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Effectiveness of rosuvastatin plus colchicine,
emtricitabine/tenofovir and combinations thereof in
hospitalized patients with COVID-19: a pragmatic,
open-label randomized trial
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Summary

Background The use of rosuvastatin plus colchicine and emtricitabine/tenofovir in hospitalized patients with SARS-
CoV-2 disease (COVID-19) has not been assessed. The objective of this study was to assess the effectiveness and
safety of rosuvastatin plus colchicine, emtricitabine/tenofovir, and their combined use in these patients.

Methods This was a randomized, controlled, open-label, multicentre, parallel, pragmatic study conducted in six
referral hospitals in Bogotd, Colombia. The study enrolled hospitalized patients over 18 years of age with a confirmed
diagnosis of COVID-19 complicated with pneumonia, not on chronic treatment with the study medications, and
with no contraindications for their use. Patients were assigned r::r:1. 1) emtricitabine with tenofovir disoproxil
fumarate (FTC/TDF, 200/300 mg given orally for 10 days); 2) colchicine plus rosuvastatin (COLCH+ROSU, o.5 mg
and 40 mg given orally for 14 days); 3) emtricitabine with tenofovir disoproxil plus colchicine and rosuvastatin at the
same doses and for the same period of time (FTC/TDF+COLCH+ROSU); or 4) the Colombian consensus standard
of care, including a corticosteroid (SOC). The primary endpoint was 28-day all-cause mortality. A modified inten-
tion-to-treat analysis was used together with a usefulness analysis to determine which could be the best treatment.
The trial was registered at ClinicalTrials.gov: NCT04359095
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Findings Out of 994 candidates considered between August 2020 and March 2021, 649 (65.3%) patients agreed to
participate and were enrolled in this study; among them, 633 (97.5%) were included in the analysis. The mean age
was 55.4 years (SD =+ 12.8 years), and 428 (68%) were men; 28-day mortality was significantly lower in the FTC/
TDF+COLCH+ROSUYV group than in the SOC group, 10.7% (17/159) vs. 17.4% (28/161) (hazard ratio [HR] o.53;
95% CI 0.29 to 0.96). Mortality in the FTC/TDF group was 13.8% (22/160, HR 0.68, 95% CI 0.39 to 1.20) and
14.4% in the COLCH+ROSU group (22/153) (HR 0.78, 95% CI 0.44 to 1.36). A lower need for invasive mechanical
ventilation was observed in the FTC/TDF+COLCH+ROSUYV group than in the SOC group (risk difference [RD] -
0.08, 95% CI o.11 to 0.04). Three patients presented severe adverse events, one severe diarrhoea in the COLCH
+ROSU and one in the FTC/TDF+COLCH+ROSU group and one general exanthema in the FTC/TDF group.

Interpretation The combined use of FTC/TDF+COLCH+ROSU reduces the risk of 28-day mortality and the need
for invasive mechanical ventilation in hospitalized patients with pulmonary compromise from COVID-19. More ran-
domized controlled trials are needed to compare the effectiveness and cost of treatment with this combination versus
other drugs that have been shown to reduce mortality from SARS-CoV-2 infection and its usefulness in patients with
chronic statin use.

Copyright © 2021 The Author(s). Published by Elsevier Lid. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Research in context

Evidence before this study

Antiviral and anti-inflammatory drugs have been used
based on COVID-19 pathophysiology. Emtricitabine/
tenofovir (FTC/TDF) inhibits RNA polymerase, and anti-
inflammatory drugs such as colchicine (COLCH) regulate
the release of inflammatory mediators that lead to lung
injury, and statins such as rosuvastatin (ROSUV) have a
protective action on the body’s endothelial cells. In a
search in Medline via PubMed using the terms “COVID-
19”, “statins”, “colchicine”, “tenofovir’, and “emtricita-
bine,” no published studies exploring a combination of
these drugs were found. The only studies identified
included 1 RCT that assessed the effects of statins in
critically ill patients, an RCT that assessed the use of
FTC/TDF for reducing viral load in outpatients with
COVID-19, and 3 RCTs assessing the effectiveness of
COLCH in COVID-19 patients, albeit with conflicting
results. No studies assessing their combination was
found on the clinicaltrials.gov website. Only 2 RCTs
assessing FTC/TDF and 8 studies exploring the use of
statins in COVID-19 were identified.

Added value of this study

In this open-label, parallel-group, randomized con-
trolled trial, we found that in hospitalized adult patients
with mild, moderate or severe pneumonia, the FTC/TDF
+COLCH+ROSUV combination was associated with a
reduced risk of dying within the first 28 days and a
lower need for invasive mechanical ventilation than the
standard of care with dexamethasone. We did not find
effects on mortality or other clinical outcomes in the
COLCH and ROSUV group or the FTC/TDF group. To our
knowledge, this is the first trial to study a combination
of these medications in patients with moderate to
severe COVID-19 pneumonia. These medications are
safe in patients with COVID-19 pneumonia

Implications of all the available evidence

These results are highly relevant, especially for medium-
and low-income countries, considering the lower cost
of this treatment compared to other far more expensive
alternatives that have been shown to be effective. More
randomized controlled trials are needed to compare
the effectiveness and cost of treatment with this combi-
nation versus other drugs with good effectiveness in
terms of mortality and its usefulness in patients with
chronic statin use.

Introduction

The SARS-CoV-2 or COVID-19 pandemic has created a
great challenge in multiple realms throughout the world
but is particularly significant for health systems." Sev-
eral vaccines have been developed and are being applied
worldwide in an attempt to improve the prognosis of
the disease, albeit with variable effectiveness, which is
still under review.” Considering that a large proportion
of the population has not been vaccinated and given the
presence of new SARS-CoV-2 variants that could have
an impact on vaccine effectiveness, it may well be that
we will continue to see COVID-19 patients who develop
pneumonia or become critically ill, requiring hospitali-
zation and treatments to reduce the frequency of respi-
ratory failure and mortality. At the start of the
pandemic, based on experience with similar situations
in the past, drugs such as hydroxychloroquine, lopina-
vir/ritonavir, beta interferon, remdesivir, azithromycin
and ivermectin were assessed but ultimately shown not
to be effective.’* To date, only dexamethasone has been
shown to conclusively reduce 28-day mortality in hospi-
talized patients on mechanical ventilation (MV) or oxy-
gen supplementation.’
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Colchicine (COLCH) was selected because of its
fast anti-inflammatory effect mediated by neutrophil
chemotaxis and NLRP3 inflammasome signalling inhi-
bition, potentially preventing cytokine storm develop-
ment.® Statins (Rosuvastatin -ROSU-) were also
selected on the grounds of their anti-inflammatory,
immunomodulatory and antithrombotic properties with
a potential protective effect against COVID-19-related
complications.”  Emtricitabine/Tenofovir  disoproxil
fumarate (FTC/TDF) nucleotide analogues widely used
as anti-retroviral therapy in HIV, were selected because
of potential inhibition of SARS-CoV-2 ribonucleic acid-
dependent RNA polymerase, an enzyme that plays a key
role in viral transcription and replication.® At that time,
there was a paucity of clinical information on the impact
of each of these drugs on COVID-19 patients, with only
one published randomized clinical trial (RCT) assessing
colchicine® and only observational studies regarding the
use of the other two medications."""

In view of the lack of randomized studies on the
effects of FTC/TDF in slowing the initial rapid viral rep-
lication phase, the potential action of the combined use
of ROSUV plus COLCH in reducing COVID-19 effects
on endothelial cells and the increased risk of organ
thrombosis and controlling the exaggerated inflamma-
tory host response, our aim was to assess the effective-
ness and safety of the COLCH+ROSUV combination,
the effects of FTC/TDF and, finally, the combined effect
of antiviral and anti-inflammatory drugs versus the
standard of care in hospitalized COVID-19 patients in
the context of a pragmatic randomized controlled trial.™

Methods

Study design

A randomized, controlled, open-label, multicentre, par-
allel, pragmatic trial was conducted in six high complex-
ity referral hospitals in Bogotd, Colombia. The protocol
was published in Clinicaltrials.gov under identifier
NCTo04359095. Both the study protocol and the informed
consent form were approved by the ethics committees of
the National University of Colombia School of Medicine
and Pontificia Universidad Javeriana and of each of the par-
ticipating hospitals (the details of the protocol are found in
the Supplementary Materials).

Participants

Adults 18 years of age or older with a clinical picture of
COVID-19 infection diagnosed by real-time polymerase
chain reaction (RT—PCR) or viral antigen testing and
with mild, moderate or severe pneumonia requiring in-
hospital treatment were enrolled. Mild pneumonia was
defined based on chest X-ray findings plus 2 or more
risk factors for COVID-19 complications, including age
over Go years, pre-existing cardiovascular disease, diabe-
tes mellitus, chronic obstructive pulmonary disease
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(COPD), or cancer. Moderate pneumonia was defined
based on X-ray findings, such as, bilateral air-space con-
solidation, usually ground glass opacities with periph-
eral and basal distribution, in accordance with local
guidelines.” and hospitalization criteria on the simpli-
fied severity scale (CRB-65) > 1 or ambient oxygen satu-
ration under 9o%. Severe pneumonia was defined
using the same criteria as for moderate pneumonia plus
any of the following: respiratory rate of more than 3o
breaths per minute; or the need for mechanical ventila-
tion (invasive or non-invasive); or sepsis identified by a
score of 2 or more on the Sequential Organ Failure
Assessment (SOFA) scale; or 2 out of 3 of a Glasgow
score of 13 or less, systolic blood pressure of 100 mmHg
or less, and respiratory rate of 22 breaths per minute or
higher; or a diagnosis of septic shock or multiple organ
failure or adult respiratory distress syndrome. Pregnant
women; patients taking any of the study drugs within
the last 7 days; patients with known allergies to any of
the drugs; patients with a history of myopathy, rhabdo-
myolysis, liver or renal failure or lung fibrosis; patients
with advanced or metastatic cancer; and patients with a
score greater than 3 on the frailty scale were excluded.

Randomization and masking

Patients were randomly assigned using a balanced
design of 4 and 8 patient-block sizes, stratified by partic-
ipating centres (six). Randomization was carried out in
R, version 4.0.2, using the Blockrand software package,
to one of four arms using a Web-based randomization
system (UNcovApp®), which allows us to maintain con-
cealment closest to the start of treatment. At each hospi-
tal, consenting eligible patients received the standard of
care (SoC) based on the recommendations of the
Colombian consensus for hospitalized patients with
COVID-19 that includes the use of dexamethasone, iver-
mectin or albendazole as prophylaxis for Strongyloides
infection, enoxaparin, acetaminophen, oxygen as
needed, and mechanical ventilation, or dialysis, if
required.” Patients were assigned r:r:r:1 to receive 1)
emtricitabine with tenofovir disoproxil fumarate (FTC/
TDF, 200/300 mg PO for 10 days); 2) colchicine plus
rosuvastatin (COLCH+ROSU, o.5 mg and 40 mg PO
for 14 days); 3) emtricitabine with tenofovir disoproxil
fumarate plus colchicine and rosuvastatin at the same
dose and during the same time period (FTC/TDF
+COLCH+ROSU); or 4) only the SoC. Assigned treat-
ments were prescribed by the treating physicians at
each centre; the patients and the local researchers who
assessed the results were aware of the treatment
received, but the statisticians were blinded to the treat-
ment by means of treatment arm re-coding.

Procedures
At each hospital, two general practitioners identified
candidates for the study. After verifying the inclusion
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and exclusion criteria, patients were invited to partici-
pate and sign informed consent forms. In those cases,
in which the patients could not receive information or
were in the intensive care unit (ICU), a family member
or witness was asked to sign on behalf of the patient
and provide the relevant information. The data were
then entered into a Web-based electronic database
(Research Electronic Data Capture [REDCap], Ver. 6.16,
Vanderbilt University). Data collection included socio-
demographic characteristics, pre-existing comorbidities,
functional status, care setting, and respiratory support
level on the day of assignment to the treatment.

Patients were followed on a daily basis until dis-
charge, death or Day 28 after assignment. Data on the
clinical course, clinical condition, need for respiratory
function or other organ support, laboratory test results,
adherence to treatment and primary and secondary out-
comes were entered in the Web-based study forms.
Definitive discontinuation of any medication after
24 hours of treatment was considered non-adherence.
Discharged patients were followed by a telephone call
on post discharge Days 7 and 28. No information was
collected after Day 28.

Outcomes

The primary effectiveness and usefulness outcome was
all-cause mortality within 28 days after treatment
assignment. In terms of safety, serious adverse events
(SAEs) were assessed. To determine that anyone SAE
was attributable more to any of the study drugs or the
standard of care than to the Covid-19 infection or its
complications, we used the causality criteria utilized in
patient safety research by Wilson et al."* Therefore, it
was considered that an SAE was caused by the study
drugs when we ranked with a score equal or higher
than 4 (> 50% probability to be associated to manage-
ment causation). Secondary outcomes were 77-day mor-
tality, the proportion of admissions to the ICU, the
proportion with mechanical ventilation requirement,
time to death, length of stay, and any study treatment-
related adverse event.

Statistical analysis

A sample size of 816 patients (204 patients per treat-
ment arm) was calculated based on a 10% difference in
28-day mortality, with 15% in standard care based on
the mortality reported by Wang" and Borba'® and 5%
for the three medication groups to be compared against
standard care (we took the same effect for the three
intervention groups based on their biological plausibil-
ity and assuming there was no synergy between the
antiviral and the anti-inflammatory medications). We
considered a 10% difference in 28-day mortality based
on the notion that it was clinically significant and
allowed us to have a sample size that was feasible con-
sidering the available funds. The sample size was

adjusted on the basis of Bonferroni multiple comparisons
(each treatment versus standard treatment) and 10% with-
drawals.”” We used the Bonferroni correction when calcu-
lating sample size by adjusting alpha, dividing it by the
number of comparisons that we planned (3), for an alpha
of 0.0167 (0.05/3); this enabled us to maintain the family-
wise error rate and use a significant level of o.05 in the
analysis. We interrupted the recruitment of patients on
February 28, 2021, due to lack of funds, and the study coor-
dinating committee ended the study in May 2021 as we
were not able to obtain additional funding.

Baseline conditions at the time of treatment assign-
ment, adverse events and reasons for non-adherence
were described for each treatment arm. We used the
modified Intention to Treat (ITT) analysis according to
Gravel’s definition, excluding from the analysis patients
for whom the final primary outcome is unknown
because they were either lost to follow-up, withdrew, or
did not meet the eligibility criteria, based on the fact
that inclusion of those patients could bias the effect of
the intervention.”® For the 28-day mortality outcome,
the mortality rate ratio was estimated as the hazard ratio
(HR). Because of the existing correlation among individ-
uals in the same hospital and heterogeneity in the num-
ber of patients and mortality proportion by hospital
(Table S1), a Cox regression model with shared frailty
factor was used for HR estimation (i.e., hospital random
effects) following the recommendations by Austin.™
Moreover, the absolute difference in mortality propor-
tion (RD) was estimated using a generalized estimation
equation (GEE) with a log-binomial link function,
assuming an interchangeable correlation structure with
each hospital as a cluster and robust standard errors
derived from the delta method. RDs were estimated for sec-
ondary outcomes using GEE. All estimators were described
with their 95% confidence intervals (95% CI) and the mod-
ified intention-to-treat analysis approach.>® Crude analyses
were carried out for all previous estimators assuming inter-
observation independence (i.e., not taking into account
hospital clusters), and age-, sex- and pneumonia severity-
adjusted analyses were conducted based on the fact that
these variables are associated with death from COVID-19,°
and they were slightly imbalanced between treatment
groups in measuring baseline characteristics of patients.
Additionally, an RD sensitivity analysis was performed
including the 13 losses as deaths. An unplanned analysis to
estimate RD by the pneumonia severity group was also car-
ried out. Finally, as part of the pragmatic approach, the
treatment effect classification was estimated using an
empirical bootstrap with 10 ocoo repetitions, and the sur-
face under the cumulative ranking curve (SUCRA) was cal-
culated for each arm.*'

Role of the funding source
This project was approved by grant 374—2020 from the
Colombian Ministry of Science and Technology to
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Assessedforeligibility (n=1576)

Notincluded (n=927)

- Ineligible (n=599)
- Did not provide consent (n=325)

Randomized (n=649)

Assigned to Emtricitabine/
Tenofovir amm (a=163)

Assigned to Colchicine + Rosuvastatin amm
(@=161)

- Did not receive treatment (n=4)
- Non-adherence to treatment (n=29)
« Due toclinical condition (n=9)
+ By patient’s decision (1=14)
+ Due to drug-associated symptoms (n=3)
+ Uninformed (n=3)

- Did not receive treatment (n=6)
- Non-adherence to treatment (n=31)
« Due toclinical condition (n=12)
+ By patient’s decision (n=12)
+ Due to drug-associated symptoms (n=2)
+ Uninformed (n=3)

Assigned to Emtricitabine/
Tenofovir + Colchicine + Rosuvastatin arm
(n=163)

Assigned to Standard of Care arm (n=162)

- Did not receive treatment (n=1)

- Did not receive treatment (n=3)
- Non-adherence to treatment (n=41)
« Due toclinical condition (n=16)
+ By patient’s decision (n=16)
« Due to drug-associated symptoms (n=3)
+ Uninformed (n=4)

~ Lostof follow-up (a=1) ~ Lostof follow-up (n=1)
Protocol deviation (n=1) Protocol deviation (n=2)

~ Withdrawn without N ~ Withdrawn without
information about information about
primary outcome (a=1) primary outcome (a=3)

Lostof follow-up (a=1)
~ Withdrawn without
information about
primary outcome (n=3)

— Withdrawn without
i ion about
primary outcome (u=1)

Included in intention-to-treat
analysis (a=160)

Included in intention-to-treat
analysis (n=133)

Included in intention-to-treat
analysis (n=159)

Included in intention-to-treat
analysis (a=161)

| |

Figure 1. Enrolment, Randomisation, and Inclusion in the intention-to-treat analysis.

1576 patients were seen in the six hospitals; 599 (38%) had some exclusion criteria, mainly chronic use of statins in 582. Overall,
994 patients were invited to participate in the study, 328 (33%) refused to sign the informed consent, 649 were randomised and
assigned to one of four arms of treatment. Of them, 3 subjects did not meet protocol selection criteria, 3 subjects were lost of fol-
low-up and 10 patients withdrew; consequently, the primary outcome was unknown in 13 patients, so they were not included in
the analysis. Finally, 633 patients were considered in the modified ITT analysis.

Universidad Nacional de Colombia. The funding agency
did not play any role in the study design, data collection,
data analysis, data interpretation or writing of the
report. HGGD, CJRR, VARR, SLVS, GB, MMQ and
NRM had full access to all clinical data and all authors
agreed with the final decision to submit for publication.

Results

A total of 1576 patients were assessed between 24
August 2020 and 20 March 2021 to verify eligibility.
Among them, 599 (38%) had at least one exclusion cri-
terion (the use of statins within the previous 77 days was
the main exclusion criterion in 587 (98%) cases). Over-
all, 994 patients were invited to participate in the study,
328 (33%) declined, and ultimately, 649 were random-
ized and assigned to one of the four treatment arms.
Among them, 3 (0.46%) subjects did not meet the eligi-
bility criteria (they were taking statins chronically, but
only one took 1 dose of the study medications). In the
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end, 633 (97.5 %) patients were considered in the modi-
fied ITT analysis (Figure 1). There were variations
among hospitals in terms of the distribution of the
number of patients enrolled and the proportion of mor-
tality (see the Supplemental material, Table S1).
Regarding the patient baseline characteristics, their
mean age was 55.4 (SD =+ 12.8 years), and 205 (32%)
were women. There was a history of diabetes in 76
(12%), hypertension in 176 (28%), COPD in 28 (4%)
and smoking in 104 (16.4%). The median time between
the onset of symptoms and hospitalization was 10 days.
At the time of enrolment, 45 (7%) cases were classified
as mild pneumonia, 425 (67%) as moderate and 163
(26%) as severe; 49 (8%) patients were on invasive
mechanical ventilation, 57 (9%) on high flow nasal can-
nula, 418 (66%) were receiving oxygen alone, and 109
(17%) were not on supplemental oxygen (Table 1). Non-
adherence to the assigned treatment varied between 29
(18%) and 41 (25%) patients per arm (Figure 1). In all
four arms of the study, 98% of patients did not receive
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Characteristic*

Treatment assignment

Emtricitabine/Tenofovir

Colchicine+

Emtricitabine/

Standard of Care

Rosuvastatin Tenofovir +
Colchicine + Rosuvastatin
(N=160) (N=153) (N=159) (N=161)

Female sex — no. (%) 60 (37.5) 50(32.7) 47 (29.6) 48 (29.8)
Age

Mean age+SD — yr 56.6+13.1 56.1+£13.2 53.6+12.6 55.3+123

Over 60 years — no. (%) 66 (41.2) 62 (40.5) 47 (29.6) 61 (37.9)
Urban Residency — no. (%) 152 (96.8) 149 (98.0) 152 (96.8) 156 (96.9)
Marital status — no. (%)

Single 25(16.2) 21(13.9) 29 (18.5) 24 (15.4)

Married 91 (59.1) 99 (65.6) 94 (59.9) 94 (60.3)

Other 38(24.7) 31(20.5) 34(21.7) 38 (24.4)
Schooling — no. (%)

Primary or less 13 (8.6) 17 (11.9) 13 (8.6) 20(13.2)

Secondary or Middle 54 (35.5) 52(36.4) 48 (31.6) 47 (30.9)

Technical and technological 22 (14.5) 19(13.3) 18(11.8) 17 (11.2)

Professional and specialized 63 (41.4) 55 (38.5) 73 (48.0) 68 (44.7)
Social stratification (%)’

Medium-Low 110 (71.0) 110 (74.3) 102 (68.0) 102 (65.8)

Medium-High 45 (29.0) 38 (25.7) 48 (32.0) 53 (34.2)
Previous coexisting conditions — no. (%)

Smoking 24 (15.3) 21(14.2) 26 (16.9) 33(20.9)

Alcoholism 7 (4.5) 3(2.0) 4(2.6) 7 (4.5)

Cardiovascular disease 9 (5.6) 4(2.6) 2(1.3) 2(1.2)

Diabetes mellitus 1-2 21 (13.1) 24 (15.7) 19(11.9) 12 (7.5)

Chronic respiratory disease 9 (5.6) 6(3.9) 5(3.1) 8(5.0)

Arterial hypertension 46 (28.7) 51(333) 50(31.4) 29 (18.0)

Cancer 9 (5.6) 8(5.2) 6(3.8) 5(.1)
Obesity 58 (38.2) 48 (34.0) 58(39.2) 45 (30.2)
Glomerular Filtration Rate — mean+SD 88.3+194 91.7£174 91.4+19.6 92.8+16.6
Length of stay in previous month — no. (%) 0(0.0) 3(2.0) 3(1.9) 7 (4.4)
Charlson CCl — mean+SD 0.3+0.7 0.440.9 0.31+0.7 0.24+0.6
NEWS2 Classification — no. (%)

Low 66 (41.2) 59 (38.6) 69 (43.7) 74 (46.0)

Medium 55 (34.4) 54 (35.3) 55 (34.8) 51(31.7)

High 39 (24.4) 40 (26.1) 34 (21.5) 36 (22.4)
Epidemiologic contact history — no. (%)

Known contact history 58(36.2) 53 (34.6) 63 (39.6) 66 (41.0)

Community contact 55 (94.8) 50 (94.3) 57 (90.5) 60 (90.9)

Transportation contact 0 (0.0) 1(1.9) 0(0.0) 1(1.5)

Healthcare staff 3(5.2) 2(3.8) 6(9.5) 5(7.6)
Service/Unit of current stay — no. (%)

General ward 112 (70.0) 109 (71.2) 110 (69.2) 114 (70.8)

ICU-Intensive 44 (27.5) 37 (24.2) 44 (27.7) 44 (27.3)

ICU-Step-down 4(2.5) 7 (4.6) 5(3.1) 3(1.9)
Pneumonia diagnosis — no. (%)

Mild 11 (6.9) 12(7.8) 14 (8.8) 8(5.0)

Moderate 109 (68.1) 101 (66.0) 102 (64.2) 113 (70.2)

Severe 40 (25.0) 40 (26.1) 43 (27.0) 40 (24.8)
Median of days since onset of symptoms (Q1-Q3) 9(7-12) 10 (6-12) 10(7-12) 10 (7-12)
Median of days since admission (Q1-Q3) 2(1-3) 2(1-3) 2(1-3) 2(1-3)
Sepsis — no. (%) 27 (65.9) 24 (60.0) 29 (67.4) 28 (70.0)
Septic shock — no. (%) 9(22.5) 8(20.0) 9(20.9) 10 (25.0)

Table 1 (Continued)
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Characteristic*

Treatment assignment

Emtricitabine/Tenofovir Colchicine+ Emtricitabine/ Standard of Care
R P Tenofovir +
Colchicine + Rosuvastatin
(N=160) (N=153) (N=159) (N=161)
ARDS — no. (%) 39(97.5) 39 (97.5) 43 (100.0) 39 (97.5)
ARDS classification — no. (%)
Mild 0(0.0) 1(26) 0(0.0) 1(2.6)
Moderate 19 (48.7) 18 (46.2) 14 (32.6) 13(33.3)
Severe 20(51.3) 20(51.3) 29 (67.4) 25 (64.1)
Oxygen delivery method — no. (%)
Non-invasive support 100 (62.5) 103 (67.3) 107 (67.3) 108 (67.1)
High-flow cannula 16 (10.0) 12(7.8) 13(8.2) 16 (9.9)
Mechanical ventilation 14 (8.8) 12 (7.8) 12(7.5) 11 (6.8)
No oxygen 30(18.8) 26 (17.0) 27 (17.0) 26 (16.1)

centile and 75th percentile.

Table 1: Characteristics of the Patients at Baseline, According to Treatment Assignment
* Plus—minus values are means £SD, ICU intensive care unit, ARDS Acute Respiratory Distress Syndrome, SD Standard Deviation, and Q1-Q3 25th per-

T Social stratification is a government classification that groups areas of residential property where the study subjects live. Under this classification,
Medium-Low corresponds to subject who benefit from utility subsidies and Medium-High are subjects who either do not receive subsidies and do not have to
pay contributions or must pay a premium on the cost of utilities. DANE, La estratificacion socioeconémica en el régimen de los servicios puiblicos domiciliarios,
retrieved on June 16, 2021 at https://www.dane.gov.co/files/geoestadistica/Estratificacion_en_SPD.pdf

other antiviral or anti-inflammatory treatments, except
for the use of dexamethasone as part of the standard of
care (Table S2).

Primary outcome

In the FTC/TDF+COLCH+ROSUYV group, 28-day mor-
tality was significantly lower than in the SOC group,
with a mortality of 17 out of 159 patients (10.7%) and 28
out of 161 patients (17.4%), respectively (HR 0.53; 95%
CI 0.29 to 0.96). No differences were found among the
FTC/TDF group, with a mortality of 22 out of 153
patients (14.4%), the SOC group (HR 0.68; 95% CI
0.39 to 1.20), the COLCH+ ROSUYV group, with a mor-
tality of 22 out of 160 patients (13.8%), and the SOC
group (HR 0.78; 95% CI 0.44 to 1.36) (Figure 2). These
results are similar to those found with crude models
adjusted by age, sex and type of pneumonia (Table 3).
Additionally, according to the planned analyses, the
absolute effect between the SOC and FTC/TDF
+COLCH+ROSUV groups was assessed, showing a
trend towards a lower risk of dying for the latter (RD
-0.08; 95% CI -0.2 to 0.05). This effect was not shown
for the FTC/TDF and COLCH+ROSUV groups versus
the SOC (RD -0.04; 95% CI -0.16 to o.07, and RD
-0.03; 95% CI -0.14 to 0.08, respectively) (see Figure 3).
These results were similar to those obtained using crude
RD and RD adjusted for age, sex and pneumonia sever-
ity (see Supplementary Material, Figures S1 and S2).
Finally, in the unplanned exploratory analysis based on
pneumonia severity, 28-day mortality was lower in the
FTC/TDF+COLCH+ROSUV group than in the SOC
group in patients with mild-to-moderate pneumonia
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(RD -0.05; 95% CI -0.07 to -0.04), and, also, in severe
pneumonia however this result is imprecise (RD -o.17;
95% CI -0.38 to 0.03) (Figure S3). The sensitivity analy-
sis showed similar results in terms of direction and
magnitude of the effect (Figure S4). In terms of safety,
three patients with SAEs were identified: 1 patient in
the FTC/TDF+COLCH+ROSUV group (severe diar-
rhoea) and 1 patient in the FTC/TDF group (drug-
related exanthema).

Secondary outcomes

In terms of the need for invasive mechanical ventilation,
it was found to be lower in the FTC/TDF+COLCH
+ROSUYV group than in the SOC group (RD -0.08; 95%
CI -o0.11 to -0.04) (Figure 3). This result is consistent
with that obtained with the adjusted GEE (see Figure
S2). There were no differences between FTC/TDF and
the SOC or between COLCH+ROSUYV and the SOC in
terms of the need for invasive mechanical ventilation.
For 7-day mortality and the need for intensive care, no
differences were found between the treatment groups
and the SOC (Figure 3, and Figures S1 and S2). These
results were similar to those obtained when using crude
and adjusted estimators (see Supplementary Material,
Figures St and S2). Finally, there were no differences in
median length of stay (Q1-Q3) among the COLCH
+ROSUV arm (4.0 days [2.0—9.0]), the FTC/TDF arm
(5 days [3—10]), the FTC/TDF+COLCH+ROSUV arm
(5-0 days [2.5—8.0]) and the SOC (4.0 days [2.0—9.0]).
The most frequent nonserious adverse events are shown
in Table 2.
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Kaplan-Meier plots of the cumulative estimate of the outcome of death from any cause. HR: Hazard Ratio. 95% Cl: 95% confi-
dence interval. COLCH: Colchicine. ROSU: Rosuvastatin. FTC/TDF: Emtricitabine/Tenofovir disoproxil fumarate. (A) COLCH+ROSUV
compared with Standard of Care, (B) FTC/TDF + COLCH + ROSUV compared with Standard of Care, and (C) FTC/TDF compared with
Standard of Care. Hazard Ratios (HR) estimated from shared-frailty (i.e., hospital random-effects) Cox models. The global test of pro-
portional-hazards assumption on the basis of Schoenfeld residuals is chi2=5.76 (p=0.12).

In the SUCRA analysis for 28-day mortality, the RD
classification from the SUCRA analysis also revealed
that the FTC/TDF+COLCH+ROSUV combination had
the highest probability of being the best among the four
treatment options (SUCRA 76.2%) (Figure S5).

Discussion

This pragmatic randomized controlled trial (RCT)
shows that in hospitalized adult patients with COVID-
19 diagnosed by RT—PCR or viral antigen testing with
mild, moderate, or severe pneumonia and receiving
dexamethasone, the FTC/TDF+COLCH+ROSUV com-
bination is associated with a reduced risk of dying
within the first 28 days and a lower need for invasive
mechanical ventilation than the standard of care with
dexamethasone. No differences were found between the
treatment with FTC/TDF or COLCH+ROSUV com-
pared with the SOC in terms of the need for transfer to

the intensive care unit or mortality within the first
7 days of hospital stay.

No published RCTs testing the use of the FTC/TDF
+COLCH+ROSUYV combination were found in the liter-
ature search in PubMed. One published phase 2 RCT
assessing the effect of the FTC/TDF combination in
reducing the viral load in subjects with SARS-CoV-2-
related nasopharyngeal infection was identified.** As of
8 August 2021, 2 additional RCTs assessing these drugs
were registered on the clinicaltrials.gov website
(NCTo4712357, NCT04890626). Regarding the use of
statins in the treatment of COVID-19, one factorial RCT
was carried out to assess the effect of two different doses
of statins plus enoxaparin in preventing venous or arte-
rial thrombosis, avoiding treatment with extracorporeal
oxygenation membrane (ECMO) or reducing the 30-day
mortality, based on the hypothesis that statins would
mitigate poor outcomes in some subgroups of patients
with  hyperinflammatory states, however, those
results are not available yet.”*> Eight ongoing RCTs that
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No. events/
Total of patients (%)

GEE Risk Difference (95% Cl) p value

28-day mortality (N=633)

Colchicine + Rosuvastatin 4 22153 (14.4) F

FTC/TDF + Colchicine + Rosuvastatin 4 17/1159 (10.7) |

FTC/TDF+  22/160(13.8) I
Standard of Care - 28/161 (17.4)

-0.03(-0.14;0.08) 06
-0.08 (-0.2;0.05) 023
-0.04 (-0.16;0.07) 0.46

7-day mortality (N=633)

Colchicine + Rosuvastatin 4 9/153 (5.9)

FTC/TDF + Colchicine + Rosuvastatin - 6/159 (3.8)
FTC/TDF 4 71160 (4.4)

Standard of Care 7/161 (4.3)

0.01(-0.05;0.08) 067
-0.01(-0.06;0.04) 0.73
0(-0.06;0.06) 096

Transfer to the ICU (N=440)

Colchicine + Rosuvastatin 4 16/110 (14.5)

FTC/TDF + Colchicine + Rosuvastatin - 11/109 (10.1)
FTC/TDF A 17/111 (15.3)

Standard of Care q 14/110 (12.7)

0.02(-0.07;0.11) 0.7
-0.03(-0.09;0.03) 031
0.02(-0.08;0.13)  0.64

Ventilation requirement (N=539)

Colchicine + Rosuvastatin§  22/131 (16.8) I—OJ.—i -0.01(-0.05;0.04) 0.8
FTCI/TDF + Colchicine + Rosuvastatin q 14/135 (10.4) e : -0.08 (-0.11 ; -0.04) < 0.001
FTC/TDF  19/136 (14.0) | - i -0.04 (-0.15;0.07) 049
Standard of Care - 24/137 (17.5) i
-OIZ »0‘1 OIO O.1 DI2

Figure 3. Secondary Outcomes with Unadjusted Estimates (GEE models)

Unadjusted Risk Differences were estimated using Log-binomial General Estimating Equation (GEE) models, assuming exchange-
able correlation structure with each centre as a cluster. ICU: intensive care unit. FTC/TDF: Emtricitabine/Tenofovir disoproxil fuma-
rate. 95% Cl: 95% confidence interval. Patients who were in the ICU at the time of randomisation or before are excluded of the
analysis of transfer to ICU outcome. Patients who required ventilation at the time of randomisation or before are excluded of the

analysis of ventilation requirement outcome.

Description of non-serious adverse events* Total Emtricitabine/ Colchicine+ Emtricitabine/ Standard
Tenof R in T ir + of Care
Colchicine +
Rosuvastatin
Gastrointestinal (nausea, diarrhoea, epigastralgia) 88 22 24 38 4
Hepatic (elevation of transaminases, alkaline phosphatase, and 67 15 17 24 11
bilirubin)
Non-specific (asthenia, cramps, diaphoresis) 23 6 6 9 2
Neurologic (headache, delirium, seizure episode) 22 5 2 10 5
Cardiovascular (hypertension, bradycardia, atrial fibrillation) 21 6 4 6 5
Renal (kidney injury, hematuria, and increased creatine 20 7 7 1 5
phosphokinase)

Hematologic (Anemia, thrombocytopenia, thrombocytosis) 16 2 5 5 4
Allergic (Exanthema, rash, and allergic reaction) 14 5 6 3 0
Metabolic (diabetes, hyperglycemia and cholelithiasis) 12 6 2 3 1
Osteomuscular (contracture, weakness, myalgia) 6 2 1 3 0
Infectious (bacteremia, herpes zoster and catheter site infection) 5 1 2 0 2
Electrolytes (Hyperkalemia and hypokalemia) 4 1 2 0 1
Psychiatric (Anxiety, panic, and psychosis) 3 1 0 1 1
Respiratory (Dyspnea and pneumothorax) 3 1 2 0 0
Otolaryngological (Otorrhagia) 2 1 1 0 0
Dental (Tooth loss) 1 0 1 0 0

Table 2: Frequency of non-serious adverse events

it is difficult to have a denominator.

We do not present information with relative frequencies (i.e., percentages) because some events occurred simultaneously in the same patients; therefore,
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HR 95% Cl p-val

Colchicine + Rosuvastatin

Crude 0.839 (0.480 - 1.466) 0.537

Frailty 0.776 (0.443 - 1.360) 0.376

Frailty-Adjusted 0.719 (0.408 - 1.265) 0.252
FTC/TDF + Colchicine + Rosuvastatin

Crude 0.598 (0.328 - 1.093) 0.095

Frailty 0.527 (0.288 - 0.964) 0.038

Frailty-Adjusted 0.483 (0.263 - 0.887) 0.019
FTC/TDF

Crude 0.786 (0.449 - 1.373) 0.397

Frailty 0.685 (0.390 - 1.201) 0.187

Frailty-Adjusted 0.605 (0.343 - 1.065) 0.081

Table 3: All estimates of time to event analysis

HR: Hazard Ratio. FTC/TDF: Emtricitabine/Tenofovir disoproxil fuma-
rate. Crude: HR estimated from Cox regression models. Frailty: HR esti-
mated from shared-frailty (ie, hospital random-effects) Cox models.
Frailty-Adjusted: HR estimated from shared-frailty (i.e., hospital random-
effects) Cox models adjusted by age, sex, and pneumonia severity. The
global tests of proportional-hazards assumption on the basis of Schoen-
feld residuals for each model are: Crude model chi2=5.34 (p=0.15); Frailty
model chi2=5.76 (p=0.12); Frailty-Adjusted model chi2=9.74 (p=0.14).

explored the use of statins in this setting were found in
clinicaltrials.gov (NCTo4472611, NCTo4813471,
NCTo046315306, NCT04348695, NCTo4333407,
NCTo04380402, NCT04466241, and NCT04952350).
Moreover, a meta-analysis showed a mortality risk
reduction (OR o.70, 95% CI: 0.55 to 0.88; 21 studies, I*
85%), albeit with a very low level of evidence and a very
uncertain estimated effect. A subgroup analysis sug-
gested that the effect was greater in the inpatient group
receiving statins compared to prehospital statin use.**

Regarding colchicine, the evidence is conflicting.
The COLCORONA-blinded RCT that included 4488
outpatients with COVID-19 showed a reduced incidence
of the primary composite outcome of death or hospitali-
zation compared to placebo in patients with positive
PCR tests for COVID-19 (odds ratio [OR] 0.75; 95% CI
0.57 to 0,99) but not in the non-confirmed by COVID-
19 PCR tests (OR 1.75; 95% CI (0.56—5.46).> The
authors of the GRECO study reported benefits in 105
hospitalized patients with COVID-19 who were treated
with colchicine, with a reduction in the number of sub-
jects with clinical deterioration: 7 patients (14%) in the
control group and 1 patient (1.8%) in the colchicine
group (OR o.11; 95% CI o.01 to 0.96).° The RECOV-
ERY trial with 2363 hospitalized patients with COVID-
19 showed no association between the use of colchicine
and lower mortality (RR 1.01; 95% CI 0.93 to 1.10) but
reported no data on the need for invasive mechanical
ventilation.*®

Our results suggest a synergistic effect of using med-
ications that act at different key time points in SARS-
CoV-2 infection, from viral replication and cytopathic
damage to immune hyperactivity resulting in

hyperinflammatory states during the advanced stages of
the disease due to sudden release of inflammatory
mediators, explaining the so-called cytokine storm as a
contributing factor to multiple organ damage, thrombo-
sis, complications and death.”” >

Therefore, the action of the drug combination dis-
cussed in this study would begin with emtricitabine/
tenofovir disoproxil fumarate, two nucleotide analogues,
inhibiting SARS CoV-2 replication,”° an effect that has
been described by Parienti et al., showing that early use
of these antiviral agents reduces the viral load in the
upper respiratory airway,*” a reduction that would result
in a lower risk of hospitalization and death in patients
with COVID-19.>" Besides, TDF has been shown to
affect the cytokine profile, favouring the production of
IL-12, which would increase the immune response
against viral infections.>* The anti-inflammatory action
of colchicine has been attributed to its ability to interfere
with the inflammatory protein NLRP3 by modulating
unregulated cytokine release, particularly IL-18 and IL-
6, and inhibiting inflammatory chemokines, cell adhe-
sion molecules, superoxide anion production and mast
cell degranulation,” among other actions that would
diminish the severity of the lung injury associated with
acute respiratory distress syndrome. Its combination
with statins potentiates pleiotropic effects, counteracts
endothelial dysfunction, stabilizes atherosclerotic pla-
ques and regulates angiogenesis based on their antifi-
brotic, antithrombotic and antiviral action.>* This could
have a potential effect against the apoptosis and pyrop-
tosis processes that may cause damage to endothelial
cells and lead to myocarditis-related manifestations in
severe cases of SARS CoV2 infection.*” This effect could
explain the separation of the mortality curves between the
combined regimen and the SOC after 1o days of treat-
ment for patients who received FTC/TDF (Figure 1).

Our results regarding the association between treat-
ment with FTC/TDF+COLCH+ROSUV and reduced
28-day mortality open a window to continue research
with this drug combination. The mortality rate ratio esti-
mate takes into account the change in the mortality risk
over time, providing a more accurate estimate than is
achieved through mortality proportion and RD. On the
other hand, the adjusted Cox regression model takes
into consideration the imbalance in the distribution of
age, sex, and severity of pneumonia between groups at
the entrance to the study (Table 1). Interestingly, in
frailty Cox model the estimated effect is very similar
and more precise that the crude Cox model. The RD
estimate, although imprecise, is stable in terms of effect
direction, both in the GEE and adjusted GEE analyses,
as well as in the sensitivity analysis, including the 13
patients lost to follow-up (Figures S1, S2 and S3), and
the subgroup analysis of patients with moderate pneu-
monia.

The results in terms of the absolute effect (i.e., RD)
are imprecise in this study because the sample size
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required for effectiveness assessment with 95% confi-
dence was not achieved. This was due, on the one hand,
to the high proportion of patients who refused to partici-
pate in this study (38%)—a cultural issue that needs to
be analysed—and, on the other, to the number of sub-
jects on chronic rosuvastatin use at the time of entering
the study (33%), which was an exclusion criterion. More-
over, being an open-label study, it has a high risk of per-
formance bias, accounting for the proportion of non-
adherence to treatment, ranging between 18% and 25%
in the different study medication groups (Figure 1).
However, when considering this bias effect, it points
towards a null hypothesis, and therefore, the estimated
effect in terms of reduced mortality with the combined
treatment is probably valid.

From a pragmatic point of view, the study was car-
ried out in usual hospital conditions of significant work-
loads and standard medication administration systems,
using an ITT approach to the analysis and aiming for
the most useful treatment versus the standard of care to
help guide clinical decisions. However, the generaliza-
tion of the results is limited, considering that they are
not applicable to chronic statin users.

The combined use of FTC/TDF+COLCH+ROSUV
for 14 days reduces the risk of dying and the need for
mechanical ventilation in patients with mild-moderate
and severe SARS-CoV-2 infection that require hospitali-
zation. These results are highly relevant for medium-
and low-income countries with limited resources, con-
sidering the lower cost of this treatment compared to
other far more expensive alternatives that have also
been shown to be effective. More randomized controlled
trials are needed to compare the effectiveness and cost
of treatment with this combination versus other drugs
that have been shown to reduce mortality from SARS-
CoV-2 infection and its usefulness in patients with
chronic statin use.
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