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Abstract

Background Unprotected and fragile elderly people in nursing homes experienced the highest mortality rates during the
initial coronavirus disease 2019 (COVID-19) pandemic.

Objective Our aim was to study the role of two oral anti-inflammatory drugs, colchicine and prednisone, in elderly patients
with COVID-19 in geriatric centers.

Methods A phase II/III, randomized, controlled, multicenter clinical trial was performed in a geriatric population compar-
ing the efficacy and safety of an oral combination of prednisone (60 mg/day for 3 days) and colchicine (at loading doses of
1-1.5 mg/day for 3 days, followed by 0.5 mg/day for 11 days) with the standard treatment, based on intravenous dexametha-
sone. Primary endpoints assessed the efficacy in reducing death or the modified endpoint death/therapeutic failure to the study
drugs over a 28-day period, while secondary endpoints included safety, laboratory changes, and additional therapies used.
Results Fifty-four patients (35 female/19 male) were enrolled, 25 (46.3%) of whom were allocated to the experimental
arm and 29 (53.7%) to the control arm. At day 28, no differences in deaths were observed. The combination of mortality or
therapeutic failure occurred in 12 (45.13%) patients receiving dexamethasone and 6 (28.13%) patients receiving colchicine/
prednisone, resulting in a reduction of risk difference (RD) of — 17% (p = 0.17), with an average reduction of 39% (risk ratio
[RR] 0.61) in patients receiving colchicine/prednisone (p = 0.25). Control patients received higher amounts of additional glu-
cocorticoids (p = 0.0095) over a longer time frame (p = 0.0003). Colchicine/prednisone significantly reduced ferritin levels
at day 14, as well as p-dimer and lactate dehydrogenase (LDH) levels at day 28. Adverse events were similar in both groups.
Conclusions The combination colchicine/prednisone compared with intravenous dexamethasone has shown a remarkable
trend to increase disease survival over a 28-day period in elderly patients requiring oxygen therapy in geriatric centers,
without safety issues.
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The FRAGILE-COLCOVID19 clinical trial was
designed with the aim of reducing the excess mortality
due to coronavirus disease 2019 (COVID-19) in fragile
elderly patients admitted to nursing homes and other
geriatric facilities with a simple oral combination of two
anti-inflammatory drugs, colchicine and prednisone.

Although not significant, the early administration of col-
chicine and prednisone in elderly patients with COVID-
19 requiring oxygen therapy has shown a remarkable
trend to reduce mortality or therapeutic failure over a
28-day period compared with intravenous dexametha-
sone, with no safety issues.

In elderly patients, the oral combination of colchicine
and prednisone has also shown positive results in terms
of disease survival and other parameters of severity.

1 Introduction

To June 2022, approximately 530 million people world-
wide had been officially infected by severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) and more than
6 million people have died from coronavirus disease 2019
(COVID-19) [1]. By April 2020, the overall mortality rate
for COVID-19 inpatients was reported to be 28% [2, 3].
Older age was identified as a risk factor associated with in-
hospital death [2, 3] and more than 80% of COVID-19 deaths
initially occurred in individuals over 60—65 years of age [3,
4]. Mortality was clearly higher in hospitalized patients with
COVID-19 older than 65 years of age (reported to be from
27 to 37%) compared with patients younger than 65 years
of age (reported to be from 2 to 10.6%) [3, 5, 6]. Indeed, the
mortality rate was higher than 30 and 50% in COVID-19
patients older than 70 and 80 years of age, respectively [3,
5]. Furthermore, comparing the population aged > 65 years
with patients aged < 30 years, those patients between 65 and
74,75 and 84 and > 85 years of age experienced a mortality
increase of 5, 8, and 13 times, respectively [4, 5]. During the
first two waves of the COVID-19 pandemic in 2020, elderly
people in nursing homes were considered an unprotected,
fragile, and vulnerable population since they experienced the
highest mortality rate, accounting for 30-60% of all COVID-
19-related deaths (66% in Spain, 51% in Belgium, 50% in
France, and 37% in Germany) [7, 8].

Patients with severe COVID-19 experience hyperinflam-
matory responses comparable with macrophage activation
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syndrome (MAS) [9-11]. Because of their anti-inflamma-
tory properties, glucocorticoids, anti-interleukin (IL)-6 and
anti-IL-1 therapies have already shown to be effective in
MAS secondary to autoimmune diseases and chimeric anti-
gen receptor (CAR) T-cell therapies [10]. Similarly, differ-
ent types of glucocorticoids have been useful in reducing
mortality in COVID-19 patients needing oxygen therapy
[12—17], and several biologic agents, including tocilizumab,
anakinra and baricitinib, have also proven efficacy in mod-
erate-to-severe COVID-19 over time [18, 19]. Colchicine,
a natural alkaloid orally used in different autoinflammatory
diseases exhibits powerful and rapid anti-inflammatory
effects [20-22]. Moreover, colchicine antiviral activity has
also been described [23]. Because of their anti-inflammatory
properties, colchicine and prednisone were postulated to be
potential therapeutic candidates in SARS-CoV-2 infection.
With regard to prednisone, this oral glucocorticoid was pre-
viously tested in two COVID-19 clinical trials prematurely
terminated at the time of the formal approval of glucocor-
ticoids for COVID-19 (NCT04344288 and NCT04451174
[24]), and no other clinical trials using prednisone for treat-
ing COVID-19 patients have been designed or published.

The global aim of this study was to contribute to reducing
the excess mortality due to COVID-19 in elderly patients
admitted to nursing homes and other geriatric facilities, with
simple therapeutic strategies, easy to administer, and without
the need for complex controls. The specific aim of this clini-
cal trial was to study the utility of the early administration
of a combination of two oral drugs with anti-inflammatory
properties (colchicine and prednisone) in elderly patients
with COVID-19 requiring oxygen therapy in geriatric
centers.

2 Methods
2.1 Trial Design

A phase II/III, randomized, controlled, multicenter clini-
cal trial was conducted to compare the efficacy and safety
of an oral combination of colchicine and prednisone with
the standard treatment approved by the participant centers,
based on intravenous dexamethasone, for moderate/severe
COVID-19 in elderly patients admitted to geriatric facili-
ties. The two participating centers in the city of Barcelona
(Spain) were the Geriatric Unit of the Department of Inter-
nal Medicine, Hospital Clinic of Barcelona, and the transi-
tional care or nursing center Clinica Sant Antoni.

2.1.1 Inclusion and Exclusion Criteria

Patients’ inclusion criteria were: (1) > 65 years of age admit-
ted to a geriatric hospital unit or a transitional care center;
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(2) clinical diagnosis of SARS-CoV-2 infection micro-
biologically confirmed by real-time quantitative polymer-
ase chain reaction (RT-PCR) or rapid antigen test (at any
time during the current episode if clinical manifestations at
admission were attributed to COVID-19), and a moderate
(score of 4, requiring oxygen by mask or nasal prongs) to
severe (score of 5, requiring non-invasive or high-flow oxy-
gen ventilation) disease according to the 2020 World Health
Organization (WHO) Ordinal Scale for Clinical Improve-
ment [25]; (3) general condition allows swallowing of the
oral medication, without risk of aspiration pneumonia; and
(4) provided written informed consent to participate in the
study (by the patient or responsible family member).

The exclusion criteria were (1) patients who were criti-
cally ill or in a terminal situation with very little or no
expectancy to respond to specific treatment and with a vital
prognosis limited to weeks or months; (2) unable to swal-
low safely; (c) taking the study drugs (colchicine or pred-
nisone) chronically or 7 days before enrollment in the study
(before inclusion in the study, one or two doses of any type
of glucocorticoid, usually administered at the Emergency
Department, were permitted and these doses were accounted
for as concomitant medication); (d) concomitant treatment
with macrolides (e.g. clarithromycin, erythromycin, telithro-
mycin, azithromycin), antifungals (e.g. itraconazole, keto-
conazole), cyclosporine and antiviral agents (e.g. lopinavir/
ritonavir, indinavir, nelfinavir, saquinavir) because of poten-
tial drug interactions through the cytochrome P450 family
3 subfamily A member 4 (CYP3A4); (4) previous known
hypersensitivity to any of the study drugs or their excipients;
and (5) experiencing severe renal insufficiency (glomerular
filtration rate [GFR] < 30 mL/min or undergoing hemodi-
alysis), severe liver failure (defined as the development of
severe acute liver injury with encephalopathy and impaired
synthetic function, with an international normalized ratio
[INR] of 1.5 or higher, in a patient without cirrhosis or pre-
existing liver disease), digestive disorders (including gas-
trointestinal bleeding, severe diarrhea, and abdominal pain)
or blood dyscrasias.

Intravenous medications without formal approval by drug
regulatory authorities at the time the study was designed
and conducted, such as remdesivir, anticytokine agents
(e.g. tocilizumab, anakinra, or baricitinib), or convalescent
plasma, were not initially permitted. If any clinical deteriora-
tion occurred during the study period and these medications
were subsequently administered, together with escalation of
ventilatory measures (e.g. from low-flow oxygen therapy to
laminar air flow [LAF] ventilation or non-invasive/invasive
ventilatory support), these clinical worsening situations
would be considered a therapeutic failure.

2.1.2 Therapeutic Arms and Follow-Up Visits

The two therapeutic strategies were (1) experimental arm: a
short course of oral prednisone (60 mg/day, for 3 consecu-
tive days) coadministered with colchicine (at initial loading
doses of 1-1.5 mg/day over 3 days, adjusted for renal func-
tion and body weight [electronic supplementary Table 1],
followed by 0.5 mg/day for 14 days in total); and (2) control
arm: standard treatment based on intravenous dexametha-
sone, since dexamethasone at 6 mg/day had demonstrated
to decrease mortality in COVID-19 patients on oxygen or
mechanical ventilation [14]; its use was supported by the
WHO by June 2020 [26] and formally approved by the
European Medicines Agency (EMA) by October 2020 [27].
A previous dose of any type of glucocorticoid was permit-
ted. Patients were followed over a 28-day period and visited
daily during the first 14 days of hospitalization or until dis-
charge. After hospital discharge, daily telephone visits were
undertaken until day 28. If possible, a last on-site visit was
scheduled on day 28 or was undertaken by telephone when
patients could not physically attend medical facilities.

2.1.3 Ethical Considerations

This study was approved by the Clinical Research Ethics
Committee at the Hospital Clinic of Barcelona (EudraCT
Number 2020-002462-14) and registered in the US
Clinical Trials Registry (ClinicalTrials.gov identifier:
NCT04492358). All patients or their legally authorized rep-
resentatives signed the informed consent form.

2.2 Study Endpoints

The primary endpoints were to assess efficacy in terms of
reduction in mortality and the extended combination of
death or therapeutic failure to the experimental drugs com-
pared with the standard treatment over a 28-day period after
randomization. Therapeutic failure was modified as a pri-
mary outcome variable in the study protocol together with
death during the study time by consensus of all investiga-
tors after realizing that some patients needed to be rescued
from life-threatening situations leading to a fatal outcome,
by using measures not contemplated in the initial protocol
design. As mentioned in the inclusion and exclusion crite-
ria, hospitalized patients requiring the use of intravenous or
oral medications without formal approval by drug regula-
tory authorities at that time and/or escalation from low-flow
oxygen therapy to LAF ventilation or non-invasive/invasive
ventilatory support, as well as patients requiring to be trans-
ferred to an intensive care unit (ICU) for any reason and
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those patients admitted at the transitional care center experi-
encing any clinical deterioration tributary of being treated in
a tertiary hospital, were all considered patients experiencing
therapeutic failure.

Secondary endpoints included the analysis of safety
(adverse events), duration, and severity of symptoms, labo-
ratory changes, and additional therapies used until day 28
in both groups.

2.3 Data Collection

Data on clinical manifestations, oxygen requirements and
saturation (SpO,) levels, patients’ respiratory condition
according to the 2020 WHO-8 Ordinal Scale for Clinical
Improvement of COVID-19 [25], physical examination, vital
signs, concomitant medications administered, and adverse
effects were collected every day during admission and at
the day 28 visit (when possible). The time elapsed from the
onset of COVID-19 symptoms and time from SARS-CoV-2
microbiological confirmation until inclusion in the study, as
well as previous comorbidities, were recorded at the screen-
ing visit. Blood tests and a chest X-ray were performed at
baseline in all patients and at days 14 and 28 (when possi-
ble). Recorded laboratory parameters were C-reactive pro-
tein (CRP), ferritin, p-dimer, lactate dehydrogenase (LDH),
alanine transaminase (ALT), aspartate aminotransferase
(AST), GFR and creatinine levels, and hemoglobin, platelet,
and total lymphocyte counts.

2.4 Outcome Measures

Death of any cause, therapeutic failure, and adverse effects
occurring during the 28-day period were compared between
groups. All clinical, laboratory, and oxygen therapy vari-
ables as well as chest X-ray results were compared between
groups at days 14 and 28. Concomitant medications admin-
istered during the study were recorded, with special interest
in glucocorticoids, from which all different types and doses
were converted to prednisone-equivalent doses according to
the Steroid Conversion Calculator (Harvard Medical School/
Massachusetts General Hospital) [28], for comparison pur-
poses. The concomitant use of low-molecular-weight hepa-
rin and antibiotics were also analyzed.

2.5 Statistical Analyses

The trial was designed for superiority, to determine if the
experimental treatment was well tolerated and reduced mor-
tality by 20% in vulnerable and fragile adult patients with
COVID-19 admitted to geriatric facilities, compared with
the standard approved treatment. Patients were centrally
assigned to one group, at a ratio of 1:1, and the random
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assignment was performed in blocks. The investigators were
blinded to the size of the randomization blocks and also to
the allocation of each patient. The initial estimated sample
size of 144 individuals was determined sufficient to detect a
20% decrease in mortality and death/therapeutic failure rates
at day 28, with 80% power. The 20% rate represented the
difference between the expected mortality rates of 30% and
10% in the control and experimental groups, respectively.
The statistical test used was the bilateral Fisher’s exact test
with a significance level of 5%.

Continuous or ordinal variables were presented as means
and standard deviations (SDs) or medians and interquartile
ranges (percentiles 25th—75th), as appropriate, and were
compared using Students ¢ test or Mann—Whitney U test.
Categorical variables were expressed as absolute numbers
and frequencies and compared using Fisher’s exact test.
The primary endpoints (reduction of mortality or death/
therapeutic failure at day 28) and the secondary endpoints
were estimated using a binomial regression model including
the stratification variable (type of center), and expressed as
risk differences (RDs). As additional sensitivity analysis,
risk ratios (RRs) were also calculated setting the link to log
(log-binomial model). Longitudinal continuous variables
were analyzed using the mixed models of repeated meas-
ures (MMRMs) approach. MMRM analyses included the
fixed, categorical effects of treatment, type of center, time,
and treatment-by-time interaction, as well as the continuous,
fixed covariates of baseline score and baseline score-by-time
interaction.

All analyses were performed according to the intention-
to-treat (ITT) principle. A per-protocol analysis was also
carried out. Two-sided p values < 0.05 were considered
statistically significant. Calculation of the sample size was
carried out using PASS 15 Power Analysis and Sample Size
Software (2017; NCSS LLC, Kaysville, UT, USA), and all
statistical analyses were performed using SAS v9.4 software
(SAS Institute, Cary, NC, USA).

3 Results
3.1 Flow of Participants

Among the 56 individuals who underwent screening, 54
(35 females and 19 males) met the inclusion criteria and
were enrolled in the study for ITT and safety analyses. Two
patients were excluded from the per-protocol population.
After randomization, 29 (53.7%) patients were allocated to
the control arm (intravenous dexamethasone) and 25 (46.3%)
were allocated to the experimental arm (oral colchicine/
prednisone). Figure 1 shows the study flow diagram and the
data regarding completion of the study.



Early Use of Colchicine and Prednisone in Elderly Patients with COVID-19

Screening
N=56

A\ 4
Randomized
N=54

Control Experimental
N=29 N=25

y

\ 4 \
_ B |TT population [ _

A
PV Safety population [ _
| N=29 I N=54 N=2
Excluded
N=22

25
y
5

Fig.1 Study flow diagram. “Patients excluded from the per-proto-
col population: one patient was taking prednisone 5 mg/day before
enrollment in the study (met an exclusion criteria), and one patient
stopped taking the study medications at day 3 for a decision from the
patient’s treating physician. In the ITT/safety population, 42 (77.8%)
patients completed the study[23 (79.3%) and 19 (76%) cases in the
control and experimental groups, respectively]. Thirty-five (66%)
patients completed the study according to the protocol [17 (73.9%)
in the control group and 18 (94.7%) in the experimental group]. ITT
intention-to-treat, PP per-protocol

3.2 Baseline Patient Characteristics and Differences
Between Groups

Mean + SD age of all patients was 83.8 + 8.1 years. The
remaining demographic data, time elapsed from COVID-
19 symptoms and a positive SARS-CoV-2 test to randomi-
zation, COVID-19 clinical manifestations, and baseline
SpO, are illustrated in Table 1, while laboratory results are
reported in Table 2. Medical comorbidities are included in
electronic supplementary Table 2.

All hospitalized patients received oxygen and anti-
inflammatory therapy in the early phase, since all required
low-flow oxygen by mask or nasal prongs, which corre-
sponds with mild/moderate disease (score 4) according to
the 2020 WHO-8 Scale [25]. Chest X-ray was performed in
45 (83.3%) patients, and unilateral and bilateral pneumonia
was observed in 7 (15.6%) and 37 (82.2%) of these patients,
respectively.

Baseline heart and respiratory rates, blood pressure, and
body temperature values did not differ between groups.

Furthermore, no differences were observed at the screening
visit with regard to age, sex, comorbidities, time from the
initial symptoms to study inclusion, clinical manifestations,
oxygen and laboratory parameters, and chest X-ray results
(Tables 1, 2).

3.3 Outcomes
3.3.1 Mortality (Death and Therapeutic Failure)

At day 28, 20.97% (95% confidence interval [CI]
3.67-38.37%; n = 5) of patients in the control arm and
22.64% (95% CI 4.56-40.71%; n = 5) of patients in the
experimental arm died, with an RD of 1.67% (95% CI
—19.01 to 22.35%; p = 0.87). However, 7 (24.1%) patients
in the control group and 1 (4%) patient receiving colchicine/
prednisone experienced therapeutic failure, requiring rescue
measures to avoid death, during the study period. There-
fore, the combination of mortality or therapeutic failure was
45.13% (95% CI 25.64-64.62%; n = 12) in controls (dexa-
methasone) and 28.13% (95% CI 8.24-48.02%; n = 6) in
the experimental (colchicine/prednisone) group. The RD in
mortality/therapeutic failure was — 17% (95% CI — 41.35 to
7.35%; p = 0.17), with a mortality/therapeutic failure reduc-
tion of 39% in patients receiving the experimental treatment
(RR 0.61, 95% CI1 0.26-1.41; p = 0.25).

3.3.2 Safety Analysis

Adverse events occurred without significant differences
between groups. At least one adverse effect was similarly
developed in the control and experimental groups (n = 20
[69%] vs. n = 15 [60%]; p = 0.58), while serious adverse
events tended to occur more often in control patients (n = 12
[41.4%] vs. n = 7 [28%]; p = 0.40). Treatment-related
adverse effects were only observed in patients receiving
colchicine/prednisone (n = 6; 24%), and consisted of mild
diarrhea (n = 5) and reversible palmar erythema (n = 1). No
patients developed treatment-related severe adverse effects.
Finally, 6 (20%) control patients and 5 (20%) experimental
patients developed adverse events with an outcome of death
during or after the study period (p > 0.99).

Although adverse events classified by etiology did not
differ between groups, serious vascular thrombotic compli-
cations occurred in 4 (13.8%) patients receiving dexametha-
sone (Table 3).

3.3.3 Additional Therapeutic Measures and Medications
Administered

Among the 16 patients experiencing therapeutic failure

or dying (12 in the control group and 6 in the experimen-
tal group), different additional measures (one or more per
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Table 1 Baseline demographic, COVID-19 clinical manifestations, oxygen parameters, and chest X-ray results of the study participants

Parameter Experimental [n = 25] Control [n = 29] Total [n = 54]

Demographics
Female 17 (68) 18 (62.1) 35 (64.8)
Age, years 84.1 + 8.7 83.6+7.6 83.8 +8.1
Height, m 1.6 + 0.05 1.6 + 0.07 1.63 +0.07
Weight, kg 70 +£12.3 739+ 134 71.6 +13.1
BMI, kg/m? 26.8 +5.0 273 +4.7 27.1 +4.8
Previous tobacco use 5 (20) 6 (20.7) 11 (20.4)
Time from the initial symptoms, days® 74+53 7.1 +43 7.3 +4.8
Time from SARS-CoV-2 microbiological confirma- 5.2 +5.8 45 +4.1 4.8+49

tion, days®

Clinical manifestations
Fever (>37 °C) 21 (84) 23 (79.3) 44 (81.5)
Dyspnea 22 (88) 26 (89.7) 48 (88.9)
Cough 19 (76) 19 (65.5) 38 (70.4)
Expectoration 5 (20) 4 (13.8) 9 (16.7)
Nasal constipation 0(0) 2(6.9) 237
Odynophagia 7 (28) 6 (20.7) 13 (24.1)
Arthromyalgia 10 (40) 12 (41.4) 22 (40.7)
Anosmia 5(20) 2 (6.9) 7(13)
Ageusia 5 (20) 1(3.5) 6(11.1)
Headache 7 (28) 931 16 (29.6)
Nausea/vomiting 14) 3(10.3) 4(7.4)
Diarrhea 7 (28) 5(17.2) 12 (22.2)
Asthenia 24 (96) 29 (100) 53 (98.1)

Oxygen/oxygen therapy
Baseline SpO,, % 88.8 +6.3 90.1 £4.3 89.5+5.3
Initial FiO, provided, % 26.7 + 3.4 246 +54 25.5+4.7

Chest X-ray®
No initial infiltrates 0(0) 1/45 (4.3) 1/45 (4.3)
Unilateral infiltrates 4/45 (18.2) 3/45 (13) 7/45 (15.6)

Bilateral infiltrates

18/45 (81.8)

19/45 (82.6)

37/45 (82.2)

Data are expressed as n (%), n/N (%), or mean =+ standard deviation

BMI body mass index, COVID-19 coronavirus disease 2019, FiO, fraction of inspired oxygen, SARS-CoV-2 severe acute respiratory syndrome

coronavirus 2, SpO, oxygen saturation
*Number of days to inclusion in the study

5N = total number of available patients

patient) were employed. Two patients from the transitional
care center were transferred to a tertiary hospital and four
hospitalized patients were admitted to the ICU. High-flow
oxygen therapy was administered to nine patients, two were
intubated, and eight patients concomitantly received non-
permitted medications (per protocol): anakinra (n = 2),
tocilizumab (n = 1), remdesivir alone or with tocilizumab
(n = 3), convalescent plasma (n = 1) and baricitinib (n = 1).
Among patients treated with these medications and escala-
tion of respiratory support measures, six improved and two
died.
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Patients taking dexamethasone received a higher addi-
tional amount of any type of glucocorticoid (438 [280-744]
vs. 243 [180-360] mg of prednisone; p = 0.0095) and over a
longer time period (10 [8—17] vs. 4 [3—6] days; p = 0.0003)
than patients treated with colchicine/prednisone (Table 4).
Among individuals completing the study in the same center
(26 and 22 in the control and experimental groups, respec-
tively), 5 (19.2%) and 6 (27.2%) patients, respectively,
received intravenous glucocorticoid pulses at equivalent
prednisone doses of 60 mg/day or higher. Sixteen (64%)
patients treated with colchicine/prednisone received only
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Table 2 Baseline laboratory result parameters of the study participants

Variable

Control [n = 29]

Experimental [n = 25]

Total [n = 54]

CRP (mg/dL)*
Ferritin (ng/mL)*
p-dimer (ng/mL)?

9.2 [4.4-12.9]
351 [274-637]
1100 [700-1700]

5.8 [3.4-13]
356 [193-636]
1400 [450-2200]

7.6 [3.8-12.9]
354 [240-637]
1300 [605-1900]

LDH (U/L)® 286.7 + 96.5
Absolute lymphocytes (cells/mm?)? 800 [500-1062]
Hemoglobin (g/L)° 111.1 +36.8
Platelet (x10°/L)° 201.6 + 80.3
Creatinine (mg/dL)® 0.95+0.3
GFR (mL/min/1.73 m?)° 64.8 +18.2
ALT (U/L)* 21 [16-39]
AST (U/L)* 34 [22-43]

282.2+94.2 284.6 +94.6
700 [458-1000] 700 [462-1062]
1154 +28.2 113 + 329
194.9 + 101.2 198.5 + 89.5
094 +0.3 0.95+0.3

62.1 +18.4 63.5 +18.1

25 [13-39] 21 [14-39]

27 [21-44] 32 [22-44]

ALT alanine transaminase, AST aspartate transaminase, CRP C-reactive protein, GFR glomerular filtration rate, LDH lactate dehydrogenase.

*Median [interquartile range: p25—p75]

®Mean + standard deviation, when applied due to the distribution of data

Table 3 Adverse effects grouped by etiology

Adverse effects Control [n = 29] Experimental [n =25]  Total [n = 54] p value
COVID-19 progression 11 (37.9) 4 (16) 15 (27.8) 0.13
COVID-19 organizing pneumonia 2(6.9) 2(8) 4(7.4) > 0.99
Infection (no COVID-19) 6 (20.7) 3(12) 9(16.7) 0.48
Aspiration 1(3.4) 2(8) 3(5.6) 0.59
Diarrhea® 3(10.3) 7 (28) 10 (18.5) 0.16
Cardiac failure 2 (6.9) 4 (16) 6(11.1) 0.40
Atrial fibrillation 1(3.4) 2(8) 3(5.6) 0.59
Vascular thrombosis® 4 (13.8) 0 (0) 4(7.4) 0.12
Others 6 (20.7) 7 (28) 13 (24.1) 0.75

Data are expressed as n (%)
COVID-19 coronavirus disease 2019

#Among the seven patients presenting with diarrhea in the experimental group, five were considered as related to colchicine use, and was mild,

only one patient required dose adjustment

>Vascular thrombotic complications encompassed a pulmonary thromboembolism in two patients, and a unilateral deep vein thrombosis of the
leg and an ischemic stroke followed by an acute arterial ischemia of the left lower limb in one patient each, all in the control group

the 3-day prednisone doses of the study or an extra single
glucocorticoid dose (usually intravenous methylprednisolone
or dexamethasone, administered at the Emergency Depart-
ment before enrollment). Low-weight heparin was similarly
administered in both groups, and antibiotics tended to be
more often received by control patients (Table 4).

3.3.4 Assessment of the Disease Course

During the study period, 45 (83.3%) patients improved their
baseline score of 4 on the WHO-8 Scale, with no differ-
ences between controls (n = 24, 82.8%) and experimental
subjects (n = 21, 84%). Thirty-five (64.8%) patients expe-
rienced a deterioration in the WHO-8 Scale—14 (48.3%)

in the control arm and 21 (32%) in the experimental arm
(p = 0.27). Patients taking dexamethasone tended to remain
hospitalized more frequently at the end of the study than
patients taking colchicine/prednisone (7/23 [30.4%] vs. 2/20
[10%]; p = 0.14).

Regarding laboratory changes during the study, compared
with control patients those receiving colchicine/prednisone
significantly reduced ferritin levels and raised platelet counts
at day 14 and decreased p-dimer and LDH levels at day 28.
CRP and ferritin levels also tended to be lower at day 28 in
patients taking colchicine/prednisone (Table 5). With regard
to oxygen requirements, patients taking dexamethasone
received higher fractions of inspired oxygen (FiO2) at day
14 than those taking colchicine/prednisone (Table 5). At day

A\ Adis



J. Herndndez-Rodriguez et al.

Table 4 Additional glucocorticoids, heparin, and antibiotics administered to the patients included in the study

Treatment Control [n = 26] Experimental [n = 22] p value
Glucocorticoids®
Total dose received (mg)b 438 [280-744] 243 [180-360] 0.0095
Time on glucocorticoids (days)b 10 [8-17] 4 [3-6] 0.0003
Heparin
Patients receiving heparin [n (%)] 25 (87.5)° 21 (92)¢ 0.83
Time on heparin (days)b 10 [7-24] 10 [5-21] 0.45
Antibiotics
Patients receiving antibiotics [n (%)] 22 (89.2)° 13 (68.1)° 0.14
Time on antibiotics (days)b 7.5 [6-12] 10 [8-12] 0.27

Data regarding treatment with glucocorticoids, heparin, and antibiotics were calculated from patients not transferred to other centers (at the nurs-
ing center) and always followed at the same center (26 and 22 patients in the control and experimental groups, respectively)

“Doses of different glucocorticoid types used (methylprednisolone, hydrocortisone, dexamethasone, and prednisone) were expressed in pred-
nisone equivalent doses, including the three doses administered in the experimental group

®Values are expressed as median [interquartile range: p25—p75]

“By type of center

Table 5 Differences between the control and experimental groups in laboratory and oxygen parameters on days 14 and 28, estimated with
MMRM models adjusted by type of center

Variable Day 14 p value Day 28 p value
Control Experimental Control Experimental

Laboratory
CRP (mg/dL) 37+12 39+12 0.92 3+1 1.6 +1 0.33
Ferritin (ng/mL) 754 + 94 442 + 97 0.027 333 £ 54 215 + 58 0.14
p-dimer (ng/mL) 2630 + 785 1213 + 791 0.21 1833 + 216 887 + 229 0.004
LDH (U/L) 254 + 39 274 +40 0.72 245+ 10 207 £ 11 0.014
Absolute lymphocytes (cells/mm?) 1092 + 182 1054 + 168 0.88 1356 + 101 1335 + 108 0.89
Hemoglobin (g/L) 115+5.6 117 +5.4 0.78 113 +5.8 110 + 6.1 0.70
Platelet (x10°/L) 183 +21 247 + 21 0.035 248 + 20 246 + 21 0.96
Creatinine (mg/dL) 1.01 +£0.1 0.87+0.1 0.36 0.93+0.1 0.96 +0.1 0.72
GFR (mL/min/1.73 m?) 569 +4.4 66.2 +43 0.14 66 +3.2 599+32 0.19
ALT (U/L) 27+5 26 +4.1 0.83 25+34 21+35 0.46
AST (U/L) 30+8 32+82 0.85 32+73 16 +8 0.13

Oxygen/oxygen therapy [mean + SD]
SpO, (%) 955+1 945+1 0.48 95.8 +£0.7 95.4+0.8 0.77
FiO, administered (%) 345+54 20.1+£5 0.051 289 +3.7 25.1+338 0.47

Statistically significant results are shown in bold

ALT alanine transaminase, AST aspartate transaminase, CRP C-reactive protein, FiO, fraction of inspired oxygen, GFR glomerular filtration rate,
LDH lactate dehydrogenase, MMRM mixed models of repeated measures, SD standard deviation, SpO, oxygen saturation

28, in patients in whom a chest X-ray was repeated, 71.4% 4 Discussion
in the control group and 83.3% in the experimental group

evidenced radiologic resolution of the pulmonary infiltrates  Colchicine and glucocorticoids were initially considered
(p=047). two potential anti-inflammatory drugs for COVID-19 since
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they had previously demonstrated efficacy in other inflam-
matory and hyperinflammatory syndromes. The mechanism
of action of the combination of colchicine and prednisone
in patients with COVID-19 was assumed to be the sum of
the different anti-inflammatory effects of both oral drugs.
On the one hand, colchicine has demonstrated powerful
and rapid anti-inflammatory effects (e.g. in gout and other
autoinflammatory diseases), mainly by producing micro-
tubule disruption in inflammatory cells, hindering their
migration to inflammatory sites. Colchicine also contrib-
utes to attenuation of the inflammatory response by inter-
fering with the activation of NLRP3 inflammasome and the
tumor necrosis factor (TNF)-a-induced nuclear factor kB
(NF-xB) pathway [20-22]. In addition, colchicine has evi-
denced antiviral effects in animal and ex vivo models of
respiratory syncytial virus bronchiolitis [23]. On the other
hand, glucocorticoids display anti-inflammatory, immuno-
suppressive, and antineoplastic properties, and their well-
known anti-inflammatory effects are the consequence of the
ability to inhibit the expression of multiple inflammatory
genes of molecules involved in the systemic inflammatory
response, mainly by direct inhibitory interaction between
activated glucocorticoid receptors and activated transcrip-
tion factors involved in the inflammatory gene expression,
such as NF-kB and activator protein-1 [29]. In fact, glu-
cocorticoids at medium-to-high doses are used as first-line
therapy in inflammatory and autoimmune diseases [30], as
well as hyperinflammatory processes (e.g. MAS and CAR
T-cell therapies) [10]. Moreover, different types of glucocor-
ticoids (including dexamethasone, methylprednisolone, and
hydrocortisone) have clearly demonstrated to be effective in
reducing mortality in COVID-19 patients needing oxygen
therapy [12—17]. Besides their anti-inflammatory proper-
ties and their previous utility in other immune-inflammatory
conditions, the combination of colchicine and prednisone,
despite its oral delivery, was also considered a potential anti-
inflammatory therapy for patients with moderate COVID-19
since the pharmacokinetics of both drugs ensure a quick
effect. Colchicine and prednisone are rapidly absorbed after
oral administration, reaching peak plasma concentrations
after 0.5-1.5 h and 1-3 h, respectively [31, 32].

Results from the FRAGILE-COLCOVID19 clinical trial
point out that compared with intravenous dexamethasone,
an oral combination of colchicine and prednisone admin-
istered early in hospitalized elderly patients requiring oxy-
gen therapy with a proven infection by SARS-CoV-2 is
associated with better outcomes in terms of mortality or
therapeutic failure needing additional measures to prevent
death. Better survival results were achieved by almost two-
thirds of patients receiving colchicine/prednisone without
additional treatment other than a single glucocorticoid dose
in some cases. In addition, patients taking colchicine/pred-
nisone also needed lower amounts and shorter duration of

additional glucocorticoids of any type, and showed a trend
towards shorter hospitalization times than patients taking
dexamethasone. Compared with dexamethasone, colchicine/
prednisone also tended to decrease oxygen requirements at
day 14 and assisted in controlling COVID-19-related hyper-
inflammatory responses by reducing several inflammatory
biomarkers at day 28, including p-dimer levels.

With regard to safety, adverse effects were similarly
developed in both groups. Although mild diarrhea occurred
in the two arms, it was the only adverse event attributed
to colchicine. Among other adverse events, serious vascu-
lar thrombotic complications remarkably only occurred in
patients not receiving colchicine.

Retrospective studies of colchicine in patients with
COVID-19 have already shown good results, with no major
adverse effects in non-hospitalized [33] and hospitalized
patients in terms of reduction in hospitalization and recovery
time [34-36], progression to intubation [37], and mortality
[34, 35, 37-39].

The favorable effects of colchicine on COVID-19 have
also been probed in seven randomized clinical trials. (1)
COLCORONA, a pivotal international clinical trial that
showed that colchicine in 4159 outpatients with microbio-
logically-proven SARS-CoV-2 infection was associated with
a 25% reduction in the composite of death or hospital admis-
sion rate compared with placebo [40]. (2) The GRECCO-19
trial compared colchicine with the standard treatment (with
no glucocorticoids) in 105 hospitalized Greek patients
with mild-to-moderate disease (34% without and 63% with
oxygen requirements). Colchicine significantly reduced
the clinical deterioration rate and time to clinical recovery
compared with standard therapy [41]. (3) A Brazilian trial
including 76 patients with mild (79%) and severe (21%)
COVID-19 demonstrated that the addition of colchicine to
standard treatment (with two-thirds of all patients receiv-
ing methylprednisolone for 5 days) significantly reduced
the need for supplemental oxygen and hospitalization time
[42]. (4) A Spanish study including 103 hospitalized patients
with mild COVID-19 (33% without and 67% with oxygen
therapy) disclosed that colchicine added to standard therapy
did not improve clinical status or inflammatory markers.
However, after adjustment by baseline risk factors and con-
comitant therapies, colchicine was significantly associated
with a lower risk of clinical deterioration [43]. (5) A Syr-
ian study of 49 patients with moderate-to-severe COVID-19
investigated the efficacy of adding colchicine to standard
therapy based on dexamethasone. Patients taking colchicine
had significant reductions in mortality and hospitalization
time [44]. (6) The Russian COLORIT clinical trial com-
pared colchicine with an anti-inflammatory therapy without
glucocorticoids in 43 hospitalized patients requiring oxy-
gen therapy. Colchicine was associated with improvement
of disease severity and inflammatory markers, reduction
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of oxygen support, and a trend in reducing hospitalization
time [45]. (7) An Iranian trial using colchicine analyzed the
data of 153 subjects with moderate-to-severe COVID-19
completing the study (with 15% of ambulatory patients).
Colchicine significantly improved respiratory symptoms and
chest computed tomography (CT) compared with control
therapy. Of note, 4.7% of patients taking colchicine and 37%
of control patients were lost to follow-up because of clinical
worsening. However, these differences favoring a possible
beneficial effect of colchicine were not analyzed [46].
Four clinical trials using colchicine in COVID-19
patients disclosed negative results. (1) The PRINCIPLE trial
included 156 ambulatory patients treated with colchicine 0.5
mg/day over a 14-day period, of 2755 patients receiving the
usual care (1145 of whom were only receiving antipyretics).
Compared with the usual therapy, the addition of colchicine
did not influence recovery time, hospitalizations, or mortal-
ity [47]. Since colchicine was administered (without initial
higher loading doses) at doses considered infratherapeutic
for adult patients with inflammatory conditions [21], these
negative results should be interpreted with caution. (2) The
international RECOVERY trial (in which up to 12 differ-
ent drugs could be concomitantly and indistinctly used with
every study medication) analyzed the efficacy of adding col-
chicine to 5730 of 11,340 hospitalized patients (68.5% with-
out or with oxygen therapy, 26.5% on non-invasive ventila-
tion, and 5% on invasive mechanical ventilation). Colchicine
was not associated with reductions in mortality, hospitaliza-
tion time, or risk of progression to invasive mechanical ven-
tilation or death at day 28 [48]. (3) The Argentinian COL-
COVID trial assessed the efficacy of adding colchicine to the
standard of care (91.5% of patients received glucocorticoids)
in 1279 hospitalized patients with severe COVID-19 (15.3%
oxygen-free, 77.8% on supplemental oxygen, and 6.9% on
non-invasive/invasive mechanical ventilation). Colchicine
was not associated with improvement of the composite of
new mechanical ventilation requirement or death at day 28
[49]. However, analysis of the secondary combined out-
come of intubation/mechanical ventilation or mortality at
day 28 in non-intubated patients at baseline found that it
occurred more frequently in control patients than in those
receiving colchicine (27.1 vs. 22.3%; hazard ratio [HR] 0.79,
95% CI 0.63-0.99; p = 0.04) [49]. In order to investigate
the subset of COVID-19 patients in whom colchicine may
have had a discriminative impact in these two large clinical
trials (RECOVERY and COLCOVID), it would have been
interesting to perform separate additional outcome analyses
according to the initial disease severity. In this sense, as
detected in the secondary outcome analysis of the COL-
COVID trial, colchicine seemed to protect from intubation
or death in patients with overall less severe COVID-19 at
baseline [49]. (4) The Mexican COLCHIVID trial analyzed
the safety and efficacy of colchicine in 116 hospitalized
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patients with severe COVID-19 (based on the NutriCoV
severity score), without observing any impact on progres-
sion to critical disease or death. However, patients treated
with placebo received dexamethasone at baseline more fre-
quently than patients in the colchicine arm (45 vs. 23.2%;
p = 0.01), and perhaps the potential effect of colchicine was
neutralized by the imbalanced positive effect of glucocorti-
coids in the placebo group [50]. The main characteristics of
the randomized clinical trials using colchicine in COVID-
19 patients (including colchicine loading and maintenance
doses) are summarized in Table 6.

Of note, a Colombian open-label clinical trial in 633 hos-
pitalized individuals with mild-to-severe COVID-19 (17%
oxygen-free, 53% mild disease, and 30% in the ICU) used
colchicine with rosuvastatin in 153 patients, or a combina-
tion of both plus emtricitabine/tenofovir in 159 patients, and
compared the results with those receiving dexamethasone.
The role of colchicine is difficult to interpret since no ben-
efit was observed at day 28 with the colchicine/rosuvasta-
tin therapy and only the combination of the four drugs was
associated with a reduction of mortality and a lower need for
invasive mechanical ventilation compared with dexametha-
sone [51].

With regard to the data from systematic reviews and meta-
analyses, including randomized clinical trials and observa-
tional studies, regarding the use of colchicine in COVID-19,
controversial results have been reported, mostly due to the
number and type of articles included at different times dur-
ing the COVID-19 pandemic. While several meta-analyses
of randomized clinical trials [52-55] and observational stud-
ies [56, 57] have provided negative or inconclusive results
regarding the role of colchicine in COVID-19 mortality, a
higher number of these studies found positive effects of col-
chicine in terms of reduction of hospital admissions [52],
hospitalization time [58], and mortality [53, 54, 59-64].

As observed in the present study, previous clinical tri-
als analyzing the safety of colchicine in COVID-19 showed
similar serious adverse events as placebo [40] or standard
therapy [46, 49, 50]. Mild diarrhea associated with colchi-
cine occurred in 28% of our patients, which was in accord-
ance with the 3-45.5% reported in previous COVID-19
clinical trials [40-42, 46, 49].

Our study also evidenced the ability of colchicine to con-
trol several abnormal circulating COVID-19-related bio-
markers. This positive effect has been similarly reported in
a previous meta-analysis of six COVID-19 studies, in which
CRP, LDH, and p-dimer serum levels were significantly
lower at the end of treatment compared with those levels
from patients not receiving colchicine [65]. The contrasted
p-dimer reduction by using colchicine has been previously
demonstrated in clinical trials [65, 66] and in vitro studies
[66], suggesting that colchicine attenuates prothrombotic
pathways by decreasing p-dimer production. In this sense,
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no thrombotic events occurred in patients taking colchicine
in our study.

Dexamethasone was the first drug proving mortality
reduction in hospitalized COVID-19 patients requiring any
type of oxygen therapy [14]. Other glucocorticoids, such
as methylprednisolone, also demonstrated similar results
in severe COVID-19 [15], or even better results than dexa-
methasone in terms of recovery and hospitalization time,
need of ICU admission/mechanical ventilation, and improve-
ment in biomarkers [16, 17]. In the current study, prednisone
has reported results for the first time in a randomized clini-
cal trial in COVID-19. Such results suggest that prednisone
administered early in a limited dose (for only 3 days) con-
tributes to counterbalance the contrasted anti-inflammatory
effect of dexamethasone in the control group, and therefore
colchicine appears to provide the additional positive effects
found in the study.

As aresult, all types of glucocorticoids (including pred-
nisone) have demonstrated to be useful in reducing mortality
in COVID-19 patients requiring oxygen therapy. Further-
more, colchicine has shown to exert positive effects in the
early phases in patients with mild COVID-19. Overall, based
on previous clinical trials, patients with severe COVID-
19 do not seem to have the benefit of being treated with
colchicine.

4.1 Study Limitations

As the clinical trial had to be terminated prematurely, the
statistical power of this study was considerably reduced,
resulting in an increase in the established type II error.
Although secondary endpoints clearly favored the experi-
mental therapy, the lower number of patients finally enrolled
in the study (initially calculated for 144 patients) could
have influenced the results, which, although positive, did
not obtain statistical significance for the primary endpoint.
The reasons for an incomplete enrollment were as follows:
(1) during the initial devastating peak of the COVID-19
outbreak, professionals involved in the management and
administration of nursing homes, as well as hospital phy-
sicians, were reluctant to acknowledge the usefulness of
the oral drugs proposed in the study, and initiation of the
study was delayed from March to October 2020; (2) dur-
ing the study period, the number of eligible patients clearly
decreased because of the abundance of clinical trials with
other potential drugs and the discretional use of medications
not contemplated in the current studywith no scientific evi-
dence of effectiveness in COVID-19 at that time (their use
as standard therapy could have consequently biased the final
results); and (3) the advent of vaccines against SARS-CoV-2
acted as a positive but ultimate limiting factor to enroll more
patients. In consequence, the clinical trial was prematurely
ended in May 2021.

5 Conclusions

An oral therapy consisting of a combination of prednisone
(60 mg daily for 3 days) and colchicine (at a loading dose of
1-1.5 mg daily for 3 days and 0.5 mg/day until completing
14 days), although not significant, has shown a remarkable
trend to increase disease survival by reducing mortality or
therapeutic failure over a 28-day period in elderly patients
with COVID-19 requiring oxygen therapy, compared with
the approved effective therapy (intravenous dexamethasone),
with no safety issues. Colchicine/prednisone therapy was
also associated with lower glucocorticoid requirements, a
trend for shorter hospitalization times, and a pronounced
reduction of inflammatory biomarkers, including ferritin and
D-dimer levels, during the study time. No thrombotic com-
plications were observed in patients receiving colchicine.

Based on ours and previous results from clinical trials,
while colchicine does not provide clear benefit in severe
COVID-19 patients, its administration in mild COVID-19
ambulatory subjects or its early use combined with gluco-
corticoids (including prednisone) in patients with mild-to-
moderate COVID-19 has shown positive results in terms of
disease survival and other parameters of severity. Although
our results should be supported or confirmed by ongoing
and future clinical trials, the early administration of col-
chicine and prednisone has shown to be a simple, safe, and
effective first-line anti-inflammatory therapeutic option in
elderly patients and could also be a potential opportunity
for patients with COVID-19 in situations of vulnerability,
including those individuals from regions or countries with
fewer resources and not yet completely vaccinated.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40261-022-01201-2.
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