13.8) 6(8.3)

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

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

€ There were patients in the placebo group who had more than 1other adverse

event. The total No. of other adverse events was 11in the fluvoxamine group
and 12 in the placebo group.

with missing data (0.80) was not different from the overall
mean score for shortness of breath (0.83) and the median was
0O for both missing data and overall. The mean score for oxy-
gen saturation was 97.3% for both those with missing data
and overall and the median was 98% for both. Therefore, the
data appeared to be missing at random and no data imputa-
tion was conducted. For the participants who stopped
responding to the surveys prior to day 15 because they met
the primary end point or for other reasons (Figure 1), the data
were censored. In 31 individuals who stopped responding to
the surveys prior to day 15 for other reasons, we confirmed
that none received medical care at a hospital or emergency
department for worsening COVID-19. However, for 6 of these
individuals, we could not exclude the possibility that they
received care at an urgent care center that was outside the
major regional hospital systems.

|
Discussion

In this preliminary randomized clinical trial, fluvoxamine (an
S1R agonist) was associated with a reduction in clinical dete-
rioration in adult outpatients with COVID-19. No fluvoxamine-
treated patients met criteria for clinical deterioration as de-
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fined in the study, whereas 8.3% of patients taking placebo met
this end point. However, because of study limitations, these
findings need to be interpreted as hypothesis generating rather
than as a demonstration of efficacy.

This double-blind, placebo-controlled, randomized clini-
cal trial demonstrated the feasibility of a fully remote
(contactless) study during the COVID-19 pandemic. Adult
outpatients with COVID-19 are in self-quarantine, but few
studies have focused on the care of this vulnerable popula-
tion. This design included a short time from symptom onset
to first dose of medication (median, 4 days), efficient study
treatment initiation (92% took the first dose on the same day
as they were contacted), and representative sample of race
and sex.2° The study required approximately 4500 hours of
staff time and 30 hours of time per participant.

If fluvoxamine is determined to be effective in treating
COVID-19, the underlying mechanism needs further clarifi-
cation. The study was prompted by a hypothesis involving
the influence of fluvoxamine on the SIR-IRE1 pathway. Anti-
inflammatory (cytokine reduction) actions resulting from
SIR activation would fit with recent findings of benefits of
other anti-inflammatory drugs, such as colchicine and corti-
costeroids, for COVID-19.2%-22 However, a recent study found
lower levels of cytokines in patients with severe COVID-19
vs patients with bacterial sepsis.?®> Alternative mechanisms
of a potential fluvoxamine benefit include direct antiviral
effects via its lysosomotropic properties,?* modulation of
the effect of IRE1 effects on autophagy,?® and SSRI inhibi-
tion of platelet activation.?®

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

Limitations

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

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

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

Preliminary Communication Research

Conclusions

deterioration. For example, individuals with COVID-19 may de-

velop cardiac injury,®® which may be common and persistent,
even in otherwise mild or recovered cases.>! Because SIR ago-
nists have cardioprotective effects in rodents®? and protective
effectsin other tissues, > future COVID-19 treatment trials should
examine long-term outcomes and measures of cardiopulmo-
nary function. Seventh, the 7-point ordinal scale created for this
study to classify clinical deterioration has not been validated.
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COVID-19 Infection—Preventing Clinical Deterioration

Christopher W. Seymour, MD, MSc; Howard Bauchner, MD; Robert M. Golub, MD

More than 38 million individuals worldwide have been in-
fected with severe acute respiratory syndrome coronavirus 2,
the virus causing coronavirus disease 2019 (COVID-19). For pri-
mary prevention, traditional public health approaches include
= wearing masks, physical dis-
tancing, contact tracing, and
quarantine. These steps are
the current standard of care as the world awaits the results of
randomized trials of vaccines and monoclonal antibodies. For
the treatment of patients with serious illness in the hospital, cor-
ticosteroids have emerged as the standard of care.!?

But what about treatments for patients with COVID-19 who
are neither hospitalized nor severely ill? The pilot study by
Lenze and colleagues® addresses a critically important ques-
tion during the pandemic of how to prevent individuals who
acquire COVID-19 from deteriorating to serious illness.* If an
effective treatment is found for this key gap in treatment, it
will affect the health of millions of people worldwide. This
study has important limitations, and the findings should be in-
terpreted as only hypothesis generating; they should not be
used as the basis for current treatment decisions. Despite this
representing preliminary evidence, there were 2 reasons the
editors decided to publish it in JAMA.

First, JAMA has received more than 10 000 COVID-19
submissions since February 2020, many proposing potential
therapeutic approaches and studies describing the outcomes

Related article page 2292

of various treatments for COVID-19, the vast majority of
which used an observational design. As such, these reports had
important limitations, such as susceptibility to selection bias,
immortal time bias, and measurement bias, all of which can
affect the magnitude of observed effects as well as the under-
lying validity of the findings. The World Health Organization,
the US Centers for Disease Control and Prevention, and the
broader medical community have called for more random-
ized clinical trials.>® This study by Lenze and colleagues? pre-
sents only preliminary information, and requires confirma-
tion in larger trials. But at the same time, it is a double-blind,
placebo-controlled, randomized clinical trial, which is gener-
ally considered a design that minimizes bias and can support
causal inference.

Second, the conduct of clinical trials is always difficult, but
even more so during a pandemic. The study that Lenze and
colleagues® conducted is a remote trial, including no direct con-
tact with self-quarantined participants, and has features that the
editors believe are worth highlighting. The researchers delivered
the study drug, supplies, and oxygen saturation monitoring de-
vices to participants, conducted remote screening, and most of-
ten obtained virtual informed consent. They also collected the
data via patient self-report and phone interviews. Although these
individual components are part of other trials, in the current trial®
they are combined into a contactless design to protect both par-
ticipants and researchers during a pandemic.
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