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Visual Abstract
IMPORTANCE lvermectin is widely prescribed as a potential treatment for COVID-19 despite

Supplemental content
uncertainty about its clinical benefit.

OBJECTIVE To determine whether ivermectin is an efficacious treatment for mild COVID-19.

DESIGN, SETTING, AND PARTICIPANTS Double-blind, randomized trial conducted at a single site
in Cali, Colombia. Potential study participants were identified by simple random sampling
from the state’s health department electronic database of patients with symptomatic,
laboratory-confirmed COVID-19 during the study period. A total of 476 adult patients with
mild disease and symptoms for 7 days or fewer (at home or hospitalized) were enrolled
between July 15 and November 30, 2020, and followed up through December 21, 2020.

INTERVENTION Patients were randomized to receive ivermectin, 300 pg/kg of body weight
per day for 5 days (n = 200) or placebo (n = 200).

MAIN OUTCOMES AND MEASURES Primary outcome was time to resolution of symptoms
within a 21-day follow-up period. Solicited adverse events and serious adverse events were
also collected.

RESULTS Among 400 patients who were randomized in the primary analysis population
(median age, 37 years [interquartile range {IQR}, 29-48]; 231 women [58%]), 398 (99.5%)
completed the trial. The median time to resolution of symptoms was 10 days (IQR, 9-13) in
the ivermectin group compared with 12 days (IQR, 9-13) in the placebo group (hazard ratio for
resolution of symptoms, 1.07 [95% Cl, 0.87 to 1.32]; P = .53 by log-rank test). By day 21, 82%
in the ivermectin group and 79% in the placebo group had resolved symptoms. The most
common solicited adverse event was headache, reported by 104 patients (52%) given
ivermectin and 111 (56%) who received placebo. The most common serious adverse event
was multiorgan failure, occurring in 4 patients (2 in each group).

CONCLUSION AND RELEVANCE Among adults with mild COVID-19, a 5-day course of
ivermectin, compared with placebo, did not significantly improve the time to resolution of
symptoms. The findings do not support the use of ivermectin for treatment of mild COVID-19,
although larger trials may be needed to understand the effects of ivermectin on other
clinically relevant outcomes.
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herapeutic approaches are needed to improve out-

comes in patients with COVID-19. Ivermectin, a widely

used drug with a favorable safety profile,! is thought to
act at different protein-binding sites to reduce viral replication.?
Because of evidence of activity against SARS-CoV-2 in vitro®
and in animal models,”® ivermectin has attracted interest in
the global scientific community® and among policy makers.!©
Several countries have included ivermectin in their treatment
guidelines,"" leading to a surge in the demand for the medi-
cation by the general population and even alleged distribution
of veterinary formulations.'* However, clinical trials are needed
to determine the effects of ivermectin on COVID-19 in the clini-
cal setting.

Viral replication may be particularly active early in the
course of COVID-19'" and experimental studies have shown an-
tiviral activity of ivermectin in early stages of other infections.*
The hypothesis of this randomized trial (EPIC trial [Estudio Para
Evaluar la Ivermectina en COVID-19]) was that ivermectin
would accelerate recovery in patients with COVID-19 when ad-
ministered during the first days of infection.

Methods

Study Design and Patients

This study was approved by the Colombian Regulatory
Agency (INVIMA No. PI-CEP-1390), the independent ethics
committees of Corporacion Cientifica Pediatrica, and collabo-
rating hospitals in Cali, Colombia, and conducted in accor-
dance with Declaration of Helsinki and Good Clinical Practice
guidelines. Written informed consent was obtained from all
patients. Full details of the trial can be found in the protocol
(Supplement 1).

This double-blind, randomized trial of ivermectin vs pla-
cebo was conducted from July 15 to December 21, 2020, by
Centro de Estudios en Infectologia Pediatrica in Cali. Study
candidates were identified from the state’s health depart-
ment electronic database of all patients with a positive result
from a SARS-CoV-2 reverse transcriptase-polymerase chain
reaction or antigen test performed in any of the Colombian
National Institute of Health-authorized laboratories in the
city of Cali.

Potential study participants were identified and selected
by simple random sampling from the state’s database. Adult
men and non-pregnant or breast-feeding women were eli-
gible if their symptoms began within the previous 7 days
and they had mild disease, defined as being at home or
hospitalized but not receiving high-flow nasal oxygen or
mechanical ventilation (invasive or noninvasive). Patients
were excluded if they were asymptomatic, had severe pneu-
monia, had received ivermectin within the previous 5 days,
or had hepatic dysfunction or liver function test results more
than 1.5 times the normal level. Details of selection criteria
can be found in the protocol (Supplement 1). Health dispari-
ties by race/ethnicity have been reported in COVID-19
infections.'®'” Hence, information on this variable was col-
lected by study personnel based on fixed categories as
selected by the study participants.
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Key Points

Question What is the effect of ivermectin on duration of
symptoms in adults with mild COVID-19?

Findings In this randomized clinical trial that included 476
patients, the duration of symptoms was not significantly different
for patients who received a 5-day course of ivermectin compared
with placebo (median time to resolution of symptoms, 10 vs 12
days; hazard ratio for resolution of symptoms, 1.07).

Meaning The findings do not support the use of ivermectin for
treatment of mild COVID-19, although larger trials may be needed
to understand effects on other clinically relevant outcomes.

Randomization

Eligible patients were randomly assigned in a 1:1 ratio to re-
ceive either oral ivermectin or placebo in solution for 5 days.
Patients were randomized in permuted blocks of 4 in a ran-
domization sequence prepared by the unblinded pharmacist
in Microsoft Excel version 19.0 who provided masked iver-
mectin or placebo to a field nurse for home or hospital pa-
tient visits. Allocation assignment was concealed from inves-
tigators and patients.

Interventions
Study patients received 300 pg/kg of body weight per day of
oral ivermectin in solution or the same volume of placebo for
5 days. Ivermectin was provided by Tecnoquimicas SA in
bottles of 0.6% solution for oral administration. Patients were
asked to take the investigational product on an empty stom-
ach, except on the first study day, when it was administered
after screening and randomization procedures took place.
Up to August 26, 2020, the placebo was a mixture of 5%
dextrose in saline and 5% dextrose in distilled water, after
which placebo was a solution with similar organoleptic prop-
erties to ivermectin provided by the manufacturer. Because
blinding could be jeopardized due to the different taste and
smell of ivermectin and the saline/dextrose placebo, only 1
patient per household was included in the study until the
manufacturer’s placebo was available. Bottles of ivermectin
and placebo were identical throughout the study period to
guarantee double-blinding.

Procedures

A study physician contacted potential study participants by
telephone to verify selection criteria for eligibility and obtain
informed consent. Patients were then visited at home or in hos-
pital by a study nurse who drew blood for liver enzyme evalu-
ations and performed a urine pregnancy test. Eligible pa-
tients were revisited by a study nurse for enrollment,
documentation of baseline demographic and clinical informa-
tion, and dispensing of the investigational product. Investi-
gational product was left with the patient for self-
administration on days 2 through 5. Subsequently, patients
were contacted by telephone by study staff on days 2 through
5, 8,11, 15, and 21 for a structured interview. A study physi-
cian reviewed medical records of hospitalized patients to ob-
tain the information required by the protocol. After study end
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(day 21), unused or empty investigational product bottles were
collected to certify adherence. Data were entered into an elec-
tronic database and validated by the site’s quality manage-
ment department.

Outcome Measures

The primary outcome was the time from randomization to
complete resolution of symptoms within the 21-day
follow-up period. The 8-category ordinal scale used in this
trial has been used in different COVID-19 therapeutic
trials'®2° and is recommended by the World Health Organiza-
tion’s R&D Blueprint.?! It consists of the following categories:
0 = no clinical evidence of infection; 1 = not hospitalized and
no limitation of activities; 2 = not hospitalized, with limita-
tion of activities, home oxygen requirement, or both; 3 = hos-
pitalized, not requiring supplemental oxygen; 4 = hospital-
ized, requiring supplemental oxygen; 5 = hospitalized,
requiring nasal high-flow oxygen, noninvasive mechanical
ventilation, or both; 6 = hospitalized, requiring extracorpo-
real membrane oxygenation, invasive mechanical ventila-
tion, or both; and 7 = death. Time to recovery was defined as
the first day during the 21 days of follow-up in which the
patient reported a score of O.

Secondary outcomes included the proportion of patients
with clinical deterioration, defined as those with worsening
by 2 points (from the baseline score on the 8-category ordinal
scale) since randomization. Additional secondary outcomes
were the clinical conditions as assessed by the 8-category
ordinal scale on days 2, 5, 8, 11, 15, and 21; however, data for
days 2 and 15 are not reported here. The proportion of
patients who developed fever and the duration of fever since
randomization and the proportion of patients who died were
also reported. Proportions of patients with new-onset hospi-
talization in the general ward or intensive care unit or new-
onset supplementary oxygen requirement for more than
24 hours were combined into a single outcome called escala-
tion of care. Frequency of incident cases of escalation of care,
as well as the duration in both treatment groups, was
reported. Evaluation of adverse events (AEs) included solic-
ited AEs, AEs leading to treatment discontinuation, and seri-
ous AEs. AEs were classified according to the National Cancer
Institute’s Common Terminology Criteria for Adverse Events
version 5.0.%2

Post Hoc Analysis

Given that some patients’ need for escalation of care was im-
minent when randomized, the frequency of incident cases of
escalation of care occurring 12 or more hours after random-
ization and the duration up to day 21in both treatment groups
were reported. A comparison of the proportions of patients who
required emergency department (ED) or telemedicine consul-
tation was also performed.

Statistical Analysis

The primary outcome was originally defined as the time from
randomization until worsening by 2 points on the 8-category
ordinal scale. According to the literature, approximately 18%
of patients were expected to have such an outcome.?* How-
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ever, before the interim analysis, it became apparent that the
pooled event rate of worsening by 2 points was substantially
lower than the initial 18% expectation, requiring an unattain-
able sample size. Therefore, on August 31, 2020, the principal
investigator proposed to the data and safety monitoring
board to modify the primary end point to time from random-
ization to complete resolution of symptoms within the
21-day follow-up period. This was approved on September 2,
2020. The original sample size of 400 based on the log-rank
test for the new primary end point was kept, using an iver-
mectin to placebo assignment ratio of 1:1. This would allow
the detection of 290 events of interest (symptom resolution),
assuming that 75% of patients would have the outcome of
interest at 21 days,>* with a 2% dropout rate. This would pro-
vide an 80% power under a 2-sided type I error of 5% if the
hazard ratio (HR) comparing ivermectin vs placebo is 1.4, cor-
responding to a 3-day faster resolution of symptoms in
patients receiving ivermectin, assuming that time to resolu-
tion of symptoms is 12 days with placebo.?* With an HR of
1.4, 75% and 85% of patients in the placebo and ivermectin
groups, respectively, would experience the outcome of inter-
est at 21 days.

On October 20, 2020, the lead pharmacist observed that
a labeling error had occurred between September 29 and
October 15, 2020, resulting in all patients receiving ivermec-
tin and none receiving placebo during this time frame. The
study blind was not unmasked due to this error. The data and
safety monitoring board recommended excluding these
patients from the primary analysis but retaining them for
sensitivity analysis. The protocol was amended to replace
these patients to retain the originally calculated study power.
The primary analysis population included patients who were
analyzed according to their randomization group, but
excluded patients recruited between September 29 and
October 15, 2020, as well as patients who were randomized
but later found to be in violation of selection criteria. Patients
were analyzed according to the treatment they received in
the as-treated population (sensitivity analysis).

The primary end point of time from randomization to com-
plete resolution of symptoms with ivermectin vs placebo was
assessed by a Kaplan-Meier plot and compared with a log-
rank test. The HRs and 95% ClIs for the cumulative incidence
of symptom resolution in both treatment groups were esti-
mated using the Cox proportional hazards model. The propor-
tional hazards assumption was tested graphically using a log-
log plot and the test of the nonzero slope. There was no
evidence to reject the proportionality assumption.

The time to complete resolution of symptoms was
assessed after all patients reached day 21. Data for patients
who died or lacked symptom resolution before day 21 were
right-censored at death or day 21, respectively. Evaluation of
the effect of the treatment in each study visit using the
8-point ordinal scale was estimated using the proportional
odds ratio (OR) with its respective 95% CI with an ordinal
logistic regression. The proportional odds assumption was
met according to the Brant test. The 8-point ordinal scale was
inverted in its score, where O corresponded to death and 7 to
a patient without symptoms.
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For sensitivity analysis, primary and secondary end points
were compared in the as-treated population.

Clustered standard errors were estimated to adjust for the
correlation between multiple patients from the same house-
hold. Statistical significance was set at P < .05, and all tests were
2-tailed. Because of the potential for type I error due to mul-
tiple comparisons, findings for analyses of secondary end
points should be interpreted as exploratory. Statistical analy-
ses were done with Stata version 16.0 (StataCorp). Bootstrap-
ping 95% CIs for differences of medians were calculated with
R statistical package version 3.6.3 (The R Foundation).

. |
Results

Patients

Of the 476 patients who underwent randomization, 238
were assigned to receive ivermectin and 238 to receive pla-
cebo (Figure 1). Seventy-five patients were randomized
between September 29 and October 15, 2020, and were
excluded from the primary analysis population but remained
in the as-treated population. Three patients were excluded
from all analyses because they were identified as ineligible
after randomization (1 asymptomatic patient and 2 who
received ivermectin within 5 days prior to enrollment). The
primary analysis population included 398 patients (200 allo-
cated to ivermectin and 198 to placebo).

Patients in both groups were balanced in demographic
and disease characteristics at baseline (Table 1; eTable 1 in
Supplement 2). The median age of patients in the primary
analysis population was 37 years (interquartile range [IQR],
29-48), 231 (58%) were women, and 316 (79%) did not have
any known comorbidities at baseline. At randomization, the
median National Early Warning Score 2 was 3 (IQR, 2-4) and
most patients (n = 232, 58.3%) were at home and able to per-
form their routine activities. The most common symptoms
were myalgia (310 patients, 77.9%) and headache (305
patients, 76.6%), followed by smell and taste disturbances
(223 [56%] and 199 [50%], respectively) and cough (211
patients, 53%), which was most commonly dry (181 patients,
45.5%) (eTable 2 in Supplement 2).

Baseline characteristics of the 75 patients who received
ivermectin but were excluded from the primary analysis were
not significantly different from the 398 remaining patients in
the cohort (eTables 1 and 3 in Supplement 2).

Primary Outcome
Time to resolution of symptoms in patients assigned to iver-
mectin vs placebo was not significantly different (median, 10
days vs 12 days; difference, -2 days [IQR, -4 to 2]; HR for reso-
lution of symptoms, 1.07 [95% CI, 0.87 to 1.32]; P = .53)
(Figure 2 and Table 2). In the ivermectin and placebo groups,
symptoms resolved in 82% and 79% of patients, respectively,
by day 21 (Table 2).

The type of placebo that patients received did not affect
the results (HR for ivermectin vs dextrose in saline: 1.14 [95%
CI, 0.83-1.55]; HR for ivermectin vs manufacturer’s placebo:
1.07 [95% CI, 0.85 to 1.34] (eFigure 1 in Supplement 2).
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Similar results were observed in the as-treated popula-
tion (eFigure 2 and eTable 4 in Supplement 2).

Secondary Outcomes

Few patients had clinical deterioration of 2 or more points in
the ordinal 8-point scale, and there was no significant differ-
ence between the 2 treatment groups (2% in the ivermectin
group and 3.5% in the placebo group; absolute difference,
-1.53 [95% CI, —-4.75 to 1.69]). The OR for deterioration in
ivermectin vs placebo groups was 0.56 (95% CI, 0.16 to 1.93)
(Table 2).

The odds of improving the score in the ordinal scale were
not significantly different between both treatment groups, as
determined by proportional odds models (eFigure 3 and
eTable 5 in Supplement 2).

There was no significant difference in the proportion of
patients who required escalation of care in the 2 treatment
groups (2% with ivermectin, 5% with placebo; absolute dif-
ference, -3.05 [95% CI, -6.67 to 0.56]; OR, 0.38 [95% CI,
0.12 to 1.24]). The length of time during which patients
required escalation of care in the ivermectin vs placebo
groups was not significantly different (median difference,
7 days [IQR, -5.0 to 16.5]). The proportions of patients
who developed fever during the study period were not sig-
nificantly different between the 2 treatment groups (abso-
lute difference of ivermectin vs placebo, -2.61 [95% CI,
-8.31to 3.09]; OR, 0.73 [95% CI, 0.37 to 1.45]), nor was the
duration of fever (absolute difference of ivermectin vs pla-
cebo, -0.5 days [95% CI, -1.0 to 2.0]) (Table 2). One patient
in the placebo group died during the study period. No data
were missing for the primary or secondary outcomes. See
eTables 4 and 6 in Supplement 2 for the results in the
as-treated population.

Post Hoc End Points and Analyses

After excluding 4 patients who required hospitalization within
12 hours after randomization (median, 3.25 hours [IQR, 2-6]),
there were 4 patients (2%) in the ivermectin group and 6 (3%)
in the placebo group who required escalation of care (abso-
lute difference, -1.0 [95% CI, —4.11 to 2.05]; OR, 0.65 [95% CI,
0.18 to 2.36]) (Table 2).

The proportions of patients who sought medical care (ED
or telemedicine consultation) were not significantly differ-
ent between the 2 treatment groups (8.0% in the ivermectin
group and 6.6% in the placebo group; absolute difference, 1.43
[95% CI, -3.67 to 6.54]; OR, 1.24 [95% CI, 0.56 to 2.74])
(Table 2). See eTable 4 in Supplement 2 for the results in the
as-treated population.

Adverse Events

A total of 154 patients (77%) in the ivermectin group and 161
(81.3%) in the placebo group reported AEs between random-
ization and day 21. Fifteen patients (7.5%) in the ivermectin
group vs 5 patients (2.5%) in the placebo group discontinued
treatment due to an AE. Serious AEs developed in 4 patients,
2 in each group, but none were considered by the investiga-
tors to be related to the trial medication (Table 3; eTable 7 in
Supplement 2).
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Figure 1. Enrollment, Randomization, and Treatment Assignment

42850 Patients with RT-PCR or antigen test
positive results in Cali, Colombia

37131 Asymptomatic, with >7 d of symptoms
or with severe pneumonia?

‘ 5719 With mild disease and <7 d of symptoms? ‘

l

‘ 781 Selected at random ‘

146 Excluded (previous use of ivermectin,
—> unwilling to participate, and pregnant
or lactating)®

635 Assessed for eligibility

159 Excluded

115 Liver function test results >1.5
—> times the higher limit of normal®
32 Withdrew informed consent
12 Other reasonsd

476 Underwent randomization >

238 Randomized to placebo
200 Received placebo

238 Randomized to ivermectin
276 Received ivermectin

|

|

|

|

1 Met exclusion criteria identified
after randomization®

38 Excluded from primary analysis
due to error in labeling from

September 29 to October 15, 2020

275 Included in the as-treated
population

40 Excluded from primary analysis

38 Error in labeling from
September 29 to October
15, 2020 (including 1 who
met exclusion criteria identified
after randomization®)

2 Met exclusion criteria identified

after randomizationf

2 Met exclusion criteria identified
after randomizationf

198 Included in the as-treated
population

200 Received 21 dose of ivermectin
173 Received all 5 doses
27 Did not receive 5 doses
15 Discontinued owing
to adverse events
10 Did not adhere to the
prescribed dose
2 Discontinued by primary
care physician’s
recommendation

|

198 Received 21 dose of placebo
176 Received all 5 doses
22 Did not receive 5 doses
17 Did not adhere to the
prescribed dose
5 Discontinued owing
to adverse events

200 Included in the primary analysis9

‘ 198 Included in the primary analysis9

RT-PCR indicates reverse transcriptase-polymerase chain reaction.

@ Patients with mild disease were at home or hospitalized but not receiving
high-flow nasal oxygen or mechanical ventilation (invasive or noninvasive).
Patients with severe pneumonia were receiving high-flow nasal oxygen,
mechanical ventilation (invasive or noninvasive), or extracorporeal membrane

oxygenation.

®The numbers of patients with these exclusion criteria were not collected.

© Aspartate aminotransferase and alanine aminotransferase.

9 Eight patients used ivermectin within 5 days prior to randomization, Thad a
positive pregnancy test, 1 was asymptomatic, 1lived in an inaccessible area,
and 1 had onset of symptoms 8 days prior to randomization.

€ Patient was asymptomatic and was randomized to receive placebo but

received ivermectin.

f Use of ivermectin before randomization.

8|ncludes deaths and recoveries.
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline and Medications

Initiated Since Symptom Onset in the Primary Analysis Population

Characteristic

No. (%)

lvermectin (n = 200)

Placebo (n = 198)

Age, median (IQR), y 37 (29-47.7) 37(28.7-49.2)
Age groups, y

<40 119 (59.5) 112 (56.6)

40-64 73 (36.5) 70(35.3)

265 8 (4.0) 16 (8.1)
Sex

Male 78 (39) 89 (44.9)

Female 122 (61) 109 (55)
Race or ethnic group?

Mixed race 178 (89) 179 (90.4)

Black or African American 16 (8.0) 16 (8.1)

Colombian native 6 (3.0) 3(1.5)
Health insurance

Private/semiprivate 177 (88.5) 174 (87.9)

Government subsidized 20(10.0) 23 (11.6)

Uninsured 3(1.5) 1(0.5)
No. of persons in the same household, median (IQR) 4 (3-5) 3(3-4)
Current smoker 3(1.5) 8(4.0)

BMI, median (IQR)

History of BCG vaccination, No./No. with available information (%)

Coexisting conditions®
Obesity (BMI 230), No./No. with available information (%)

26.1(23.1-28.8)
183/199 (92.0)

37/200 (18.5)

26.4(22.7-29.0)
184/195 (90.4)

38/196 (19.4)

Original Investigation Research

Abbreviations: BCG, Bacille
Calmette-Guérin; BMI, body mass

Hypertension 28 (14.0) 25(12.6) . 7
: index (calculated as weight in
Diabetes 10(5.0) 12(6.1) kilograms divided by height in meters
Thyroid disease 7 (3.5) 8 (4.0) squared); IQR, interquartile range;
. ] NEWS2, National Early Warning
R tory d 6(3.0 6(3.0
SAPIELOR (kS (3.0 3.0) Score 2; NSAIDs, nonsteroidal
Cardiovascular disease 4(2.0) 3(1.5) anti-inflammatory drugs.
Any coexisting condition 44 (22.0) 38(19.2) 2 Race/ethnic group was collected by
Median time (IQR) from symptom onset to randomization, d 5 (4-6) 5 (4-6) study personnel based on fixed
S . C i ) categories as selected by the
NEWS2 score at randomization, median (IQR) 3(2-4) 3(2-4) study participants. “Mixed race”
Score on ordinal scale at randomization refers to an individual of mixed
1: Not hospitalized and no limitation of activities 123 (61.5) 109 (55.0) European/Colombian native heritage.
2: Not hospitalized, with limitation of activities, 75 (37.5) 87 (43.9) ® Coexisting conditions were
home oxygen requirement, or both determined by self-report.
3: Hospitalized, not requiring supplemental oxygen 1(0.5) 1(0.5) € NEWS2 includes 6 physiological
4: Hospitalized, requiring supplemental oxygen? 1(0.5) 1(0.5) measures; total scores range from O
o . to 20, with higher scores indicating
Medications initiated since symptom onset greater clinical risk. Score of 3
NSAIDs 57 (28.5) 61(30.8) indicates low clinical risk.
Other® 41 (20.5) 38(19.2) 9Not high-flow nasal oxygen nor
Macrolides 27 (13.5) 22 (11.1) mechanical ventilation.
. ) .
Other antipyretics 26 (13.0) 23(11.6) Acyclow; anndgrrheals_.

: — antiemetics, antihistamines,
Nonmacrolide antibiotics 13 (6.5) 11(5.6) antiparasitics, antispasmodics,
Glucocorticoids 6(3.0) 12 (6.1) antitussives, natural or
Other immunomodulating agents® 4(2.0) 2(1.0) homec.)pafth.lc medications, proton

pump inhibitors, and salbutamol.
Anticoagulants 1(0.5) 7 (3.5)

f Oral interferon and colchicine.

initiated in the first 7 days after evidence of infection failed to
significantly improve the time to resolution of symptoms.
Interest in ivermectin in COVID-19 therapy began from
an in vitro study that found that bathing SARS-CoV-2-
infected Vero-hSLAM cells with 5-uM ivermectin led to an

Discussion

In this double-blind, randomized trial of symptomatic adults
with mild COVID-19, a 5-day course of ivermectin vs placebo
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Figure 2. Time to Resolution of Symptoms in the Primary Analysis Population
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) resolution is the percentage of
No. at risk X . -
Ivermectin 200 195 186 169 158 127 96 75 37 patients who experienced their first
Placebo 198 196 186 179 160 127 106 77 41 day free of symptoms. All patients
were followed up for 21days.
Table 2. Outcomes in the Primary Analysis Population
No. (%)
lvermectin Placebo Absolute difference Effect estimate
Characteristic (n = 200) (n=198) (95% Cl) (95% Cl) P value
Primary outcome: resolution of symptoms®
Time to resolution of symptoms, 10 (9-13) 12 (9-13) -2 (-4to02)® 1.07 (0.87 to 1.32)° .53
median No. of days (IQR)
Symptoms resolved at 21 d 164 (82.0) 156 (79.0) 3.21(-4.58t011.01)¢ 1.23(0.75t02.01)¢
Secondary outcomes
Deterioration by 2 points 4(2.0) 7 (3.5) -1.53 (-4.75 to 1.69)¢ 0.56 (0.16 to 1.93)¢
in an ordinal 8-point scalef
Fever since randomization? 16 (8.0) 21(10.6) -2.61(-8.31t0 3.09)¢ 0.73(0.37 to 1.45)®
Duration of febrile episode, 1.5(1-3) 2(1-3) -0.5(-1.0t02.0)°
median (IQR), d
Escalation of care since randomization” 4(2.0) 10 (5.0) -3.05 (-6.67 t0 0.56) 0.38(0.12to0 1.24)¢
Duration, median (IQR) d 13 (3.5-21) 6(3.7-10.7) 7 (-5t016.5)°
Deaths 0 1(0.5)
Post hoc outcomes
Escalation of care occurring 212 h since 4(2.0) 6(3.0) -1.0 (-4.11 to 2.05)¢ 0.65(0.18 t0 2.36)¢
randomization”
Duration, median (IQR), d' 13 (3.5-21) 8(4.2-13.2) 5(-8.5t0 16)°
Emergency department visits 16 (8.0) 13 (6.6) 1.43 (-3.67 t0 6.54)¢ 1.24 (0.56 t0 2.74)¢

or telemedicine consultations,
No. of patients

Abbreviation: IQR, interquartile range.

2@ Resolution of symptoms was defined as the first day free of symptoms.

b Absolute difference is the median difference with 95% Cls estimated by
bootstrap sampling.

€ Hazard ratio for resolution of symptoms was estimated by the Cox
proportional-hazard model. The P value for this ratio was calculated with the
log-rank test.

d Absolute difference is the difference in proportions.

¢ Effect estimate is odds ratio (2-sided 95% Cl) from a logistic model.

f Ordinal scale: O = no clinical evidence of infection; 1= not hospitalized and no
limitation of activities; 2 = not hospitalized, with limitation of activities, home
oxygen requirement, or both; 3 = hospitalized, not requiring supplemental

oxygen; 4 = hospitalized, requiring supplemental oxygen; 5 = hospitalized,
requiring nasal high-flow oxygen, noninvasive mechanical ventilation, or both;
6 = hospitalized, requiring extracorporeal membrane oxygenation, invasive
mechanical ventilation, or both; and 7 = death.

8 Fever defined as an axillary temperature =38 °C. Patients took their own
temperatures while at home.

" Escalation of care defined as new-onset hospitalization in the general ward or
intensive care unit or new-onset supplementary oxygen requirement for more
than 24 hours.

" Number of days that patients required hospitalization or supplementary
oxygen. If both were required, the longer duration was recorded.
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Table 3. Summary of Adverse Events During the 21-Day Follow-up Period in the Primary Analysis Population

Any grade, No. (%)?

Event

Ivermectin (n = 200)

Placebo (n = 198)

Solicited adverse events®

Abbreviation: IQR, interquartile

Headache 104 (52.0) 111 (56.1)

Duration, median (IQR), d 2 (1-5) 2 (1-5) range. )

— 2 Grade refers to the severity of the
Dizziness 68 (34.0) 68 (34.3) adverse event, determined

Duration, median (IQR), d 1.5(1-3) 2 (1-3.7) according to the following: Grade 1,
BN 52 (26.0) 65 (32.8) mild: asymptomatic or mild

symptoms; clinical or diagnostic

Duration, median (IQR), d 2(1-4) 2(1-3) observations only; intervention not
Nausea 46 (23) 47 (23.7) indicated. Grade 2, moderate:

Duration, median (IQR), d 1(1-3.5) 2(1-4) minimal, local, or noninvasive

intervention indicated; limiting
Abdominal pain 36 (18.0) 49 (24.7) age-appropriate instrumental

Duration, median (IQR), d 2(1-4) 2(1-3) activities of daily living (ADL). Grade

Disturbances of vision 33 (16.5) 28 (14.4) 3 sgvere O'? medic.ally significe-mt but
- - not immediately life-threatening:

Duration, median (IQR), d 2(1-3) 2(1-4.7) hospitalization or prolongation of

Photophobia 7 (3.5) 4(2.0) hospitalization indicated; disabling;

Blurry vision 23(11.5) 23(11.6) limiting self-care ADL. Grade 4.

life-threatening consequences:

Reduction in visual acuity 4(2.0) 2(1.0) urgent intervention indicated.
Tremor 13 (6.5) 6(3.0) Grade 5, death related to adverse

Duration, median (IQR), d 1(1-6.5) 3.5(1-6.5) events. Grade 3 solicited adverse

events: headache, n = Tinthe
Skin discoloration 13 (6.5) 4(2.0) placebo group, duration of 6 days;

Duration, median (IQR), d 3(1.2-5.2) 4(2.5-13) dizziness, n = 1in the ivermectin

ST 12 (6.0) 19(9.6) group, duration of 6 daysandn = 3
- - in the placebo group (median

Duration, median (IQR), d 4.5 (3-7) 4(1-8) duration of 2 days [IQR, 1-8]); and
Swelling 4(2.0) 3(1.5) skin rash, n = 2in the ivermectin

Duration, median (IQR), d 3(1.2-4.7) 1(1-1) group (median duration of 8 days

[IQR, 7-9]). No grade 4 events
Vomiting 3(1.5) 6(3.0) occurred.

Duration, median (IQR), d 1(1-3) 1(1-1.5) b Adverse events were solicited by
No. of patients with 21 solicited adverse events 154 (77.0) 161 (81.3) telephone at each follow-up call.
Adverse events leading to treatment discontinuation 15 (7.5) 5(2.5) ¢ Serious adverse events were severe,
Serious adverse events© medically significant, or

life-threatening conditions
Respiratory failure 2(1.0) 1(0.5) occurring in study patients
Acute kidney injury 2(1.0) 1(0.5) documented from revision of

. . patients’ electronic medical records.

Multiorgan failure 2(1.0) 2(1.0) All were grade 3 or 4, except 1
Gastrointestinal hemorrhage 2(1.0) 0 patient in the placebo group who
Sepsis 1(0.5) 1(0.5) had grade 5 respiratory failure,
No. of patients with 21 serious adverse events 2(1.0) 2(1.0) acute kidney injury, multiorgan

approximately 5000-fold reduction in viral RNA.% However,
pharmacokinetic models indicated that the concentrations
used in the in vitro study are difficult to achieve in human
lungs or plasma,?® and inhibitory concentrations of iver-
mectin are unlikely to be achieved in humans at clinically
safe doses.?® Despite this, a retrospective study using logis-
tic regression and propensity score matching found an asso-
ciation between 200 pg/kg of ivermectin in a single dose
(8% of patients received a second dose) and improved sur-
vival for patients admitted with severe COVID-19.2” The
contrast with the findings in this trial may be related to dif-
ferences in patient characteristics, exposures and outcomes
that were measured, or unmeasured confounders in the
observational study. To our knowledge, preliminary reports
of other randomized trials of ivermectin as treatment for
COVID-19 with positive results have not yet been published
in peer-reviewed journals.?8-3!

jama.com

failure, and sepsis.

Daily doses were used in this trial because pharmacoki-
netic models have shown higher lung concentrations with
daily rather than intermittent dosing,®? and have proven to
be well tolerated.?*3* In addition, the US Food and Drug
Administration-approved dose for the treatment of helmin-
thic diseases (200 pg/kg) showed clinical benefit in an obser-
vational study,?” supporting a hypothesis that higher doses
could be clinically relevant.

This study did not find any significant effect of ivermec-
tin on other evaluated measures of clinical benefit for the
treatment of COVID-19. Although a numerically smaller pro-
portion of ivermectin-treated patients required escalation of
care (2.0% with ivermectin vs 5.0% with placebo), the differ-
ence was not statistically significant and was further attenu-
ated in a post hoc analysis after excluding 4 patients who
were hospitalized at a median time of 3.25 hours after ran-
domization. In addition, ivermectin did not reduce ED or
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telephone consultations, further supporting the lack of effi-
cacy for these outcomes. However, the relatively young and
healthy study population rarely developed complications,
rendering the study underpowered to detect such effects.
Therefore, the ability of ivermectin to prevent the progres-
sion of mild COVID-19 to more severe stages would need to
be assessed in larger trials.

The study was sufficiently powered to detect faster resolu-
tion of symptoms in patients soon after they became apparent,
and no significant difference was identified. However, the study
population was relatively young, with few comorbidities and with
liver enzyme levels less than 1.5 times the normal level, so the
findings may be generalizable only to such populations.

Cumulatively, the findings suggest that ivermectin does
not significantly affect the course of early COVID-19, consis-
tent with pharmacokinetic models showing that plasma total
and unbound ivermectin levels do not reach the concentra-
tion resulting in 50% of viral inhibition even for a dose level
10-times higher than the approved dose.>?

Limitations

This study has several limitations. First, the study was not con-
ducted or completed according to the original design, and the
original primary outcome to detect the ability of ivermectin
to prevent clinical deterioration was changed 6 weeks into the
trial. In the study population, the incidence of clinical dete-
rioration was below 3%, making the original planned analysis
futile. Ultimately, findings for primary and secondary end
points were not significantly different between the ivermec-
tin and placebo groups.

Effect of Ivermectin on Time to Resolution of Symptoms Among Adults With Mild COVID-19

Second, the study was well-powered to detect an HR
for resolution of symptoms of 1.4 in the ivermectin vs pla-
cebo groups, but may have been underpowered to detect a
smaller but still clinically meaningful reduction in the pri-
mary end point.

Third, virological assessments were not included, but the
clinical characteristics that were measured indirectly reflect
viral activity and are of interest during the pandemic.

Fourth, the placebo used in the first 65 patients differed
in taste and smell from ivermectin. However, patients from
the same household were not included until the placebo with
the same organoleptic properties was available, and the lack
of effect of ivermectin on the primary outcome was similar
when compared with either formulation of placebo.

Fifth, 2 secondary outcomes used an 8-category ordinal
scale that in initial stages requires patient self-reporting and
thus allows subjectivity to be introduced. Sixth, data on the
ivermectin plasma levels were not collected. Seventh, as al-
ready noted, the study population was relatively young and
results may differ in an older population.

. |
Conclusions

Among adults with mild COVID-19, a 5-day course of ivermec-
tin, compared with placebo, did not significantly improve the
time to resolution of symptoms. The findings do not support
the use of ivermectin for treatment of mild COVID-19, al-
though larger trials may be needed to understand the effects
of ivermectin on other clinically relevant outcomes.
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