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Abstract

The emerging role of colchicine in the treatment of cardiovascular diseases is a strong demand for a comprehensive under-
standing of its efficacy and safety. This meta-analysis and systematic review aimed to study the efficacy in the reduction of
adverse cardiovascular outcomes (CO), and the risk of colchicine-related adverse events (CRAEs). Fourteen thousand and
nine eighty three patients from 22 randomized controlled trials (RCTs) were included, 9 in patients with coronary artery
disease—CAD, 9 in patients with pericarditis, 4 in patients with atrial fibrillation—AF or heart failure. Colchicine was effi-
cacious in the reduction of adverse CO across different settings: pericardial diseases (reduced risk of recurrent pericarditis,
17.6% vs. 35%, RR 0.50, 95% CI 0.41-0.61), CAD (reduced risk of cardiac death, myocardial infarction, stroke,coronary
revascularization or hospitalization, 6.1% vs. 8.5%, RR 0.73, 95% CI 0.64-0.83), AF (reduced risk of arrhythmia recurrence,
14.2% vs. 22.7%, RR 0.62, 95% CI 0.44-0.88). Colchicine was associated with increased risk of gastrointestinal CRAEs
(11.2% vs. 8.8%, RR 1.87, 95% CI 1.41-2.47) and drug discontinuation (5.4% vs. 3.7%, RR 1.58, 95% CI 1.25-1.99). In
both cases, the risk was proportional to the daily dose or duration of treatment, possibly due to early drug discontinuation or
tolerance. Other CRAEs (muscle-related, liver,hematologic,cutaneous, infections) were not increased by colchicine, as long
as all-cause death (2.2% vs. 1.9%, RR 1.11, 95% CI 0.79-1.54) or non-cardiovascular death (1.5% vs. 1%, RR 1.43, 95%
CI 0.93-2.19). Colchicine is efficacious and safe for the treatment of cardiovascular diseases. The risk of gastrointestinal
CRAESs and drug discontinuation is not significant if colchicine is used at lower doses (0.5 mg daily) or for longer periods
of time (> 6 months).
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Introduction suppression of the release of Interleukin 1 beta (IL-1 beta)

and IL-18 and IL-6 [4-7].

Known from the past centuries for its anti-inflammatory ben-
efits in patients with Familial Mediterranean Fever (FMF),
Behget’s disease, and gout [1], colchicine recently revealed
multiple emerging applications in the cardiovascular field
[2]. Indeed, colchicine is beneficial in the setting of peri-
cardial diseases and shows promising results in patients
with coronary artery disease, heart failure, and arrhyth-
mias [3]. Its peculiar mechanism of action implicates not
only interaction with neutrophil function but also Nod-Like
Receptor Protein 3 (NLPR3) inflammasome inhibition, with
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However, the growing interest of clinicians for the newer
applications of this drug is a strong demand for a compre-
hensive understanding of its efficacy and safety. This meta-
nalysis and systematic review aimed to assess colchicine
efficacy in the reduction of adverse cardiovascular outcomes
(CO), and the risk of colchicine-related adverse events
(CRABES), discontinuation, and mortality.

Methods

This systematic review and metanalysis, performed accord-
ing to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) recommendations [8],
included all published randomized and controlled trials
(RCTs) assessing colchicine in patients with cardiovascular

@ Springer


http://orcid.org/0000-0002-5722-0245
http://crossmark.crossref.org/dialog/?doi=10.1007/s11739-021-02654-7&domain=pdf

1692

Internal and Emergency Medicine (2021) 16:1691-1700

diseases. The primary end-point was the efficacy of colchi-
cine in the reduction of adverse CO across different clinical
settings. In RCTs on pericardial diseases, adverse CO was
defined as recurrent pericarditis. In RCTs on coronary artery
disease—CAD, were defined as a composite of cardiac
death, myocardial infarction (MI), stroke, coronary revas-
cularization, and hospitalization for a cardiovascular reason.
In RCTs on atrial fibrillation (AF), were defined as arrhyth-
mia recurrence, while in the unique RCT on heart failure it
was defined as NYHA improvement of at least one grade.
We also analyzed the occurrence of CRAEs. Events were
grouped into categories: gastrointestinal CRAE (including
vomiting, nausea, diarrhea, cramping, abdominal pain, ano-
rexia, melena, gastrointestinal hemorrhage), muscle-related
CRAE (including myalgias, muscle cramping, abnormally
increased creatine kinase), liver CRAE (including abnor-
mally increased aminotransferases and hepatitis), hemato-
logic CRAE (including anemia, leukopenia, thrombocytope-
nia), cutaneous CRAE (rash, alopecia), CRAE-related drug
discontinuation, infections, and death. In case of >2 CRAEs
reported under the same category, only the event with the
highest number of patients was considered for such category.

We searched through databases (Pubmed, Embase, Sco-
pus, MEDLINE, and the Cochrane Library) using the terms
“colchicine” AND “safety” AND “cardiovascular diseases”
OR “coronary syndromes” OR “coronary artery disease”
OR “heart failure” or “arrhythmias”. This research was
conducted from inception to 31st December 2020. Three
independent reviewers (AA, MI, MC) screened titles and
abstracts of all studies and the potentially eligible ones were
appraised as full-text. The most relevant articles quoted in
the studies were also screened. Discrepancies were resolved
by consensus.

We excluded studies not performed in humans, with
full-text not published in the English language, or without
outcomes of interest. The quality of included RCTs was
independently assessed by three reviewers (AA, MI, SA)
using the modified-Jadad scale assessing 7 items: randomi-
zation, blinding, withdrawal, dropout, inclusion/exclusion
criteria, adverse events, and statistical analysis. This scale
has a maximum score of 8 points (high-quality studies with
score > 4 points). Discrepancies were resolved by consen-
sus among the Authors. Information on publication (author,
year of publication), study design, patients clinical setting,
patients characteristics (sample size, age, gender), methods
(interventions, follow-up duration), and CRAE (number
of patients with CRAE, drug discontinuation for CRAE)
were extracted from full-text analysis by three independent
reviewers (AA, MI, SA), who also assessed the risk of bias.

Statistical pooling was performed according to a ran-
dom-effect model with the Mantel-Haenszel weighting
method, computing risk estimates with 95% confidence
intervals (CI), using Review Manager 5.3 (The Cochrane
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Collaboration, the Nordic Cochrane Centre, Copenha-
gen, Denmark). Standard hypothesis testing was set at the
two-tailed 0.05 level. Heterogeneity between studies was
assessed by measuring inconsistency using Cochrane />
index!'?, which describes the percentage of total variation
across the studies that is due to heterogeneity rather than
chance.

Results

Twenty-two RCTs were included in the present meta-anal-
ysis, including a total of 14,983 patients (PRISMA Flow
chart in Figure S1—Supplementary Appendix). Quality
assessment revealed high quality for the included stud-
ies according to the Jadad scale, with a mean score of
7.23 + 1 points (Fig. 1). Among 14,983 pooled patients,
7532 received colchicine while 7451 received a placebo.
Patients were aged 60.2 years old (IQR, 53-65), 66%
male gender, and received colchicine for a median period
of 12 weeks (IQR, 3-24). The median follow-up was
24 weeks (IQR, 4-84). Nine studies were performed in
the setting of coronary artery disease [9—17], nine studies
in the setting of pericardial diseases [18-26], one study
in patients with heart failure [27], and three studies in
patients with atrial fibrillation [28-30].

In the two studies with the largest cohorts (together
involving more than 10.000 patients), the patients received
a fixed dose of 0.5 mg daily, while in other studies the dose
ranged from 0.5 to 2 mg, mostly according to body weight
[15, 17]. The main features of included studies are summa-
rized in Table S1—Supplementary Appendix).

Colchicine efficacy in the reduction of adverse
cardiovascular outcomes

Colchicine proved effective in the reduction of adverse
CO across different clinical settings (Fig. 1), although in
the single RCT performed in the setting of heart failure
showed neutral effects (10.7% vs. 13.7%, RR 0.78, 95% CI
0.42-1.48, p=0.45). In RCTs performed in patients with
pericarditis, colchicine was effective in the reduction of
recurrent pericarditis (17.6% vs. 35%, RR 0.50, 95% CI
0.41-0.61, p<0.0001, = 21%). In patients with CAD, col-
chicine was effective in the reduction of a composite end-
point of cardiac death, MI, stroke, coronary revasculariza-
tion, and hospitalization for the cardiovascular reason (6.1%
vs. 8.5%, RR 0.73,95% C10.64-0.83, p <0.0001, >=0%).
In RCTs in patients with AF, colchicine reduced the risk of
arrhythmia recurrence (14.2% vs. 22.7%, RR 0.62, 95% CI
0.44-0.88, p=0.007, > =0%).
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Study or Subgroup

Risk Ratio
Weight M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

3.15.1 Pericarditis
Sambola 2019

Imazio 2005 (COPE)
Imazio 2005 (CORE)
Imazio 2010 (COPPS)
Imazio 2013 (ICAP)
Imazio 2014 (CORP-2)
Imazio 2014 (COPPS-2)
Imazio 2011 (CORP)
Subtotal (95% Cl)
Total events

Heterogeneity: Tau? = 0.02; Chi’* = 8.87,df = 7 (P = 0.26); I = 21%

1.3% 1.73 [0.55, 5.41]
2.5% 0.35 [0.16, 0.77]
3.3% 0.47 [0.24, 0.92]
4.6% 0.42[0.24, 0.73]
6.0% 0.44 [0.28, 0.71]
7.3% 0.51[0.34, 0.76]
8.0% 0.66 [0.45, 0.96]
9.7% 0.44 [0.32, 0.60]
42.6% 0.50 [0.41, 0.61]

Test for overall effect: Z = 6.93 (P < 0.00001)

3.15.2 Coronary artery disease

Deftereos 2015

Raju 2011

O'Keefe 1992

Deftereos 2013

Shah 2020 (Colchicine-PCl)
Tong 2020 (COPS)

Tardif 2019 (COLCOT)
Nidorf 2020 (LoDoCo2)
Subtotal (95% CI)

Total events

Heterogeneity: Tau? = 0.00; Chi? = 2.62, df = 7 (P = 0.92); I* = 0%

0.2% 0.57 [0.04, 8.91]
0.2% 1.00 [0.06, 15.44]
0.3% 0.26 [0.02, 2.79]
1.2% 0.80 [0.25, 2.53]
4.9% 0.90 [0.53, 1.53]
5.6% 0.59 [0.36, 0.96]
13.8% 0.77 [0.62, 0.97]
15.9% 0.71[0.59, 0.85]
42.2% 0.73 [0.64, 0.83]

Test for overall effect: Z = 4.79 (P < 0.00001)

3.15.3 Atrial Fibrillation
Bessissow 2017
Deftereos 2012

Tabbalat 2016 (END-AF)
Subtotal (95% ClI)

Total events

Heterogeneity: Tau? = 0.00; Chi? = 1.24, df = 2 (P = 0.54); I = 0%

1.4% 0.74 [0.25, 2.19]
4.1% 0.48 [0.26, 0.85]
6.0% 0.71[0.45, 1.12]
11.6% 0.62 [0.44, 0.88]

Test for overall effect: Z = 2.72 (P = 0.007)

3.15.4 Heart Failure

Deftereos 2014
Subtotal (95% Cl)

Total events

Heterogeneity: Not applicable

3.6%
3.6%

0.78 [0.42, 1.48]
0.78 [0.42, 1.48]

Test for overall effect: Z = 0.75 (P = 0.45)

Total (95% ClI)
Total events

Heterogeneity: Tau? = 0.02; Chi? = 25.97, df = 19 (P = 0.13); I’ = 27%

100.0% 0.61 [0.54, 0.70]

Test for overall effect: Z = 7.35 (P < 0.00001)
Test for subgroup differences: Chi? = 10.42, df = 3 (P = 0.02), I? = 71.2%
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Fig. 1 Forest plot showing colchicine efficacy in the reduction of adverse cardiovascular outcomes, according to the clinical setting

Colchicine-related adverse events

The occurrence of gastrointestinal CRAEs (including
vomiting, nausea, diarrhea, cramping, abdominal pain,
anorexia, melena, gastrointestinal hemorrhage) was
described in all 22 RCTs. Patients receiving colchicine
had an increased risk of gastrointestinal events, as com-
pared with placebo (respectively 11.2% vs. 8.8%, risk
ratio—RR 1.87, 95% CI 1.41-2.47, p <0.0001, *=71%,
Fig. 2). However, the risk of gastrointestinal CRAEs was
proportional to treatment duration and the daily dose of
colchicine (p <0.0001 among subgroups, as shown in

Fig. 3). Indeed, patients receiving colchicine for a longer
period of time (> 6 months) did not have a significantly
increased risk of gastrointestinal events (RR 1.02, 95%
CI 0.91-1.13, p=0.78, 12:0%) as opposed to those
treated for 1 to 6 months (RR 1.83, 95% CI 1.16-2.88,
p=0.009, I>=44%) or less than 1 month (RR 2.87, 95%
CI 2.09-3.92, p <0.0001, 12=4%). Similarly, a lower
daily dose of colchicine (0.5 mg daily) was not associ-
ated with an increased risk of gastrointestinal events (RR
1.02,95% CI 0.91-1.13, p=0.78, I*=0%) as opposed to
a higher dose ranging 0.6—1 mg daily (RR 2.09, 95% CI
1.47-2.97, p <0.0001, I*=43%) or even higher> 1 mg
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Risk Ratio

Study or Subgroup Weight M-H, Random, 95% CI

Risk Ratio

Bessissow 2017 1.5% 5.20 [0.63, 42.96]
Deftereos 2014 6.0% 2.58 [1.29, 5.15]
Deftereos 2012 1.5% 6.91[0.87, 54.92]
Deftereos 2013 5.1% 2.24 [0.96, 5.24]
Deftereos 2015 1.6% 14.42 [1.95, 106.40]
Giannopoulos 2015 1.5% 4.83 [0.60, 38.90]
Imazio 2005 (COPE) 3.2% 1.25[0.35, 4.43]
Imazio 2005 (CORE) 3.0% 0.50[0.13, 1.87]
Imazio 2010 (COPPS) 5.2% 2.00 [0.88, 4.56]
Imazio 2011 (CORP) 2.6% 1.33[0.31, 5.70]
Imazio 2013 (ICAP) 5.2% 1.10 [0.49, 2.49]
Imazio 2014 (COPPS-2) 6.3% 2.17 [1.13, 4.16]
Imazio 2014 (CORP-2) 4.8% 1.00 [0.41, 2.43]
Liebenberg 2016 0.9% 17.25[1.10, 270.14]
Nidorf 2020 (LoDoCo2) 8.1% 1.06 [0.72, 1.55]
O'Keefe 1992 3.7% 6.18 [1.98, 19.34]
Raju 2011 5.4% 2.00[0.90, 4.43]
Sambola 2019 3.7% 1.73 [0.55, 5.41]
Shah 2020 (Colchicine-PCl) 6.2% 2.94[1.51, 5.71]
Tabbalat 2016 (END-AF) 6.3% 4.45 [2.31, 8.56]
Tardif 2019 (COLCOT) 9.4% 0.99[0.88, 1.12]
Tong 2020 (COPS) 8.8% 1.10 [0.85, 1.44]

Total (95% CI) 100.0%

Total events

1.87 [1.41, 2.47]

Heterogeneity: Tau? = 0.21; Chi? = 73.25, df = 21 (P < 0.00001); I = 71%

Test for overall effect: Z = 4.40 (P < 0.0001)

Risk of bias legend

(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)

(C) Blind study

(D) Blinding method appropriate

(E) Reporting of withdrawals and dropouts

(F) Presentation of inclusion/exclusion criteria
(G) Method for the assessment of adverse events
(H) Statistical analysis

M-H, Random, 95% CI

0.001 0.1 10 1000

Placebo Colchicine

Fig.2 Forest plot showing the risk of gastrointestinal CRAE with colchicine treatment compared with placebo

daily (RR 3.16, 95% CI 1.92-5.20, p <0.0001, I*=0%).
This finding is in agreement with the large study by
Nidorf et al., in which no differences were found in the
rate of hospitalizations for gastrointestinal causes, among
patients receiving a low-dose regimen of colchicine [17].
The main gastrointestinal event reported in 12 studies was
diarrhea (incidence of 12.4% vs. 8%, RR 2.77, 95% CI
1.55-4.94, p=0.0006, I*=77%). Additional subgroup
analyses did not show differences according to the use of
loading dose (p =0.68 between groups), despite the very
mild trend towards increased risk in RCTs adopting a load-
ing dose compared to others (respectively RR 2.05, 95%
CI 1.15-3.63, p=0.01 vs. RR 1.78, 95% CI 1.26-2.51,
p=0.001). The assessment of gastrointestinal CRAEs
according to clinical setting (reported in Figure S3—Sup-
plementary Appendix) showed that in patients with atrial
fibrillation (RR 4.67, 95% CI 2.57-8.51, p <0.0001) or
heart failure (RR 2.58, 95% CI 1.29-5.15, p=0.007) the
risk was even higher compared to patients with coronary

@ Springer

artery disease (RR 1.71, 95% CI 1.20-2.43, p=0.003) or
pericarditis (RR 1.47, 95% CI 1.03-2.11, p=0.04).

Muscle-related CRAEs were reported by 14 studies
and included myalgias, muscle cramping, and abnormally
increased creatine kinase. Overall, patients on colchicine
did not have an increased risk of such events compared
to placebo (respectively 7.2% vs. 6.1%, RR 1.16, 95%
CI 0.90-1.50, p=0.25, I*=4%), although a recent study
reported an increased rate of myalgias in patients receiv-
ing colchicine (cumulative incidence ratio 1.15, 95% CI
1.01-1.31) [17].

The incidence of liver CRAEs (including hepatitis,
abnormally increased aminotransferases), hematologic
CRAE (including anemia, thrombocytopenia, leukopenia)
or cutaneous CRAE (alopecia, rash) was not significantly
increased in patients receiving colchicine, as shown in
Table 1. However, it should be observed that severe hepatic
or renal impairment was an exclusion criterion in all RCTs
considered.
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Table 1 Colchicine-related adverse events (CRAEs) in RCTs

No. of RCTs COLCHICINE PLACEBO Pooled risk ratio [95%  Overall effect, Z (p Heterogeneity

patients with Patients with CI] value)

event, % event, %
Gastrointestinal 22 847/7532,11.2%  655/7451,8.8%  1.87 [1.41-2.47] 4.40 (<0.0001) 71%
Muscle-related 14 402/5775, 7% 353/5785,6.1%  1.16 [0.90-1.50] 1.16 (0.25) 4%
Liver 12 11/1298, 0.8% 6/1287, 0.5% 1.60 [0.62—4.10] 0.97 (0.33) 0%
Hematologic 11 18/6327, 0.3% 13/6338, 0.2% 1.39 [0.68-2.84] 0.91 (0.36) 0%
Cutaneous 11 5/1598, 0.3% 15/1537, 1% 0.60 [0.17-2.04] 0.82 (0.41) 12%
Infections 3 240/5141,4.7% 245/5157,4.7%  1.02 [0.77-1.34] 0.13 (0.90) 32%
All-cause death 8 129/5844,2.2% 111/5791,1.9%  1.11[0.79-1.54] 0.60 (0.55) 15%
Non cardiovascular 3 81/5488, 1.5% 55/5505, 1% 1.43[0.93-2.19] 1.62 (0.10) 20%

death

Drug discontinuation 18 376/6919, 5.4% 256/6857,3.7%  1.58 [1.25-1.99] 3.81 (0.001) 35%
Any adverse event 12 484/3170, 15.3%  639/3971, 16%  1.07 [0.92—-1.25] 0.84 (0.40) 24%

Infections and mortality

In the present meta-analysis, eight studies reported the rate
of all-cause death and 3 studies reported the rate of non-
cardiovascular death. Colchicine was not associated with
increased risk of all-cause death (2.2% vs. 1.9%, RR 1.11,
95% C10.79-1.54, p=0.55, P=15%), nor was significantly
associated with non-cardiovascular death (1.5% vs. 1%,
RR 1.43,95% CI 0.93-2.19, p=0.10, I>=20%), as shown
in Fig. 4. The occurrence of infections was assessed and

Fig.4 Forest plots showing

the risk of all-cause death and
non-cardiovascular death with
colchicine treatment compared

M-H, Random, 95% CI

reported in 3 studies and was not associated with colchi-
cine treatment as compared to placebo (respectively 4.7%
vs. 4.8%, RR 1.02,95% C10.77-1.34, p=0.90, > =32%).

Colchicine discontinuation for colchicine-related
adverse events

Among 18 studies reporting colchicine discontinuation, it
was observed an increased risk of withdrawal from treat-
ment because of CRAEs (5.4% vs. 3.7%, RR 1.58, 95%

Risk of all-cause death with colchicine

Risk Ratio Risk Ratio

M-H, Random, 95% CI

. Study or Subgroup Weight
with placebo Bessissow 2017
Deftereos 2012

Deftereos 2015 1.4%

Liebenberg 2016 5.0%

Nidorf 2020 (LoDoCo?2) 49.8%

O'Keefe 1992 1.9%

Tardif 2019 (COLCOT) 39.3%

Tong 2020 (COPS) 2.5%

Total (95% CI)
Total events

100.0%

Heterogeneity: Tau? = 0.03; Chi? = 5.91, df = 5 (P = 0.31); I = 15%
Test for overall effect: Z = 0.60 (P = 0.55)

Study or Subgroup

Weight M-H, Random, 95% CI

Not estimable

Not estimable

0.96 [0.06, 15.08]

0.74[0.17, 3.12] e —
1.22[0.87, 1.70]
0.26 [0.02, 2.79]
0.98 [0.65, 1.49]

8.06 [1.01, 64.15] —
1.11[0.79, 1.54] T
1

0.01 0.1

10 100
Placebo Colchicine

Risk of non-cardiovascular death with colchicine

Risk Ratio Risk Ratio

M-H, Random, 95% CI

Nidorf 2020 (LoDoCo2) 59.8%
Tardif 2019 (COLCOT) 38.1%
Tong 2020 (COPS) 2.2%
Total (95% CI) 100.0%

Total events

Heterogeneity: Tau? = 0.03; Chi® = 2.51, df = 2 (P = 0.29); I = 20%
Test for overall effect: Z = 1.62 (P = 0.10)
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CI 1.25-1.99, p=0.0001, 12=35%), as shown in Fig. 5.
Subgroup analysis showed that for patients on a low-dose
regimen (0.5 mg daily) or longer treatments (> 6 months)
the risk was not increased (Figure S2—Supplementary
Appendix). Additional subgroup analyses showed that in
RCTs adopting a loading dose, compared to other studies,
there was an higher risk of discontinuation (respectively RR
2.21, 95% CI 1.39-3.52, p=0.0008 vs. RR 1.26, 95% CI
1.03-1.54, p=0.02).

Discussion

The beneficial effects of colchicine in the treatment of car-
diovascular diseases have been shown in this metanalysis,
especially in the setting of pericardial diseases where its
use may halve the risk of recurrent pericarditis. Indeed col-
chicine use is recommended by current European Society
of Cardiology Guidelines as a first choice treatment in the
setting of acute and recurrent pericarditis [46]. Further-
more, recent data showed that in the challenging scenario
of corticosteroid-dependent and colchicine-resistant recur-
rent pericarditis, colchicine may act as a synergistic agent
in association with the innovative anti IL-1 drugs [47],4.

A recently emerging use of colchicine is in the setting of
chronic and coronary syndromes. In these patients, colchi-
cine administration is effective in the reduction of adverse
CO. This may be explained by colchicine effects on inflam-
matory cytokines involved in atherosclerotic plaque growth
and rupture [48], 49.

Risk Ratio

Study or Subgroup Weight M-H, Random, 95% CI

Encouraging data presented in the present analysis sug-
gest the possible efficacy of colchicine in the prevention
of AF recurrences, mainly driven by the single study of
Deftereos et al. [29]. The efficacy of colchicine in this set-
ting could be due to underlying inflammatory mechanisms
which, however, are currently not entirely elucidated.

In the setting of heart failure, despite positive results in
animal models, in the single RCT performed in humans,
it was associated with neutral results [27, 50, 51]. Further
larger studies are needed to investigate possible applications
in this clinical setting.

The present meta-analysis, assessing 14,983 pooled
patients, shows that colchicine use for the treatment of car-
diovascular diseases is associated with increased risk of
gastrointestinal CRAEs (especially diarrhea) and CRAE-
related drug discontinuation (mainly for gastrointestinal
symptoms) compared to placebo, although not associated
with other CRAEs (muscle-related, liver, hematologic, cuta-
neous, infections) or all-cause death. However, it should
be observed that in patients on a lower daily dose (0.5 mg
daily) and those receiving colchicine for longer periods of
time (> 6 months), the risk of gastrointestinal CRAEs is
similar to placebo. On the contrary, a greater daily dose is
directly associated with an increased risk of gastrointestinal
CRAE:s: the risk is more than doubled for doses ranging 0.6
to 1 mg daily (RR 2.09), more than tripled for doses > 1 mg
daily (RR 3.16). Similarly, a shorter duration of treatment
is associated with an increased risk of CRAE (respectively
RR 1.83 if equal or inferior to 6 months and RR 2.87 if

Risk Ratio
M-H, Random, 95% ClI

Imazio 2005 (CORE) 0.6% 7.00[0.37, 131.47]
Imazio 2005 (COPE) 0.6% 11.00[0.62, 194.63]
Sambola 2019 0.7% 11.27 [0.65, 195.24]
O'Keefe 1992 1.2% 4.64 [0.60, 35.85]
Raju 2011 2.0% 2.50[0.51, 12.14]
Giannopoulos 2015 2.4% 1.29[0.32, 5.26]
Imazio 2011 (CORP) 2.9% 1.25 [0.35, 4.43]
Deftereos 2015 3.4% 6.41[1.99, 20.66]
Deftereos 2014 3.7% 3.23 [1.08, 9.65]
Deftereos 2012 4.2% 1.98 [0.71, 5.52]
Imazio 2014 (CORP-2) 4.5% 1.14 [0.43, 3.05]
Imazio 2013 (ICAP) 6.4% 1.40 [0.65, 3.03]
Deftereos 2013 6.5% 1.86 [0.86, 3.98]
Imazio 2010 (COPPS) 7.6% 1.75[0.89, 3.45]

Tardif 2019 (COLCOT) 12.0% 1.09 [0.70, 1.68]
Imazio 2014 (COPPS-2) 12.4% 1.22 [0.80, 1.85]
Tong 2020 (COPS) 12.9% 1.86 [1.25, 2.78]
Nidorf 2020 (LoDoCo2) 16.0% 1.02 [0.77, 1.35]
Total (95% CI) 100.0% 1.58 [1.25, 1.99]

Total events

Heterogeneity: Tau? = 0.07; Chi? = 26.12, df = 17 (P = 0.07); I? = 35% |

Test for overall effect: Z = 3.81 (P = 0.0001)

Fig.5 Forest plots showing the risk of colchicine discontinuation
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equal or inferior to 1 month). Likewise, the risk of CRAE-
related drug discontinuation is proportionally associated
with dose and duration of treatment (Figure S2—Supple-
mentary Appendix). The use of a loading dose is associated
with a further increased risk of discontinuation. Different
clinical settings may be apparently associated with some
differences in the risk of gastrointestinal CRAEs (Figure
S3—Supplementary Appendix). However, it is likely that
such differences are essentially driven by the different col-
chicine regimens used.

Gastrointestinal intolerance to colchicine is transient [31].
This could explain why the risk of discontinuation decreases
with longer periods of treatment. Indeed, in patients with
FMF, Behcet or osteoarthritis, long-duration treatments
(> 1 year) have been reported in patients who tolerate col-
chicine [32-34]. In case of gastrointestinal symptoms when
colchicine is started, it may be useful to temporarily split
the daily dose, reduce dairy intake and add spasmolytic and
antidiarrheal agents to the treatment [31]. Gastrointestinal
effects of colchicine are not surprising, considering its mech-
anism of action. Since colchicine is a microtubule-disassem-
bling (antitubulin) agent, it directly affects mitosis and cell
replication processes [35]. Cells with a high turnover, such
as those of the gastrointestinal tract, are highly susceptible
to colchicine effects [36, 37]. Indeed in an animal model,
excess administration caused intestinal barrier disruption
and endotoxin shock due to lipopolysaccharide entering
blood flow [36, 38, 39]. The therapeutic index of colchi-
cine is low, with effective plasma concentrations ranging
0.5-3 ng/ml and toxic effects developing with concentrations
beyond 3 ng/ml [31]. Indeed colchicine overdose may have
life-threatening consequences, with cardiac arrhythmias and
hemodynamic instability, mediated by interaction with myo-
cardial cell tubulin [40].

The use of colchicine in patients with FMF, Behcet’s or
gout has been rarely associated with myotoxicity [41, 42].
However, this may occur especially in the case of renal fail-
ure, increasing plasma level beyond critical concentrations.
In this study, colchicine was not associated with muscle-
related CRAE:s, although it should be observed that severe
renal and hepatic impairment was an exclusion criterion in
all RCTs. Indeed an increased risk of myalgias without cre-
atine kinase elevation was observed in a recent large study
[17].

Some recent studies raised concerns about the fact that
colchicine might increase the risk of non-cardiovascular
death [9, 17]. In fact, in both the COPS trial and LoDoCo2
trial, a trend towards a higher rate of non-cardiovascular
deaths was observed in patients on colchicine treatment,
compared to placebo. However, in the COPS trial, the
authors recommended cautious interpretation of mortal-
ity data since the number of patients lost to follow-up was

@ Springer

similar to the number of deaths analyzed. In the LoDoCo2
trial the authors hypotesized that such rates could have
been due to chance, although being of potential concern.
In the present metanalysis, no significant differences were
observed among three studies assessing the risk of non-
cardiovascular death (Fig. 3), although a mild trend was
observed. In the CANTOS trial, assessing canakinumab as
an antiinflammatory agent targeting IL-1, the increased rate
of non-cardiovascular deaths was ascribed to the higher risk
of infections and cancer [43]. However, among the stud-
ies on colchicine, despite the COLCOT trial reported an
increased risk of pneumonia (p =0.03), in the LoDoCo2
there were no differences in the rates of pneumonia, other
infections or cancer [15], 17. Indeed the present metanalysis
shows that colchicine does not increase the risk of infections.
On the contrary, in the context of the recent outbreak of
SARS-CoV2 infection, not only IL-1 inhibition is gaining
attention as a possible therapeutic strategy but colchicine can
be used without risks for the treatment of associated pericar-
dial diseases [44, 45]. However, future studies are warranted
to further explore the issue of non-cardiovascular mortality.

This metanalysis has some limitations. First of all, CRAE
occurrence was not the primary endpoint in all the RCTs
assessed. Furthermore, different definitions were used across
different studies. Another limitation of this metanalysis is
that the assessment of CRAEs according to colchicine daily
dose may have been hindered by the fact that in several RCTs
colchicine dose was weight-adjusted (ranging 0.5-2 mg).
However, this metanalysis included only RCTs studies,
which were judged of high-quality according to Jadad scale.

Conclusions

Based upon high-quality RCTs, this metanalysis shows that
colchicine use is efficacious and safe for the treatment of
cardiovascular diseases. Colchicine was efficacious in the
reduction of adverse CO across different settings: pericardial
diseases (reduced risk of recurrent pericarditis, 17.6% vs.
35%, RR 0.50, 95% CI 0.41-0.61), CAD (reduced risk of
cardiac death, myocardial infarction, stroke,coronary revas-
cularization or hospitalization, 6.1% vs. 8.5%, RR 0.73, 95%
CI 0.64-0.83), AF (reduced risk of arrhythmia recurrence,
14.2% vs. 22.7%, RR 0.62, 95% CI 0.44-0.88). The risk
of gastrointestinal CRAEs and drug discontinuation is not
significant if colchicine is used at lower doses (0.5 mg daily)
or for longer periods of time (> 6 months). This may be pos-
sibly due to early drug discontinuation or drug tolerance.
Colchicine is not associated with increased risk of other
CRAESs such as muscle-related, liver, hematologic, cutane-
ous, infections or death.
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