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Abstract

Background and Objective The Low-Dose Colchicine-2 (LoDoCo?2) trial showed that 2—4 years exposure to colchicine 0.5
mg once daily reduced the risk of cardiovascular events in patients with chronic coronary artery disease. The potential effect
of years-long exposure to colchicine on renal or liver function and creatine kinase (CK) has not been systematically evaluated
and was investigated in this LoDoCo2 substudy.

Methods Blood samples drawn from 1776 participants at the close-out visit of the LoDoCo2 trial were used to measure
markers of renal function (creatinine, blood urea nitrogen [BUN]), liver function (alanine aminotransferase [ALT], y-glutamyl
transferase [GGT], bilirubin and albumin), and CK. Renal and liver function as well as hyperCKemia (elevated CK) were
categorized to the degree of elevation biomarkers as mild, mild/moderate, moderate/severe, and marked elevations.
Results In total, 1776 participants (mean age 66.5 years, 72% male) contributed to this analysis, with a median exposure to
trial medication of 32.7 months. Compared with placebo, colchicine was not associated with changes in creatinine and BUN
but was associated with elevations in ALT (30 U/L vs. 26 U/L; p < 0.01) and CK (123 U/L vs. 110 U/L; p < 0.01). Most
elevations in ALT and CK were mild in both treatment groups. There were no moderate to marked ALT elevations (> 5-10
X upper limit of normal [ULN]) in both treatment groups, and 6 (0.7%) colchicine-treated vs. 2 (0.2%) placebo-treated par-
ticipants had moderate to marked CK elevations (> 5-10 X ULN).

Conclusion In chronic coronary artery disease, 2—4 years of exposure to colchicine 0.5 mg once daily was associated with
small elevations in ALT and CK, but was not associated with changes in renal function.

Trial Registration https://www.anzctr.org.au; ACTRN12614000093684, 24 January 2014.

1 Introduction several international guidelines have incorporated colchicine
in recommendations for secondary prevention of CAD [5-7].

Large, randomized trials have demonstrated that long-term  Despite this, medical professionals are often hesitant to pre-
treatment with colchicine 0.5 mg once daily reduced the scribe colchicine due to concerns about its long-term safety,
risk of cardiovascular death, myocardial infarction, stroke ~ especially when used in combination with statins.

or ischemia-driven revascularization in patients with chronic Supporting the safety of long-term colchicine, rand-

coronary artery disease (CAD) [1—4]. Based on these results, ~ omized trials demonstrating its efficacy for cardiovascu-
lar prevention have not reported clinical episodes of renal,

hepatic, or muscle toxicity; however, none of the trials have
systematically documented the effects of colchicine on renal
or liver function or on blood levels of creatine kinase (CK).
These data are needed to give confidence to potential pre-

Amber van Broekhoven and Niekbachsh Mohammadnia contributed
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04 Jan H. Cornel scribers and are expected to become increasingly important
Janhein.cornel @radboudume.nl with the progressive uptake of colchicine for the long-term
Extended author information available on the last page of the article management of patients with chronic CAD.
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In chronic coronary artery disease (CAD), 2—4 years of
exposure to colchicine 0.5 mg once daily compared with
placebo was associated with small elevations in alanine
aminotransferase (ALT), albumin, and creatine kinase
(CK) levels, but was not associated with changes in renal
function.

The majority of elevations in ALT, albumin and CK
were mild. More marked elevations in these biomarkers
were uncommon and not significantly different by treat-
ment group.

These data suggest that despite modest elevations in liver
enzymes and CK, 24 years of exposure to colchicine
0.5 mg once daily appears to be well tolerated in patients
with chronic CAD.

In this study, we report the effect of 2—4 years of exposure
to colchicine 0.5 mg once daily on renal and liver function
and blood levels of CK at the end of treatment in a large sub-
set of participants in the Low-Dose Colchicine-2 (LoDoCo2)
trial.

2 Methods
2.1 Study Design

The LoDoCo2 trial was a randomized, double-blind, pla-
cebo-controlled trial that examined the effect of adding col-
chicine 0.5 mg daily on top of usual care in patients with
chronic CAD. Details of the trial design have been described
elsewhere [2, 8]. In brief, 5522 patients aged 35-82 years
with proven CAD were recruited in Australia (n = 1904)
and The Netherlands (n = 3618). All participants had proven
tolerance to a 30-day trial of open-label colchicine. The trial
excluded patients with cardiovascular events within the
prior 6 months and those with moderate to marked renal
impairment (serum creatinine > 150 mmol/L or estimated
glomerular filtration rate [eGFR] < 50 mL/min/1.73 m?),
severe heart failure, known intolerance to colchicine, and
dependency. The primary efficacy outcome of the trial was
the composite of cardiovascular death, myocardial infarc-
tion, ischemic stroke, or ischemia-driven coronary revas-
cularization. Secondary endpoints included major adverse
cardiovascular events (MACE) and the individual compo-
nents of the primary outcome. All cardiovascular events
were adjudicated by a clinical events committee, blinded to
treatment allocation.
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2.2 Close-Out Blood Samples

Towards the end of the trial, participants were invited to have
blood samples collected at the time of their close-out visit
for later testing. At the time of blood collection, participants
were still taking trial medication and both the participants
and investigators remained blinded to treatment assignment.

2.3 Laboratory Assessment

Blood was collected into a 4.5 mL citrate tube, a 10 mL
serum tube, and a 10 mL ethylene diamine tetra acetic acid
(EDTA) tube. Within 4 h of collection, samples were centri-
fuged (2000 times gravity at room temperature for 10 min),
and serum or plasma was removed and stored at — 80°C.
Samples were stored for approximately 2.5 years before
analysis.

Biomarkers of renal function included creatinine and
blood urea nitrogen (BUN). The eGFR was calculated using
the Chronic Kidney Disease Epidemiology (CKD-EPI) for-
mula. An eGFR of > 90 mL/min/1.73 m? was considered
normal. Renal function was categorized as mildly decreased
(60-89 mL/min/1.73 m?); mildly to moderately decreased
(45-59 mL/min/1.73 m?); moderately to severely decreased
(30—44 mL/min/1.73 m?); severely decreased (15-29 mL/
min/1.73 m?), and kidney failure (< 15 mL/min/1.73 m?) [9].

Biomarkers of liver function included alanine aminotrans-
ferase (ALT), y-glutamyl transferase (GGT), bilirubin and
albumin. Albumin is a protein exclusively synthesized by
the liver and as such is a marker of liver synthetic function
and liver health [10-12].

Liver damage and function were categorized according
to the degree of elevation of biomarkers, as mildly elevated
(< 5 X upper limit of normal [ULN]), moderately elevated
(5-10 x ULN), and markedly elevated (> 10 x ULN) [11,
13]. Serum albumin levels were categorized as low (< 35
g/L) and clinically significant hypoalbuminemia (< 25 g/L)
[14]. HyperCKemia (elevated CK) was categorized accord-
ing to the degree of elevation of CK levels: very mildly ele-
vated (1.1-1.5 x ULN), mildly elevated (1.51-5 x ULN),
moderately elevated (5.1-10 X ULN), and markedly elevated
(> 10 x ULN) [15, 16].

All biomarkers were measured using Abbott Architect ¢
Systems (Abbott Laboratories, Abbott Park, IL, USA).

2.4 Statistical Analysis

Continuous data were presented as means and standard devi-
ation when normally distributed, or median and interquartile
range (25th—75th percentile) when non-normally distributed.
The significance of any differences in baseline characteris-
tics between participants included in the subanalysis and
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those in the complete LoDoCo2 cohort was assessed using
an independent samples ¢ test for continuous variables and
a Chi-square test for categorical variables.

The significance of any differences in biomarker levels
between treatment groups were tested using an independent
samples ¢ test when normally distributed or Mann—Whit-
ney U test when non-normally distributed. Differences in
proportions between colchicine and placebo treatment were
compared using a Chi-square test with a p value for trend.
Statistical analysis was performed using IBM SPSS version
25.0 (IBM Corporation, Armonk, NY, USA). Figures were
made using R (The R Foundation for Statistical Computing,
version 3.6.2).

3 Results
3.1 Baseline Characteristics

A total of 1776/5522 participants agreed to have blood sam-
ples taken, of whom an equal proportion were randomized in
Australia and The Netherlands. The clinical characteristics
of the 1776 participants who contributed to this analysis
are shown in Table 1. The median duration of exposure to
the trial medication was 32.7 months (24.0-48.6 months).
Overall, baseline characteristics of the included participants
were similar to the complete LoDoCo2 population and well-
balanced between treatment groups, as described previously
(electronic supplementary Table 2) [2]. The mean age was
66.5 years and most participants were taking statins (94%).

3.2 Renal Function

Median levels of creatinine were 82.7 pumol/L (74.0-94.4
pmol/L) in the colchicine group versus 82.6 pmol/L
(73.5-94.0 umol/L) in the placebo group (p = 0.99)
[Table 2]. Median levels of BUN were 6.3 mmol/L (5.3-7.5
mmol/L) in the colchicine group versus 6.3 mmol/L (5.3-7.5
mmol/L) in the placebo group (p = 0.96) [Table 2]. The
mean eGFR was 79.3 + 15.3 mL/min/1.73 m? in the colchi-
cine group and 79.6 + 15.4 mL/min/1.73 m? in the placebo
group (p = 0.76) [Table 2].

After categorizing participants according to the sever-
ity of renal impairment, the proportion of participants with
mildly to markedly decreased renal function was not signifi-
cantly different between treatment groups (p value for trend
> 0.92) [Table 3]. The number of participants with normal
renal function was 783 (88.5%) in those assigned to colchi-
cine and 780 (88.6%) in those assigned to placebo, while
the number of participants with mildly to severely reduced
renal function at the end of treatment was 103 (11.3%) in
those assigned to colchicine versus 101 (11.4%) in those
assigned to placebo. Two participants assigned to colchicine

had markedly reduced eGFR levels versus one participant
assigned to placebo. In participants with a moderately
decreased renal function at baseline (stage 3a based on the
Kidney Disease: Improving Global Outcomes [KDIGO]
guidelines), the proportion of participants with mild, mild/
moderate, or moderate/severe decreased renal function at
the end of the trial was similar between treatment groups (p
value for trend 0.62).

3.3 Liver Function

Median ALT levels at the end of treatment were higher on
colchicine compared with placebo. The absolute differ-
ence was 4.0 U/L (30.0 U/L [22.0-40.0 U/L] vs. 26.0 U/L
[19.0-34.0]; p < 0.01) [Table 2; Fig. 1]. After categorizing
ALT levels according to mild, moderate, or marked eleva-
tions, differences were seen in the mildly elevated range of
ALT levels in 246 participants (27.5%) in the colchicine
group and 153 participants (17.4%) in the placebo group.

The number of participants at the end of treatment with
ALT levels in the normal range was 658 (73.5%) in the
colchicine group versus 730 (82.9%) in the placebo group.
One participant in the colchicine group had ALT levels in
the moderately elevated range, whereas no participants had
ALT levels in the markedly elevated range (p value for trend
< 0.01) [Table 2].

Median levels of GGT and bilirubin were not significantly
different between the colchicine and placebo treatment
groups (p = 0.31 and p = 0.73) [Table 2]. After categorizing
participants according to mild, moderate, or marked eleva-
tions, the proportion of participants in different categories
was similar by treatment group (p value for trend = 0.37 and
p = 0.67, respectively) [Table 2]. 143 participants (16.0%)
in the colchicine group, compared with 132 participants
(15.0%) in the placebo group, had mildly elevated GGT
levels. Six participants (0.7%) in the colchicine group, com-
pared with three participants (0.3%) in the placebo group,
had moderately elevated GGT levels. No participant in either
treatment group had markedly elevated GGT levels. Of the
284 participants with elevated GGT levels, 136 also had
an elevated ALT level and one who was being treated with
colchicine had an ALT > 200 U/L. No participants with
elevation of both markers had ALT levels > 400 U/L. There
were no participants with moderately or severely elevated
bilirubin levels in both treatment groups.

Mean albumin levels were higher on colchicine compared
with placebo. The absolute difference was 0.4 g/L (43.0
g/l + 2.4 vs. 42.6 g/L + 2.5; p < 0.01) [Table 2]. After
categorizing participants according to albumin levels, from
clinically significant hypoalbuminemia to hyperalbumine-
mia, there was no difference between colchicine and placebo
treatment (p value for trend = 0.18) [Table 3]. The number
of participants with normal albumin levels was 892 (99.7%)

A\ Adis



980

A. van Broekhoven et al.

Table 1 Baseline characteristics of the colchicine- and placebo-treated participants in this LoDoCo2 substudy

Characteristic Colchicine [n = 895] Placebo [n = 881]
Demographics
Age, years 66.4 (8.4) 66.6 (8.6)
Female 138 (15.4) 111 (12.6)
Country of origin
Australia 320 (35.8) 321 (36.4)
The Netherlands 575 (64.2) 560 (63.6)
Cardiovascular risk factors
Hypertension 471 (52.6) 437 (49.6)
Current smoker 86 (9.6) 85 (9.7)
Diabetes mellitus 141 (15.8) 145 (16.5)
Type 1 40 (4.5) 40 (4.5)
Renal function®
Stage 1-2 853 (95.3) 833 (94.6)
Stage 3a 42 (4.7) 48 (5.4)
Cardiovascular history
Prior acute coronary syndrome 715 (79.9) 722 (82.0)
Prior coronary revascularization 759 (84.8) 757 (85.9)
Coronary artery bypass grafting 100 (11.2) 133 (15.1)
Percutaneous coronary intervention 702 (78.4) 678 (77.0)
History of atrial fibrillation 112 (12.5) 108 (12.3)
Cardiovascular medication use
Single antiplatelet therapy 567 (63.4) 539 (61.2)
Dual antiplatelet therapy 242 (27.0) 258 (29.3)
Oral anticoagulant 124 (13.9) 119 (13.5)
ACE inhibitor 633 (70.7) 607 (68.9)
B-Blocker 546 (61.0) 540 (61.3)
Calcium channel blocker 202 (22.6) 203 (23.0)
Any lipid-lowering agent 868 (97.0) 857 (97.3)
Statin 841 (94.0) 832 (94.4)
High-dose statin 564 (63.0) 577 (65.5)
Ezetimibe 162 (18.1) 170 (19.3)
PCSKO inhibitors 28 (4.9) 18 (3.2)

Data are expressed as mean (SD) or count (%)

SD standard deviation, ACE angiotensin-converting enzyme, PCSK9 proprotein convertase subtilisin/kexin type 9, LoDoCo2 Low-Dose Colchi-

cine-2 trial, KDIGO Kidney Disease: Improving Global Outcomes

3Stage 1 refers to an estimated glomerular filtration rate of at least 90 mL/min/1.73 m? of body surface area (normal or high); stage 2 refers to
a rate of 60-89 mL/min/1.73 m? (mildly decreased); and stage 3a refers to a rate of 45-59 mL/min/1.73 m? (mildly to moderately decreased).
Stages are based on the KDIGO Clinical Practice Guideline for Acute Kidney Injury [9]

in those assigned to colchicine and 880 (99.9%) in those
assigned to placebo.

3.4 HyperCKemia

Median CK levels were higher on colchicine compared
with placebo. The absolute difference was 13 U/L (123.0
U/L [84.0-184.0 U/L] vs. 110.0 U/L [77.0-164.0 U/L));
p < 0.01) [Table 2; Fig. 2]. The overall distribution of
participants with mild, moderate, or marked elevations of
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CK was different between treatment groups (p value for
trend = 0.03), driven by differences in the proportion of
patients with very mildly or mildly elevated levels. The
number of participants with normal CK levels was 689
(77.0%) in the colchicine group and 724 (82.2%) in the pla-
cebo group (Table 3). The number of participants with very
mildly elevated CK levels was 130 (14.5%) in the colchi-
cine group and 99 (11.2%) in the placebo group. Sixty-four
(7.2%) participants in the colchicine group and 54 (6.1%)
participants in the placebo group had mildly elevated CK
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Table 2 End-of-study levels of different biomarkers in the LoDoCo2 subpopulation
Biomarker Colchicine [n = 895] Placebo [n = 881] p value ULN
Renal function
Creatinine [pumol/L] 82.7 (74.0-94.4) 82.6 (73.5-94.0) 0.99 110
Blood urea nitrogen [mmol/L] 6.3 (5.3-17.5) 6.3 (5.3-7.5) 0.96 30
Estimated glomerular filtration rate [mL/ 79.3 (15.3) 79.6 (15.4) 0.76 120
min/1.73 m?]
Liver function
Alanine aminotransferase [U/L] 30.0 (22.0-40.0) 26.0 (19.0-34.0) <0.01 40
v-Glutamyl transferase [U/L] 30.0 (21.0-48.0) 30.0 (21.0-44.0) 0.31 60
Bilirubin [umol/L] 9.5 (7.0-12.2) 9.2 (7.2-12.0) 0.73 20
Albumin [g/L] 43.0 2.4) 42.6 (2.5) < 0.01 50
Creatine kinase
Creatine kinase [U/L] 123.0 (84.0-184.0) 110.0 (77.0-164.0) <0.01 190

Data are expressed as mean (SD) or median (25th—75th percentile). p values were calculated using an independent samples ¢ test or Mann—Whit-

ney U test where applicable

SD standard deviation, ULN upper limit of normal, U unit, LoDoCo2 Low-Dose Colchicine-2 trial

levels. Five (0.6%) participants in the colchicine group and
two (0.2%) participants in the placebo group had moder-
ately elevated CK levels. Only one (0.1%) participant in this
cohort, who was taking colchicine, had markedly elevated
CK levels (Table 3).

Information about symptoms of myalgia was available in
four participants with moderately elevated CK levels and one
participant with a markedly elevated CK level. Of the three
participants with moderately elevated CK levels who were
taking colchicine, two complained of myalgia; however, the
one participant taking placebo did not complain of myalgia.
The only participant with markedly elevated CK levels on
colchicine complained of myalgia. None of these partici-
pants ceased their trial medication.

4 Discussion

In this cohort of 1776 participants who were still taking col-
chicine or placebo at the time blood was taken at the close-
out of the LoDoCo?2 trial, we found that median levels of
ALT, albumin, and CK were slightly higher after colchicine
treatment. However, the majority of elevations in ALT, albu-
min, and CK were mild. More marked elevations in these
biomarkers were uncommon and were not significantly dif-
ferent by treatment group. These data suggest that despite
modest elevations in liver enzymes and CK, 2—4 years of
exposure to colchicine 0.5 mg once daily appears to be well
tolerated in patients with chronic CAD treated with the full
range of therapies for secondary prevention, including angi-
otensin-converting enzyme inhibitors, p-blockers, calcium
channel blockers, and (high-dose) statins.

Experience in patients with chronic gout or familial Med-
iterranean fever suggests that long-term use of low-dose col-
chicine has no direct toxic effects on the kidneys and may be
reno-protective [17, 18]. Our results demonstrate that 2—4
years of exposure to colchicine 0.5 mg once daily in patients
with CAD was not associated with renal dysfunction and is
consistent with these findings. Nonetheless, patients with
moderate or severe renal impairment have a reduced abil-
ity to clear colchicine, which might predispose to systemic
adverse effects [19]. Accordingly, guidelines recommend
dose reduction to 0.5 mg once daily in these patients when
colchicine is used for the treatment of acute gout. Similar
dose reductions are recommended when colchicine is used
concomitantly with specific medications [19, 20]. In the
LoDoCo?2 trial, patients with eGFR < 50 mL/min/1.73 m?
were excluded from enrolment in order to reduce the risks
of adverse effects and potential drug—drug interactions. The
safety of long-term use of low-dose colchicine in patients
with CAD and eGFR 30-60 mL/min/1.73 m? is being evalu-
ated as part of the ongoing CLEAR SYNERGY trial (Col-
chicine and Spironolactone in Patients With MI/SYNERGY
Stent Registry; NCT03048825).

In our study, the observation of mild elevations in ALT
and albumin is in line with that seen in patients with peri-
carditis treated with months-long therapy [21]. No differ-
ences in GGT and bilirubin levels were observed between
those taking either colchicine or placebo. The number of
participants with markedly elevated ALT levels was very
low. Moreover, the ALT levels were well below levels com-
monly seen in patients taking long-term statin therapy [22,
23]. We do not have an explanation for the mild albumin
elevations but can confirm that most participants had albu-
min levels in the normal range. Furthermore, it is reassuring
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Table 3 Hepatorenal laboratory value levels of different biomarkers in the LoDoCo2 subpopulation, expressed in different categories

Laboratory value Category Range Colchicine [n = 895] Placebo [n = 881] p value for trend
eGFR (mL/min/1.73 m?) Normal > 90 238 (26.6) 235 (26.7) 0.92
Mildly decreased 60-89 554 (61.9) 545 (61.9)
Mildly to moderately decreased 45-59 87 (9.7) 86 (9.8)
Moderately to severely decreased 30-44 14 (1.6) 14 (1.6)
Markedly decreased 15-29 2(0.2) 1(0.1)
Kidney failure <15 0(0.0) 0(0.0)
ALT (U/L) Normal (< ULN) <40 658 (73.5) 730 (82.9) < 0.01
Mildly elevated (1-5 x ULN) 40-200 236 (26.4) 151 (17.1)
Moderately elevated (5-10 x ULN) 200-400 1(0.1) 0(0.0)
Markedly elevated (> 10 X ULN) >400 0(0.0) 0(0.0)
GGT (U/L) Normal (< ULN) < 60 745 (83.2) 746 (84.7) 0.37
Mildly elevated (1-5 x ULN) 60-300 143 (16.0) 132 (15.0)
Moderately elevated (5-10 x ULN) 300-600  6(0.7) 3(0.3)
Markedly elevated (> 10 X ULN) > 600 0(0.0) 0(0.0)
Bilirubin (umol/L) Normal (< ULN) <20 842 (94.1) 833 (94.6) 0.67
Mildly elevated (1-5 x ULN) 20-100 53(5.9) 48 (5.4)
Moderately elevated (5-10 x ULN) 101-200  0(0.0) 0(0.0)
Markedly elevated (> 10 X ULN) > 200 0(0.0) 0(0.0)
Albumin (g/L) Normal 35-50 892 (99.7) 880 (99.9) 0.18
Clinically significant hypoalbuminemia < 25 0(0.0) 0(0.0)
Hypoalbuminemia 25-35 1(0.1) 1(0.1)
Hyperalbuminemia > 50 2(0.2) 0(0.0)
Creatine kinase (U/L) Reduced (< LLN) <30 6(0.7) 2(0.2) 0.03
Normal (LLN-ULN) 30-190 689 (77.0) 724 (82.2)
Very mildly elevated (1.1-1.5 x ULN)  191-285 130 (14.5) 99 (11.2)
Mildly elevated (1.51-5 x ULN) 286-950 64 (7.2) 54 (6.1)
Moderately elevated (5-10 x ULN) 951-1900 5 (0.6) 2(0.2)
Markedly elevated (> 10 x ULN) > 1900 1(0.1) 0 (0.0)

Data are shown as count (%). To identify differences in the several categories of laboratory values between colchicine and placebo, p values for
trend were calculated using a Chi-squared test. The range column depicts the normal laboratory values in males, but for the analysis the appro-
priate normal laboratory values for males and females were used. No adjustment for multiple testing was applied

eGFR estimated glomerular filtration, ALT alanine aminotransferase, GGT y-glutamyltransferase, U unit, LLN lower limit of normal, ULN upper

limit of normal, LoDoCo2 Low-Dose Colchicine-2 trial

that compared with placebo, colchicine was not associated
with clinically important hypoalbuminemia. In line with
previous studies, no participants with severe hepatoxicity
were observed, even when used in combination with long-
term statin therapy [24, 25]. Lastly, in the main LoDoCo2
trial, no participants stopped colchicine use because of liver
adverse effects.

CK levels are often routinely measured in patients treated
with statins. Since colchicine and some statins are both sub-
strates of the CYP3A4 enzyme, combined use can result
in competitive inhibition with an increased risk for mus-
cle-related toxicity [26]. In Dutch patients enrolled in the
LoDoCo2 study, myalgia was more commonly reported in
participants taking colchicine compared with placebo [2],
but in most cases was mild and did not lead to permanent
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discontinuation. Mild drug-induced CK elevations (up to
1.5 X ULN) are generally considered benign and not a rea-
son for permanent withdrawal of therapy [16, 27, 28]. Our
results demonstrating only (very) mild to moderate CK ele-
vations are consistent with the conclusion of the American
Heart Association expert group that the concomitant use
of statins and (low-dose) colchicine in patients with coro-
nary disease is well tolerated [26]. At the same time, it is
important to note that there have been isolated case reports
of rhabdomyolysis shortly after the introduction of statins
in patients taking colchicine in the setting of advanced renal
dysfunction [29]. Similarly, isolated cases of myotoxicity
presenting with fatigue and progressive muscle weakness
have been associated with the chronic use of colchicine
[30]; thus, in case these symptoms appear in patients using
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Fig. 1 Distribution of ALT lev-
els in the treatment groups. The
figure shows the distribution of
ALT levels for all substudy par-
ticipants taking colchicine and
placebo. Horizontal grey lines
indicate the ULN, 5 x ULN,
and 10 X ULN. ALT alanine
aminotransferase, ULN upper
limit of normal
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Fig. 2 Distribution of CK levels
in the treatment groups. The
figure shows the distribution

of CK levels for all substudy
participants taking colchicine
and placebo. Horizontal grey
lines indicate the LLN, ULN,
1.5 X ULN, 5 x ULN, and

10 x ULN (myotoxicity). One
outlier in the colchicine group
was removed with a CK level of
4123 U/L. CK creatine kinase,
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long-term colchicine and/or statin therapy, the concomitant
use of colchicine and statins should be re-evaluated [15].

4.1 Limitations

Since blood samples were only drawn at the close-out visit
of the trial, it is not known whether the variances in bio-
marker levels truly developed during the trial and were thus
related to colchicine. Furthermore, as data regarding alcohol
consumption, exercise routines, or concomitant use of off-
label medications were not collected, it is also not known
whether the variances and isolated aberrant results were
affected by these or other unknown factors. Furthermore,

Placebo
Treatment

because blood samples were not available from all partici-
pants at close-out, including the equal number of partici-
pants who died in each group (2.5%) or prematurely ceased
their trial medication during the trial (~ 10%), these results
only reflect the laboratory findings in the large proportion
of participants who remained tolerant and continued with
therapy up until their close-out visit. Finally, we do not know
whether a longer duration of treatment may influence the
observed elevations in biomarkers.
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5 Conclusion

In chronic CAD, 2—4 years of exposure to colchicine 0.5
mg once daily compared with placebo was associated with
small elevations in ALT, albumin, and CK levels but was
not associated with changes in renal function. These data
suggest that despite modest elevations in liver enzymes and
CK, 24 years of exposure to colchicine 0.5 mg once daily
appears to be well tolerated in patients with chronic CAD.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40261-022-01209-8.

Acknowledgements The authors thank all patients for their participa-
tion in the trial, as well as the trial investigators and coordinators at
all centers.

Declarations

Funding This work was supported by the National Health Medical
Research Council of Australia; a Grant from the Sir Charles Gairdner
Research Advisory Committee; the Withering Foundation, The Neth-
erlands; the Netherlands Heart Foundation; the Netherlands Organiza-
tion for Health Research and Development; and a consortium of Teva,
Disphar, and Tiofarma in The Netherlands.

Conflict of interest Amber van Broekhoven, Niekbachsh Mohammad-
nia, Max J.M. Silvis, Jonathan Los, Aernoud T. L. Fiolet, Tjerk S. J.
Opstal, Stefan M. Nidorf, Charley A. Budgeon, Elizabeth Byrnes, Jan
G. P. Tijssen, Dominique P. V. de Kleijn, and Saloua El Messaoudi
have nothing to disclose. Arend Mosterd reports membership of advi-
sory boards and/or consultancy for AstraZeneca, Bayer, Boehringer In-
gelheim, and Novartis. He will not accept personal fees; these fees will
be donated to research in The Netherlands. John W. Eikelboom reports
consulting/honoraria support from AstraZeneca, Bayer, Boehringer
Ingelheim, Bristol Myers Squibb, Daiichi-Sankyo, Eli Lilly, GlaxoS-
mithKline, Pfizer, Janssen, Sanofi-Aventis, and Servier, and grants and/
or in-kind support from AstraZeneca, Bayer, Boehringer Ingelheim,
Bristol Myers Squibb, GlaxoSmithKline, Pfizer, Janssen, and Sanofi-
Aventis. Willem A. Bax reports membership of advisory boards and/
or honoraria from Amgen, AstraZeneca, Boehringer Ingelheim, Dai-
ichi-Sankyo, NovoNordisk, and Sanofi-Aventis. Jan H. Cornel reports
membership of advisory boards with Amgen and AstraZeneca. Peter
L. Thompson reports grants, travel support, and honoraria from Ama-
rin, Amgen, AstraZeneca, Bristol Myers Squibb, Merck, and Pfizer.

Ethics statement The trial protocol was approved by a centralized
Institutional Review Board in each participating country.

Consent to participate All participants gave their informed consent to
have blood drawn at the close-out visit at the end of the LoDoCo2 trial.

Consent for publication Not applicable.

Availability of data and material The data underlying this article will
be shared upon reasonable request to the Steering Committee via the
following e-mail address: A.Mosterd @meandermc.nl.

Code availability Not applicable.

Author contributions All authors contributed to the conception of the
strategy. The first draft of the manuscript was written by AB and NM,

A\ Adis

and all authors edited and commented on previous versions. All authors
have read and approved the final manuscript.

Open Access This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any
non-commercial use, sharing, adaptation, distribution and reproduction
in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other
third party material in this article are included in the article's Creative
Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by-nc/4.0/.

References

1. Nidorf SM, et al. Low-dose colchicine for secondary prevention
of cardiovascular disease. J Am Coll Cardiol. 2013;61(4):404-10.
https://doi.org/10.1016/j.jacc.2012.10.027.

2. Nidorf SM, et al. Colchicine in patients with chronic coronary
disease. N Engl J Med. 2020;383(19):1838—47. https://doi.org/
10.1056/NEJMo0a2021372.

3. Tardif JC, et al. Efficacy and safety of low-dose colchicine after
myocardial infarction. N Engl J Med. 2019;381(26):2497-505.
https://doi.org/10.1056/NEJMoal912388.

4. Tong DC, et al. Colchicine in patients with acute coronary syn-
drome: two-year follow-up of the Australian COPS randomized
clinical trial. Circulation. 2021;144(19):1584-6. https://doi.org/
10.1161/CIRCULATIONAHA.121.054610.

5. Visseren FLJ, et al. 2021 ESC guidelines on cardiovascular disease
prevention in clinical practice. Eur Heart J. 2021;42(34):3227-
337. https://doi.org/10.1093/eurheartj/ehab484.

6. Ponte-Negretti CI, et al. Latin American Consensus on manage-
ment of residual cardiometabolic risk. A consensus paper pre-
pared by the Latin American Academy for the Study of Lipids and
Cardiometabolic Risk (ALALIP) endorsed by the Inter-American
Society of Cardiology (IASC), the International Atherosclerosis
Society (IAS), and the Pan-American College of Endothelium
(PACE). Arch Cardiol Mex. 2022;92(1):99-112. https://doi.org/
10.24875/ACM.21000005.

7. Health Canada. Product information from Health Canad.a PMS-
COLCHICINE E.R Approved 2021-09-10. Available at: https://
health-products.canada.ca/dpd-bdpp/info.do?lang=en&code=
100936. Accessed 6 Jan 2022.

8. Nidorf SM, et al. The effect of low-dose colchicine in patients
with stable coronary artery disease: the LoDoCo?2 trial rationale,
design, and baseline characteristics. Am Heart J. 2019;218:46-56.
https://doi.org/10.1016/j.ahj.2019.09.011.

9. Kellum JA, et al. Kidney Disease: Improving Global Outcomes
(KDIGO) clinical practice guideline for acute kidney injury. Kid-
ney Int Suppl 2012. 2021;2(1):1-138.

10. Ge P-L, Du S-D, Mao Y-L. Advances in preoperative assessment
of liver function. HBPD INT. 2014;13(4):361-70. https://doi.org/
10.1016/51499-3872(14)60267-8.

11. Giannini EG, Testa R, Savarino V. Liver enzyme alteration: a
guide for clinicians. CMAJ. 2005;172(3):367-79. https://doi.org/
10.1503/cmaj.1040752.

12. Levick C. How to interpret liver function tests. SSMIJ.
2017;10(2):40-3.


https://doi.org/10.1007/s40261-022-01209-8
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1016/j.jacc.2012.10.027
https://doi.org/10.1056/NEJMoa2021372
https://doi.org/10.1056/NEJMoa2021372
https://doi.org/10.1056/NEJMoa1912388
https://doi.org/10.1161/CIRCULATIONAHA.121.054610
https://doi.org/10.1161/CIRCULATIONAHA.121.054610
https://doi.org/10.1093/eurheartj/ehab484
https://doi.org/10.24875/ACM.21000005
https://doi.org/10.24875/ACM.21000005
https://health-products.canada.ca/dpd-bdpp/info.do?lang=en&code=100936
https://health-products.canada.ca/dpd-bdpp/info.do?lang=en&code=100936
https://health-products.canada.ca/dpd-bdpp/info.do?lang=en&code=100936
https://doi.org/10.1016/j.ahj.2019.09.011
https://doi.org/10.1016/s1499-3872(14)60267-8
https://doi.org/10.1016/s1499-3872(14)60267-8
https://doi.org/10.1503/cmaj.1040752
https://doi.org/10.1503/cmaj.1040752

The Effect of Colchicine on Safety Biomarkers

985

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Malakouti M, et al. Elevated liver enzymes in asymptomatic
patients—what should i do? J Clin Transl Hepatol. 2017;5(4):394—
403. https://doi.org/10.14218/JCTH.2017.00027.

Gatta A, Verardo A, Bolognesi M. Hypoalbuminemia. Intern
Emerg Med. 2012;7(Suppl 3):S193-9. https://doi.org/10.1007/
$11739-012-0802-0.

Janssen L, et al. Muscle toxicity of drugs: when drugs turn physi-
ology into pathophysiology. Physiol Rev. 2020;100(2):633-72.
https://doi.org/10.1152/physrev.00002.2019.

Kyriakides T, et al. EFNS guidelines on the diagnostic approach
to pauci- or asymptomatic hyperCKemia. Eur J Neurol.
2010;17(6):767-73. https://doi.org/10.1111/j.1468-1331.2010.
03012.x.

Robinson PC, et al. Consensus statement regarding the efficacy
and safety of long-term low-dose colchicine in gout and cardio-
vascular disease. Am J Med. 2022;135(1):32-8. https://doi.org/
10.1016/j.amjmed.2021.07.025.

Kim HW, et al. Colchicine use and the risk of CKD progression:
a multicenter nested case-control study. Rheumatology (Oxford).
doi:https://doi.org/10.1093/rheumatology/keac077. (Epub 9 Feb
2022).

The renal drug reference guide, 1st edn. Adelaide: Kidney Health
Australia; 2007.

Oner A, et al. Efficacy of colchicine therapy in amyloid
nephropathy of familial Mediterranean fever. Pediatr Nephrol.
2003;18(6):521-6. https://doi.org/10.1007/s00467-003-1129-x.
Imazio M, Brucato A, et al. Colchicine for recurrent pericarditis
(CORP): arandomized trial. Ann Intern Med. 2011;4(7):409-14.
https://doi.org/10.7326/0003-4819-155-7-201110040-00359.
Kwo PY, Cohen SM, Lim JK. ACG clinical guideline: evalu-
ation of abnormal liver chemistries. Am J Gastroenterol.
2017;112(1):18-35. https://doi.org/10.1038/ajg.2016.517.

Authors and Affiliations

23.

24.

25.

26.

217.

28.

29.

30.

Zamor PJ, Russo MW. Liver function tests and statins. Curr Opin
Cardiol. 2011;26(4):338—41. https://doi.org/10.1097/HCO.0b013
€328347036f.

Abbott CE, Xu R, Sigal SH. Colchicine-induced hepatotoxicity.
ACG Case Rep J. 2017;4: e120. https://doi.org/10.14309/crj.2017.
120.

Stewart S, et al. Adverse events during oral colchicine use: a sys-
tematic review and meta-analysis of randomised controlled tri-
als. Arthritis Res Ther. 2020;22(1):28. https://doi.org/10.1186/
s13075-020-2120-7.

Wiggins BS, et al. Recommendations for management of clini-
cally significant drug-drug interactions with statins and select
agents used in patients with cardiovascular disease: a scientific
statement from the American Heart Association. Circulation.
2016;134(21):e468-95. https://doi.org/10.1161/CIR.0000000000
000456.

Reijneveld JC, et al. Benign prognosis in idiopathic hyper-CK-
emia. Muscle Nerve. 2000;23(4):575-9. https://doi.org/10.1002/
(sici)1097-4598(200004)23:4%3¢575::aid-mus17%3e3.0.co;2-5.
Brewster LM, et al. Distribution of creatine kinase in the gen-
eral population: implications for statin therapy. Am Heart J.
2007;154(4):655-61. https://doi.org/10.1016/j.ahj.2007.06.008.

Fernandez-Cuadros ME, et al. Colchicine-induced rhabdomyoly-
sis: clinical, biochemical, and neurophysiological features and
review of the literature. Clin Med Insights Arthritis Musculo-
skelet Disord. 2019;12:1179544119849883. https://doi.org/10.
1177/1179544119849883.

Kontos HA. Myopathy associated with chronic colchicine toxicity.
N Engl J Med. 1962;266:38-9. https://doi.org/10.1056/NEJM1
96201042660111.

Amber van Broekhoven' - Niekbachsh Mohammadnia’ - Max J. M. Silvis™? - Jonathan Los' - Aernoud T. L. Fiolet?3 .
Tjerk S. J. Opstal™* . Arend Mosterd®® - John W. Eikelboom® - Stefan M. Nidorf’-2 - Charley A. Budgeon® -

Elizabeth Byrnes'® - Willem A. Bax'" - Jan G. P. Tijssen'*>' . Dominique P. V. de Kleijn'#'> . Peter L. Thompson

Saloua El Messaoudi’ - Jan H. Cornel3*

Department of Cardiology, Radboud University Medical
Centre, Geert Grooteplein Zuid 10, 6525GA Nijmegen,
The Netherlands

Department of Cardiology, University Medical Centre
Utrecht, Utrecht, The Netherlands

Dutch Network for Cardiovascular Research (WCN), Utrecht,
The Netherlands

Department of Cardiology, Northwest Clinics, Alkmaar,
The Netherlands

Department of Cardiology, Meander Medical Centre,
Amersfoort, The Netherlands

Department of Medicine, McMaster University, Hamilton,
ON, Canada

Heart and Vascular Research Institute of Western Australia,
Perth, WA, Australia

GenesisCare Western Australia, Perth, WA, Australia

School of Medicine, University of Western Australia, Perth,
WA, Australia

79,16 ,

PathWest Laboratory Medicine, QEII Medical Centre, Perth,
WA, Australia

Department of Internal Medicine, Northwest Clinics,
Alkmaar, The Netherlands

Department of Cardiology, Amsterdam University Medical
Centre, Amsterdam, The Netherlands

Cardialysis BV, Rotterdam, The Netherlands
The Netherlands Heart Institute, Utrecht, The Netherlands

Department of Vascular Surgery, University Medical Centre
Utrecht, Utrecht, The Netherlands

Sir Charles Gairdner Hospital, Perth, WA, Australia

A\ Adis


https://doi.org/10.14218/JCTH.2017.00027
https://doi.org/10.1007/s11739-012-0802-0
https://doi.org/10.1007/s11739-012-0802-0
https://doi.org/10.1152/physrev.00002.2019
https://doi.org/10.1111/j.1468-1331.2010.03012.x
https://doi.org/10.1111/j.1468-1331.2010.03012.x
https://doi.org/10.1016/j.amjmed.2021.07.025
https://doi.org/10.1016/j.amjmed.2021.07.025
https://doi.org/10.1093/rheumatology/keac077
https://doi.org/10.1007/s00467-003-1129-x
https://doi.org/10.7326/0003-4819-155-7-201110040-00359
https://doi.org/10.1038/ajg.2016.517
https://doi.org/10.1097/HCO.0b013e328347036f
https://doi.org/10.1097/HCO.0b013e328347036f
https://doi.org/10.14309/crj.2017.120
https://doi.org/10.14309/crj.2017.120
https://doi.org/10.1186/s13075-020-2120-7
https://doi.org/10.1186/s13075-020-2120-7
https://doi.org/10.1161/CIR.0000000000000456
https://doi.org/10.1161/CIR.0000000000000456
https://doi.org/10.1002/(sici)1097-4598(200004)23:4%3c575::aid-mus17%3e3.0.co;2-5
https://doi.org/10.1002/(sici)1097-4598(200004)23:4%3c575::aid-mus17%3e3.0.co;2-5
https://doi.org/10.1016/j.ahj.2007.06.008
https://doi.org/10.1177/1179544119849883
https://doi.org/10.1177/1179544119849883
https://doi.org/10.1056/NEJM196201042660111
https://doi.org/10.1056/NEJM196201042660111
http://orcid.org/0000-0002-1006-2112

	The Effect of Years-Long Exposure to Low-Dose Colchicine on Renal and Liver Function and Blood Creatine Kinase Levels: Safety Insights from the Low-Dose Colchicine 2 (LoDoCo2) Trial
	Abstract
	Background and Objective 
	Methods 
	Results 
	Conclusion 
	Trial Registration 

	1 Introduction
	2 Methods
	2.1 Study Design
	2.2 Close-Out Blood Samples
	2.3 Laboratory Assessment
	2.4 Statistical Analysis

	3 Results
	3.1 Baseline Characteristics
	3.2 Renal Function
	3.3 Liver Function
	3.4 HyperCKemia

	4 Discussion
	4.1 Limitations

	5 Conclusion
	Acknowledgements 
	References




