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Abstract

Background and Objective Colchicine is commonly pre-

scribed for gout. While minimally metabolized by the

cytochrome P450 (CYP) 3A4 isoenzyme, colchicine is a

substrate for P-glycoprotein (P-gp). Atorvastatin is

metabolized primarily by CYP3A4 and is a P-gp inhibitor.

Patients with gout often have dyslipidemia; therefore, the

potential for co-administration of atorvastatin and colchi-

cine exists. The objective of this study was to determine the

effect of oral atorvastatin on the pharmacokinetics of a

single, oral dose of colchicine.

Methods Twenty-four healthy adult subjects were enrol-

led in this single-center, open-label, non-randomized, one-

sequence, two-period drug–drug interaction study. On

day 1, subjects received a single oral dose of colchicine

0.6 mg. After a 14-day washout, subjects received atorva-

statin 40 mg once daily for 14 days followed by a single

dose of colchicine 0.6 mg co-administered with atorva-

statin 40 mg on day 28. Main outcome measures were

colchicine maximum plasma concentration (Cmax), area

under the plasma concentration–time curve (AUC) from

time zero to the last measurable concentration (AUClast),

and AUC from time zero to infinity (AUC?), which were

compared with and without concurrent atorvastatin.

Results Colchicine AUClast, AUC?, and Cmax increased

by 27, 24, and 31 %, respectively, when co-administered

with atorvastatin. Corresponding 90 % confidence intervals

around the ratios were outside the established no-effect

80–125 % interval.

Conclusion Increased colchicine exposure was observed

after a single dose of colchicine was administered with

steady-state atorvastatin. Additional studies with multiple

dosing of both drugs are needed to further determine the

clinical implications of these results.

1 Introduction

Gout, a painful and often debilitating rheumatologic dis-

order, affects approximately 8.3 million adults in the

United States [1]. Colchicine is one of the first-line options

to prevent and treat gout flares [2]. Gout is often associated

with a number of co-morbidities [3], such as dyslipidemia,

which was recently reported in 27 % of patients with gout

in a US managed care population [4]. Statins (HMG-CoA

reductase inhibitors), such as atorvastatin, are commonly

prescribed lipid-lowering drugs. Therefore, patients with

gout and dyslipidemia may be co-prescribed colchicine and

atorvastatin. Anticipating any drug–drug interaction is

necessary for safe patient management as increased plasma

colchicine concentrations may lead to severe and danger-

ous toxicity [5]. Cases of myopathy and rhabdomyolysis

have been reported when colchicine was co-administered

with a statin [6–12].
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Increased exposure to colchicine can occur when co-

administered with drugs that inhibit its metabolism or

transport. Colchicine is minimally metabolized in the liver

with less than 5 % metabolized by the cytochrome P450

(CYP) 3A4 isoenzyme [13, 14]. Colchicine is also a sub-

strate for P-glycoprotein (P-gp) [15], a protein involved in

the multidrug resistance transport system. Renal and

hepatic excretion of colchicine involves P-gp-mediated

efflux across membranes [16, 17]. Both enterohepatic

recirculation and biliary excretion, mediated by P-gp, are

postulated to be major routes of colchicine elimination [18,

19]. Toxicity can also be increased by drugs that inhibit the

P-gp efflux pump and allow for more colchicine to be re-

absorbed [5]. P-gp-mediated intestinal secretion and reab-

sorption/biliary recirculation of colchicine do occur, as

evidenced by secondary peak plasma concentrations and

excretion of unchanged colchicine in feces [13, 14].

Atorvastatin is also a direct P-gp inhibitor [20], and co-

administration of atorvastatin with other drugs that are

substrates/inhibitors for P-gp and CYP3A4, such as digoxin

[21] and verapamil [22], significantly increased their

bioavailability.

Administration of a single dose of colchicine with strong

inhibitors of P-gp [cyclosporine (ciclosporin)] or CYP3A4

(clarithromycin, ketoconazole, ritonavir) increased sys-

temic colchicine exposure by *300 % [23]. As such,

colchicine dose reductions are recommended for patients

co-prescribed colchicine with strong P-gp or CYP3A4

inhibitors [5]. The goal of this drug–drug interaction study

was to investigate the potential of atorvastatin to alter

systemic concentrations of colchicine. The effect of mul-

tiple doses of oral atorvastatin (40 mg once daily for

14 days) on the pharmacokinetics and tolerability of a

single oral dose of colchicine (0.6 mg) in healthy adult

subjects under fasting conditions was tested.

2 Methods

2.1 Study Subjects

Healthy adults aged 18–45 years with a body mass index of

18–32 kg/m2 were eligible to enroll in this study (Clini-

calTrials.gov registered study number NCT00960323).

Health status was assessed based on medical history,

physical examination, and routine laboratory tests includ-

ing renal and hepatic function, vital signs, and electrocar-

diography. All subjects had to be non-smokers (including

use of nicotine-containing products) for C6 months prior

to the first dose. Women had to be surgically sterile (hys-

terectomy or bilateral oophorectomy) or had to have

undergone bilateral tubal ligation C6 months before study

entry.

Exclusion criteria included allergies to colchicine,

atorvastatin, or any other statin; a history or presence of

significant cardiovascular, pulmonary, hepatic, gallbladder,

biliary tract, renal, hematologic, gastrointestinal, endo-

crine, immunologic, dermatologic, neurologic, or psychi-

atric disease; use of any drugs or substances known to

inhibit CYP enzymes and/or P-gp in the 4 weeks before the

first dose and throughout the study; a positive test result for

HIV or hepatitis B or C at screening; history or evidence of

alcoholism or drug abuse in the previous 2 years; active

sexually transmitted disease; use of a special diet in the

4 weeks before the first dose; difficulty in fasting or con-

suming standardized meals; hemoglobin concentration

\11.5 g/dL; inadequate venous access for repeated veni-

puncture; blood donation of 50–499 mL within 4 weeks

and [499 mL within 8 weeks before the first dose; blood

donation of [500 mL within 2 weeks, [1,500 mL in

6 months, or [2,500 mL in 1 year at completion of the

study; donation of plasma in the 4 weeks before the first

dose; participation in any other clinical trial within 4 weeks

before the first dose; and pregnancy, lactation, or child-

bearing potential.

2.2 Study Design

All subjects participated in the study at a single US clinical

study center (Cetero Research, Fargo, ND, USA; phase I

facility), and the study protocol was approved by the ethics

committee of the Institutional Review Board of the PRACS

Institute, Ltd. All subjects provided written informed

consent before participation in the study, which was con-

ducted in accordance with the US Code of Federal Regu-

lations and International Conference on Harmonization

Guidelines for Good Clinical Practice and adhered to the

ethical principles of the Declaration of Helsinki.

This was a phase I, open-label, non-randomized, one-

sequence, drug-interaction study (Fig. 1) wherein a single

0.6 mg dose of colchicine (Colcrys� Tablets; Takeda

Pharmaceuticals USA, Deerfield, IL, USA) was adminis-

tered alone or co-administered with steady-state atorva-

statin calcium (Lipitor� Tablets; Pfizer Inc., New York,

NY, USA) 40 mg once daily for 14 days. Following a

4-week screening period (days -28 to -2), subjects were

given colchicine 0.6 mg on day 1 (period 1). After com-

pleting a 14-day washout period, subjects started period 2

and received atorvastatin 40 mg once daily, in the morning

after an overnight fast, for a total of 14 days (days 15–27).

On day 28, subjects received a single dose of colchicine

0.6 mg in combination with atorvastatin 40 mg. Subjects

were admitted to the clinical facility for *36 h (*12 h

before until *24 h after dosing) on colchicine-dosing

days, administered alone and in combination with atorva-

statin [days -1 to 2 (period 1) and days 27–29 (period 2),
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respectively]. Doses of colchicine were administered after

subjects completed a 10-h overnight fast; all doses of

atorvastatin and/or colchicine were administered with

240 mL of water. Subjects received doses sequentially in

pairs at 1-min intervals as a single cohort and in the same

sequence during each study period. Compliance was con-

firmed by oral cavity and hand inspection. No food was

permitted until 4.25 h after administration of colchicine,

while clear fluids were permitted from 2 h post-dose.

During the clinical confinement period from days -1 to

2 and 27–29, standardized meals, beverages, and a stan-

dardized snack were provided at 4.25, 10.25, and 14.25 h

after administration of colchicine. Meals and snacks were

identical during each study period and were free from

grapefruit as well as xanthine- and caffeine-containing

products. Colchicine and atorvastatin were administered in

the morning of each day of dosing after a 10-h overnight

fast. Water was allowed ad libitum starting 2 h after

administration of colchicine. On days 15–27, subjects were

not confined to the study unit and meals were not

monitored.

Subjects were instructed not to take prescription or over-

the-counter medications, herbal products, or supraphar-

macologic doses of vitamins or supplements for 28 days

before the first dose of study medication and throughout the

duration of the study. They were also instructed to abstain

from consuming products containing caffeine, xanthine,

and alcohol for 48 h and to refrain from eating grapefruit or

grapefruit-containing products for 14 days before the first

study dose and throughout the study. They were requested

to refrain from engaging in strenuous activities at any time

during the confinement periods.

Subjects were free to withdraw from the study at any

time for any reason. Furthermore, subjects could be with-

drawn by the investigator in the event of an adverse event

(AE) or laboratory abnormality, development of an illness

that would preclude continuation in the study, or non-

compliance.

2.3 Safety Assessments

Medical history, physical examination, vital signs, 12-lead

electrocardiography, urinary drug screen, and routine lab-

oratory tests were performed during the screening period

(day -28 to -2). Medical history, vital signs, urinary drug

screen, and routine laboratory tests were re-assessed at

confinement to the clinic on the day before administration

of colchicine (days -1 and 28) and at the time of discharge

from the clinic at the end of the study (day 29). Blood

pressure and heart rate were measured with the subjects in

a seated position for C5 min before administration of

colchicine and at 1 and 2 h post-dose.

Any undesirable sign, symptom, or medical condition

occurring after the start of the study—whether reported

spontaneously or in response to indirect questioning, or

directly observed by physical examination, monitoring of

vital signs, or clinical laboratory testing—was recorded

by the investigator as an AE regardless of suspected

relation to the study medication (coded using Medical

Dictionary for Regulatory Activities version 10.1) and

was graded by intensity (mild, moderate, or severe) and

relationship to the study drug (unrelated, unlikely, pos-

sibly, or probably). Any serious AE was reported

expeditiously.

Fig. 1 Study design.
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2.4 Pharmacokinetic Measurements

Blood (6-mL aliquots) was taken by direct venipuncture at

0 (pre-dose) and 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 12, and 24 h

after administration of colchicine on days 1 and 28. Col-

chicine plasma concentrations were measured (Cetero

Research, Fargo, ND, USA) using a validated liquid

chromatography/tandem mass spectrometry (LC/MS/MS)

method (API 5000TM LC/MS/MS System with a Turbo Ion

SprayTM source; AB Sciex, Framingham, MA, USA). For

this method, the between-batch accuracy and precision for

colchicine was determined by analyzing three standard

curves consisting of nine concentrations prepared in dou-

blet in three separate batches, with four concentrations of

quality controls (QCs). The accuracy of the colchicine

standards and QCs were between 98.57 and 101.92 %, and

101.17 and 106.22 %, respectively, while precision was

B5.60 and B6.38 %, respectively. Within-batch accuracy

was assessed using six replicates of five concentrations of

QC samples, and ranged from 96.75–109.17 %, while

precision was B5.93 %. Analysis of plasma samples was

partially blinded; information on the tubes did not include

any reference to the treatment regimen.

To determine the plasma concentrations of colchicine,

extracts were analyzed by LC/MS/MS. The plasma con-

centration of colchicine was ascertained by comparison

with a standard curve (range 0.20–40 ng/mL). Standards

and QC samples were incorporated into each batch analysis

and the validity of each batch run was determined by

assessing the accuracy of the standards and QC samples.

All samples for each subject were analyzed together. The

lower limit of quantification for colchicine was 0.2 ng/mL.

Values below the lower limit of quantification were set to

zero.

Pharmacokinetic parameters were determined using the

WinNonlin� version 5.0.1 (Pharsight, Sunnyvale, CA,

USA) using standard non-compartmental methods to

determine the following pharmacokinetic parameters:

maximum observed plasma concentration (Cmax); time to

reach Cmax (tmax); area under the plasma concentration-

time curve (AUC) from time zero to the last measurable

concentration (Clast) calculated by the linear trapezoidal

method (AUClast); apparent first-order terminal elimination

rate constant (kel) calculated from a semi-log plot of the

plasma concentration–time curve calculated by linear least-

squares regression analysis using the maximum number of

points in the terminal log-linear phase (e.g., C3 non-zero

plasma concentration); AUC from time zero to infinity

(AUC?) calculated as AUClast ? Clast/kel; apparent first-

order terminal elimination half-life (t�) calculated as

0.693/kel; apparent total body clearance (CL/F) calculated

as the dose/AUC?; and apparent total volume of distri-

bution (Vd/F) calculated as the dose/(AUC? 9 kel).

Samples with significant deviation from protocol sche-

dule times were not included in the analysis. Furthermore,

data from subjects who experienced emesis within 3 h

post-dose were excluded from analysis in accordance with

current US FDA guidelines [24]; for immediate-release

products, the duration of no emesis is twice the mean tmax,

which for colchicine is about 1.5 h [5].

2.5 Statistical Analysis

The sample size of 24 subjects used in this study was based

on other published atorvastatin drug interaction studies,

colchicine drug interaction studies, and other colchicine

pharmacokinetic studies recently conducted by the sponsor

[23]. A formal sample size calculation was not performed.

Descriptive statistics were used to summarize the

pharmacokinetic parameter values. The ANOVA model,

which included sequence, treatment (i.e., formulation), and

period as fixed effects, and subject nested within sequence

as a random effect, was performed on colchicine natural

logarithms of Cmax, AUClast, and AUC? using an SAS�

(SAS Institute, Cary, NC, USA) general linear model

procedure. The effect of multiple doses of atorvastatin on

the single-dose pharmacokinetic of colchicine was assessed

via point estimates and 90 % confidence intervals (CIs) for

the ratios (colchicine ? steady-state atorvastatin/colchi-

cine alone) of the central values of the Cmax and AUCs of

colchicine. No effect of atorvastatin on the pharmacoki-

netic of colchicine was declared if the 90 % CIs for the

ratios of the central values of the Cmax and AUCs of col-

chicine were within the no-effect range of 80–125 %, in

accordance with FDA guidelines [24]. The Wilcoxon

signed rank test statistic was used to analyze tmax with a

P value \0.05 considered as significant.

3 Results

Twenty-four subjects were enrolled and evaluated for

safety. Of these, 23 had paired data that was used for

pharmacokinetic analyses; one subject discontinued the

study due to a scheduling conflict. All subjects received the

first dose of study medication on 7 March 2009, and the

last pharmacokinetic blood sample was collected on

4 April 2009. The demographic characteristics of the per-

protocol population are summarized in Table 1. The

majority of the study population was white (91.7 %) and

male (91.7 %).

Plasma concentration-time curve profiles for colchicine

alone versus colchicine and steady-state atorvastatin are

shown in Fig. 2. Colchicine was rapidly absorbed when

administered with and without atorvastatin. The plasma

concentrations of colchicine 24 h post-dose were below the
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limit of quantification when administered as a single dose

(in 1/24 patients) or in combination with atorvastatin (in

5/24 patients).

The mean pharmacokinetic parameters for colchicine

alone and colchicine plus steady-state atorvastatin are

summarized in Table 2. Exposure was higher when col-

chicine was co-administered with atorvastatin; mean Cmax

values for colchicine alone and with steady-state atorva-

statin were 2.02 and 2.49 ng/mL, respectively, while mean

AUC? values were 9.59 and 11.04 ng�h/mL, respectively.

Median tmax was comparable at 1 h.

Point estimates [ratios of the central values for the test

treatment (colchicine ? atorvastatin) and the reference

treatment (colchicine alone)] and 90 % CIs were calculated

based on ANOVA models on natural logarithm–trans-

formed Cmax, AUClast, and AUC? values. The rate (Cmax)

and extent (AUC) of colchicine absorption increased by

*31 and *24 %, respectively, when colchicine was

administered with steady-state atorvastatin. The 90 % CIs

for the ratios of the central values of Cmax, AUClast, and

AUC? were outside the no-effect range of 80–125 %. The

point estimates along with their 90 % CIs indicate that a

drug interaction was likely present when colchicine and

atorvastatin were co-administered (Table 3). The tmax was

not affected (P = 0.7899) by co-administration with

atorvastatin.

AEs are summarized in Table 4. Seventeen treatment-

emergent AEs (TEAEs) were reported by seven subjects

(29.2 %) during the course of this study; seven of these

were reported by four subjects (16.7 %) following the

administration of colchicine alone, nine AEs were reported

by six subjects (25.0 %) following the administration of

atorvastatin alone, and one AE was reported (4.2 %) fol-

lowing the combination of colchicine and atorvastatin.

Dizziness, fatigue, and cold sweats comprised nine of the

17 AEs; however, these symptoms were reported eight

times by a single subject over the entire study and it was

almost always related to phlebotomy. Excluding the events

reported by this one subject reduces the overall reporting of

AEs to nine events reported by six subjects; three subjects

reported three AEs following administration of colchicine

only, six AEs were reported by five subjects during

administration of atorvastatin only, and no AEs were

reported when colchicine and atorvastatin were adminis-

tered concomitantly.

Table 1 Subject demographics and baseline characteristics

Demographics Value

Number of subjects 24

Sex [N (%)]

Male 22 (91.7)

Female 2 (8.3)

Ethnicity [N (%)]

White 22 (91.7)

African American 1 (4.2)

Asian 1 (4.2)

Characteristics [mean (range)]

Age (years) 26.3 (19–39)

Height (m) 1.78 (1.58–1.92)

Weight (kg) 80.8 (55.6–109.8)

Body mass index (kg/m2) 25.5 (19.4–32.0)

Fig. 2 Mean colchicine plasma

concentrations of single doses

of colchicine 0.6 mg tablets

(0–24 h) before and after

multiple-dose atorvastatin

(N = 23). Error bars represent

the standard deviation
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There were no discontinuations due to AEs, serious

AEs, or deaths. All TEAEs were mild or moderate in

intensity. There was a low incidence of AEs during the

administration of a single dose of colchicine or during its

co-administration with atorvastatin 40 mg at steady state

[four and one subject(s), respectively] with no clear

difference between the two administrations. As was

expected, a greater number of subjects experienced a

higher number and wider range of AEs during the 14-day

administration of atorvastatin 40 mg. No consistent chan-

ges were reported during the study with respect to labo-

ratory test values, vital signs, or physical findings. None of

Table 2 Summary of colchicine pharmacokinetic parameter values following oral administration of a single dose of colchicine 0.6 mg alone

(day 1) and after a 14-day regimen of atorvastatin 40 mg (day 28), N = 23

Parameter (units) Colchicine Colchicine ? atorvastatin

AUClast (ng�h/mL) 8.72 ± 4.221 (48.27) 10.71 ± 4.06 (37.90)

AUC? (ng�h/mL) 9.59 ± 3.35 (34.91) 11.04 ± 3.87 (35.02)

Cmax (ng/mL) 2.02 ± 0.90 (44.64) 2.49 ± 0.65 (26.00)

tmax (h)a 1.0 (1.0–2.0) 1.0 (0.5–2.0)

kel (h-1) 0.189 ± 0.041 (21.44) 0.182 ± 0.057 (31.62)

t� (h) 3.81 ± 0.75 (19.81) 4.27 ± 1.82 (42.57)

Vd/F (L) 376.0 ± 131.7 (35.02) 338.6 ± 84.8 (25.04)

CL/F (L/h) 70.05 ± 24.42 (34.87) 58.59 ± 14.59 (24.20)

Weight-adjusted CL/F (L/h/kg) 0.89 ± 0.358 (40.15) 0.73 ± 0.212 (29.07)

Values listed as arithmetic mean ± standard deviations (%CV) unless specified otherwise

AUClast area under the plasma concentration–time curve from time zero to the last measurable concentration, AUC? area under the plasma

concentration–time curve from time zero to infinity, CL/F apparent total body clearance, Cmax maximum plasma concentration, CV coefficient of

variation, kel apparent first-order terminal elimination rate constant, t� apparent first-order terminal elimination half-life, tmax time to reach Cmax,

Vd/F apparent total volume of distribution
a Median (range) for tmax

Table 3 Geometric means of colchicine pharmacokinetic parameters following the oral administration of a single dose of colchicine 0.6 mg

alone and in combination with steady-state atorvastatin 40 mg (N = 23)

Parameter Colchicine ? atorvastatin (A) Colchicine alone (B) % Ratio (A/B) 90 % CI

AUClast (ng�h/mL) 10.07 7.91 127.33 109.05–148.69

AUC? (ng�h/mL) 11.28 9.06 124.41 109.95–140.77

Cmax (ng/mL) 2.41 1.84 130.60 111.14–153.46

AUClast area under the plasma concentration–time curve from time zero to the last measurable concentration, AUC? area under the plasma

concentration–time curve from time zero to infinity, CI confidence interval, Cmax maximum plasma concentration

Table 4 Treatment-emergent adverse events

AE Colchicine alone (N = 24) Colchicine ? atorvastatin (N = 23) Atorvastatin alone (N = 23)

Any AE 4 (16.7) 1 (4.4) 6 (25.0)

AE by preferred terma

Headache 1 (4.2) 0 2 (8.3)

Dizziness 2 (8.3) 1 (4.4) 1 (4.2)

Pharyngolaryngeal pain 0 0 2 (8.3)

Nausea 0 0 1 (4.2)

Fatigue 0 0 1 (4.2)

Ocular hyperemia 1 (4.2) 0 1 (4.2)

Cold sweat 0 0 1 (4.2)

All values given as N (%)

AE adverse event
a According to Medical Dictionary for Regulatory Activities version 10.1
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the treatment-emergent abnormalities were directly attrib-

utable to the study medications.

4 Discussion

A number of studies have reported AEs such as neuro-

myopathy and/or rhabdomyolysis during the co-adminis-

tration of colchicine with various statins, including

atorvastatin [6, 7], simvastatin [7–9, 25, 26], pravastatin

[10, 27], and fluvastatin [11, 12]. Both colchicine and

statins have the potential for myotoxicity; thus, it is often

difficult to attribute the cause of the toxicity solely to

colchicine, the statin, a combination of the two drugs, or

any other co-administered drug in case reports when drug

plasma concentrations are not determined. This study

showed that when a single dose of colchicine was admin-

istered with steady-state atorvastatin, Cmax values of col-

chicine were increased by 31 % while systemic exposure

increased by 24 % on average. The 90 % CIs for the ratios

of the central values of Cmax, AUClast, and AUC? were

111–153 %, 109–149 % and 110–141 % respectively, which

are outside the no-effect range of 80–125 %. The point

estimates along with their 90 % CIs indicate that a drug

interaction was likely when colchicine and atorvastatin

were co-administered. The clinical impact of this increased

exposure is unclear. Despite the increased exposure to

colchicine, there were no apparent differences in AE pro-

files when colchicine was administered alone or with

steady-state atorvastatin (Table 4). Additional studies with

multiple doses of colchicine and atorvastatin are needed to

determine if co-administration of these drugs in patients

with gout, reflective of what would occur in a clinical

setting, leads to increased rates of myopathic side effects.

Potential mediators for the interaction between colchi-

cine and atorvastatin are CYP3A4 and/or P-gp. Several

indications are against the involvement of CYP3A4 solely.

While less than 5 % of colchicine is metabolized by the

hepatic CYP3A4 [13, 14], atorvastatin is primarily

metabolized by CYP3A4 [28] and may therefore compete

with colchicine for the CYP3A4 enzyme. Atorvastatin,

while orally administered as an acid, will shift to its lactone

form in vivo, with both forms present roughly in equilib-

rium [28]. Both atorvastatin acid and lactone are metabo-

lized primarily by CYP3A4 to two active metabolites.

Atorvastatin is considered a weak inhibitor of CYP3A4

[24], but in vitro inhibition studies indicate that two of its

metabolites, para-hydroxy-lactone and ortho-hydroxy-lac-

tone, may be inhibitors of CYP3A4 [29]. Furthermore, at

least one atorvastatin metabolite, ortho-atorvastatin lac-

tone, appears to be an inhibitor of CYP3A4 [29]. In our

study, atorvastatin was administered for 14 days, a suffi-

cient amount of time to reach a steady state necessary for

the maximal inhibition of hepatic CYP3A4. It is possible

that such inhibition of CYP3A4 might affect the hepatic

metabolism of colchicine to inactive metabolites, leading

to an increase in colchicine plasma concentrations.

It should be noted that the potential for CYP3A4-related

interactions between various statins and colchicine is likely

to be variable, as different statins are metabolized by

CYPS3A4 to different extents. For example, rosuvastatin is

not metabolized by CYP3A4 at all [30], while simvastatin

is primarily metabolized by this isoenzyme [31]. As such,

our results cannot be applied to other statin/colchicine

interactions.

Atorvastatin, like other statins, is a direct P-gp inhibitor

[20, 28]. Median inhibitory concentration values of ator-

vastatin acid and atorvastatin lactone needed for P-gp

inhibition are 30 and 5.2 lmol/L, respectively [20]. With

repeated administration of atorvastatin 40 mg once daily,

mean plasma Cmax values for atorvastatin acid and ator-

vastatin lactone were 22 and 7.7 lmol/L, respectively [28].

So, although plasma concentrations of atorvastatin acid

may not be high enough to inhibit P-gp, atorvastatin lac-

tone plasma concentrations are. Furthermore, although

colchicine efflux is affected by hepatic and renal P-gp

transport [15], colchicine also undergoes significant P-gp-

mediated efflux into the gastrointestinal lumen [13, 14].

Local concentrations of atorvastatin in the gastrointestinal

tract can be as high as 70–550 lmol/L, which may have a

potential impact on intestinal P-gp [32]. As such, atorva-

statin may primarily interfere with P-gp–mediated trans-

port of colchicine in the intestinal lumen, allowing for

reduced colchicine efflux and, therefore, higher absorption.

Other drug–drug interaction studies between colchicine

and inhibitors of CYP3A4 or P-gp indicate that P-gp

inhibition has a greater influence on colchicine bioavail-

ability than does CYP3A4 inhibition [23].

A limitation of this study could be the sample size,

which was based on those used in prior atorvastatin and

colchicine drug–drug interaction studies; no formal sample

size calculation was performed. Therefore, it cannot be

ruled out that in a larger number of subjects, myotoxic AEs

would not have been observed. A second limitation of this

study may be the high percentage of men enrolled (92 %).

It is known that gender-related differences in the pharma-

cokinetics of atorvastatin exist. In fact, in women, atorva-

statin Cmax values can be approximately 20 % higher and

the AUC approximately 10 % lower [33]. Because only

two women enrolled in our study, it is not possible to

determine if the gender-based differences in atorvastatin

pharmacokinetics would impact any colchicine–atorva-

statin interaction.

The dose of colchicine chosen for this study, 0.6 mg, is

the daily dose recommended for gout flare prophylaxis [5].

Per the FDA drug–drug interaction guidance, a single dose
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of the substrate is the most sensitive setting for evaluating

drug interactions [24]. The selected dose regimen of ator-

vastatin was at the higher end of the recommended dose

range (10–80 mg/day) to maximize the potential of an

interaction. The duration of atorvastatin dosing (14 days)

was selected to ensure adequate time to achieve a steady

state and maximal pharmacologic effects on enzymes

involved in colchicine metabolism. Our study was not

designed to determine whether steady-state colchicine

therapy increased plasma atorvastatin concentrations, nor

did it investigate the myocyte accumulation of colchicine

and/or statin. Since gout management guidelines recom-

mend the extended use (C6 months) of colchicine for gout

flare prophylaxis during initial urate-lowering therapies [2],

studies are needed to determine the potential long-term

impact of atorvastatin on the tolerability and safety of long-

term colchicine use and vice versa.

5 Conclusions

The results of this study show an increase in both peak

(31 %) and total exposure (approximately 25 %) of col-

chicine following co-administration of a single dose of

colchicine with steady-state atorvastatin, and the 90 % CIs

for the ratios of the central values of Cmax, AUClast, and

AUC? were outside the no-effect range of 80–125 %.

However, rates of AEs were low with no clear differences

between the regimens (colchicine alone or co-administered

with atorvastatin) and no consistent changes in laboratory

test values, vital signs, or physical findings were observed.

While the safety results of this single-dose study suggest

minimal clinical effect, additional investigations are war-

ranted to explore if steady-state colchicine concentrations

with steady-state atorvastatin concentrations could possibly

exacerbate each other’s myopathic potential. As such, cli-

nicians should monitor for colchicine-related toxicities

during concomitant long-term administration of colchicine

and atorvastatin. Caution is warranted during the co-

administration of these agents, particularly in the elderly, in

those with renal or hepatic dysfunction where the dose of

colchicine may be appropriately reduced, or in polymedi-

cated patients.
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