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ABSTRACT

1.

Colchicine is widely investigated for cardioprotection of COVID-19 patients since it can prevent
the phenomenon of ‘cytokine storm’ and may reduce the complications arising from COVID-19.
Despite the potentially beneficial effects of colchicine, there is no consensus on the appropriate
dosage regimen and numerous schemes are currently used.

In this study, simulations were performed to identify the ability of dosage regimens to attain
plasma levels in CVOID-19 patients, known to be generally safe and efficacious. Since renal and
hepatic impairment, as well as, drug-drug interactions have been identified to be the most signifi-
cant factors increasing colchicine toxicity, the impact of these interactions was assessed in the

Some dosage regimens lead to high colchicine concentrations, while others result in sub-thera-
peutic levels. Additional dosage schemes were proposed in this study aiming to be applied in
patients with clearance insufficiency. Colchicine administration of 0.5 mg twice daily, can be con-
sidered safe and effective. In cases of clearance impairment, doses as low as 0.25mg thrice or

2.

simulations.
3.

twice daily should be applied.
4.

Colchicine is a narrow therapeutic index drug and dosage regimens tailored to patients’ needs
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should be designed.

Introduction

Colchicine is an alkaloid present in the plants Colchicium
autumnale and Gloriosa superba, that has been used in thera-
peutics for its anti-inflammatory properties for ages
(Putterman et al. 1991, Bhat et al. 2009, Terkeltaub 2009).
Despite the anti-inflammatory actions of colchicine expressed
through the different mechanisms, its role in pharmacother-
apy remains controversial, due to the serious adverse effects
that even low doses of the drug can induce (Solak et al.
2015a, 2015b, Slobodnick et al. 2018). Colchicine is currently
categorised as a narrow therapeutic index drug (European
Medicines Agency 2019).

Nowadays, colchicine is indicated for the treatment and
prophylaxis of acute gout, in familial Mediterranean fever, for
the management of Behget disease, and cardiovascular dis-
eases like pericarditis, stroke prevention, and IgA vasculitis
(Saleh and Arayssi 2014, Schwier 2015, Audemard-Verger
et al. 2017, Masson et al. 2020, Colchicine 500mcg tablets
2021, Colcrys Label 2012, Gloperba Label 2021). In addition,
clinical studies support its cardioprotective effects and its
beneficial effects in atherosclerosis, myocardial infarction,
and cardioprotection (Gasparyan et al. 2015. Spartalis et al.
2018, Tardif et al. 2019, ClinicalTrials.gov Identifier:
NCT04181996 2021, ClinicalTrials.gov Identifier: NCT02551094

2021) or versus atorvastatin (ClinicalTrials.gov Identifier:
NCT04056039 2021).

In view of the recent COVID-19 pandemic caused by
SARS-CoV-2, colchicine has been proposed as a therapeutic
option for the management of the cardiac complications
that the disease can induce. It has been observed that
COVID-19 in many cases induced myocarditis and inflamma-
tion due to cardiorespiratory distress, that colchicine can alle-
viate primarily through inhibition of NLRP3 inflammasome
(Deftereos et al. 2020a, Deftereos et al. 2020b). In this con-
text, several clinical trials were conducted to investigate the
anti-inflammatory and cardioprotective properties of colchi-
cine in COVID-19 patients (ClinicalTrials.gov Identifier:
NCT04322565 2021, ClinicalTrials.gov Identifier: NCT04322682
2021, Clinical trial: The ECLA PHRI COLCOVID Trial 2021,
ClinicalTrials.gov  Identifier: NCT04326790 2021). The
COLCORONA trial showed that colchicine may reduce the
composite rate of death or hospitalization by preventing the
phenomenon of “cytokine storm” and subsequently reducing
the complications arising from COVID-19 (COLCORONA trial
2021). Quite recently, the PRINCIPLE trial widened the age
limits for participation and currently COVID-19 outpatients
between 18 and 64 with shortness of breath or certain
underlying health conditions, which put them at risk of
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severe illness, can join the trial (PRINCIPLE trial 2021). Thus,
colchicine is under extensive investigation for its cardiopro-
tective potential in COVID-19 patients.

Colchicine is a lipophilic drug exhibiting a highly variable
bioavailability with a mean of 45% (Bhat et al. 2009, Davis
et al. 2013, Tong et al. 2016). In plasma, 30-50% of the drug
binds to albumin, while it quickly enters the peripheral leu-
cocytes where it accumulates reaching concentrations
exceeding those in plasma (Levy et al. 1991, Sapra et al.
2013, Tong et al. 2016). It has been proposed that leucocytes
constitute the deep colchicine microcompartment, where the
anti-inflammatory effects take place (Sapra et al. 2013). The
distribution half-life of colchicine is 1-2.7 h. Colchicine is
metabolised by the liver and the intestine where it under-
goes oxidative demethylation by CYP3A4 (Bhat et al. 2009,
Davis et al. 2013, Tong et al. 2016). Colchicine is primarily
eliminated by hepatobiliary excretion through the stool,
while only 10% of the drug undergoes renal excretion.

A relationship between colchicine plasma levels and
pharmacological effects has not been clearly defined, since
colchicine effects are related to the concentrations in leuko-
cytes, rather than the ones in plasma (Rochdi et al. 1994,
Niel and Scherrmann 2006). However, it has been proposed
that the effective steady-state range of colchicine plasma
concentrations is 0.5-3.0 ug/l (Molad 2002). The time-course
of the pharmacodynamic effects of colchicine is closely corre-
lated to that of the drug concentrations in leukocytes. The
expression of colchicine toxicity results as an extension of its
mechanism of action, implying that colchicine toxicity is
dose-related. In observational studies, doses of 0.5-2.0mg
daily are considered relatively safe without major gastrointes-
tinal adverse effects (Ehrenfeld et al. 1982), while doses over
2.0mg are recommended only for very short periods (Ben-
Chetrit and Levy 1998). Plasma levels above 3.0 ug/l have
been proposed to be responsible for the induction of mild
toxic effects in some healthy volunteers (Wallace et al. 1970,
Wallace and Ertel 1973, Molad 2002). Even though setting up
a dosage regimen is of paramount importance, consensus
regarding the appropriate dosing scheme for each indication
has not yet been reached and doses/duration of treatment
applied in clinical practice or investigated in clinical trials
vary significantly. This situation can be ascribed to the fact
that many times, dosing selection is made empirically, and
sometimes dose adjustment is needed according to the
patient’s response (Gasparyan et al. 2015, Ozen et al. 2016,
Masson et al. 2020). Table 1 provides a summarised list of
the dosage schemes proposed for the treatment of Bechet's
disease, familial Mediterranean fever, acute gout, pericarditis,
atrial fibrillation, stroke prevention, myocardial infarction, cor-
onary artery disease, and cardioprotection (Table 1). Due to
the COVID-19 pandemic, a large number of clinical trials are
currently ongoing for the investigation of colchicine use in
COVID-19 patients (Table 2). Another approach is to apply
modelling and simulation approaches in order to explore
and propose the appropriate dosing regimen. These techni-
ques have been successfully applied in the case of other
medicines tested in COVID-19 patients, like chloroquine,
hydroxychloroquine, etc. (Arnold and Buckner 2020, Karalis

et al. 2020, Perinel et al. 2020, Yao et al. 2020, Karatza
et al. 2021).

The purpose of the present study was to identify the abil-
ity of colchicine regimens to attain plasma levels known to
be generally safe and efficacious. Simulated plasma colchi-
cine concentrations versus time profiles were generated for
the majority of dosage schemes presented in Table 2, which
included loading doses and administrations from one to
three times daily. The predicted colchicine concentrations
were assessed in terms of the desired levels to achieve effi-
cacy and avoid toxicity. Special focus was made on certain
conditions like renal/hepatic impairment of the patients, as
well as colchicine interaction with other COVID-19 treat-
ments, like lopinavir/ritonavir or azithromycin. Finally, new
colchicine dosage regimens were explored through simula-
tions intended to be used in patients with several levels of
clearance impairment. Finally, specific dosage regimens were
proposed for cardioprotection in COVID-19 patients.

Materials and methods
Model and doses selection for the simulations

A total of four different compartmental pharmacokinetic
models of colchicine were identified in the literature
(Thomas et al. 1989, Rochdi et al. 1994, Berkun et al. 2012,
Ferron et al. 1996). In the study of Thomas et al., plasma
samples were collected from nine healthy volunteers, pre-
dose and at 0.25, 0.50, 1.00, 1.50, 2.00, 3.00, 4.00, 5.00, 6.00,
7.00, 9.00, 24.00, 32.00, and 48.00 h after oral administration
of 0.5, 1.0, or 1.5mg colchicine. The model that best
described their data was a two-compartment model with
zero-order absorption and lag time. The parameters esti-
mated were found to be dose-dependent, while inter-individ-
ual variability was also estimated. In the study of Ferron
et al., plasma samples were collected from 6 healthy volun-
teers, pre-dose and 0.08, 0.17, 0.25, 0.33, 0.42, 0.50, 0.58,
0.67, 0.75, 0.83, 0.92, 1.00, 1.17, 1.33, 1.50, 2.00, 3.00, 4.00,
5.00, 6.00, 7.00, 8.00, 9.00, 24.00, 32.00, 48.00h after oral
administration of 1.0mg colchicine (Ferron et al. 1996). The
model that best described their data was a three-compart-
ments model with two successive zero-order absorption
phases and lag time. They also reported inter-individual vari-
ability of the parameter estimates. In the study of Rochdi
et al., plasma samples were collected from six healthy volun-
teers, pre-dose and at 5, 10, 15, 20, 30, 35, 40, 45, 50, 55, 60,
70, 80, and 90 min and then at 2.00, 3.00, 4.00, 5.00, 6.00,
7.00, 8.00, 9.00, 24.00, 32.00, and 48.00h after intravenous
administration of 0.5 mg colchicine. They developed a model
based on intravenous data which included three-compart-
ments, while they also estimated inter-individual variability.
They also collected data after oral administration of 1.0mg
colchicine that was used for estimation of the absorption
lag-time; however, the absorption process was not fully char-
acterised. In the study of Berkun et al., for the population
pharmacokinetic analysis, plasma samples were collected at
steady-state from twelve healthy adults during multiple oral
doses (0.6 mg twice daily) study, pre-dose and 0.25-0.50,
1.50-2.50, 3.00-5.00, 7.00-9.00, and 24.00h after oral
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Table 1. Representative dosing schemes of colchicine for various indications currently applied in clinical practice or investigated in clinical trials.

Indication

Dosage scheme

References

Bechet's disease

Familial Mediterranean fever

Acute gout

Pericarditis

Atrial fibrillation

Stroke prevention
Vascular inflammation prevention

Myocardial infraction
Acute coronary syndrome

Coronary artery disease

Cardio protection

0.6 mg oral twice daily in a period of 5weeks.

1-2mg daily for 3-months

Colchicine 1 mg/day

Adults and Children older than 12 years:
1.2-2.4mg

Children 6 to 12years: 0.9-1.8 mg

Children 4 to 6years: 0.3-1.8mg

Adults: 1.0 mg per day

1.0-2.0 mg daily for 3 years

Adults: <3mg

Children: <2mg

Children <5 years: a starting dose of <0.5 mg/day
(<0.6 mg/day in case of 0.6 mg tablets)

Children 5-10years: 0.5-1.0 mg/day (1.2 mg/day in
case 0.6 mg tablets

Adults and Children >10years: 1.0-1.5 mg/day
(1.8 mg/day in case of 0.6 mg tablets)

Patients older than 16 years: 0.5 or 0.6 mg
twice daily

0.6 mg once daily or twice daily (maximum dose
1.2 mg/day)

1mg (2 tablets of 0.5 mg) to be taken initially,
followed by 0.5mg 1h later, and then followed,
as needed, after 12 h, by continued colchicine
(up to 0.5mg twice daily) until the acute attack
resolves

Prophylaxis: 0.5 mg twice daily

Low-dose: 1.2 mg followed by 0.6mg in 1h
(1.8 mg total)

High-dose: 1.2 mg followed by 0.6 mg every hour
for 6 h (4.8 mg total)

Single-dose: 0.6 mg

0.5mg twice daily for 4 days

If weight >70kg: 0.5 mg twice daily for 3 months

If weight <70kg: 0.5 mg daily for 3 months

1-2mg on day 1, then 0.5-1 mg daily
for 6 months

Loading dose of 1-2 mg followed by maintenance
dose of 0.5-1 mg/day

Loading dose of 1.2-1.8 mg followed by
maintenance dose of 0.3-1.2mg daily (once or
twice daily)

0.5mg twice daily

0.5-1mg once daily
0.5mg once daily for 60 months

0.5mg once daily

0.5 mg twice daily for first month, then 0.5 mg
daily for eleven months

0.5 mg twice daily for 1 month

0.5mg once daily for a median of 3years

2mg loading dose followed by 0.5mg twice daily
for 5 days

0.5mg twice daily for 6 months

0.6 mg capsule once daily for 6 months

0.5mg once daily

0.5 mg twice daily for 1year

Initial dose of 0.25 mg twice daily, with titration in
the first 3 days according to tolerance up to a
maximum dose of 0.5mg twice daily for
4 weeks in decrease of troponin | of high
sensitivity

Raynor and Askari 1980
Woo et al. 2012

Saleh and Arayssi 2014
Colcrys Label 2012

Cerquaglia et al. 2005
Ehrenfeld et al. 1982
Gl 2014

Ozen et al. 2016
Colchicine 500mcg tablets 2021

Peters et al. 1983
Colcrys Label 2012

Colchicine 500mcg tablets 2021

Terkeltaub et al. 2010

Roddy et al. 2020
Tong et al. 2016

Tong et al. 2016
Schwier 2015

Schwier 2015

Lennerz et al. 2017

Deftereos et al. 2012

Masson et al. 2020

ClinicalTrials.gov Identifier: NCT02898610 2021
(CONVINCE trial)

Tardif et al. 2019

Bouabdallaoui et al. 2020 (COLCOT trial)

Tong et al. 2020 (COPS trial)

Nidorf and Thompson 2007
Nidorf et al. 2013 (LoDoCo trial)
Nidorf et al. 2020 (LoDoCo2 trial)
Deftereos et al. 2015

Deftereos et al. 2013

ClinicalTrials.gov Identifier: NCT04181996 2021
ClinicalTrials.gov Identifier: NCT02551094 2021
ClinicalTrials.gov Identifier: NCT03704181 2021
ClinicalTrials.gov Identifier: NCT04056039 2021

administration. The model that best described their data was
a three-compartment model with zero-order absorption,
while inter-individual variability was not reported. Age or
weight was not identified as a significant covariate in

any study.

After evaluation of the abovementioned population phar-
macokinetic analyses, the model developed by Thomas et al.
was selected in this study in order to perform the simula-
tions of the colchicine dosage regimens (Figure 1). This

choice was made since the Thomas et al. study included an
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Table 2. Colchicine dosage schemes for cardioprotection in patients with COVID-19 pneumonia.

Description

Study

Inpatient: 1mg (or 0.5mg in chronic kidney disease) once daily

Early inpatient: 1 mg (reduced to 0.5 mg if severe diarrhoea) once daily

Early outpatient: 1 mg once daily (or 0.5mg twice daily) for the first 3 days
and then 0.5 mg once daily for 27 days

Outpatient: 1 mg twice daily for the first day, then 1 mg daily until afebrile
for 3 days

Early outpatient >70years:

0.5mg twice daily for 3 days, then 0.5 mg once daily for 18 days

Moderate to severe inpatient: 0.5 mg thrice daily for 5days, then 0.5mg
twice daily for 5 days

Inpatient: 0.6 mg twice daily for 30 days

0.5mg twice daily for 3 days, then 0.5 mg once or twice daily for 7 days

Early outpatient: 0.6 mg twice daily for 3 days, then 0.6 mg daily for 25 days.

Early inpatient: 1.2 mg loading dose, then 0.6 mg 2 h later, then 0.6 mg twice
daily for 28 days

Moderate to severe hospitalised patients before ARDS: 1.2 mg loading dose,
then 0.6 mg 2 h later, then 0.6 mg twice daily for 14 days or
until discharge

Early inpatient: 0.5 mg twice daily for 30 days 1 mg twice daily if
weight >100 kg

Inpatient not receiving L/R: 1.5 mg followed by 0.5 mg after two h (day 1).
The next day 0.5 mg twice daily for 14 days or until discharge.

Inpatient receiving L/R:

Loading dose of 0.5 mg (day 1). After 72 h from the loading dose, 0.5 mg
every 72 h for 14 days or until discharge

Inpatient under Colchicine treatment that are starting with L/R: 0.5mg 72 h
after starting L/R. then 0.5mg every 72 h for 14 days or until discharge

Inpatient: Loading dose of 1 mg, then 0.5mg 2 h after, followed by 0.5 mg
twice daily during the next 7 days and 0.5 mg once daily until the
completion of 14 days of total treatment.

In patients receiving R/L or with eGFR < 50 ml/min/1.37 m?, weight <70kg
or age >75years old, the dose is adjusted to the half

Early inpatient: Loading dose of 1 mg, then 0.5mg 2h later, then 0.5 mg
twice daily for 7 days, then 0.5 mg daily for 28 days in total

Early inpatient: Loading dose of 1.5 mg, then 0.5 mg twice daily
until discharge

Inpatient: Loading dose of 1.5mg, then 0.5 mg twice daily for 10 days

Early inpatient: Loading dose of 1.5 mg, then 0.5 mg after 1h, then 0.5mg
twice daily for as long as 3 weeks

Early inpatient: 0.5 mg twice daily or 1 mg once daily

Early inpatient: 1.2 mg twice daily for the first day, then 0.6 mg daily
for 13 days

Early inpatient:

Loading dose of 1 mg, followed by 0.5mg 12 h later, then maintenance dose
0.5mg twice daily for a further 9 days or until hospital discharge.

Maintenance dose 0.5 mg once daily when administered with CYP3A4
inhibitors (e.g. diltiazem, imatinib, letermovir), or renal impairment (eGFR
< 30 mL/min/1.73 m?) either chronic or acute, or BW <70 kg

ClinicalTrials.gov Identifier: NCT04322565 2021 (ltaly, ColCOVID)
Scarsi et al. 2020

ClinicalTrials.gov Identifier: NCT04322682 2021 (Canada, COLCORONA)
Della-Torre et al. 2020

ClinicalTrials.gov Identifier: NCT04416334 2021 (Spain, COLCHI-COVID)
Lopes et al. 2020

ClinicalTrials.gov Identifier: NCT04355143 2021 (USA, COLHEART-19)

ClinicalTrials.gov Identifier NCT04403243 2021 (Russia, COLORIT)
ClinicalTrials.gov Identifier: NCT04324463 2021 (Canada, ACTCOVID19)

ClinicalTrials.gov Identifier: NCT04363437 2021 (USA, COMBATCOVID19)

ClinicalTrials.gov Identifier: NCT04375202 2021 (ltaly, COLVID-19)

Clinical trial: The ECLA PHRI COLCOVID Trial 2021 (Argentina, ECLA
PHRI COLCOVID)

ClinicalTrials.gov Identifier: NCT04667780 2021 (Pakistan)
ClinicalTrials.gov Identifier: NCT04603690 2021 (Pakistan)

ClinicalTrials.gov Identifier: NCT04350320 2021 (Spain, COL-COVID)
ClinicalTrials.gov Identifier: NCT04360980 2021 (Iran)

ClinicalTrials.gov Identifier NCT04367168 2021 (Mexico, ColchiVID)
ClinicalTrials.gov Identifier: NCT04326790 2021 (Greece, GRECCO-19)
Deftereos et al. 2020a, 2020b

ClinicalTrials.gov Identifier: NCT04326790 2021(Greece, GRECCO-19)
ClinicalTrials.gov Identifier: NCT04527562 2021 (Bangladesh, COLCOVIDBD)

ClinicalTrials.gov Identifier: NCT04381936 2021 (UK, RECOVERY)

L/R: Lopinavir/Ritonavir; eGFR: estimated glomerular filtration rate.

Clnr
~
k12
Dose Central «<—*>| Peripheral
(Vo) @t (Vo)
J
Clr

Figure 1. A schematic representation of the pharmacokinetic model used for
the simulations. This model was obtained from the study of Thomas et al.
(1989). Colchicine is distributed in two compartments, the central and the per-
ipheral compartment. Key: V¢, volume of distribution of the central compart-
ment; Clr, first-order renal clearance from the central compartment; Clnr, first-
order non-renal clearance from the central compartment; k12, first-order inter-
compartmental transfer constant from the central to the peripheral compart-
ment; k21, first-order inter-compartmental transfer constant from the peripheral
to the central compartment.

adequate number of subjects (compared to the other three
studies), the sampling scheme was appropriate for the char-
acterization of colchicine pharmacokinetics, inter-individual
variability was estimated, and the goodness of fit plots and
criteria showed its nice descriptive ability (Thomas et al.
1989). The Thomas et al. study included three doses allowing
thus the estimation of the dose-dependent pharmacoki-
netic parameters.

In addition, given the strong effect of renal and/or hepatic
impairment, as well as, the effect of drug-drug interactions
on colchicine clearance, several additional scenarios of
impaired clearance were also tested. Based on the study of
Wason et al., the % difference in renal clearance compared
to healthy volunteers is 13, 45, and 54% for mild (60-89 ml/
min/1.73 m?), moderate (30-59 ml/min/1.73 m?), and severe
(15-29 ml/min/1.73m?  renal impairment,  respectively
(Wason et al. 2014). Given that renal clearance accounts for
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Table 3. Pharmacokinetic parameter values used in the simulations of colchicine.

Parameters Parameter estimates Inter-individual variability®

Dose: 0.5mg
tlag (h) 0.12 0.606
Duration (h) 0.99 0.551
Vc/F (1) 202 0.355
CI/F (I/h) normal renal function 31.7 0.242
CI/F (I/h) 30% impaired 22.19
CI/F (I/h) 50% impaired 15.85
CI/F (I/h) 70% impaired 9.51

Dose: 1.0mg
tlag (h) 0.16 0.418
Duration (h) 0.89 0.496
Vc/F (1) 229 0.452
CI/F (I/h) normal renal function 337 0.248
CI/F (I/h) 30% impaired 23.59
CI/F (I/h) 50% impaired 16.85
CI/F (I/h) 70% impaired 10.11

Dose: 1.5mg
tlag (h) 0.22 0.224
Duration (h) 0.79 0.321
Vc/F (1) 197 0.279
CI/F (I/h) 30% impaired 23.59
CI/F (I/h) 50% impaired 16.85
CI/F (I/h) 70% impaired 10.11

For all doses:
k12 (™) 0.22 0.268
k21 (h™ ") 0.073 0.501

These values were obtained from the literature (Thomas et al. 1989). The structural model refers to two-compartment
model with zero-order absorption and lag time. Due to dose-dependency of the parameters, the parameter values are

quoted for three dose levels (0.5 mg, 1.0mg, and 1.5 mg).

alnter-individual variability refers to the standard deviation of the parameter reported in Thomas et al. (1989).

Key: tlag, absorption lag time; Duration, duration of absorption calculated as the difference between end of absorption
and tlag; Vc/F, apparent volume of distribution of the central compartment; CI/F, apparent first-order clearance from
the central compartment; k12, first-order inter-compartmental transfer constant from the central to the peripheral
compartment; k21, first-order inter-compartmental transfer constant from the peripheral to the central compartment.

10% of total colchicine clearance (Niel and Scherrmann
2006), the estimated population parameter of clearance for
patients (with mild, moderate, and severe clearance) was
used in our simulations.

Similarly, in the study of Leighton et al. it was shown that
in cirrhotic patients, colchicine total clearance is reduced by
almost 60% (Leighton et al. 1991). Another study reported
that colchicine total clearance is reduced by 30% when co-
administered with azithromycin, by 75% when co-adminis-
tered with clarithromycin, by 40% when coadministered with
diltiazem, by 52% when co-administered with verapamil and
by 70% when co-administered with ketoconazole or ritonavir,
due to CYP3A4 or P-gp mediated pharmacokinetic interac-
tions (Terkeltaub et al. 2011).

Simulations

A pharmacokinetic model obtained from the literature was
utilised for the simulations (Thomas et al. 1989). The latter
consists of a two-compartment model with zero-order
absorption and lag time. The average parameter values along
with their variabilities are presented in Table 3. Due to the
dose-dependency of the parameters, the parameter values
are quoted for three dose levels (0.5, 1.0, and 1.5mg). Inter-
individual variability was also taken into account and a popu-
lation of 500 patients was simulated. Three scenarios of
impaired total colchicine clearance (30, 50, and 70%), which
may account for renal and/or hepatic impairment and for

pharmacokinetic interactions
this study.

The inter-individual variability values, considered for all
pharmacokinetic parameters, were those reported in the
study of Thomas et al. (1989). For the simulations exploring
the impact of clearance impairment on colchicine levels, only
the average performance was simulated, in order to allow a
clearer observation of the plots. The dosing schemes tested
explored are summarised in Table 4. When co-administration
with other medications was simulated, the pharmacokinetic
parameter values were adjusted appropriately to be in
accordance with the literature suggestions.

Simulations were performed in  Simulx® (Monolix
2019R2TM, Simulation Plus). The R package ‘mIxR 4.2 was
used in order to perform the simulations (mIxR: Simulation
of Longitudinal Data 2021).

drug were explored in

Results

A previously developed pharmacokinetic model was used in
order to perform simulations and to explore various dosing
schemes of colchicine applied in clinical practice. Figure 2
reveals the anticipated concentration-time colchicine levels
after administration of the dosing regimens listed in Table 4.
Visual inspection of Figure 2 reveals that several regimens
lead to increased plasma levels (e.g. Figure 2(A)), while some
others (Figure 2(B,E)) result in levels that are lower than the
minimum effective concentrations. When colchicine levels
exceed the value of 3.0ug/l, then there is a higher chance
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Table 4. Colchicine dosage schemes used in the simulations.

Name Dosage scheme Indication References
A 1mg once daily e Bechet’s Disease Woo et al. 2012
e Familial Mediterranean fever Saleh and Arayssi 2014
e (COVID-19 Ehrenfeld et al. 1982
ClinicalTrials.gov Identifier: NCT04322565
2021 (ltaly)
B 0.5mg once daily e Familial Mediterranean fever Ozen et al. 2016
e Acute gout Colchicine 500mcg tablets SmPC 2021
e Myocardial infraction Tardif et al. 2019
e Coronary artery disease Nidorf et al. 2013
e (ardioprotection ClinicalTrials.gov Identifier: NCT02551094
e (COVID-19 2021 (Canada)
ClinicalTrials.gov Identifier: NCT04322565
2021 (ltaly)
C 0.5 mg twice daily e Acute gout Colchicine 500mcg tablets SmPC 2021
e Familial Mediterranean fever Peters et al. 1983
o Pericarditis Nidorf and Thompson 2007
e Atrial fibrillation Tong et al. 2016
e Coronary artery disease Lennerz et al. 2017
e (Cardioprotection ClinicalTrials.gov Identifier: NCT03704181
e COVID-19 2021 (Brazil)
Clinical Trials.gov Identifier:
NCT04326790, 2020 (Greece,
GRECCO-19).
D Loading dose of 1.5 mg, followed by 0.5 mg after 2h and e Pericarditis Schwier 2015
then 0.5 twice daily for 14 days e (COVID-19 Clinical trial: The ECLA PHRI COLCOVID Trial
2021 (Argentina)
E 0.5mg twice daily for the first 3 days and then 0.5 once e (COVID-19 ClinicalTrials.gov Identifier: NCT04322682
daily for 27 days 2021 (Canada, COLCORONA)
F Loading dose of 1.5 mg, followed by 0.5 mg after 1h and e Pericarditis Schwier 2015
then 0.5 twice daily e Coronary artery disease Deftereos et al. 2015
e (COVID-19 Deftereos et al. 2020b
G Loading dose of 0.5mg (day 1) — After 72 h from the e (COVID-19 Clinical trial: The ECLA PHRI COLCOVID Trial
loading dose, 0.5 mg every 72 h for 14 days or until 2021 (Argentina)
discharge (co-administration with ritonavir, thus
colchicine clearance would be 70% impaired clearance)
H Loading dose of 1 mg, followed then 0.5 mg twice daily o Pericarditis Schwier 2015
(co-administration with azithromycin thus colchicine e COVID-19 Deftereos et al. 2020c
clearance would be 30% impaired clearance)
| Loading dose of 1 mg, followed by 0.5mg 12h later, then e COVID-19 ClinicalTrials.gov Identifier: NCT04381936
maintenance dose 0.5 mg twice daily for a further of 2021 (UK, Recovery trial)
nine days (10 days in total) or until hospital discharge
Co-administration with CYP3A4 inhibitors (e.g. diltiazem,
imatinib, letermovir): Loading dose of 1 mg, followed by
0.5mg 12 h later, then maintenance dose 0.5 mg
once daily.
J Colchicine regimen was 0.5 mg thrice daily for 5days, then e (COVID-19 Lopes et al. 2020

0.5mg twice daily for 5 days.

Patients with chronic kidney disease, with glomerular
filtration rate under 30 mL/min/1.73 m?, colchicine dose
is reduced to 0.25mg thrice daily for 5 days, then
0.25 mg twice daily for 5 days.

The indication and the bibliographic references are quoted.

for the induction of toxic effects. Loading doses as high as
1.5mg have increased chances to cause gastrointestinal dis-
comfort that may lead to poor adherence to therapy (Figure
2(D,F)). A scheme implying 0.5mg twice daily seemed to
maintain more effective therapeutic levels, with a low prob-
ability to reach toxic plasma concentrations (Figure 2(C)). The
dosing regimen utilised in the RECOVERY trial results in col-
chicine plasma levels that are in the desired region (Figure
2(Q)). Also, satisfactory results are obtained from a scheme
including thrice administration of 0.5mg for the first five
days (Figure 2(H)).

Simulated C-t profiles in case of co-administration of col-
chicine with other popular treatments in COVID-19, like lopi-
navir/ritonavir, azithromycin, or with CYP3A4 inhibitors (like
diltiazem, imatinib, letermovir), are depicted in Figure 3. The

dose adjustment proposed in the literature accounting for
co-administration of azithromycin that causes a 30% reduc-
tion of total colchicine clearance (Terkeltaub et al. 2011)
results in toxic plasma concentrations and therefore further
dose reductions should be considered (Figure 3(A)). On the
contrary, the dose adjustment proposed in the literature,
accounting for co-administration of ritonavir that causes a
70% reduction of total colchicine clearance (Terkeltaub et al.
2011), results in sub-therapeutic trough concentrations
(Figure 3(B)). The modified regimen of the RECOVERY trial
suggested to be used when colchicine is co-administered
with CYP3A4 inhibitors, still leads to high plasma levels
(Figure 3(C)) and thus, increased risk for adverse effects.

In order to investigate the impact of reduced clearance
on colchicine plasma levels, simulations were performed
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Figure 2. Simulated plasma colchicine concentrations (ug/l) versus time (h) according to dosing schemes (Table 4) currently used in clinical practice or in clinical
trials. (A) 1 mg once daily, (B) 0.5mg once daily, (C) 0.5mg twice daily, (D) Loading dose of 1.5mg, followed by 0.5mg after 2h and then 0.5 twice daily for
14 days, (E) COLCORONA trial: 0.5mg twice daily for the first 3 days and then 0.5 once daily for 27 days, (F) GRECCO-19 trial: Loading dose 1.5 mg, followed by
0.5mg after 1h and then 0.5 twice daily. (G) RECOVERY trial: Loading dose of 1 mg, followed by 0.5mg 12 h later, then maintenance dose 0.5 mg twice daily for a
further of nine days (10 days in total) or until hospital discharge, (H) 0.5 mg thrice daily for 5 days, then 0.5 mg twice daily for 5 days. Upper line: 3 pg/I, plasma con-
centration that elicits toxic effects. Lower line: 0.5 ng/l, minimum effective plasma concentration. The inter-individual variability values, considered for all pharmaco-

kinetic parameters, were those reported in the study of Thomas et al. (1989). Dashed lines indicate the average peak and trough concentration values at
steady state.
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Figure 3. Simulated plasma colchicine concentrations (ug/l) versus time (h) in case of its co-administration with other medicines. (A) Co-administration with azith-
romycin (thus colchicine clearance would be reduced by 30%): Loading dose of 1 mg, followed then 0.5 twice daily, (B) Co-administration with lopinavir/ritonavir
(thus colchicine clearance would be reduced by 70%): Loading dose of 0.5 mg and then after 72 h 0.5 mg every 72 h for 14 days or until discharge, (C) Co-adminis-
tration with CYP3A4 inhibitors (e.g. diltiazem, imatinib, letermovir) [RECOVERY trial]: Loading dose of 1 mg, followed by 0.5mg 12 h later, then maintenance dose
0.5 mg once daily. Upper line: 3 pg/l, plasma concentration that elicits toxic effects. Lower line: 0.5 pg/l, minimum effective plasma concentration. The inter-individ-
ual variability values, considered for all pharmacokinetic parameters, were those reported in the study of Thomas et al. (1989). Dashed lines indicate the average

peak and trough concentration values at steady state.

utilizing several dosage regimens from the literature (Table
4). Figure 4 presents the results of the simulated plasma col-
chicine concentrations versus the time of patients with nor-
mal clearance, and three levels of impaired total clearance
(i.e. 30, 50, and 70%). The latter can be attributed to pharma-
cokinetic interactions and/or co-existence of liver and hepatic
diseases. The findings of Figure 4 are mainly in agreement
with those from Figure 1; it is shown that for the majority of
regimens, the concentration levels of colchicine fail to stay
within the adequate range of plasma levels and that most of
them lead to high concentrations with increased toxicity risk.
The only exception is the scheme where colchicine is admin-
istered 0.25mg thrice daily (Figure 4(H)) which can almost
adequately account for 30, 50, or 70% reductions in colchi-
cine clearance.

In the simulations performed in this study, special focus
was placed on the dosing regimens proposed by the
RECOVERY trial (CTl: NCT04381936). In this trial, it was gener-
ally proposed that a loading dose of 1 mg is administered,
followed by 0.5mg 12h later, and then a maintenance dose
0.5mg twice daily for a further 9days or until hospital dis-
charge. This is the typical scheme that is simulated in the
case of normal clearance patients and at three levels of
reduced clearance (30, 50, and 70%) (Figure 5(A)). Visual
observation of Figure 5(A) clearly reveals that this scheme is
appropriate only in cases of normal clearance and for clear-
ance impairment up to 30%. When the elimination ability of
the patients is reduced, then this dosage regimen would
lead to increased colchicine levels. Nevertheless, it is stated
in the RECOVERY trial that when colchicine is co-adminis-
tered with CYP3A4 inhibitors or when creatinine clearance is
significantly reduced, an alternative dosage should be
applied. In particular, when the estimated glomerular filtra-
tion rate is less than 30 ml/min, then again, an initial loading
dose of 1mg is administered, followed by 0.5mg 12h later,
and then a maintenance dose of 0.5 mg once daily. This dos-
age scheme is simulated in Figure 5(B), where it can be
observed that an adequate range of plasma levels is
achieved, for reduced clearances of 30% and 50%. However,

when the clearance impairment is higher (i.e. 70%), then
even this scheme leads to increased colchicine plasma levels.
In order to account for all levels of clearance impairment,
additional dosing regimens are simulated and proposed in
this study (Figure 6). For patients with clearance reduction
up to 30%, a dosage scheme using 0.25mg thrice daily
seems to be appropriate, since it leads to colchicine levels
that are above the minimum effective concentration, and at
the same time the achieved concentrations do not exceed
the limit of 3.0 ug/l (Figure 6(A)). For clearance impairment
between 30% and 50%, the 0.25 mg dose should be adminis-
tered twice a day (Figure 6(B)). Finally, when clearance
impairment is even more severe (e.g. 70% or more), then an
appropriate dosage scheme could be 0.25mg twice daily for
the first two days followed by 0.25 mg per day (Figure 6(C)).

Discussion

In this study, simulations were performed to identify the abil-
ity of regimens to attain plasma levels known to be generally
safe and efficacious. The dosage schemes, explored in this
analysis, were taken from the literature since they were
reported to be used for cardioprotection in COVID-19
patients. Colchicine mechanism of action resides on its ability
to interfere with various biochemical pathways mediating
the inflammatory process, like inhibition of neutrophil
chemotaxis, impedance neutrophil adhesion, prevention of
neutrophil recruitment, inhibition of superoxide production
from neutrophils, and promotion of maturation of dendritic
cells (Martinon et al. 2006, Niel and Scherrmann 2006, Nuki
2008, Leung et al. 2015, Tong et al. 2016).

The simulations resulted in plasma concentrations that are
in line with those retrieved from the literature pharmacoki-
netic studies, providing evidence of the adequacy of the
model selected (Achtert et al. 1989, Girre et al. 1989, Davis
and Wason 2014, Wason et al. 2014). It was shown that high
loading doses should be administered with caution, due to
increased chance of toxicity, which is in accordance with pre-
viously published clinical studies showing that tolerability of
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Figure 4. Simulated mean plasma colchicine concentrations (u1g/l) versus time (h) of patients with normal clearance, 30% impaired total clearance, 50% impaired
total clearance, and 70% impaired total clearance. Eight different dosage regimens (Table 4) are simulated as following: (A) 1 mg once daily, (B) 0.5 mg once daily,
(C) 0.5mg twice daily, (D) Loading dose of 1.5 mg, followed by 0.5 mg after 2h and then 0.5 twice daily for 14 days, (E) 0.5 mg twice daily for the first 3 days and
then 0.5 once daily for 27 days, (F) Loading dose of 1.5 mg, followed by 0.5 mg after 1h and then 0.5 mg twice daily, (G) 0.5 mg thrice daily for 5days, then 0.5mg
twice daily for 5days, (H) 0.25mg thrice daily for 5days, then 0.25mg twice daily for 5days. Upper line: 3 ng/l, plasma concentration that elicits toxic effects.

Lower line: 0.5 pg/l, minimum effective plasma concentration.

the drug improves significantly when loading doses are not
applied (Roubille et al. 2013). Several of the currently utilised
dosage regimens lead either to increased or suppressed col-
chicine plasma values even in the case of patients with nor-
mal clearance ability. Among all dosage regimens, the
scheme with colchicine administration of 0.5mg twice daily
led to the best results in terms of the colchicine plasma lev-
els (Figure 2(C,G)). The latter maintained the drug in safe and
effective plasma concentrations.

It should be underlined that avoiding toxicity is of para-
mount importance in the case of colchicine treatment. The
clinical course of its toxicity entails three sequential overlap-
ping phases. Initially, gastrointestinal mucosal damage with
nausea, vomiting, diarrhoea, abdominal pain, hypovolemia,
and leukocytosis manifest. Then, multi-organ failure, hemo-
dynamic collapse, cardiac arrhythmias, or infectious or

haemorrhagic complications become obvious. Patients that
survive the second phase, enter a recovery phase in which
there is a recovery of bone-marrow depression with rebound
leukocytosis and resolution of organ failure (Putterman et al.
1991, Finkelstein et al. 2010). Gastrointestinal symptoms,
related to increased peristaltic activity, are the most common
complication quoted in both short- and long-term therapy
with colchicine (Roubille et al. 2013, Schwier 2015).

No dose adjustments are necessary for patients with an
impaired renal clearance of colchicine, as, in fact, it is only
10% of total clearance, while the predominant clearance is
extra-renal (Girre et al. 1989). Wason et al., also in their study
showed that patients with mild and moderate renal impair-
ment and under haemodialysis do not need any dose adjust-
ment (Wason et al. 2014). However, according to their study,
patients with severe renal impairment resulted in higher



10 (&) E. KARATZA ET AL.

_
>
=
oo
L

Concentration (ug/l)
'

150 200
Time (h)

— Normal

-—+ 30% impaired clearance

—
@
-
o
f

Concentration (ug/l)

100 150
Time (h)

+=- 50% impaired clearance

— = 70% impaired clearance

Figure 5. Simulated mean plasma colchicine concentrations (ug/l) versus time (h) of patients with normal clearance, 30% impaired total clearance, 50% impaired
total clearance, and 70% impaired total clearance. The two dosing regimens of the RECOVERY trial are simulated (Table 4). (A) Loading dose of 1 mg, followed by
0.5mg 12h later, then maintenance dose 0.5 mg twice daily for a further of 9 days (10 days in total) or until hospital discharge, (B) Loading dose of 1 mg, followed
by 0.5mg 12 h later, then maintenance dose 0.5mg once daily. Upper line: 3 ug/l, plasma concentration that elicits toxic effects. Lower line: 0.5 pg/l, minimum

effective plasma concentration.

(A) B) ©
— = =
> ) E)
2 2 4 2.
c c18 c
o o O 169
£ 5 £
[ = c [ =
(o} @ Q
O 103 Q o
c S osb] c
8 S Q oss { \ NN NNY
O o (&) LR RERRLEE \

01 0 o

0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 360 460 500
Time (h) Time (h) Time (h)

Figure 6. Simulated plasma colchicine concentrations (ug/l) versus time (h) for three levels (30%, 50%, and 70%) of clearance impairment. For each level of impair-
ment, a newly proposed dosage regimen is utilised. (A) 30% impairment: 0.25mg thrice daily, (B) 50% impairment: 0.25mg twice daily, (C) 70% impairment:
0.25 mg twice daily for the first two days and then 0.25 mg once daily. Upper line: 3 ng/l, plasma concentration that elicits toxic effects. Lower line: 0.5 pg/l, min-
imum effective plasma concentration. The inter-individual variability values, considered for all pharmacokinetic parameters, were those reported in the study of
Thomas et al. (1989). Dashed lines indicate the average peak and trough concentration values at steady state.

exposure to the drug. In the study of Wallace et al., patients
with the severe renal disease showed similar clearance to
patients without, but clearance of patients with liver disease
was significantly impaired (Wallace et al. 1970). In the same
vein, Leighton et al., showed that in cirrhotic patients, colchi-
cine means clearance was 4.22 ml/min/kg, when in normal
subjects it was 10.65 ml/min/kg, indicating a 60% reduction
(Leighton et al. 1991).

This study also showed the strong impact of a 30, 50, and
70% reduction in clearance, leading to accumulation of the
drug. Most of the dosage regimens fail to reach adequate
plasma levels of colchicine and lead to increased concentra-
tions and potentially greater toxicity risk. However, a dosage
regimen with colchicine administration of 0.25mg thrice
daily can account for 30, 50, or even 70% reductions in col-
chicine clearance (Figure 4(H)). The distinct impact of renal-
and total-impairment on the colchicine levels is presented in

the Appendix (Figure A1). These findings are in accordance
with the literature since it is known that colchicine clearance
is significantly reduced in patients with renal or hepatic fail-
ure. It is reported that colchicine half-life is prolonged twice
in renal failure and ten times in the presence of cirrhosis and
renal failure (Leighton et al. 1991, Bhat et al. 2009).

The dosages used in the RECOVERY trial were satisfactory
for normal clearance and for impaired clearance patients
with reductions up to 50% (Figure 5). However, when the
colchicine clearance impairment is high (e.g. around 70% or
more), then even this scheme can lead to increased colchi-
cine plasma levels. In this context, new dosage regimens
were proposed for patients with impaired clearance and the
so-derived colchicine plasma levels were simulated (Figure
6). It was shown that appropriate doses, for maintaining col-
chicine plasma concentration within a safe and concomi-
tantly therapeutic range, are 0.25mg three times a day for



patients with 30% impaired total colchicine clearance,
0.25 mg twice daily for patients with 50% impaired total col-
chicine clearance, and 0.25mg twice daily for the first two
days followed by 0.25mg per day for patients with 70%
impaired total colchicine clearance.

The use of loading doses or high initial doses of colchi-
cine remains under discussion and requires special attention.
A recent study (study with letter J in Table 4) stated that the
use of relatively high doses during the first days of treatment
(0.5mg thrice daily for the first 5 days) might explain the
reduction in CRP values of the patients and justify their bet-
ter evolution at day 5 (Lopes et al. 2020). Nevertheless, simu-
lations in this study showed that this dosage regimen can
lead to high colchicine plasma levels. To the same conclusion
come studies stating that the tolerability of colchicine
improves significantly when loading doses are not applied
(Roubille et al. 2013). In accordance with the recent sugges-
tions of Lopes et al. (2020), a reduced dosage regimen with
0.25mg thrice or twice daily, in patients with impaired clear-
ance, leads to the desired concentration-time profile (Figure
4(H) and Figure 6).

In addition, this study also explored the situation of col-
chicine interactions with other medicines. Colchicine may be
administered in patients for the management of pericarditis,
cardiovascular diseases, or coronary artery disease, concomi-
tantly with statins, digoxin, or verapamil which are CYP3A4
inhibitors. Similarly, for the management of autoimmune dis-
eases, colchicine can be given together with cyclosporine,
which is a P-gp inhibitor. In the treatment of COVID-19
patients, colchicine is often co-administered with azithromy-
cin or other antibiotics that may also inhibit its clearance
(Terkeltaub et al. 2011). It should be underlined that con-
comitant treatment with colchicine and drugs being CYP3A4
and/or P-gp inhibitors may result in fatal interactions if no
dose adjustments are made. In Figure 3, the impact of three
dosage regimens on colchicine plasma levels is explored. It
becomes obvious that in some cases, sub-therapeutic levels
are obtained, while when colchicine is co-administered with
CYP3A4 inhibitors, increased plasma levels are observed with
greater risk for adverse effects.

It should be mentioned that the pharmacokinetic model
used for the simulations in this study, was initially developed
for application within a dose range of 0.5-1.5mg (Thomas
et al. 1989). However, in this study, it was further used for
simulating the plasma concentrations after doses of 0.25 mg.
Despite the fact that an assumption was made that the
parameters utilised would be as those in the case of 0.5 mg,
this could also be supported by the fact that at a low dose
no difference in pharmacokinetics is expected. The discrep-
ancy in colchicine disposition identified in higher doses is
due to the saturation phenomena, which are not expected
to occur at lower doses (Thomas et al. 1989, Niel and
Scherrmann 2006). It is worth stating that the selected phar-
macokinetic model from the literature, was initially devel-
oped using data from nine subjects. Even though this
number of subjects might seem low, however, this number
was comparable (and in some cases higher) to the sample
sizes utilized for the development of the other literature
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models. In addition, the selected model offered several
advantages, such as coming from an adequate sampling
scheme, offered estimates for inter-individual variability, and
reported the values of the dose-dependent pharmacoki-
netic parameters.

Regarding the convenience of administrating the pro-
posed 0.25 mg colchicine doses, it should be quoted that col-
chicine is available in the form of 0.5 mg tablets (Colchimex®
500 mcg tablet SmPC), which can be cut in half. Also, an oral
solution is marketed in the US containing 0.6 mg/5ml, of
which 2ml can be administered for safer use of the drug in
these patients (Gloperba® label).

Conclusion

Colchicine appears as a promising drug for use in COVID-19
patients, since recent studies showed that it may reduce the
rate of death and lung complications related to COVID-19.
Numerous dosing regimens are currently utilised in clinical
practice and clinical trials without any consensus. The pur-
pose of the present study was to identify the ability of col-
chicine regimens to attain plasma levels known to be
generally safe and efficacious. Additional dosage schemes
were proposed in this study. Changes in pharmacokinetics,
due to colchicine interaction with other popular treatments
in COVID-19, like lopinavir/ritonavir or azithromycin, were
also investigated. Some dosage regimens lead to relatively
high colchicine levels, while some other administration
schemes result in sub-therapeutic levels. It is concluded that
0.5mg twice daily can be considered a safe and effective
dosing scheme. Finally, in cases of colchicine clearance
impairment, doses as low as 0.25mg thrice or twice daily
can be applied.
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Figure A1. Mean simulated plasma colchicine concentrations (ug/l) versus time (h) of patients with normal clearance, mild renal impairment, moderate renal
impairment, severe renal impairment, 30% impaired total clearance, 50% impaired total clearance, 70% impaired total clearance receiving dosing schemes A: 1 mg
once daily, B: 0.5 mg once daily, C: 0.5 mg twice daily, D: Loading dose of 1.5 mg, followed by 0.5 mg after 2 h and then 0.5 twice daily for 14 days, E: 0.5 mg twice
daily for the first 3 days and then 0.5 once daily for 27 days, F : Loading dose of 1.5 mg, followed by 0.5 mg after 1h and then 0.5 twice daily. Upper line: 3 ng/l,
plasma concentration that elicits toxic effects. Lower line: 0.5 pg/l, minimum effective plasma concentration.



	Abstract
	Introduction
	Materials and methods
	Model and doses selection for the simulations
	Simulations

	Results
	Discussion
	Conclusion
	Disclosure statement
	Orcid
	Data availability statement
	References


