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ABSTRACT

BACKGROUND

The efficacy of ivermectin in preventing hospitalization or extended observation in
an emergency setting among outpatients with acutely symptomatic coronavirus dis-
ease 2019 (Covid-19), the disease caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), is unclear.

METHODS

We conducted a double-blind, randomized, placebo-controlled, adaptive platform
trial involving symptomatic SARS-CoV-2—positive adults recruited from 12 public
health clinics in Brazil. Patients who had had symptoms of Covid-19 for up to 7 days
and had at least one risk factor for disease progression were randomly assigned to
receive ivermectin (400 ug per kilogram of body weight) once daily for 3 days or
placebo. (The trial also involved other interventions that are not reported here.) The
primary composite outcome was hospitalization due to Covid-19 within 28 days
after randomization or an emergency department visit due to clinical worsening of
Covid-19 (defined as the participant remaining under observation for >6 hours)
within 28 days after randomization.

RESULTS

A total of 3515 patients were randomly assigned to receive ivermectin (679 patients),
placebo (679), or another intervention (2157). Overall, 100 patients (14.7%) in the
ivermectin group had a primary-outcome event, as compared with 111 (16.3%) in
the placebo group (relative risk, 0.90; 95% Bayesian credible interval, 0.70 to 1.16).
Of the 211 primary-outcome events, 171 (81.0%) were hospital admissions. Find-
ings were similar to the primary analysis in a modified intention-to-treat analysis
that included only patients who received at least one dose of ivermectin or placebo
(relative risk, 0.89; 95% Bayesian credible interval, 0.69 to 1.15) and in a per-protocol
analysis that included only patients who reported 100% adherence to the assigned
regimen (relative risk, 0.94; 95% Bayesian credible interval, 0.67 to 1.35). There were
no significant effects of ivermectin use on secondary outcomes or adverse events.

CONCLUSIONS
Treatment with ivermectin did not result in a lower incidence of medical admission
to a hospital due to progression of Covid-19 or of prolonged emergency department
observation among outpatients with an early diagnosis of Covid-19. (Funded by
FastGrants and the Rainwater Charitable Foundation; TOGETHER ClinicalTrials.gov
number, NCT04727424.)
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LTHOUGH VACCINES AGAINST SEVERE

acute respiratory syndrome coronavirus 2

(SARS-CoV-2), the virus that causes coro-
navirus disease 2019 (Covid-19), have been devel-
oped and distributed, major challenges remain
regarding vaccine production and allocation.! The
identification of inexpensive, widely available, and
effective therapies against Covid-19 is of great im-
portance. The repurposing of existing medicines
that are widely available and that have reasonably
well understood safety profiles has appeal.?

One drug that has received considerable public
use and interest is ivermectin, which is typically
used as an antiparasitic drug. Ivermectin inhibits
the chloride channels of helminthic parasites and
has been shown to have clinical efficacy for the
treatment of onchocerciasis, strongyloidiasis, and
ectoparasitic infection (e.g., scabies).> The in
vitro antiviral activity of ivermectin has been
explored against a spectrum of viruses, includ-
ing severe acute respiratory syndrome coronavi-
rus 1, human immunodeficiency virus, dengue
virus, Zika virus, yellow fever virus, West Nile
virus, Hendra virus, chikungunya virus, Semliki
Forest virus, Sindbis virus, and avian influenza
virus.*

More than 60 randomized trials of ivermectin
for the treatment of Covid-19 have been registered,
and findings have been reported for as many as
31 clinical trials.> The results have been discordant,
and various review groups interpret the evidence
differently — some advocating for benefits of
ivermectin, and others reticent to conclude a ben-
efit.>® However, most trials have been small, and
several have been withdrawn from publication
owing to concerns about credibility.’

To evaluate the efficacy of ivermectin for
the prevention of progression of Covid-19 result-
ing in hospitalization among outpatients with
SARS-CoV-2 infection, we conducted a random-
ized, placebo-controlled, adaptive platform trial
(TOGETHER) in the state of Minas Gerais, Brazil.
Although various interventions were assessed in
this trial, we report here on the use of ivermectin
at a dose of 400 g per kilogram of body weight
for 3 days as compared with placebo.

METHODS

TRIAL DESIGN AND OVERSIGHT
We conducted this randomized, adaptive platform
trial for the investigation of the efficacy of repur-
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posed treatments for Covid-19 among adult out-
patients at high risk for hospitalization.’ The
trial was designed and conducted in partnership
with local public health authorities from 12 cit-
ies in Brazil in order to simultaneously test po-
tential treatments for early Covid-19 with the use
of a master protocol. A master protocol defines
prospective decision criteria for discontinuing
interventions for futility, stopping owing to su-
periority of an intervention over placebo, or add-
ing new interventions. Interventions that have
been evaluated in this trial thus far include hy-
droxychloroquine and lopinavir-ritonavir (both
in protocol 1) and metformin, ivermectin ad-
ministered for 1 day, ivermectin administered for
3 days, doxazosin, pegylated interferon lambda,
and fluvoxamine (all in protocol 2), as compared
with matching placebos. The full trial protocol
with the statistical analysis plan has been pub-
lished previously'® and is available with the full
text of this article at NEJM.org.

The trial began recruitment for its first inves-
tigational groups on June 2, 2020. The evalua-
tion that is reported here involved patients who
had been randomly assigned to receive either
ivermectin or placebo between March 23, 2021,
and August 6, 2021. The initial trial protocol
specified single-day administration of ivermectin,
and we recruited 77 patients to this dose group.
On the basis of feedback from advocacy groups,
we modified the protocol to specify 3 days of
administration of ivermectin. Here, we present
data only on the patients who had been assigned
to receive ivermectin for 3 days or placebo dur-
ing the same time period. The full trial protocol
was approved by local and national research eth-
ics boards in Brazil and by the Hamilton Inte-
grated Research Ethics Board in Canada. The
CONSORT (Consolidated Standards of Report-
ing Trials) extension statement for adaptive de-
sign trials guided this trial report.’> All the pa-
tients provided written informed consent.

The trial was coordinated by Platform Life Sci-
ences, and Cardresearch conducted the trial and
collected the data. The first and last authors had
full access to all the trial data and vouch for the
accuracy and completeness of the data and for
the fidelity of the trial to the protocol. The funders
had no role in the design and conduct of the trial;
the collection, management, analysis, or interpre-
tation of the data; the preparation, review, or ap-
proval of the manuscript; or the decision to submit
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the manuscript for publication. Ivermectin was
purchased at full cost.

PATIENTS
On presentation to one of the trial outpatient
care clinics, potential participants were screened
to identify those meeting the eligibility criteria.
Inclusion criteria were an age of 18 years or
older; presentation to an outpatient care setting
with an acute clinical condition consistent with
Covid-19 within 7 days after symptom onset;
and at least one high-risk criterion for progres-
sion of Covid-19, including an age of 50 years or
older, diabetes mellitus, hypertension leading
to the use of medication, cardiovascular disease,
lung disease, smoking, obesity (defined as a body-
mass index [the weight in kilograms divided by
the square of the height in meters] of >30), organ
transplantation, chronic kidney disease (stage IV)
or receipt of dialysis, immunosuppressive thera-
py (receipt of 210 mg of prednisone or equivalent
daily), a diagnosis of cancer within the previous
6 months, or receipt of chemotherapy for cancer.
Patients who had been vaccinated against SARS-
CoV-2 were eligible for participation in the trial.
Further inclusion and exclusion criteria are listed
in the trial protocol.”®

If a patient met these eligibility criteria, trial
personnel obtained written in-person informed
consent and performed a rapid antigen test for
SARS-CoV-2 (Panbio, Abbott Laboratories) to con-
firm eligibility for the trial. Before randomization,
trial personnel obtained data on demographic
characteristics, medical history, concomitant med-
ications, coexisting conditions, and previous expo-
sure to a person with Covid-19, as well as the
score on the World Health Organization (WHO)
clinical progression scale.® Participants also com-
pleted the Patient-Reported Outcomes Measure-
ment Information System (PROMIS) Global-10
health scale, which allows for the measurements
of symptoms, functioning, and health-related qual-
ity of life (scores range from 5 to 20, with higher
scores indicating better health-related quality of
life). Normalized values are presented.

SETTING

The Supplementary Appendix, available at
NEJM.org, lists the cities and investigators of
the 12 participating clinical sites. Local investi-
gators, in partnership with local public health
authorities, recruited outpatients at community
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health facilities. Recruitment was supplemented
by social media outreach.

RANDOMIZATION AND INTERVENTIONS

An independent pharmacist conducted the ran-
domization at a central trial facility, from which
the trial sites requested randomization by means
of text message. Patients underwent randomiza-
tion by means of a block randomization proce-
dure for each participating site, with stratifica-
tion according to age (<50 years or 250 years).
The trial team, site staff, and patients were un-
aware of the randomized assignments. The active-
drug and placebo pills were packaged in identi-
cally shaped bottles and labeled with alphabetic
letters corresponding to ivermectin or placebo.
Participants who were randomly assigned to re-
ceive placebo were assigned to a placebo regimen
(ranging from 1 day to 14 days) that correspond-
ed with that of a comparable active-treatment
group in the trial. Only the pharmacist who was
responsible for randomization was aware of
which letter referred to which assignment.

All the patients received the usual standard
care for Covid-19 provided by health care profes-
sionals in Brazil. Patients received either iver-
mectin at a dose of 400 ug per kilogram for 3 days
or placebo beginning on the day of randomiza-
tion, once per day. The placebos that were used
in the trial involved regimens of 1, 3, 10, or 14
days in duration, according to the various com-
parator groups in the trial at the time of random-
ization. Patients were advised to take the pill on
an empty stomach. Patients were shown a wel-
come video with information on the trial, iver-
mectin, adverse events, and follow-up procedures.
Clinicians provided consultation on the manage-
ment of symptoms and provided antipyretic
agents; clinicians recommended antibiotic agents
only if they suspected bacterial pneumonia.

OUTCOME MEASURES

The primary composite outcome was hospital-
ization due to Covid-19 within 28 days after
randomization or an emergency department
visit due to clinical worsening of Covid-19 (de-
fined as the participant remaining under obser-
vation for >6 hours) within 28 days after ran-
domization. Because many patients who would
ordinarily have been hospitalized were prevented
from admission because of limited hospital ca-
pacity during peak waves of the Covid-19 pan-
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demic, the composite outcome was developed to
measure both hospitalization and a proxy for
hospitalization, observation in a Covid-19 emer-
gency setting for more than 6 hours. This region
of Brazil implemented mobile hospital-like ser-
vices in the emergency settings (i.e., temporary
field hospitals) with units of up to 80 beds; ser-
vices included multiple-day stays, oxygenation,
and mechanical ventilation. The 6-hour thresh-
old referred only to periods of time that were
recommended for observation by a clinician and
was discounted for wait times. The event-adjudi-
cation committee, whose members were unaware
of the randomized assignments, judged the rea-
son for hospitalization or prolonged observation
in the emergency department as being related or
unrelated to the progression of Covid-19. Guid-
ance for the validity of composite outcomes indi-
cates that outcomes should have a similar level of
patient importance.*

Secondary outcomes included SARS-CoV-2 vi-
ral clearance at day 3 and day 7, as assessed with
the use of the quantitative reverse transcriptase—
polymerase chain reaction laboratory test kit for
SARS-CoV-2 from Applied Biosystems; hospital-
ization for any cause; the time to hospitaliza-
tion; the duration of hospitalization; the time to
an emergency visit lasting more than 6 hours; the
time to clinical recovery, as assessed with the use
of the WHO clinical progression scale'®; death
from any cause; the time to death; receipt of
mechanical ventilation; the number of days with
mechanical ventilation; health-related quality of
life, as assessed with by the PROMIS Global-10
physical score and mental health score; the per-
centages of patients who adhered to the assigned
regimen; and adverse reactions to ivermectin or
placebo. We assessed all the secondary outcomes
through 28 days after randomization.

TRIAL PROCEDURES

Trial personnel obtained outcome data by means
of in-person, telephone, or WhatsApp (a smart-
phone app for video-teleconferencing) contact on
days 1, 2, 3, 4, 5, 7, 10, 14, and 28. All the trial
procedures are listed in the protocol. Adverse
events were recorded at each participant contact
date and were graded according to the Division
of AIDS Table for Grading the Severity of Adult
and Pediatric Adverse Events.® All serious and
nonserious adverse events were reported to trial
personnel according to local regulatory require-
ments. Reportable adverse events included seri-
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ous adverse events, adverse events that resulted
in the discontinuation of ivermectin or placebo,
and adverse events that were assessed by the in-
vestigators as being possibly related to ivermectin
or placebo.

DATA AND SAFETY MONITORING COMMITTEE
OVERSIGHT

The data and safety monitoring committee met
four times after the enrollment of the first patient
to assess the probability of the superiority of iver-
mectin to placebo with regard to the primary
outcome, on the basis of prespecified thresholds
in the statistical analysis plan. On August 5, 2021,
the data and safety monitoring committee rec-
ommended stopping the enrollment of patients
into the ivermectin group because the planned
sample size had been reached.

STATISTICAL ANALYSIS

The adaptive design trial protocol and the mas-
ter statistical analysis plan (available with the
protocol) provide details of the sample-size cal-
culation and statistical analysis, including adapt-
ed approaches to sample-size reassessment.’ In
planning for the trial, we assumed a minimum
clinical utility of 37.5% of ivermectin (relative
risk difference vs. placebo) in order for the trial
to have 80% power, at a two-sided type I error
of 0.05, for a pairwise comparison with placebo
assuming that 15% of the patients in the place-
bo group would meet the primary outcome. This
calculation resulted in a planned enrollment of
681 patients in each group.

Interim analyses were planned to occur after
25%, 50% and 75% of the maximum number of
patient outcomes had been observed, as well as
at the trial completion. The posterior efficacy
threshold was set at 97.6% and the futility thresh-
olds at 20%, 40% and 60%. If the intervention
group showed a posterior probability of efficacy
by crossing a boundary, it was to be stopped.
These superiority and futility thresholds were
determined on the basis of 200,000 simulation
runs in which different values of the relative risk
difference were considered (0, 20, and 37.5 per-
centage points).

The characteristics of the patients at baseline
are reported as counts and percentages or, for
continuous variables, as medians with interquar-
tile ranges. We applied a Bayesian framework to
assess the effect of ivermectin as compared with
placebo on the primary outcome analysis and for
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the analyses of secondary outcomes. Posterior
probability for the efficacy of ivermectin with re-
gard to the primary outcome was calculated with
the use of the beta-binomial model for the per-
centages of patients with an event, starting with
uniform prior distributions for the percentages.
Missingness in covariate data was handled with
multiple imputation by chained equations.®®

The intention-to-treat population included all
the patients who had undergone randomization.
The modified intention-to-treat population in-
cluded all the patients who received ivermectin
or placebo for at least 24 hours before a primary-
outcome event (i.e., if an event occurred before
24 hours after randomization, the patient was not
counted in this analysis). The per-protocol popu-
lation included all the patients who reported
100% adherence to the assigned regimen. Al-
though all the participants who had been as-
signed to the 3-day and 14-day placebo regimens
were included in the intention-to-treat popula-
tion, only those who had been assigned to the
3-day placebo regimen were included in the per-
protocol population. The primary outcome was
also assessed in subgroups defined according to
participant age, body-mass index, status of hav-
ing cardiovascular disease or lung disease, sex,
smoking status, and time since symptom onset.

Secondary outcomes were assessed with the
use of a Bayesian approach; given the Bayesian
framework of our analysis, we did not test for
multiplicity. We assessed time-to-event outcomes
using Bayesian Cox proportional-hazards mod-
els, binary outcomes using Bayesian logistic re-
gression, and continuous outcomes using Bayes-
ian linear regression. Cause-specific Bayesian
competing-risks survival analysis, with adjustment
for death, was used for the time-to-recovery
analysis. Per-protocol analyses were considered
to be sensitivity analyses for the assessment of
the robustness of the results. Personnel at Cytel
performed all the analyses using R software,
version 4.0.3. Further details are provided in the
statistical analysis plan, which is available with
the protocol.

RESULTS

TRIAL POPULATION

A total of 10,467 outpatients were screened for
inclusion in the trial. Of these, 1358 patients were
randomly assigned to receive either ivermectin
(679 patients) or placebo (679 patients); 2157 pa-
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tients were randomly assigned to other interven-
tion groups (Fig. 1). Here we report the findings
for the evaluation of ivermectin as compared with
placebo.

The median age of the patients was 49 years
(interquartile range, 38 to 57), and 791 patients
(58.2%) were women. Most of the patients iden-
tified as being of mixed race (1293 [95.2%]), with
12 patients (0.9%) identifying as White and 12
(0.9%) as Black. With respect to covariates, the
data in Table 1 suggest that the groups were gen-
erally well balanced. The mean (+SD) number of
days with Covid-19 symptoms before randomiza-
tion was 3.8+1.9.

PRIMARY OUTCOME

In the intention-to-treat population, 100 patients
(14.7%) in the ivermectin group had a primary-
outcome event (composite of hospitalization due
to the progression of Covid-19 or an emergency
department visit of >6 hours that was due to
clinical worsening of Covid-19), as compared with
111 (16.3%) in the placebo group (relative risk,
0.90; 95% Bayesian credible interval, 0.70 to 1.16)
(Table 2). Similar results were observed in the
modified intention-to-treat population (relative
risk, 0.89; 95% Bayesian credible interval, 0.69
to 1.15) and the per-protocol population (relative
risk, 0.94; 95% Bayesian credible interval, 0.67 to
1.35). The probability that the percentage of pa-
tients with a primary-outcome event was lower in
the ivermectin group than in the placebo group did
not meet the prespecified threshold for superiority
in any of these three trial populations. These pos-
terior efficacy values were lower than the prespeci-
fied 97.6% threshold that had been set for the
fourth and final interim analysis. Of all the prima-
ry-outcome events in the intention-to-treat popula-
tion, most events were hospitalizations (171 of 211
events [81.0%]). Primary-outcome events in the
trial happened a median of 5 days (interquartile
range, 3 to 7) after randomization. Data for the
components of the primary outcome are shown
in Table S1 in the Supplementary Appendix.

SECONDARY OUTCOMES

Table 3 presents findings of the secondary out-
come analyses. There were no significant differ-
ences between the ivermectin group and the
placebo group with regard to viral clearance at
day 7 (relative risk, 1.00; 95% Bayesian credible
interval, 0.68 to 1.46) (Fig. S3). The 14-day re-
stricted mean survival time difference’” was 0.11
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days (95% Bayesian credible interval, —0.23 to
0.48). There were no significant between-group
differences with regard to the risk of hospital-
ization for any cause (relative risk, 0.83; 95%
Bayesian credible interval, 0.63 to 1.10), the time
to hospitalization (hazard ratio, 0.83; 95% Bayes-
ian credible interval, 0.61 to 1.13) (Fig. S1), and
the number of days in the hospital (mean differ-
ence of the log-transformed values, 1.00 days;
95% Bayesian credible interval, 0.80 to 1.25).
There were also no significant between-group
differences in the time to clinical recovery (Fig. S2)
(hazard ratio, 1.05; 95% Bayesian credible inter-
val, 0.88 to 1.24), the risk of death (relative risk,

0.88; 95% Bayesian credible interval, 0.49 to
1.55), the time to death (hazard ratio, 0.88; 95%
Bayesian credible interval, 0.47 to 1.67), or the
number of days with mechanical ventilation
(mean difference, 1.06 days; 95% Bayesian cred-
ible interval, 0.63 to 1.75). There was no evidence
of between-group differences in the PROMIS
Global-10 physical-component score as measured
on day 28 (mean difference, —0.4 points; 95%
Bayesian credible interval, —1.4 to 0.6) or mental-
component score (mean difference of the squared
values, 6.1 points; 95% Bayesian credible inter-
val, —104.1 to 116.7). With regard to adverse events,
there were no important between-group differ-

10,467 Patients were assessed for eligibility

6952 Were excluded

6879 Were not eligible
73 Withdrew consent

3515 Underwent randomization

Y

679 Were assigned to receive ivermectin
(400 pg/kg) for 3 days

679 Were assigned to receive placebo

2157 Were assigned to other treatment
groups

244 Were assigned to receive
hydroxychloroquine

214 Were assigned to receive
lopinavir-ritonavir

679 Received ivermectin 679 Receiv

ed placebo

375 Were assigned to receive
nonconcurrent placebo
215 Were assigned to receive

metformin
77 Were assigned to receive
ivermectin (400 pg/kg) for

679 Were included in the intention-
to-treat analysis

674 Were included in the modified
intention-to-treat analysis

624 Were included in the per-protocol
analysis

679 Were included in the intention-
to-treat analysis

675 Were included in the modified
intention-to-treat analysis

228 Were included in the per-protocol
analysis

1 day

121 Were assigned to receive
doxazosin

170 Were assigned to receive
interferon lambda

741 Were assigned to receive
fluvoxamine

Figure 1. Randomization and Follow-up of the Patients.

Outpatients with symptoms of coronavirus disease 2019 (Covid-19) were assessed for eligibility. The intention-to-
treat population included all the patients who had undergone randomization. The modified intention-to-treat popu-
lation included all the patients who received ivermectin or placebo for at least 24 hours before a primary-outcome
event (hospitalization due to Covid-19 within 28 days after randomization or an emergency department visit due to
clinical worsening of Covid-19, defined as the participant remaining under observation for >6 hours); if the event oc-
curred before 24 hours after randomization, the patient was not included in this population. The per-protocol popu-
lation included only patients who reported 100% adherence to the assigned regimen. Only the results in the 3-day
ivermectin group as compared with the concurrent placebo group are reported in this article. Participants in the
placebo group received placebo for 1, 3, 10, or 14 days, comparable to the active-treatment groups in the trial. Al-
though all the participants who had been assigned to receive any placebo were included in the intention-to-treat
population, only those in the 3-day placebo groups were included in the per-protocol population.
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Table 1. Characteristics of the Patients at Baseline.*
Ivermectin Placebo Total

Characteristic (N=679) (N=679) (N=1358)
Age

Median (IQR) — yr 49 (39-57) 49 (37-56) 49 (38-57)

Distribution — no. (%)

<50yr 359 (52.9) 372 (54.8) 731 (53.8)
=50 yr 320 (47.1) 307 (45.2) 627 (46.2)

Female sex — no. (%) 383 (56.4) 408 (60.1) 791 (58.2)
Race —no. (%)

Mixed race 648 (95.4) 645 (95.0) 1293 (95.2)

White 6 (0.9) 6 (0.9) 12 (0.9)

Black 7 (1.0) 5(0.7) 12 (0.9)

Other 1(0.1) 0 1(0.1)

Unknown 17 (2.5) 23 (3.4) 40 (2.9)
Body-mass index — no. (%)

<30 347 (51.1) 336 (49.5) 633 (50.3)

=30 332 (48.9) 343 (50.5) 675 (49.7)
Time since onset of symptoms — no. (%)

0-3 days 302 (44.5) 295 (43.4) 597 (44.0)

4-7 days 377 (55.5) 384 (56.6) 761 (56.0)
Risk factors — no. (%)

Chronic cardiac disease 14 (2.1) 10 (1.5) 24 (1.8)

Uncontrolled hypertension 55 (8.1) 59 (8.7) 114 (8.4)

Chronic pulmonary disease 18 (2.7) 23 (3.4) 41 (3.0)

Asthma 54 (8.0) 60 (8.8) 114 (8.4)

Chronic kidney disease 2 (0.3) 5(0.7) 7 (0.5)

Type 1 diabetes mellitus 3 (0.4) 9 (1.3) 12 (0.9)

Type 2 diabetes mellitus 79 (12) 89 (13) 168 (12)

Autoimmune disease 2 (0.3) 2 (0.3) 4 (0.3)

Any other risk factor or coexisting condition 22 (3.2) 19 (2.8) 41 (3.0)

* Missingness in covariate data was handled with multiple imputation by chained equations.'® IQR denotes interquartile

range.
T Race was reported by the patient.

ences in the incidence of adverse events during
the treatment period (Table S6).

SUBGROUP ANALYSES

In prespecified subgroup analyses, there was no
evidence of a treatment effect with ivermectin as
compared with placebo in subgroups defined ac-
cording to patient age, body-mass index, status
of having cardiovascular disease or lung disease,
sex, smoking status, or time since symptom onset
(Fig. 2 and Table S2). We observed no benefit with
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ivermectin as compared with placebo among pa-
tients who began the trial regimen within 3 days
after symptom onset (relative risk, 1.14; 95%
Bayesian credible interval, 0.76 to 1.74).

DISCUSSION

We did not find a significantly or clinically mean-
ingful lower risk of medical admission to a hospi-
tal or prolonged emergency department observa-
tion (primary composite outcome) with ivermectin
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in an Emergency Setting.*

Table 2. Effect of Ivermectin as Compared with Placebo on Covid-19-Related Hospitalization or Extended Observation

Population

Population and Trial Group Size
no.

Intention-to-treat population
Ivermectin 679
Placebo 679
All 1358
Modified intention-to-treat population
Ilvermectin 674
Placebo 675
All 1349
Per-protocol population
Ivermectin 624
Placebo 288
All 912

Patients with Relative Risk
Primary-Outcome (95% Bayesian Credible
Event Interval)

no. (%)

100 (14.7) 0.90 (0.70-1.16)
111 (16.3) Reference
211 (15.5) —

95 (14.1) 0.89 (0.69-1.15)
107 (15.9) Reference
202 (15.0) —

82 (13.1) 0.94 (0.67-1.35)

40 (13.9) Reference
122 (13.4) —

* The primary composite outcome was hospitalization due to

coronavirus disease 2019 (Covid-19) within 28 days after

randomization or an emergency department visit due to clinical worsening of Covid-19 (defined as the participant re-
maining under observation for >6 hours) within 28 days after randomization. The intention-to-treat population included
all the patients who had undergone randomization, the modified intention-to-treat population all those who received

ivermectin or placebo for at least 24 hours before a primary-

outcome event (if the event occurred before 24 hours after

randomization, the patient was not included), and the per-protocol population only those who reported 100% adher-

ence to the assigned regimen.

administered for 3 days at a dose of 400 ug per
kilogram per day than with placebo. We found
no important effects of treatment with ivermectin
on the secondary outcomes.

The evidence supporting the role of ivermec-
tin in the treatment of Covid-19 is inconsistent.
At least three meta-analyses of ivermectin trials
have strongly indicated a treatment benefit, and
others have concluded that there was no bene-
fit.7®1820 Although the number of included trials
involving outpatients varies among the meta-
analyses, the overall number of events that oc-
curred in our trial is larger than the number of
all the combined events in these meta-analyses.
The results of this trial will, therefore, reduce
the effect size of the meta-analyses that have in-
dicated any benefits. In addition, a reported trial
of ivermectin treatment for Covid-19 was suspected
of malfeasance and was withdrawn from publi-
cation,’ and other trials have been weakened by
concerns about quality.® A large collaboration of
clinical trialists working on ivermectin treatment

N ENGL J MED

for Covid-19 has conducted a meta-analysis of
trials and has concluded that ivermectin did not
offer a treatment benefit when trials that were
considered to be of moderate or better quality
were examined.® The WHO has concluded, on the
basis of results obtained before our trial, that
there existed only very-low-certainty evidence re-
garding ivermectin and thus recommended against
the use of ivermectin for the treatment of patients
with Covid-19 outside the clinical trial setting.”!
The findings in our trial are consistent with these
conclusions.

Major strengths of our trial include the rapid
recruitment and enrollment of high-risk patients.
We enrolled only patients who had a confirmed
diagnosis of Covid-19 and less than 7 days of
symptoms, and we did not enroll asymptomatic
SARS-CoV-2—positive persons. The primary out-
come was a composite of hospitalization for adju-
dicated Covid-19 as well as retention in a Covid-19
emergency setting for physician observation for
more than 6 hours. Patients in these settings
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Table 3. Secondary Outcomes with Ivermectin as Compared with Placebo.

Outcome

Viral clearance — no./total no. (%)

emergency department visit of >6 hr

PROMIS Global-10 score (IQR)€
Physical component

Mental component

Ivermectin
(N=679)

49.6 (42.6 to 53.1)
52.5 (43.5 to 58.6)

Placebo
(N=679)

49.6 (42.6 to 56.6)
52.5 (46.5 to 58.6)

Estimated Treatment Effect
(95% Bayesian Credible
Interval)*

At day 3 11/148 (7.4) 17/170 (10.0) 0.76 (0.36 to 1.52)
At day 7 36/142 (25.4) 42/165 (25.5) 1.00 (0.68 to 1.46)
Hospitalization for any cause — no. (%) 79 (11.6) 95 (14.0) 0.83 (0.63 to 1.10)
Median no. of days from randomization to 5(3to7) 5(3t08) 0.83 (0.61 to 1.13)
hospitalization (IQR)
Median no. of days of hospitalization (IQR) 6 (4 to 10) 6 (3to11) 1.00 (0.80 to 1.25) 1
Median no. of days from randomization to 5(4to7) 5((3t08) 1.15 (0.71 to 1.89) T

Median no. of days to clinical recovery§ 14 (11to 14) 14 (11to 14) 1.05 (0.88 to 1.24)
Death — no. (%) 21 (3.1) 24 (3.5) 0.88 (0.49 to 1.55)
Median no. of days from randomization to death (IQR) 14 (9to 19) 14 (8 to 20) 0.88 (0.47 to 1.67)F
Mechanical ventilation — no. (%) 19 (2.8) 25 (3.7) 0.77 (0.43 to 1.36)
Median no. of days with mechanical ventilation (IQR) 6 (3to 16) 7 (2to0 12) 1.06 (0.63 to 1.75)%

0.4 (-1.4 10 0.6) |
6.1 (-104.1 to 116.7)%*

100% Adherence to assigned regimen — no. (%) 624 (91.9) 547 (80.6) 7 1.14 (1.09 to 1.19)
Adverse event during treatment period — no. (%)
Grade 1 16 (2.4) 12 (1.8) 1.32 (0.64 to 2.76)
Grade 2 49 (7.2) 76 (11.2) 0.65 (0.46 to 1.04)
Grade 3 41 (6.0) 50 (7.4) 0.82 (0.55 to 1.22)
Grade 4 17 (2.5) 18 (2.7) 0.95 (0.49 to 1.80)
Grade 5 21 3.1) 24 (3.5) 0.81 (0.45 to 1.42)

*  The estimated treatment effect is presented as a relative risk unless otherwise stated.

T The estimated treatment effect is a hazard ratio.

I Estimates were derived from a log-transformed linear regression.

§ Clinical recovery was assessed with the use of the World Health Organization clinical progression scale.®
9§ The Patient-Reported Outcomes Measurement Information System (PROMIS) Global-10 is an assessment tool that allows measurements
of symptoms, functioning, and health-related quality of life. Scores are on a scale from 5 to 20, with higher scores indicating better health-

related quality of life. Normalized values are presented.
Shown is the mean difference from a linear regression.

** Shown is the mean difference of the squared values from a linear regression.

7T The duration of placebo use was 1, 3, 10, or 14 days.

would typically have been hospitalized but were
prevented from doing so because of limited ca-
pacity in hospitals.

When we began this trial, we randomly as-
signed patients to receive a 1-day dose of iver-
mectin, as is most commonly used for the treat-
ment of parasitic diseases. We responded to
feedback from advocacy groups regarding this
administration schedule and adapted the dura-
tion of ivermectin administration to 3 days at a
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relatively high dose as compared with most
other trials of this drug. Ivermectin has been
used off-label widely since the original in vitro
study by Caly et al. describing ivermectin activity
against SARS-CoV-2,? and in Brazil, in particu-
lar, the use of ivermectin for the treatment of
Covid-19 has been widely promoted. We ensured
that trial participants did not have a history of
ivermectin use for the treatment of Covid-19 by
means of extensive screening of potential par-
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Subgroup Ivermectin Placebo Relative Risk (95% Bayesian Credible Interval)
no. of patients with event /total no.
Age
<50 yr 38/335 39/347 1.01 (0.66-1.53)
>50 yr 53/295 66/283 0.77 (0.56-1.06)
Body-mass index
<30 38/345 48/333 0.77 (0.51-1.14)
=30 60/330 63/339 0.98 (0.71-1.34)
Cardiovascular disease
No 53/397 58407 0.94 (0.66-1.32)
Yes 47282 53272 = 0.86 (0.60-1.22)
Lung disease
No 96/665 106/664 —_— 0.90 (0.70-1.17)
Yes 4/14 5/14 0.83 (0.28-2.26)
Sex
Female 47/383 59/408 0.85 (0.59-1.21)
Male 53/296 52/271 = 0.93 (0.66-1.32)
Smoking status
Current 5/50 5/59 1.18 (0.38-3.63)
Former 15/94 13/73 0.89 (0.46-1.75)
Never 80/535 93/545 _— 0.88 (0.67-1.15)
Time since onset of symptoms
0-3 days 41/282 35/276 1.14 (0.76-1.74)
4-7 days 43/242 43/241 1.00 (0.68-1.46)
T T T 1

0.35 0.50 0.75 1.00 1.50

Ivermectin Better Placebo Better

Figure 2. Subgroup Analyses of lvermectin as Compared with Placebo for the Prevention of Covid-19-Related Hospitalization or
Prolonged Observation in an Emergency Setting.

The primary composite outcome was hospitalization due to Covid-19 within 28 days after randomization or an emergency department
visit due to clinical worsening of Covid-19 (defined as the participant remaining under observation for >6 hours) within 28 days after
randomization. Arrows indicate that the 95% Bayesian credible interval extends outside the graphed range.
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ticipants about this issue. Given the public inter-
est in ivermectin and the support of its use by
paramedical groups, we suspect that there will
be additional criticism that our administration
regimen was inadequate. Details of the pharma-
cologic rationale and mechanistic hypotheses for

of ivermectin did not result in a lower incidence
of medical admission to a hospital or prolonged
emergency department observation for Covid-19
among outpatients at high risk for serious illness.

Supported by FastGrants and the Rainwater Charitable Foun-
dation.

ivermectin use are provided in the Supplemen- Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

tary Ap Pel‘lle. . . o . A data sharing statement provided by the authors is available
In this randomized trial, the administration with the full text of this article at NEJM.org.
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