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Antivirals for adult patients hospitalised with SARS-CoV-2
infection: a randomised, phase II/III, multicentre, placebo-
controlled, adaptive study, with multiple arms and stages.
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Summary
Background Repurposed drugs for treatment of new onset disease may be an effective therapeutic shortcut. We aimed
to evaluate the efficacy of repurposed antivirals compared to placebo in lowering SARS-CoV2 viral load of COVID-19
patients.

Methods REVOLUTIOn is a randomised, parallel, blinded, multistage, superiority and placebo controlled randomised
trial conducted in 35 centres in Brazil. We include patients aged 18 years or older admitted to hospital with laboratory-
confirmed SARS-CoV-2 infection, symptoms onset 9 days or less and SpO2 94% or lower at room air were eligible. All
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E-mail address: ismaia@ext.hcor.com.br (I.S. Maia).

abA full list of contributors is provided in the Supplementary Material.

www.thelancet.com Vol 20 April, 2023 1

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:ismaia@ext.hcor.com.br
http://crossmark.crossref.org/dialog/?doi=10.1016/j.lana.2023.100466&domain=pdf
https://doi.org/10.1016/j.lana.2023.100466
https://doi.org/10.1016/j.lana.2023.100466
https://doi.org/10.1016/j.lana.2023.100466
www.thelancet.com/digital-health


Articles

2

participants were randomly allocated to receive either atazanavir, daclatasvir or sofosbuvir/daclatasvir or placebo for
10 days. The primary outcome was the decay rate (slope) of the SARS-CoV-2 viral load logarithm assessed in the
modified intention to-treat population. This trial was registered with ClinicalTrials.gov, number NCT04468087.

Findings Between February 09, 2021, and August 04, 2021, 255 participants were enrolled and randomly assigned to
atazanavir (n = 64), daclatasvir (n = 66), sofosbuvir/daclatasvir (n = 67) or placebo (n = 58). Compared to placebo
group, the change from baseline to day 10 in log viral load was not significantly different for any of the treatment
groups (0.05 [95% CI, −0.03 to 0.12], −0.02 [95% CI, −0.09 to 0.06], and −0.03 [95% CI, −0.11 to 0.04] for atazanavir,
daclatasvir and sofosbuvir/daclatasvir groups respectively). There was no significant difference in the occurrence of
serious adverse events between treatment groups.

Interpretation No significant reduction in viral load was observed from the use of atazanavir, daclatasvir or sofos-
buvir/daclatasvir compared to placebo in hospitalised COVID-19 patients who need oxygen support with symptoms
onset 9 days or less.

Funding Ministério da Ciência, Tecnologia e Inovação (MCTI) - Conselho Nacional de Desenvolvimento Científico e
Tecnológico (CNPQ); Cia Latino-Americana de Medicamentos (Clamed); Cia Industrial H. Carlos Schneider (Ciser);
Hospital Research Foundation Incorporation, Australia, HCor São Paulo; Blanver Farmoquímica; Instituto de
Tecnologia em Fármacos (Farmanguinhos) da Fundação Oswaldo Cruz (Fiocruz); Coordenação Geral de
Planejamento Estratégico (Cogeplan)/Fiocruz; and Fundação de apoio a Fiocruz (Fiotec, VPGDI-054-FIO-20-2-13).

Copyright © 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
Our research group conducted pre-clinical studies from our
group of investigators in repurposed drugs evaluating the
effectiveness of Sofosbuvir, Daclatasvir and Atazanavir
showing inhibition of SARS-CoV2 RNA replication with
different mechanisms. We also searched Medline using not
controlled terms on August, 2020, for pre-clinical,
observational studies and randomised controlled trials with
the terms (“atazanavir” OR “daclatasvir” OR “sofosbuvir”)
AND (“SARS-CoV-2” OR “COVID-19”) evaluating the
effectiveness of any of these drugs in patients hospitalised
with COVID-19, with language restriction to English,
Portuguese or Spanish. No studies were retrieved regarding
viral load decrease as well as clinical outcomes. These drugs
were already available for clinical use for Hepatitis-C and HIV-
infected patients.

Added value of this study
REVOLUTIOn trial is a multicentre, placebo controlled,
randomised trial evaluating the safety and efficacy of these
repurposed drugs on viral load and clinical status of adult

patients admitted to hospital with COVID-19. We found no
significant difference in viral load kinetics and clinical status at
days 7 and 15, time to hospital discharge, 28-day mortality,
days out of the hospital and mechanical ventilation free days
in 28 days in participants receiving placebo compared with
those receiving active drug of atazanavir, daclatasvir or
combination sofosbuvir/daclatasvir. No significant difference
in the occurrence of serious adverse events was observed
between groups.

Implications of all the available evidence
The inhibition of SARS-CoV2 previously reported and
probable decrease in viral load was not observed in the
REVOLUTIOn trial compared to placebo. Together with
previous evidence, results from the REVOLUTIOn trial do not
support the use of atazanavir, daclatasvir and sofosbuvir/
daclatasvir in hospitalised patients with COVID-19 in a
population with symptoms onset lesser than 9 days and
requiring oxygen support regarding viral load kinetics, using
standard approved dose of these drugs.
Introduction
Global pandemics such as coronavirus disease 2019
(COVID-19), the viral disease caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
impose therapeutic challenges to find new potential
treatments in a very short time. Considering the time
and cost required for new therapies, repurposing of
available drugs for management of other diseases can be
an effective therapeutic shortcut.1,2 Remdesivir, lopina-
vir/ritonavir and hydroxichloroquine are recent
www.thelancet.com Vol 20 April, 2023
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examples.3 However, only remdesivir showed evidence
of clinical benefits for COVID-19 treatment4 such as
shortening the time to recovery in hospitalised patients.

Other repurposed antivirals have been proposed
based on the results of in vitro and small clinical studies.
Sofosbuvir and daclatasvir are well tolerated and effec-
tive direct-acting antivirals (DAAs) against HCV5 which
inhibit viral RNA replication via NS5A and NS5B,
respectively. SARS-CoV-2 was also susceptible in vitro
and in vivo to these drugs, and when combined sofos-
buvir and daclatasvir displayed better efficacy to inhibit
the pandemic virus replication.6–10 Under regular anti-
HCV regimen, daclatasvir’s Cmax and Cmin inhibits
90 and 50% SARS-CoV-2 replication, respectively.9 The
largest study published with sofosbuvir/daclatasvir
compared to standard of care for hospitalised hypoxemic
COVID-19 patients failed to demonstrate significant
difference in either primary outcome of hospital
discharge within 10 days or overall mortality.11 Individ-
ual patient data metanalysis showed better clinical re-
covery within 14 days of randomisation and overall
mortality in hospitalised patients with COVID-19 treated
with sofosbuvir/daclatasvir.12 However, few patients
were included and the effect estimate for overall mor-
tality was no longer significant when only randomised
studies were included in the analysis.

Atazanavir, an antiretroviral targeting HIV protease,
inhibits competitively SARS-CoV-2 major protease
(Mpro), the enzyme responsible for cleavage of the
coronavirus polyprotein, inhibiting virus replication in
pre-clinical studies.13,14 Although no clinical studies have
been published so far with this drug alone or in com-
bination at the reference dose against HIV, atazanavir
accumulates in the lung and protects around 30% mice
infected with a lethal dose of SARS-CoV-2 gamma
variant from mortality.13

Implementing studies that allow more than one new
treatment to be tested simultaneously may be advanta-
geous over classic parallel group approach. The main
objectives of this type of clinical trial are to quickly reject
any new therapies that do not seem to be better than
control and to identify those that are significantly better
in terms of clinical outcomes.15 Thus, we propose a
randomised, placebo-controlled, adaptive, multi-arm,
multi-stage study to evaluate multiple interventions
such as atazanavir, daclatasvir and sofosbuvir plus
daclatasvir simultaneously to first identify, in a phase 2
trial, if any of these drugs isolated or combined can
reduce viral load when compared to placebo. If so, a
phase 3 would start to investigate clinical outcomes.
Methods
REVOLUTIOn is a phase 2/3, double-blinded, adaptive,
multicentre, randomised, multi arm, multi stage,
controlled trial for evaluating the efficacy and safety of
repurposed drugs in adults admitted to hospital for
www.thelancet.com Vol 20 April, 2023
COVID-19 treatment. The trial protocol and statistical
analysis plan have been published.16 The trial consisted
of 3 continuous stages with stage 2 and 3 depending on
results of stage 1 (ClinicalTrials.gov Identifier:
NCT04468087). An independent data safety and moni-
toring board (DSMB) was responsible for reviewing trial
data in interim analyses and after each stage of the trial.
The first two stages are phase II studies, and the third
stage is a phase III, as shown in Supplementary Fig. S1.
The trial was accomplished across 35 sites in Brazil. It
was approved by the Brazilian National Committee of
Ethics in Research (Comissão Nacional de Ética em
Pesquisa – CONEP nº 4.303.991 September 28, 2020)
and Brazilian Health Regulatory Agency (Agência
Nacional de Vigilância Sanitária -ANVISA - nº 107/
2020) and sponsored by the Ministry of Science, Tech-
nology and Innovation (MCTI) and Conselho Nacional
de Desenvolvimento Científico e Tecnológico – (CNPQ).
The trial was done in accordance with the Declaration of
Helsinki, the International Conference on Harmoniza-
tion Guidelines for Good Clinical Practice, and appli-
cable local regulations. The protocol was reviewed and
approved by the ethics committees of all participating
centres, and patients or legal representatives provided
written informed consent before study entry. This
analysis is based on protocol version 4.0 of February
12, 2021.

Participants
Patients aged 18 years or older who were admitted to
hospital with laboratory-confirmed SARS-CoV-2 infec-
tion by reverse transcription-polymerase chain reaction
(RT-PCR) test or rapid antigen test could be enrolled if
they presented all of the following: time between
symptom onset and inclusion for 9 days or less; SpO2

94% or lower at room air or need for supplemental ox-
ygen to maintain SpO2 94% or higher. Participants of
childbearing potential agreed to use two primary forms
of contraception, including barrier method for 100 days.
Participants were excluded if they had liver enzymes
(alanine aminotransferase or aspartate aminotrans-
ferase) more than five times the upper limit of normal, a
stage 4 severe chronic kidney disease or requiring dial-
ysis (estimated glomerular filtration rate less than
30 mL/min) and pre-defined renal failure stage 3 ac-
cording to Acute Kidney Injury Network17 classification
with serum creatinine >4 mg/dL, total bilirubin >2 mg/
dL; platelets count <50,000 cell/L; total neutrophil count
<750 cell/L; liver disease with Child Pugh B and C
classification,18 decompensated Congestive Heart Fail-
ure,19 pregnant or breastfeeding, known allergy or hy-
persensitivity to any study drug, carrier of Hepatitis C,
Active Hepatitis B or HIV, currently use of nucleoside
or nucleotide analog drugs for any purpose; corrected
QT interval >480 ms on the electrocardiogram; heart
rate <55 bpm or use of amiodarone <90 days
(Supplementary Table S1).
3
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Randomisation and masking
Participants were randomly assigned 3:3:3:1:1:1 to ata-
zanavir, daclatasvir, sofosbuvir/daclatasvir, placebo of
atazanavir, placebo of daclatasvir, placebo of sofosbuvir/
daclatasvir when 6 groups were initially implemented in
stage 1. They were then assigned 3:1 to receive either
treatment (atazanavir, daclatasvir or sofosbuvir/dacla-
tasvir) or placebo. Stages 2 and 3 would happen ac-
cording to pre-defined rules (Supplementary Material S2
and Supplementary Fig. S2). Randomisation was per-
formed in the electronic case report form to ensure
appropriate allocation concealment through a central-
ised, automated, Internet-based randomisation system
and used computer-generated blocks of 12 positions,
with each treatment group being represented by 3
different positions and each placebo by a single position.
It was stratified by centre. The global double-masking
between all groups were not possible as we had 3
drugs with different physical characteristics. However,
participants and investigators were masked within the
allocated group, since active drug and placebo coated
tablets or capsules were identical (that is, patients
assigned to atazanavir or placebo were not aware if they
were allocated to atazanavir or placebo of atazanavir,
although they were aware they were not allocated to
daclatasvir, placebo of daclatasvir, sofosbuvir/dacla-
tasvir, or placebo of sofosbuvir/daclatasvir).

Procedures
Daclatasvir and its placebo tablet were administered
orally at a loading dose of 2 tablets once daily at day 1
followed by 1 tablet once daily for a total duration of 10
days. Sofosbuvir and placebo were administered orally at
a loading dose of 1 tablet twice daily at day 1 followed by
1 tablet once daily for a total duration of 10 days. Ata-
zanavir and its placebo capsules were administered
orally at a loading dose of 2 capsules twice daily at day 1
followed by 1 capsule twice daily for a total duration of
10 days (Supplementary Table S2). Drug was dispensed
for home use for those discharged before the end of
treatment. They were followed by telephone contact and
medication diary checked in the return pre-specified
visits (days 3, 6 or 10). Participant were instructed to
bring all unused study drugs and any empty bottles for
drug accountability.

Any experimental treatment or off-label therapy
administered before enrollment was discontinued on
enrollment. Concomitant therapy was recorded daily
until day 10. They were properly substituted or adjusted
according to possible drugs interactions (Supplementary
Table S3). Other experimental treatments, besides study
drugs, for the treatment of COVID-19 were not allowed.
Corticosteroids were recommended for all participants
as dexamethasone 6 mg once daily for 10 days or until
discharge20,21 if not intubated, or 20 mg once daily for 5
days, followed by 10 mg once daily for 5 more days for
critically ill with acute respiratory distress syndrome.
Immunomodulatory agent Tocilizumab was left to the
investigator’s discretion. Anticoagulation was adminis-
tered according to local protocols for venous thrombo-
embolism prophylaxis or therapy.

Participants were assessed daily while hospitalised.
Nonetheless, assessment visits at days 3, 6, 10 (plus or
minus 2) were booked if already discharged. Telephone
interview at day 15 and 28 (plus or minus 1) were done
as well. Clinical data, concomitant medications, adverse
events, blood cell counts, renal function and electro-
cardiogram were collected at baseline. Safety checks
with liver enzymes and INR were collected at days 3, 6
and 10 (plus or minus 2) or any time according to
physician discretion.

Determination of the viral load blinded to treatment
group was done on nasopharyngeal swab specimens at
baseline, days 3, 6, 10 (plus or minus 2). Swab speci-
mens were stored at local sites at −20◦ C and transferred
fortnightly to a central laboratory for analysis
(Supplementary Material S3). The transportation was
done in thermal boxes validated for biological material
with dry ice at temperatures from −81.7 to −62.1. The
SARS-CoV-2 load was measured by Quantitative Real-
Time PCR via Reverse Transcriptase for quantification
of target copy number (E gene) of clinical sample
compared to standard curve of inactivated SARS-CoV-2
virus solution dilutions. Quantitative detection of
SARS-CoV-2 nucleic acid was done using the E gene as
a target, Human RNASE P endogenous control and the
standard curve calibrators. The instruments include the
Abbott M24sp extractor (Abbott mSample Preparation
System - Promega Extraction Kit Ref.04J70-24) to
perform sample extraction and purification, nucleic acid
amplification and quantification using the RT (reverse
transcriptase) assay on the m2000rt instrument. Prepa-
ration of biological materials and Master Mix for reac-
tion using the Charité Protocol primers and probes and
human RNASE P endogenous control (Supplementary
Material S4). The device releases the results in copies/
mL and logs. Detectable but not quantifiable sample has
detectable target RNA (Gene E) at a level below the as-
say’s limit of quantification. Invalid sample does not
detect target RNA (Gene E) or endogenous control gene
(RNAse P) and indicates the need for a new collection.
The detection and quantification limits are 0.5 log
copies of the target RNA. The upper limit of quantifi-
cation is 6.5 log copies of the target RNA. Virus isolation
culture and genetic sequencing were accomplished as
well (Supplementary Material S4).

Outcomes
The primary outcome measure was the decay rate
(slope) of the SARS-CoV-2 viral load logarithm in
nasopharyngeal swab samples evaluated at D0, D3, D6
and D10 after randomization (Supplementary Table S4).

Secondary efficacy outcomes measures were: the
clinical status at day 15 as measured on the seven-point
www.thelancet.com Vol 20 April, 2023
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ordinal scale of the WHO Master Protocol (version 3.0,
March 3, 2020): (1) not hospitalised, no limitation on
activities; (2) not hospitalised, limitation on activities; (3)
hospitalised, not requiring supplemental oxygen; (4)
hospitalised, requiring supplemental oxygen; (5) hospi-
talised, on non-invasive ventilation or high flow oxygen
devices; (6) hospitalised, on invasive mechanical venti-
lation or ECMO; and (7) dead; the clinical status at day 7
as measured on the six-point ordinal scale: (1) not hos-
pitalised; (2) hospitalised, not requiring supplemental
oxygen; (3) hospitalised, requiring supplemental oxygen;
(4) hospitalised, on non-invasive ventilation or high flow
oxygen devices; (5) hospitalised, on invasive mechanical
ventilation or ECMO; and (6) dead; 28 day mortality;
days free from mechanical ventilation at day 28; days out
of hospital in 28 days; time to discharge and days free
days of respiratory support in 15 days. The secondary
outcomes were assessed in all patients who were still in
the hospital on day 15 exactly and in outpatients (by
means of telephone interview) as close to day 15 as
possible.

Safety outcomes were the cumulative incidence of
any grade 3 or 4 adverse events or of any serious adverse
event graded according to the Division of AIDS (DAIDS)
table for grading the severity of adult and paediatric
adverse events, version 2.1, July 2017.

Statistical analysis
The sample size was calculated assuming an average
linear decay rate for patients with SARS-CoV-2 in
nasopharyngeal swab samples assessed from the fourth
to the fourteenth day of symptoms of 1.0 log10 (viral
load) every 3 days.22 Assuming this decay rate for the
placebo group, under the scenario that all treatments
selected in Stage 1 have a decay rate of 1.20 log10 (viral
load), the study had about 90% power to indicate that at
least one of the treatments was superior to placebo, with
a global significance level of 0.20 for this stage,
considering a significance level of 0.067 (Bonferroni
correction) for each of the 3 treatment comparisons in
relation to the placebo group. The aforementioned po-
wer calculations were performed considering a 20% loss
of patients from the ITT population. Simulations
considering peculiarities of the design and sample size
in other Stages with details on the distributions
considered for the outcomes and consequent determi-
nation of the study’s power are found in the Statistical
Analysis Plan previous published.16

The intention-to-treat population included all
randomly assigned participants with a positive or sus-
pected SARS-CoV-2 infection, for whom a valid consent
form was obtained, independently of having received
any investigational treatment in the past 28 days. The
modified intention-to-treat population included only
those randomly assigned participants with a positive
SARS-CoV-2 PCR result obtained at baseline indepen-
dently of having received any investigational treatment
www.thelancet.com Vol 20 April, 2023
in the past 28 days as well. Per protocol population is
defined by all allocated patients with positive RT-PCR
for SARS-CoV-2 at baseline, with medication adher-
ence to the allocated treatment of at least 80%. The
safety population included participants from the
intention-to-treat population who received at least one
dose of the treatment allocated by random assignment.

In all analyses, the three placebo groups (placebo of
atazanavir, placebo of daclatasvir, and placebo of sofos-
buvir/daclatasvir) were considered as a single group.
Main efficacy analyses were done in the modified
intention-to-treat population. Exploratory efficacy anal-
ysis also conducted in per protocol population. Safety
analyses were done in the safety population. The sig-
nificance level for each of the three comparisons of the
primary outcome analysis was 0.067, to maintain a
global significance level of 0.20 (Bonferroni adjustment)
in the first stage. All other analyses were not adjusted for
multiple comparisons; therefore p-values and confi-
dence intervals should not be used to infer definitive
treatment effects. The evolution of the viral load since
randomisation was analysed using a mixed-effects linear
model with a test of treatment effect on the slope shown
in Section S6 of the Supplementary Material. For the
analysis of viral load by mixed models, undetectable viral
load values (<0.5 log10 copies per 10,000 cells) were
imputed to the limit of detection (0.5 log10).

The analyses were performed with R software (R
Core Team, 2020) and the main packages used were
nlme, gamlss and mice.

Interim analysis
One interim analysis was planned during stage 1 with
the purpose of assessing safety only. No adjustments on
the alpha were considered for interim looks at Stage 1.

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.
Results
Between February 9, 2021, and August 4, 2021, 1497
participants were screened and 255 were enrolled and
randomly assigned to atazanavir (n = 64), daclatasvir
(n = 66), sofosbuvir/daclatasvir (n = 67) or placebo
(n = 58) in 38 centres in Brazil. A total of 63 participants
in the atazanavir group, 64 in daclatasvir group, 67 in
sofosbuvir/daclatasvir group and 56 in the placebo
group had COVID-19 confirmed by RT-PCR and were
included in the modified intention-to-treat analysis with
a total of 250 participants (Fig. 1). From those, only 2
participants in ATV group did not receive at least one
dose of the study medication. The median duration of
treatment in the atazanavir group was 9 days (inter-
quartile range [IQR], 8–10), 10 days (IQR, 10–10) in the
5

www.thelancet.com/digital-health


Fig. 1: Trial profile.

Articles

6

daclatasvir group, 10 days (IQR, 9–10) in the sofosbuvir/
daclatasvir group, and 10 days (IQR, 6–10) in the pla-
cebo group.

Two interim analyses (one pre-specified and another
not prespecified) were conducted. In addition, the
DSMB met twice after stage 1 was completed to decide
whether to recommend stopping or continuing the trial
to further stages based on the pre-specified rule. The
DSMB reviewed data and recommended stopping the
trial because none of the tested antivirals showed evi-
dence of effect on the viral load or on clinical outcomes.
The recommendation was endorsed by the REVOLU-
TIOn steering committee.

Participants’ baseline characteristics are shown in
Table 1. Baseline characteristics were well-balanced be-
tween groups. All patients underwent randomisation
within 9 days after symptom onset with a median of 7
days. The mean age of the patients was 54.2 (standard
deviation [SD], 14 years), and 169 (68%) of all the
included patients were men. A total of 198 (79%) of the
patients were receiving supplemental oxygen at base-
line. Over 90% of the cases at baseline were associated
with SARS-CoV-2 variant of concern Gamma, which
dominated the epidemiological weeks during the course
of recruitment (Supplementary Fig. S5).

A total of 835 nasopharyngeal swabs were analysed
from 250 participants. The median viral load in the
treatment groups and placebo group at baseline are
shown in Supplementary Tables S5 and S6. There was
no significant difference between the groups in the
proportion of participants with detectable viral loads at
each sampling time. The median decrease in viral loads
between baseline and day 10 was similar in the treat-
ment groups and placebo group. There was no
significant effect of any treatment on the viral kinetics
(Fig. 2). The change in log viral load from baseline
to day 10 was −0.19 (95% confidence interval
[CI], −0.25 to −0.12) for the atazanavir group, −0.23
(95% CI −0.30 to −0.17) for the daclatasvir group, −0.22
(95% CI −0.30 to −0.16) for the sofosbuvir/daclatasvir
group and −0.26 (95% CI −0.33 to −0.19) for the placebo
group. Compared with the placebo group, the change
from baseline to day 10 in log viral load was not
significantly different for any of the treatment groups
(0.08 (95% CI, −0.01 to 0.16), p = 0.11 for the atazanavir
group; 0.03 (95% CI, −0.0606 to 0.12), p = 0.80 for the
daclatasvir group; and 0.04 (95% CI, −0.0505 to 0.12),
p = 0.63 for the sofosbuvir/daclatasvir group) (Table 2).

A total of 219 participants were included in the per
protocol analysis (atazanavir, n = 51; daclatasvir, n = 61;
sofosbuvir/daclatasvir, n = 62; placebo, n = 45).
Compared with the placebo group, the change from
baseline to day 10 in log viral load in this population was
not significantly different for any of the treatment
groups: 0.04 (95% CI, −0.04 to 0.13) for the atazanavir
group; −0.01 (95% CI, −0.09 to 0.08) for the daclatasvir
group; and −0.03 (95% CI, −0.11 to 0.05) for the sofos-
buvir/daclatasvir group (Supplementary Table S7).

Clinical status of patients in the treatment groups
and the placebo group according to the WHO 7-point
ordinal scale at day 15 are shown in Table 2 and
Supplementary Table S8. Ordinal scale data were
missing from 0 (0%) participants in the atazanavir
group, 2 (2%) participants in the daclatasvir group,
0 (0%) participants in the daclatasvir/sofosbuvir group
and 0 (0%) in the placebo group at day 15. There were
no significant differences in the distribution of the
seven-point ordinal scale at day 15 between the
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ATV (n = 63) DCV (n = 64) SOF + DCV (n = 67) Placebo (n = 56) Total (n = 250)

Age, mean [SD] 54.5 [14.3] 52.3 [14.4] 55.9 [14.1] 53.7 [13.4] 54.2 [14.0]

Sex (male), n (%) 44 (70%) 41 (64%) 44 (66%) 40 (71%) 169 (68%)

Positive COVID-19 test

SARS-Cov 2 Antigen Test 16 (25%) 14 (22%) 15 (22%) 14 (25%) 59 (24%)

POCT-PCR 1 (2%) 0 (0%) 1 (1.5%) 0 (0%) 2 (1%)

RT-PCR 46 (73%) 50 (78%) 51 (76%) 42 (75%) 189 (76%)

SARS-CoV-2 sequenced genomes 46 (73%) 44 (69%) 47 (70%) 43 (77%) 180 (72%)

SARS-CoV-2 variants

Alpha 0 (0%) 1 (2.0%) 0 (0%) 0 (0%) 1 (0.6%)

Gamma 42 (91%) 40 (91%) 43 (91.5%) 42 (98%) 167 (93%)

Delta 1 (2%) 0 (0%) 1 (2%) 0 (0%) 2 (1%)

Non-VoC 3 (6.5%) 3 (7%) 3 (6%) 1 (2%) 10 (6%)

Comorbities

Hypertension 30 (48%) 25 (39%) 30 (45%) 19 (34%) 104 (41.6%)

Diabetes 16 (25%) 12 (19%) 19 (28%) 10 (18%) 57 (23%)

Current smoker 1 (2%) 0 (0%) 1 (1.5%) 0 (0%) 2/ (1%)

Former smoker 6 (9.5%) 5 (8%) 2 (3%) 3 (5%) 16 (6%)

Obesity 14 (22%) 16 (25%) 17 (25%) 12 (21%) 59 (24%)

Cancer 2 (3%) 1 (2%) 0 (0%) 3 (5%) 6 (2%)

Heart failure 2 (3%) 0 (0%) 0 (0%) 0 (0%) 2 (1%)

COPD 2 (3%) 0 (0%) 1 (1.5%) 2 (4%) 5 (2%)

Chronic renal disease 2 (3%) 1 (2%) 0 (0%) 0 (0%) 3 (1%)

Neuromuscular disease 1 (2%) 4 (6%) 1 (1.5%) 1 (2%) 7 (3%)

Other 1 (2%) 1 (2%) 1 (1.5%) 2 (4%) 5 (2%)

Baseline medications

Corticosteroids 55 (87%) 53 (83%) 54 (81%) 45 (80%) 207 (83%)

Statins 4 (6%) 3 (5%) 5 (7.5%) 2 (4%) 14 (6%)

Antiarrhythmic drugs 0 (0%) 0 (0%) 0/ (0%) 1 (2%) 1 (0.4%)

Anticonvulsants 0 (0%) 1 (2%) 0 (0%) 2 (4%) 3 (1%)

NOAC 2 (33%) 1 (2%) 0 (0%) 1 (2%) 4 (2%)

Therapeutic Dose Heparin 17 (27%) 15 (23%) 22 (33%) 21 (35.5%) 75 (30%)

Tocilizumab 0 (0%) 0 (0%) 1 (1.5%) 1 (2%) 2 (1%)

Antibiotics

Ceftriaxone 26 (41.3%) 32 (50.0%) 32 (47.8%) 25 (45%) 115 (46.0%)

Ceftaroline 0 (0.0%) 0 (0.0%) 2 (3%) 1 (2%) 3 (1%)

Piperaciline/Tazobactan 1 (2%) 0 (0.0%) 1 (1.5%) 1 (3%) 3 (1%)

Quinolone 1 (2%) 1 (2%) 1 (1.5%) 0 (0.0%) 3 (1%)

Clinical data

Systolic Blood Pressure, mmHg,
mean ± [SD]

125.8 [15.0] 125.7 [18.1] 124.1 [14.9] 122.2 [14.3] 124.5 [15.6]

Diastolic Blood Pressure, mmHg,
mean ± [SD]

77.8 [10.0] 76.7 [11.3] 75.2 [8.6] 74.7 [8.9] 76.1 [9.8]

Heart Rate, bpm, mean [SD] 84.9 [13.7] 85.4 [12.8] 84.0 [15.7] 82.2 [18.3] 84.2 [15.1]

Respiratory rate, bpm, mean [SD] 22.3 [5.9] 20.4 [3.7] 21.6 [4.1] 20.9 [4.3] (n = 56) 21.3 [4.6]

Peripheral saturation O2, %, mean [SD] 93.6 [2.3] 93.9 [2.3] 93.6 [2.7] 93.3 [3.7] (n = 56) 93.6 [2.8]

Supplemental oxygen at randomization

Supplemental oxygen at day 1 56 (90%) 52 (81%) 49 (73%) 41 (73%) 198 (79%)

None 6 (9.5%) 6 (9%) 15 (22%) 9 (16%) 36 (14%)

Oxygen catheter 34 (54%) 44 (69%) 24 (36%) 29 (52%) 131 (52%)

Venturi mask 9 (14%) 7/(11%) 14 (21%) 5 (9%) 35 (14%)

NIV 10 (16%) 5/(8%) 6 (9%) 6 (11%) 27 (11%)

HFNC 4 (6%) 2 (3%) 8 (12%) 6 (11%) 20 (8%)

Mechanical ventilation 0 (0%) 0 (0%) 0 (0%) 1 (2%) 1 (0.4%)

(Table 1 continues on next page)
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ATV (n = 63) DCV (n = 64) SOF + DCV (n = 67) Placebo (n = 56) Total (n = 250)

(Continued from previous page)

Laboratorial

Creatinine, mg/dL, median [quartiles] 0.9 [0.7; 1.1] (n = 58)a 0.9 [0.8; 1.2] (n = 57)a 1.0 [0.7; 1.1] (n = 62)a 0.9 [0.8; 1.1] (n = 53)a 0.9 [0.8; 1.1] (n = 230)a

Bilirrubin, mg/dL, median [quartiles] 0.4 [0.3; 0.6] 0.4 [0.3; 0.6] 0.4 [0.3; 0.5] 0.4 [0.3; 0.6] 0.4 [0.3; 0.6]

Urea, mg/dL, median [quartiles] 33 [25; 49] (n = 55)a 35 [28; 49] (n = 55)a 35 [29; 46] (n = 60)a 33 [26; 45] (n = 50)a 34 [27; 46] (n = 220)a

ALT, IU/L, median [quartiles] 46 [32; 59] (n = 62)a 44 [27; 65] 38 [30; 51] (n = 66)a 38 [30; 63] 42 [30; 59] (n = 248)a

AST, IU/L, median [quartiles] 36 [25; 58] (n = 62)a 40 [23; 62] 32 [21; 54] (n = 66) 33 [25; 55] 35 [23; 57] (n = 248)a

Hemoglobin, g/dL, mean [SD] 14 [13; 15] (n = 61)a 14 [12; 14] (n = 63)a 14 [12; 14] (n = 66)a 14 [13; 15] (n = 55)a 14 [13; 15] (n = 245)a

Leukocyte, 103/mL, median [quartiles] 7.5 [5.7; 10.6] (n = 61)a 6.9 [5.2; 10.3] (n = 63)a 7.4 [5.9; 9.5] (n = 66)a 7.0 [5.2; 9.7] (n = 55)a 7.1 [5.5; 10.0] (n = 245)a

Platelets, 103/mm3, median [quartiles] 190 [153; 234] (n = 61)a 190 [158; 223] (n = 63)a 184 [143; 229] (n = 66)a 192 [153; 233] (n = 55)a 190 [151; 231] (n = 245)a

Lymphocyte, 103/mL, median [IQR] 0.8 [0.6; 1.1] (n = 61)a 0.9 [0.7; 1.2] (n = 63)a 0.8 [0.5; 1.2] (n = 66)a 0.9 [0.7; 1.2] (n = 55)a 0.9 [0.6; 1.2] (n = 245)a

Days from symptoms onset to
randomization, median [quartiles]

7.0 [6.0; 8.0] 7.0 [6.0; 8.0] 7.0 [6.0; 8.0] 7.0 [6.0; 8.0] 7.0 [6.0; 8.0]

Days from admission to randomization,
median [quartiles]

1.0 [0.0; 1.0] 1.0 [0.0; 2.0] 1.0 [0.0; 2.0] 1.0 [0.0; 1.0] 1.0 [0.0; 2.0]

Data are n (%), mean [SD], median [IQR], n/N (%). Percentages may not total 100 because of rounding. AIDS = Acquired Immuno Deficiency Syndrome, ALT = Alanine Transaminase, AST = Aspartate
Transaminase, ATV = Atazanavir, COPD = Chronic Obstructive Pulmonary Disease, DCV = Daclatasvir, HFNC = High Flow Nasal Cannula, NIV = Non Invasive Ventilation, NOAC = New Oral Anticoagulants,
POCT-PCR = Point of Care Test Polymerase Chain Reaction, RT-PCR = Real Time Polymerase Chain Reaction, SOF + DCV = Sofosbuvir + Daclatasvir. aData were complete except where identified in the table.

Table 1: Baseline characteristics of the intention to treat population.
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treatment groups and placebo group (Supplementary
Fig. S3 and Supplementary Table S8). There were no
significant differences between treatment groups and
Fig. 2: SARS-CoV2 viral loads in nasopharyngeal swabs in the modified
from baseline according to treatment group. ATV = Atazanavir, DCV
median decrease in viral loads in each of the groups at baseline, days 3, 6
significant variation in viral load among groups on the same day of collec
was similar in the treatment groups and placebo group.
placebo in the proportional odds of having a higher
(worse) score on the seven-point ordinal scale at 15 days
as follows: ATV vs. placebo: odds ratio, 0.96 (0.46–1.74);
intention to treat population at each time point and as change
= Daclatasvir, SOF + DCV = Sofosbuvir + Daclatasvir. Results of the
, 10 (plus or minus 2). The depicted boxplots showed that there is no
tion. The median decrease in viral loads between baseline and day 10
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ATV DCV SOF + DCV Placebo Effect size p-value

ATV vs. Placebo DCV vs. Placebo SOF + DCV vs.
Placebo

ATV vs.
Placebo

DCV vs.
Placebo

SOF + DCV
vs. Placebo

n = 63 n = 64 n = 67 n = 56 (IC 95%) (IC 95%) (IC 95%)

Primary outcome

1. Decay rate
(slope) of the.
SARS-CoV-2 viral
load logarithm
from baseline to
day 10; mean
(95% CI)

−0.19 (−0.25 to −0.12) −0.23 (−0.30 to −0.17) −0.22 (−0.29 to −0.16) −0.26 (−0.33 to −0.19) 0.08 (−0.01 to 0.16) 0.03 (−0.06 to 0.12) 0.04 (−0.05 to 0.12) 0.11 0.80 0.63

Secondary outcomes

1. Respiratory
support free days
in 15 days, mean
(95% CI)

6.19 (4.98–7.40) 6.97 (5.68–8.27) 6.79 (5.75–7.84) 6.48 (5.21–7.68) −0.28 (−1.96 to 1.49) 0.50 (−1.24 to 2.21) 0.32 (−1.25 to 1.94) 0.75 0.58 0.69

2. 7-Stage ordinal
scale for clinical
outcomes on day
15, median [IQR]

2.0 [1.0; 6.0] 2.0 [1.0; 4.0] 2.0 [1.5; 4.5] 2.0 [1.0; 6.0] 0.96 (0.46–1.74) 0.95 (0.5–1.84) 1.04 (0.5–1.8)

3. 6-Stage ordinal
scale for clinical
outcomes on day
7, median [IQR]

3.0 [1.0; 5.0] 2.0 [1.0; 4.0] 3.0 [1.0; 4.0] 3.5 [2.0; 5.0] 0.44 (0.35–1.27) 0.59 (0.23–0.85) 1.03 (0.31–1.1)

4. 28-day
mortality, n (%)

8 (13%) 10 (16%) 9 (13%) 8 (14%) 0.77 (0.25–2.42) 1.19 (0.40–3.62) 0.77 (0.25–2.34)

5. Days free from
mechanical
ventilation within
28 days, mean
[SD]

20.52 [11.82] 22.09 [10.61] 20.72 [11.99] 20.36 [11.19] 0.62 (−3.23 to 4.53) 1.63 (−2.08 to 5.41) 1.28 (−2.80 to 4.87)

6. Days out of
hospital in 28
days, mean [SD]

13.44 [9.69] 15.10 [9.25] 13.29 [9.52] 13.31 [9.10] 0.61 (−3.03 to 3.95) 1.30 (−1.80 to 4.48) 0.61 (−2.91 to 3.76)

7. Time to
discharge, days,
mean [SD]

13.89 [8.01] 11.75 [7.31] 12.70 [8.15] 12.98 [7.58] 1.29 (−1.57 to 4.03) −1.12 (−3.85 to 1.53) −0.31 (−2.83 to 2.34)

Data are n (%), mean [SD] median (IQR), n/N (%), mean (95% Confidence Interval). Analysis were stratified by centre at random assignment and adjusted effect measure are reported. For primary outcome analysis, the missing data is imputed. It
doesn’t happen for secondary outcome analysis. Percentages may not total 100 because of rounding. ATV = Atazanavir, DCV = Daclatasvir, SOF + DCV = Sofosbuvir + Daclatasvir.

Table 2: Primary and secondary outcomes in modified intention to treat population according to treatment group.
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Any adverse event n (%)

Serious adverse event n (

Drug discontinuation beca
(%)

Grade 3 or 4 Adverse Eve
Abnormality

INR >2x ULN

ALT >5.1x ULN

Bilirrubin >2.6x ULN

Most Frequent Adverse E

Renal failure

Respiratory failure

Sepsis

Cardiocirculatory Arrest

Septic shock

Severe Hypoxemia

Venous Thromboembo

Pneumothorax

Respiratory infection

Pulmonary Embolism

Ventilator-associated p

Abdominal pain

Blood stream infection

Bradycardia and death

Fungal infection

Data are n (%), n/N (%). Som
significance is p < 0.05. ALT
(zero events).

Table 3: Summary of adv
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DCV vs. placebo: odds ratio, 0.95 (0.5–1.84) and
SOF/DCV vs. placebo: odds ratio, 1.04 (0.50–1.80).
Clinical status of patients in the treatment groups and
the placebo group according to 6-point ordinal scale at
day 7 are shown in Table 2 and Supplementary Table S8.
There were no significant differences between the ata-
zanavir, daclatasvir, sofosbuvir/daclatasvir and placebo
groups in the distribution of the six-point ordinal scale
at day 7 (Supplementary Fig. S4 and Supplementary
Table S8); The proportion of deaths at day 28 was not
significantly different between the treatment groups and
placebo group as well. No significant difference between
ATV
(n = 61)

DCV
(n = 64)

SOF + DCV
(n = 67)

Placebo
(n = 56)

A
(9

32 (52.5%) 25 (39%) 29 (43%) 24 (43%) 1
p

%) 17 (28%) 12 (19%) 11 (16%) 10 (18%) 1
p

use of adverse event n 3 (5%) 1 (2%) 6 (9%) 4 (7%) 0
p

nt or Laboratorial 23 (38%) 15 (23%) 15 (22%) 12 (2%) 2
p

0 (0%) 0 (0%) 0 (0%) 1 (2%)

4 (7%) 3 (5%) 4 (6%) 2 (4%) 1
p

6 (10%) 0 (0%) 0 (0%) 1 (2%) 6
p

vents

7 (17%) 7 (22%) 2 (5%) 5 (14%) 1
p

4 (9.5%) 5 (15%) 5 (13.5%) 5 (14%) 0
p

5 (12%) 1 (3%) 4 (11%) 5 (14%) 0
p

5 (12%) 3 (9%) 3 (8%) 2 (6%) 2
p

2 (5%) 6 (18%) 2 (5%) 2 (6%) 0
p

2 (5%) 2 (6%) 4 (11%) 2 (6%) 0
p

lism 2 (5%) 0 (0%) 1 (3%) 4 (11%) 0
p

2 (5%) 0 (0%) 3 (8%) 0 (0%) a

0 (0%) 0 (0%) 2 (5%) 2 (6%) a

0 (0%) 0 (0%) 2 (5%) 1 (3%) a

neumonia 1 (2%) 2 (6%) 0 (0%) 0 (0%) a

1 (2%) 0 (0%) 1 (3%) 0 (0%) a

0 (0%) 1 (3%) 0 (0%) 1 (3%) a

0 (0%) 0 (0%) 1 (3%) 1 (3%) a

2 (5%) 0 (0%) 0 (0%) 0 (0%) a

e patients had more than a single adverse event. Analyses were done in the safety populati
= Alanine Transaminase, INR = International Normalised Ratio, OR = Odds Ratio, p = p valu

erse events in the safety population according to treatment group.
the treatment groups and placebo group was observed
for any other secondary outcomes (Table 2).

Two sensitivity analyses were included: primary
model taking the study centre effect into account as a
random intercept in the primary outcome of decay rate
of SARS-CoV2 viral load logarithm from baseline to day
10 and the area under the viral load which found no
difference between intervention drugs ATV, DCV or
SOF/DCV compared to placebo in both analysis, as
shown in Supplementary Table S9.

A total of 248 participants were included in the safety
analysis of patients who received at least one dose of
TV vs. Placebo or
5% CI)

DCV vs. Placebo or
(95% CI)

SOF + DCV vs. Placebo
or (95% CI)

.47 (0.71; 3.07)
= 0.30

0.85 (0.41; 1.78)
p = 0.67

1.02 (0.50; 2.09)
p = 0.96

.78 (0.74; 4.43)
= 0.20

1.06 (0.42; 2.73)
p = 0.90

0.90 (0.35; 2.35)
p = 0.83

.67 (0.13; 3.19)
= 0.61

0.21 (0.01; 1.45)
p = 0.16

1.28 (0.35; 5.23)
p = 0.71

.22 (0.99; 5.17)
= 0.057

1.12 (0.48; 2.70)
p = 0.79

1.06 (0.45; 2.53)
p = 0.90

.89 (0.35; 14.07)
= 0.47

1.33 (0.21; 10.36)
p = 0.76

1.71 (0.32; 12.71)
p = 0.54

.00 (0.98; 115.3)
= 0.10

a a

.32 (0.40; 4.72)
= 0.65

1.25 (0.38; 4.46)
p = 0.71

0.31 (0.04; 1.52)
p = 0.18

.72 (0.17; 2.85)
= 0.63

0.86 (0.23; 3.27)
p = 0.82

0.82 (0.22; 3.11)
p = 0.77

.91 (0.24; 3.45)
= 0.89

0.16 (0.01; 1.05)
p = 0.10

0.65 (0.15; 2.57)
p = 0.53

.41 (0.50; 17.33)
= 0.30

1.33 (0.21; 10.36)
p = 0.76

1.27 (0.20; 9.87)
p = 0.80

.92 (0.11; 7.84)
= 0.93

2.79 (0.61; 19.63)
p = 0.22

0.83 (0.10; 7.11)
p = 0.85

.92 (0.11; 7.84)
= 0.93

0.87 (0.10; 7.46)
p = 0.90

1.71 (0.32; 12.71)
p = 0.54

.44 (0.06; 2.35)
= 0.35

a 0.20 (0.01; 1.38)
p = 0.15

a a

a 0.83 (0.10; 7.11)
p = 0.85

a 1.69 (0.16; 36.99)
p = 0.67

a a

a a

0.87 (0.03; 22.43)
p = 0.92

a

a 0.83 (0.03; 21.40)
p = 0.90

a a

on. Percentages may not total 100 because of rounding. Bold indicates the level of
e, ULN = Upper Limit of Normal. aComparison not done because of lack of events
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the assigned treatment (atazanavir, n = 61; daclatasvir,
n = 64; sofosbuvir/daclatasvir, n = 67; placebo, n = 56).
Safety outcomes are shown in Table 3 and
Supplementary Table S9. Among the 738 reported
adverse events, 118 (35 in the atazanavir group, 35 in the
daclatasvir group, 24 in the sofosbuvir/daclatasvir group
and 24 in the placebo group) were graded 3 or 4 adverse
events, affecting 23 (38%) of 61 participants in the ata-
zanavir group, 15 (23%) of 64 participants in
the daclatasvir group, 15 (22%) of 67 participants in the
sofosbuvir/daclatatasvir group and 12 (21%) of 56 in the
placebo group (Table 3). Compared to placebo there was
no significant difference with treatment groups related
to number grade 3 and 4 adverse events. Serious adverse
events were reported in 17 (28%) participants in the
atazanavir group, 12 (19%) participants in the dacla-
tasvir group, 11 (16%) participants in the sofosbuvir/
daclatasvir group and 10 (18%) participants in the
placebo group with no significant difference between
treatment and placebo groups (Table 3). No deaths were
considered related to treatment by the investigators. The
most frequently reported serious adverse events in all
groups were acute renal failure, acute respiratory failure
and sepsis.
Discussion
This report shows the result of the REVOLUTIOn trial
which compared repurposed drugs atazanavir, dacla-
tasvir or sofosbuvir/daclatasvir to placebo in hospitalised
hypoxemic COVID-19 patients. These antiviral drugs
were well tolerated, however none of the antiviral
reduced SARS-CoV2 viral load in comparison to placebo
under their reference dose for against HIV and HCV. A
subsequent seamless phase III trial to assess efficacy of
the antivirals in terms of clinical outcomes planned in
case of efficacy of any of the antiviral to decrease viral
load, was not conducted.

SARS-CoV2 virological clearance in COVID-19
patients treated with SOF/DCV was studied in few
randomised controlled trials as a primary endpoint.
El-Bendary et al.23 observed greater virological clearance
at day 14 measured only by RT-PCR in those treated
with SOF/DCV and Hydroxycloroquine for 14 days
compared to Hydroxycloroquine alone. Abass et al.24

observed no difference in the percentage of patients
with undetectable SARS-CoV2 RNA on 2 consecutive
nasopharyngeal swabs at day 10 in those moderate to
severe disease treated with SOF/DCV compared to
Standard of Care. Nekoukar et al.25 is the only rando-
mised controlled trial that studied ATV associated with
ritonavir plus HCQ compared to HCQ plus Lopinavir/
Ritonavir in moderate to severe COVID-19 patients and
found no difference in nasopharyngeal SARS-CoV2
PCR negativity at day 14 between groups.

Clinical efficacy outcomes in COVID-19 patients
treated with SOF/DCV compared to standard of care
www.thelancet.com Vol 20 April, 2023
were evaluated in five previous randomised controlled
trials.8,23,24,26,27 One of these studies evaluated outpatients
only27 and the other four studied hospitalised patients
similar to our population. All of these studies added
other medications to SOF/DCV as hydroxychloroquine,
ribavirin or lopinavir/ritonavir differently from our
treatment groups which used isolated SOF/DCV. Clin-
ical recovery was improved in three studies,8,24,26 shorter
hospital stay in two studies23,26 and a trend to lower
mortality in one study.23 However, inconsistency and
imprecision of treatment effect are present. Our study
didn’t find any beneficial effect in clinical recovery,
length of hospital stay, or 28 day mortality as well.
However, it was not powered for these outcomes which
were exploratory.

The present clinical trial tested atazanavir, daclatasvir
and sofosbuvir/daclatasvir at their standard doses for
treatment against HIV and HCV. Nevertheless, the pre-
clinical data6–8,10,13,14 suggest that higher doses could
enhance the chance to achieve plasma exposure to these
drugs above the threshold to inhibit more than 90%
virus replication during the entire course of treatment.
Although an adaptative trial proposal with different
regimens was presented to the Brazilian regulatory
agency, they felt the necessity to perform new phase I
clinical trials to reassure the safety and tolerability of
these clinically approved drugs before proceeding.

Although the study targeted a population of hospi-
talised patients, subjects were tested to reassure they
presented detectable viral loads. The interpretation of
viral load-associated endpoint seems to be challenging
even for studied with early use of antivirals.28–30 Whereas
early use of remdesivir decreased viral loads by 2-log10
levels, the effects of Paxlovid ranged from half-log to 1
log10 inhibition and molnupiravir’s effect on RNA levels
were virtually undetectable.28–30 Nevertheless, even with
modest to none effect of Paxlovid and molnupiravir on
viral loads, these drugs presented clinical benefit for the
patients.28,29 There are some thoughtful considerations
from the Paxlovid study.29 Paxlovid reduced viral RNA
levels more effectively in those patients with higher
(>107 copies/mL) viral loads, suggesting that high
amplitude is for antiviral sensitivity. In our investiga-
tion, the average viral load was 107 copies/mL; at similar
level, sensitivity to detect Paxlovid anti-SARS-CoV-2 ef-
fect decreased half-log.29

REVOLUTIOn trial, to the best of our knowledge, is
the first trial that measured quantitative SARS-CoV2
viral load course in nasopharyngeal swabs during the
10 days treatment with these repurposed drugs.
Furthermore, its multiple arms and stages design could
accelerate the answer about efficacy of these drugs in
such a pandemic scenario where time was precious for
saving lives. Although drugs such as remdesivir, IL-6
receptors antagonists and Janus Kinase (JAK) in-
hibitors have already been proven efficacious for hos-
pitalised COVID-19 patients,4,31,32 they are costly and
11
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may need to be administered intravenously, which
might limit access to patients from low- and middle-
income countries. Therefore, repurposed drugs are an
important alternative to be tested in clinical studies and
the REVOLUTIOn trial was designed precisely with this
alternative in mind, using cheap, easily accessible drugs
with easy distribution logistics and adequate supply.

Although predictive relationship of viral load re-
ductions and clinical benefit was not well established by
the time the protocol was written, the Steering Com-
mittee decided to adopt a virological measure as a pri-
mary endpoint to support progression to Phase III
clinical efficacy trial, following FDA recommendations
for Phase II treatment trials for COVID-19.33 The deci-
sion included to stop the study as a whole if no evidence
of efficacy in decreasing viral load could be found in the
first stage, and this decision was essential to stay in line
with the published protocol.16 Early interruption of the
study was a relevant trial limitation, because discordant
findings between clinical effectiveness and viral load
clearance has been published.30 Although there are other
endpoints that could be implemented in the future to be
complementary to viral load-based measurements, the
logistic challenges are substantial. On molnupiravir
clinical trials for example, drugs’ effect is more pro-
nounced on virus infectivity than on viral loads. How-
ever, the implementation of routine testing of the
infectivity from patient’s nasopharyngeal swabs requires
high biosafety levels and strict control in the cold chain,
limiting its general applicability in many clinical
settings.

In conclusion, in this randomised controlled trial,
the use of repurposed drugs Atazanavir, Daclatasvir,
Sofosbuvir/Daclatasvir for 10 days treatment of hospi-
talised, hypoxemic, not intubated COVID-19 patients
were not able to decrease viral load of SARS-CoV2 in
nasopharyngeal swabs when compared to placebo, using
standard dose regimens.
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