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Abstract

Purpose Colchicine is an ancient anti-inflammatory drug. In recent years, an increasing number of studies have shown that
colchicine improves the prognosis of patients with coronary artery disease (CAD), while other studies have reported the
opposite. The aim of this study was to evaluate the relative efficacy and safety of colchicine in treating CAD.

Methods PubMed, EMBASE, the Cochrane Library, and ClinicalTrials.gov were searched from inception to 20 October
2020 for randomized controlled trials (RCTs) comparing colchicine and placebo in patients with CAD. The primary outcomes
were the primary composite outcomes of cardiovascular death, myocardial infarction (MI), ischemic stroke, or ischemia-
driven coronary revascularization after colchicine administration. The secondary outcomes were cardiovascular death,
death from any cause, noncardiac death, MI, ischemic stroke, coronary revascularization, gastrointestinal (GI) symptoms,
and the different effects of colchicine in acute and chronic CAD. We assessed the pooled odds ratio (OR) of all-cause and
cardiovascular mortality for CAD in fixed-effects models, the pooled risk ratio (RR) of the primary composite outcomes, MI,
ischemic stroke, and ischemia-driven coronary revascularization in fixed-effects models and the pooled RR of GI symptoms
in random-effects models. The Cochrane risk of bias tool was used to assess the risk of bias in the included RCTs.
Findings Eleven of the 894 identified studies (n= 12,899 patients) were included (6501 subjects in the colchicine group; 6389
subjects in the control group). The colchicine group had significantly lower pooled RRs of the primary composite outcomes
(0.73, 95% confidence interval (CI) 0.64-0.84, P <0.0001), MI (0.77, 95% CI 0.64—0.92, P=0.004), ischemic stroke (0.47,
95% CI0.30-0.76, P=0.002), and ischemia-driven coronary revascularization (0.77, 95% CI 0.66-0.89, P=0.0007), while
the pooled RR of adverse GI events (2.15 95% CI 1.40-3.31, P=0.0005) was significantly higher. Colchicine had a lower
pooled RR of ischemic stroke (0.28, 95% CI 0.12-0.65, P=0.003) for patients with acute compared with chronic CAD.
Implications Colchicine treatment significantly decreased the risk of primary cardiovascular composite outcomes, MI,
ischemic stroke, and ischemia-driven coronary revascularization in CAD patients but increased adverse GI events. There
was no significant difference in all-cause mortality, cardiovascular mortality, and non-cardiovascular death between the
colchicine and control groups. Colchicine performs better in acute CAD patients with ischemic stroke than chronic CAD
patients. Colchicine might be a new treatment for patients with CAD.

Key points

o Two large-scale RCTs from last year were included.

e The primary cardiovascular compound efficacy outcomes were reported.

o The risk of myocardial infarction, stroke and ischemia-driven coronary revascularization showed a downward trend after using colchicine.
o The effect of colchicine in acute and chronic CAD patients was analyzed.
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wuyanging01 @sina.com Inflammation currently plays an indelible role in the patho-

genesis of atherosclerosis and its acute manifestations [1-3].
Extended author information available on the last page of the article Despite the best drug treatments (including antiplatelets,
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statins, and anti-remodeling drugs) [4], patients with coro-
nary artery disease (CAD) remain at risk of cardiovascular
events, possibly because these treatments fail to target some
of the inflammatory pathways related to the disease [5]. The
established cardiovascular risk factors, which include hyper-
tension, diabetes, dyslipidemia, and smoking, damage the
vascular endothelium and trigger inflammation, leading to
the influx of macrophages and lymphocytes and the secre-
tion of cytokines and other inflammatory mediators, which
promote further damage [6, 7]. At present, anti-inflamma-
tory treatment has become an important breakthrough in the
treatment of CAD.

Colchicine is a drug with potent anti-inflammatory prop-
erties [8, 9]. It has a wide range of cellular effects, including
inhibition of tubulin polymerization and microtubule pro-
duction, and possible effects on cell adhesion molecules,
inflammatory chemokines, and inflammasomes. Moreover,
colchicine has been generally used for the treatment of gout
to relieve pain [10-16]. We found that colchicine has a very
good effect in the treatment of pericarditis and atrial fibrilla-
tion after cardiac surgery. In recent years, studies have found
that colchicine also has an effect in patients with CAD by
inhibiting the NLRP3 inflammasome in various ways [17,
18]. Colchicine has emerged as a novel and promising thera-
peutic approach for the prevention and treatment of CAD [5,
19, 20]. However, the results of some studies have shown
that colchicine did not have significantly lower rates of
death from cardiovascular causes [21], death from all causes
[21-23], or MI [23-25].

Hence, we conducted this meta-analysis to analyze the
comprehensive outcomes of randomized clinical trials
(RCTs) of CAD in which colchicine was compared with
placebo.

Methods
Literature search and selection

We conducted a comprehensive systematic search using
PubMed, Embase, the Cochrane Library, and ClinicalTri-
als.gov from inception to 20 October 2020. We searched
for studies with medical search terms and relative variants,
including “Coronary Disease” or “Disease, Coronary” or
“Coronary artery disease” or “Disease, Coronary Heart” or
“multivessel coronary artery disease” or “Myocardial Infarc-
tion” or “Cardiovascular Stroke” or “Myocardial Infarct” or
“Colchicine” or “Colchicine, (R)-Isomer” or “Colchicine,
(+-)-Isomer.” We searched for RCTs using search filters
from the McMaster University. We also searched the cor-
responding references of each retrieved study to identify
additional studies. All the search results were evaluated
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according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [26].

The efficacy and safety results of colchicine were com-
pared with those of placebo in all RCTs. The inclusion
criteria used were as follows: (i) RCTs with a colchicine
group and a control group, (ii) RCTs including chronic or
acute patients with coronary disease, and (iii) RCTs ana-
lyzing primary efficacy outcomes, including cardiovascular
death, death from any cause, myocardial infarction, ischemic
stroke, coronary revascularization, and key adverse events,
including gastrointestinal (GI) symptoms (such as diarrhea,
nausea and vomiting, and GI bleeding). The exclusion cri-
teria were as follows: (i) duplicated papers related to the
same trial; (ii) systematic reviews, comments, case reports,
conferences, editorials, and non-comparative studies; and
(iii) incomplete RCTs or RCTs failing to report the outcomes
in need.

Data extraction and quality assessment

Data extraction and quality assessments of the studies were
performed independently by two investigators (C. Y. and
Z. H. Z.). The data included the baseline characteristics of
the trials, interventions, comparisons, sample size, medica-
tion, and follow-up duration. The outcomes included car-
diovascular death, death from any cause, myocardial infarc-
tion, ischemic stroke, coronary revascularization, and GI
Ssymptoms.

The methodological quality of the 10 included RCTs was
assessed by using the Cochrane Collaboration risk of bias
tool (Review Manager 5.3), which included the following
seven sections: selection, performance, detection, attrition,
and reporting. The two investigators cross-checked the data.
Any disagreement was resolved by another investigator (W.

Y. Q.).
Statistical analysis

The statistical analyses were performed by using Review
Manager Version 5.3.3 (Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014).
The efficacy and safety outcomes were measured as
dichotomous outcome variables and compared between
the colchicine group and the control group. The pooled
odds ratio (OR) or risk ratio (RR) and the correspond-
ing 95% confidence interval (CI) were collected in the
comparative analyses. We assessed heterogeneity by
using the I* test and Cochran’s y* test. The total vari-
ation in the studies was described by the I? statistic,
which reflected heterogeneity. An I >50% or a corre-
sponding P <0.10 indicated significant heterogeneity
among the different studies. When I*> was < 50% and P
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was > 0.10, we reported the results of fixed-effects mod-
els as sensitivity analyses. All P-values were two-tailed,
with statistical significance specified at 0.05 and CIs
reported at the 95% level. When 1> was > 50%, a sen-
sitivity analysis was further performed by sequentially
deleting each study and reanalyzing the datasets of all
remaining studies.

Results
Study selection and quality assessment

The research selection flowchart is shown in Fig. 1.
According to the previous search strategy, 894 citations
were obtained after removing duplicate records from
the online database from 1 January 2000 to 20 Octo-
ber 2020. The full texts of 72 articles were reviewed in
detail, and 61 articles were further excluded because the
papers were related to the same trials (n =13), did not
include real RCTs (n =24), had unrelated topics (n=7),
or were conference abstracts (n=17). Finally, eleven
RCTs including 12,899 participants were suitable for
this meta-analysis [5, 19-25, 27-29].

The characteristics, quality evaluation, and demograph-
ics of the included studies are summarized in Table 1. The
follow-up durations ranged from 5 days to 3 years, and the
sample sizes of the trials ranged from 44 to 5522 patients.
Moreover, the risk of bias was assessed in the eleven studies
and was generally found to be low in each study (Supporting
Information, Fig. S1).

Primary efficacy outcomes

To assess the primary outcome, eleven trials were included
in the meta-analysis. The estimated results of the primary
efficacy outcomes of death from all causes, death from
cardiovascular causes, and noncardiac deaths are pre-
sented in Fig. 2. There were no significant differences in
all-cause mortality or cardiovascular mortality and non-
cardiac deaths between the colchicine group and placebo
group among all the patients (Fig. 2). Surprisingly, how-
ever, the combined results of the four primary indicators
(cardiovascular death, myocardial infarction, ischemic
stroke, and coronary revascularization) reported by the
two larger RCTs, COLCOT and LoDoCo2 [19, 20], were
satisfactory. The pooled OR was 0.72, 95% CI 0.62-0.83,
P <0.0001 (P=0.51 for heterogeneity; P=0%) (Fig. 3A).

Records identified through database searching

(n=1068)

Additional records identified through other sources

(n=1)

!

Records after duplicates removed (n =894)

v

Records excluded after reading topic and

Full-text articles assessed for eligibility (n =72)

abstracts (n =822)

Full-text articles excluded, with reasons

v

(n=61)

Studies included in qualitative synthesis (n =11)

- related to the same trials (n = 13)

)
7
}

l

- did not include real RCTs (n=24)

- unrelated with our topic (n =7)

.. . . . . - conference summary(n = 17)
Studies included in quantitative synthesis (meta-analysis) (n =11)

/

Fig.1 Study search diagram adapted from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.

RCTs, randomized controlled trials
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Cochicine Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
A. All-cause mortality
Akodad.M2017 0 23 0 21 Not estimable
Deftereos.S2013 1 100 1 96 0.9%  0.96[0.06, 15.56]
Deftereos.S2015 1 74 1 77  0.8% 1.04 [0.06, 16.96]
Hennessy.T2019 0o 111 0 113 Not estimable
Nidorf.S.M2013 4 282 10 250 8.8% 0.35[0.11, 1.12] I |
Nidorf.S.M2020 73 2762 60 2760 49.3% 1.22[0.86, 1.73] -
O'Keefe1992 1 130 2 67 2.2% 0.25[0.02, 2.83]
Raju2011 0 40 0 40 Not estimable
Shah.B2020 1 366 1 348 09%  0.95[0.06, 15.26]
Tardif.J.C2020 43 2366 44 2379 36.3% 0.98 [0.64, 1.50] L
Tong2020 8 396 1 399 08% 8.21[1.02, 65.92]
Total (95% CI) 6650 6550 100.0% 1.09 [0.85, 1.40] 4
Total events 132 120
Heterogeneity: Chi? = 9.37, df =7 (P = 0.23); I2=25%
Test for overall effect: Z =0.66 (P = 0.51)
B. Cardiovascular death
Akodad.M2017 0 23 0 21 Not estimable
Deftereos.S2013 1 100 0 96 0.9% 2.91[0.12, 72.30]
Hennessy.T2019 0o 111 0 113 Not estimable
Nidorf.S.M2013 0 282 5 250 10.2% 0.08 [0.00, 1.44] * -
Nidorf.S.M2020 20 2762 25 2760 43.6% 0.80 [0.44, 1.44] ——
Raju2011 0 40 0 40 Not estimable
Shah.B2020 1 366 1 348 1.8%  0.95[0.06, 15.26]
Tardif.J.C2020 20 2366 24 2379 41.7% 0.84 [0.46, 1.52] —
Tong2020 3 39 1 399 1.7%  3.04[0.31,29.33]
Total (95% CI) 6446 6406 100.0% 0.80 [0.54, 1.18] <
Total events 45 56
Heterogeneity: Chi? = 4.43, df =5 (P = 0.49); 1= 0%
Test for overall effect: Z=1.12 (P = 0.26)
C. Non-cardiovascular death
Akodad.M2017 0 23 0 21 Not estimable
Deftereos.S2013 0 100 1 96 2.5% 0.32[0.01, 7.87]
Hennessy.T2019 0 1M 0 113 Not estimable
Nidorf.S.M2013 4 282 5 250 8.5% 0.71[0.19, 2.66] - 1
Nidorf.S.M2020 53 2762 35 2760 56.0% 1.52 [0.99, 2.34] L
Raju2011 0 40 0 40 Not estimable
Shah.B2020 0 366 0 348 Not estimable
Tardif.J.C2020 23 2366 20 2379 32.2% 1.16 [0.63, 2.11] .
Tong2020 5 396 0 399 0.8% 11.22[0.62, 203.68] >
Total (95% CI) 6446 6406 100.0% 1.38 [1.00, 1.92] o
Total events 85 61
Heterogeneity: Chi? = 4.33, df = 4 (P = 0.36); 12 = 8% =o.o p of p J 1‘0 p 00’

Test for overall effect: Z = 1.94 (P = 0.05) [Cochicine] [Placebo]

Fig.2 Data of the comparative analysis for the effective outcomes of all-cause mortality, cardiovascular mortality, and noncardiac death in dif-
ferent patients with CAD (CAD, coronary artery desease)

Myocardial infarction P=0.004 (P=0.30 for heterogeneity; I>=17%) (Fig. 3B)
[5, 19, 20, 23-25, 28].

The composite outcome of myocardial infarction showed

that the colchicine group had a lower rate than the pla-

cebo group, with a pooled RR of 0.77, 95% CI 0.64-0.92,
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Cochicine Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
A. The primary composite outcomes
Nidorf.S.M2020 187 2762 264 2760 60.9% 0.71[0.59, 0.85] |
Tardif.J.C2020 131 2366 170 2379 39.1% 0.77 [0.62, 0.97] L
Total (95% CI) 5128 5139 100.0% 0.73 [0.64, 0.84] ¢
Total events 318 434

Heterogeneity: Chi? = 0.39, df =1 (P = 0.53); I? = 0%
Test for overall effect: Z = 4.35 (P < 0.0001)

B. Myocardial infarction

Akodad.M2017 0 23 1 21 0.6%
Hennessy.T2019 0o 11 2 113 0.9%
Nidorf.S.M2013 4 282 14 250 5.5%
Nidorf.S.M2020 83 2762 116 2760 43.3%
Shah.B2020 23 366 24 348 9.2%
Tardif.J.C2020 89 2366 98 2379 36.4%
Tong2020 7 396 11 399 4.1%
Total (95% ClI) 6306 6270 100.0%
Total events 206 266

Heterogeneity: Chi? = 7.20, df =6 (P = 0.30); ? = 17%
Test for overall effect: Z = 2.89 (P = 0.004)

C. Ischemic stroke

Nidorf.S.M2013 1 282 4 250 7.9%
Nidorf.S.M2020 16 2762 24 2760 44.7%
Shah.B2020 1 366 0 348 1.0%
Tardif.J.C2020 5 2366 19 2379 35.3%
Tong2020 2 396 6 399 11.1%
Total (95% ClI) 6172 6136 100.0%
Total events 25 53

Heterogeneity: Chi? = 4.33, df =4 (P = 0.36); I>= 8%
Test for overall effect: Z = 3.12 (P = 0.002)
D. Ischemia-driven coronary revascularization

Deftereos.S2013 4 100 5 96 1.4%
Nidorf.S.M2020 135 2762 177 2760 49.5%
Tardif.J.C2020 132 2366 164 2379 45.7%
Tong2020 3 39 12 399 3.3%
Total (95% ClI) 5624 5634 100.0%
Total events 274 358

Heterogeneity: Chi? = 3.24, df =3 (P = 0.36); I>=7%
Test for overall effect: Z = 3.41 (P = 0.0007)

0.31[0.01, 7.12]
0.20[0.01, 4.19] ¢
0.25 [0.08, 0.76]
0.71[0.54, 0.94]
0.91[0.52, 1.58]

.

0.91[0.69, 1.21] L

0.64 [0.25, 1.64] —T

0.77 [0.64, 0.92] ¢

0.22[0.02, 1.97] -

0.67 [0.35, 1.25] —
2.85 [0.12, 69.80]

0.26 [0.10, 0.71] —

0.34 [0.07, 1.65] —T

0.47 [0.30, 0.76] <>

0.77[0.21, 2.77] —
0.76 [0.61, 0.95] L
0.81[0.65, 1.01] L
0.25[0.07, 0.89]

0.77 [0.66, 0.89] ¢

001 01 1 10 100
[Cochicine] [Placebo]

Fig. 3 Data of the comparative analysis for the effective outcomes of primary cardiovascular compound efficacy outcomes, all-cause mortality,
cardiovascular mortality, MI, IS, and ischemia-driven coronary revascularization. (MI, myocardial infarction; IS, ischemic stroke)

Ischemic stroke

The risk of stroke was greatly reduced in patients treated
with colchicine, with a pooled RR of 0.47, 95% CI
0.30-0.76, P=0.002 (P =0.36 for heterogeneity; I* = 8%),
which has been confirmed in some previous studies (Fig. 3C)
[5, 19, 20, 23, 28].

@ Springer

Coronary revascularization

Colchicine treatment was associated with a significant
reduction in the incidence of ischemia-driven coronary
revascularization with a pooled RR of 0.77, 95% CI
0.66-0.89, P=0.0007 (P =0.36 for heterogeneity; P= T%)
(Fig. 3D) [19-21, 23, 28].
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Sub-group analysis

Compared with patients with chronic coronary heart dis-
ease, colchicine significantly reduced the risk of ischemic
stroke in patients with acute coronary heart disease with a
pooled RR of 0.28, 95% CI 0.12-0.65, P=0.003 (P=0.80
for heterogeneity; P= 0%). However, there was no difference
in all-cause mortality, cardiovascular mortality, noncardiac
deaths, and myocardial infarction between the two (Figs. 4
and 5) [5, 19, 20, 28].

Safety outcomes

Regarding adverse GI events, compared with placebo, col-
chicine led to a numerically higher risk of GI symptoms
with a pooled RR of 2.15, 95% CI 1.40-3.31, P=0.0005
(P <0.00001 for heterogeneity; P=81%) [5, 20-25, 27-29]
(Fig. 6). There was no significant difference in the risk of
pneumonia, infection, cancer, myalgia, neutropenia, or par-
aesthesia between the colchicine group and the control group
(Supporting Information, Figs. S2—-S7).

Discussion

A meta-analysis of RCTs may provide additional evidence
for clinical practice guidelines beyond that provided by
individual studies. Most of the studies included in this
meta-analysis were multicenter, randomized, double-blind,
active-controlled trials with a low risk of bias. All the RCTs
included patients with acute coronary syndrome (ACS) and
chronic coronary syndrome (CCS). The present study was
the first to provide composite evidence of primary cardiovas-
cular compound efficacy outcomes among RCTs comparing
colchicine with placebo, and it was also the first study to
compare the effects of colchicine in stable and acute CAD.
We also added 2 large-scale RCT studies newly published
last year. These data suggest that colchicine is superior to
placebo in reducing the primary composite outcomes of car-
diovascular death, myocardial infarction, ischemic stroke,
and ischemia-driven coronary revascularization but does
not result in a significant difference in all-cause mortality,
cardiovascular mortality, and non-cardiac deaths. Further-
more, after treatment with colchicine, the patient’s risk of
myocardial infarction, stroke, and ischemia-driven coronary
revascularization showed a downward trend. Not surpris-
ingly, the colchicine group had a higher incidence of GI
symptoms than the placebo group.

Colchicine showed superiority over placebo in terms of
the pooled primary efficacy outcomes. The LoDoCo?2 trial
[19], which had a large number of participants, showed
that colchicine reduced the risks of the primary composite
outcomes of cardiovascular death, myocardial infarction,

ischemic stroke, or ischemia-driven coronary revasculari-
zation. The COLCOT trial [20], another study with a large
number of participants, obtained a similar result. Although
Tardif JC [20] added resuscitated cardiac arrest to the com-
posite outcome, the number of patients with this incident
was not large enough to affect the overall results. The effect
of adding colchicine became evident early, continued to
accrue over time, and was largely driven by a reduction in
ACS unrelated to stent disease. These results are important
because they suggest that colchicine may have a role in
the prevention of cardiovascular events caused by instabil-
ity of native atherosclerotic plaques in patients with stable
coronary disease, possibly by inhibiting an inflammatory
pathway that has been identified in unstable native coronary
plaques [30]. Among the included studies, only three com-
pletely reported the above outcome indicators [19, 20, 28],
and LoDoCo2 and COLCOT [19, 20] included the primary
composite results. When analyzing these results separately,
we found that the risks of myocardial infarction, ischemic
stroke, and ischemia-driven coronary revascularization in
the colchicine group were reduced, while there was no sig-
nificant difference in cardiovascular death between the two
groups, which led to the overall composite result showing
the benefits of colchicine.

Tong et al. [28] showed that colchicine did not affect
the rate of the primary composite outcome of death, ACS,
ischemia-driven urgent revascularization, or stroke com-
pared to standard medical therapy alone at the 365-day
follow-up. However, in fact, the prevalence of stroke and
revascularization in the colchicine group was better than
that in the control group. The reason for this consequence is
the high all-cause mortality in the colchicine group. Inter-
estingly, the outcomes including 400-day follow-up as well
as using only cardiovascular death rather than total death
demonstrated that there was a significant reduction in the
primary outcome between groups in favor of colchicine. It
also suggests that there is an early sustained effect from col-
chicine that increases throughout treatment. This may be a
result of both the anti-inflammatory properties and plaque-
modulating effects of colchicine [31] and may potentially
explain the impact on the rates of urgent revascularization
[28].

Interestingly, when we sub-analyzed the four largest stud-
ies (LoDoCo, LoDoCo2, COLCOT, and COPS) of chronic
MI and acute MI, we made new discoveries. We found that
death from all causes, death from cardiovascular causes and
noncardiac deaths in patients with acute MI and chronic MI,
was not statistically significant (Fig. 4). Notably, although
the results for non-cardiovascular deaths were not statisti-
cally significant, colchicine seemed to increase non-cardi-
ovascular deaths. Although the number of studies is insuf-
ficient for statistics, colchicine has shown significant benefits
for the primary composite outcomes of cardiovascular death,

@ Springer
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A All-cause mortality
Cochicine
Events Total

Placebo

Study or Subgroup Events Total Weight

Odds Ratio
M-H, Random, 95% CI

Odds Ratio
M-H, Random, 95% CI

1. Acute coronary artery desease

Tardif.J.C2020 43 2366 44 2379 61.7% 0.98 [0.64, 1.50] -
Tong2020 8 396 1 399 38.3% 8.21[1.02, 65.92] =
Total (95% Cl) 2762 2778 100.0% 2.21[0.29, 17.16] ——
Total events 51 45
Heterogeneity: Tau? = 1.72; Chi? = 3.93, df = 1 (P = 0.05); I = 75%
Test for overall effect: Z = 0.76 (P = 0.45)
2. Stable coronary artery desease
Nidorf.S.M2013 4 282 10 250 39.8% 0.35[0.11, 1.12] L [
Nidorf.S.M2020 73 2762 60 2760 60.2% 1.22[0.86, 1.73] E
Total (95% Cl) 3044 3010 100.0% 0.74 [0.22, 2.49]
Total events 77 70

itye 2 — . i2 = = = 12 = 0, F T T 1
Heterogeneity: Tau? = 0.61; Chi? = 4.11, df =1 (P = 0.04); I> = 76% 0.01 oA 1 10 100
Test for overall effect: Z = 0.49 (P = 0.63) [Colchicine] [Placebo]
B Cardiovascular mortality

Cochicine Placebo Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
1. Acute coronary artery desease
Tardif.J.C2020 20 2366 24 2379 87.3% 0.84[0.46, 1.52] .
Tong2020 3 39 1 399 12.7% 3.04 [0.31, 29.33] "
Total (95% ClI) 2762 2778 100.0% 0.98 [0.42, 2.28] N _d
Total events 23 25
Heterogeneity: Tau? = 0.12; Chiz2=1.17,df =1 (P = 0.28); I = 14%
Test for overall effect: Z = 0.04 (P = 0.97)
2. Stable coronary artery desease
Nidorf.S.M2013 0 282 5 250 31.2% 0.08[0.00, 1.44] ¢ =
Nidorf.S.M2020 20 2762 25 2760 68.8% 0.80 [0.44, 1.44] :
Total (95% Cl) 3044 3010 100.0% 0.39 [0.05, 3.32]
Total events 20 30

ity 2= - Chiz = = = - |2 = 59O, I t t {
Heterogeneity: Tau? = 1.65; Chi? = 2.45, df =1 (P = 0.12); I = 59% 0.01 01 1 10 100
Test for overall effect: Z = 0.87 (P = 0.39) [Colchicine]  [Placebo]
C Non-cardiac mortality

Cochicine Placebo Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1. Acute coronary artery desease
Tardif.J.C2020 23 2366 20 2379 69.4% 1.16 [0.63, 2.11] .
Tong2020 5 396 0 399 30.6% 11.22[0.62, 203.68] = >
Total (95% Cl) 2762 2778 100.0% 2.32[0.28, 18.94] ——
Total events 28 20
Heterogeneity: Tau? = 1.56; Chi? = 2.37, df =1 (P = 0.12); 1> = 58%
Test for overall effect: Z =0.79 (P = 0.43)
2. Stable coronary artery desease
Nidorf.S.M2013 4 282 5 250 15.5% 0.71[0.19, 2.66] "
Nidorf.S.M2020 53 2762 35 2760 84.5% 1,52 [0.99, 2.34] L3
Total (95% Cl) 3044 3010 100.0% 1.35[0.78, 2.33] >
Total events 57 40

ity 2 — . i2 = = = 2= 0, F T T 1
Heterogeneity: Tau? = 0.04; Chi? =1.17, df =1 (P = 0.28); 15% 0.01 01 1 10 100
Test for overall effect: Z=1.08 (P = 0.28) [Colchicine] [Placebo]
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«Fig. 4 Data of the comparative analysis with stable CAD and acute
MI for all-cause mortality, cardiovascular mortality, and noncardiac
mortality

MI, ischemic stroke, and ischemia-driven coronary revas-
cularization in acute and chronic CAD patients. Although
the incidence of MI in patients with chronic MI and acute
MI is not statistically significant, colchicine seems to show
certain benefits in patients with chronic MI (Fig. 5A), and
more RCT tests are needed in the future to prove this result.
This may be due to irreversible damage to the hearts of
patients with MI, which makes them more likely to have
MI. However, patients with acute MI have a lower incidence
of ischemic stroke (Fig. 5B). In fact, the ischemic stroke
rate of patients with chronic Ml in the colchicine group was
also lower than that in the placebo group, but the effect was
not significant enough to reach statistical significance. In
the future, we may be more focused on the application of
colchicine for chronic MI.

The essence of CAD is actually the inflammation caused
by atherosclerosis. The activation of inflammasomes may
be caused by many irritating stimuli (such as hypertension,
dyslipidemia, smoking, metabolic syndrome) leading to
vascular endothelial dysfunction and LDL particle intimal
aggregation, forming asymmetric atherosclerotic plaques on
the artery wall. After lipid macrophages are deposited on the
arterial wall, the inflammatory response leads to the forma-
tion of free crystalline cholesterol in the interstitium (Fig. 7).
Cholesterol crystal embolization can cause remote ischemia
and tissue inflammation or stimulate direct inflammation.
This stimulus is then recognized by innate immune recep-
tors on the cell surface (TLRs) or inside the cell (NLRs).
The TLR signaling pathway activates NF-kb through reac-
tive oxygen species and produces IL-1f, and NLrRs are
integrated into the structure of the inflammasome. At the
same time, colchicine also inhibits the production of inter-
leukin 18 (IL-18), which is closely related to IL-1p, and
requires the cleavage of caspase-1 mediated by the NLRP3
inflammasome to produce the active form [32, 33]. Colchi-
cine blocks the intracellular assembly of inflammasomes,
and inflammasomes are the key to activating pro-IL-1f and
pro-IL-18 to IL-1p and IL-18, respectively (Fig. 4). Cur-
rently, the specific mechanism by which colchicine interferes
with CAD is less well understood. It inhibits the synthesis
of TNF-a, leukotriene B4, prostaglandin E2, and TxA2 as
well as the activity of COX — 2. Even at low doses, it impairs
adhesion of polymorphonuclear leukocytes (PMNs) to the
endothelium by reducing both E- and P-selectin expression,
inhibiting neutrophil migration and thus inflammation [11,
13]. More recently, a novel mechanism of action by block-
ing the activity of the NLRP3 inflammasome was described,
thereby reducing the crystal-mediated production of IL-1
and IL-18 and neutrophil migration [32-36]. A study by

Otani K et al. of a mouse model of small intestine injury
showed that colchicine inhibited the protein expression of
cleaved caspase-1 and mature IL-1p [36]. Likewise, in the
study by Misawa et al., colchicine inhibition of intracellular
transport of ASC was described, thus blocking colocaliza-
tion of NLRP3 inflammasome proteins and their function
[33]. Marques-da-Silva et al. recently demonstrated that pore
formation (and the resulting intracellular K + reduction) is a
key step in the NLRP3 inflammasome response to ATP, and
colchicine produces potent inhibition of P2X7- and P2X2-
induced pore formation, resulting in lower levels of ROS
and IL-1f [37]. The formation of P2X7 pores is a neces-
sary step in the innate immune response for triggering ATP-
induced NLRP3 inflammasome activation [38]. This event
is upstream of microtubule depolymerization and may rep-
resent a new therapeutic target for the treatment of chronic
inflammation [39]. The most promising targets for the con-
trol of inflammation appear to lie within the IL-1p pathway.
The CANTOS trial [40] with canakinumab provided proof
of principle that inhibition of IL-1 can improve outcomes.
However, canakinumab, which is a monoclonal antibody and
hence expensive, is unlikely to be widely adopted for long-
term treatment. Of the available alternatives, repurposing
colchicine shows the best potential for affordable and acces-
sible anti-inflammatory treatment of atherosclerosis. Ongo-
ing trials are needed to establish their efficacy and safety.

A retrospective study found a reduced prevalence of
myocardial infarction among gout patients who used colchi-
cine (1.2%) versus those who did not (2.6%, P=0.03), and
patients taking colchicine also demonstrated trends towards
reduced mortality and lower CRP levels [41]. We found that
the risk of myocardial infarction was reduced, and the most
likely reason was that the rate of nonfatal events decreased
with no reduction in fatal infarctions. Raju et al. found no
difference in hsCRP or platelet aggregation in the colchi-
cine group compared with the placebo group [27]. However,
this study did not specify how soon after the ACS diagnosis
colchicine was administered, and by 30 days after the index
event, acute inflammatory processes would have subsided
even in the control group, rendering these findings difficult
to interpret. There were no significant differences between
the colchicine group and the placebo group in several main
endpoints in the study of Akodad et al. [24]. The lack of an
effect of colchicine in this study may be explained by the late
administration of colchicine in the intensive care unit after
reperfusion and without a loading dose. Another reason is
that the two study groups were not balanced with regard to
areas at risk, such as infarct area and infarct size, which is
a major bias. These negative results may suggest that treat-
ment should be given at the onset of reperfusion as soon
as possible to optimize its action and reduce reperfusion
injuries associated with inflammation burden.
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A Myocardial infarction
Cochicine
Events Total

Placebo

Study or Subgroup Events Total Weight

M-H, Random, 95% CI

Risk Ratio Risk Ratio

M-H, Random, 95% CI

1. Acute coronary artery desease

Tardif.J.C2020 89 2366 98 2379 91.7% 0.91[0.69, 1.21]
Tong2020 7 396 11 399 8.3% 0.64 [0.25, 1.64] 1
Total (95% CI) 2762 2778 100.0% 0.89 [0.68, 1.16] L
Total events 96 109
Heterogeneity: Tau? = 0.00; Chi? = 0.50, df = 1 (P = 0.48); I>=0%
Test for overall effect: Z =0.87 (P = 0.38)
2. Stable coronary artery desease
Nidorf.S.M2013 4 282 14 250 36.4% 0.25[0.08, 0.76] =
Nidorf.S.M2020 83 2762 116 2760 63.6% 0.71[0.54, 0.94] L
Total (95% ClI) 3044 3010 100.0% 0.49 [0.18, 1.31] .
Total events 87 130
Heterogeneity: Tau? = 0.37; Chi2 = 3.24, df = 1 (P = 0.07); 1> = 69% ‘ ‘ ‘ ‘
Test for overall effect: Z = 1.43 (P = 0.15) 0.01 O[go[chicine] 1[Placebo] 10 100
B Ischemic stroke
Cochicine Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1. Acute coronary artery desease
Tardif.J.C2020 5 2366 19 2379 76.0% 0.26 [0.10, 0.71] .
Tong2020 2 396 6 399 24.0% 0.34 [0.07, 1.65] = I
Total (95% Cl) 2762 2778 100.0%  0.28 [0.12, 0.65] -
Total events 7 25
Heterogeneity: Chi? = 0.06, df = 1 (P = 0.80); I>= 0%
Test for overall effect: Z = 2.97 (P = 0.003)
2. Stable coronary artery desease
Nidorf.S.M2013 1 282 4 250 15.0% 0.22[0.02, 1.97] .
Nidorf.S.M2020 16 2762 24 2760 85.0% 0.67 [0.35, 1.25] _.'_
Total (95% Cl) 3044 3010 100.0%  0.60 [0.33, 1.09] o
Total events 17 28
Heterogeneity: Chiz = 0.90, df = 1 (P = 0.34); I2= 0% ! f t y
Test for overall effect: Z = 1.67 (P = 0.09) H0 ?golchicine] L [Placebo] 19 108

Fig.5 Data of the comparative analysis with stable CAD and acute MI for myocardial infarction and ischemic stroke

Deftereos et al. [22] obtained the opposite result, which
showed that administration of oral colchicine reduced the
infarct size, with a reduction in creatine kinase area under
the curve and a reduction in infarct size on cardiac MRI in
patients admitted for STEMI. However, it seems difficult
to compare these two studies [22, 27] because of the dif-
ferent populations and reperfusion results. In the LoDoCo-
MI trial [25], readmission rates were significantly lower in
the colchicine-treated patients, but the numbers were small,
the events were diverse, and the majority was for relatively
benign reasons and/or events that seem unlikely to be related

@ Springer

to the trial medication. Thus, the observed differences seem
likely to be due to chance. Shah B et al. [23] found that
acute preprocedural administration of colchicine attenu-
ated the increase in hs-CRP and IL-6 but did not reduce
the risk of death, nonfatal myocardial infarction, or target
vessel revascularization at 30 days or the outcome of PCI-
related myocardial infarction. It attenuated the intracardiac
production of many cytokines and chemokines, but there is
no evidence that this dosing scheme improves cardiovascular
outcomes [42].
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Gastrointestinal symptoms

Cochicine Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Akodad.M2017 10 23 0 21 2.1% 19.25[1.20, 309.49] >
Deftereos.S2013 16 100 7 96 10.7% 2.19[0.94, 5.10] I
Deftereos.S2015 18 74 1 77 3.7% 18.73 [2.56, 136.78] I —
Hennessy.T2019 12 111 6 113 97% 2.04[0.79, 5.23] T
Nidorf.S.M2013 39 282 0 250 2.1% 70.07 [4.33, 1134.07] —
O'Keefe1992 41 130 8 67 12.4% 2.64[1.31,5.31] -
Raju2011 14 40 7 40 11.3% 2.00[0.90, 4.43] T
Shah.B2020 34 366 11 348 12.8% 2.94[1.51, 5.71] -
Tardif.J.C2020 408 2330 414 2346 18.1% 0.99[0.88, 1.12] b
Tong2020 91 396 83 399 17.2% 1.10 [0.85, 1.44] ™
Total (95% Cl) 3852 3757 100.0% 2.15[1.40, 3.31] <>
Total events 683 537
Heterogeneity: Tau? = 0.26; Chi? = 47.36, df = 9 (P < 0.00001); 12 = 81% ‘0 o1 0: p ] 1‘0 ] 00‘
Test for overall effect: Z = 3.49 (P = 0.0005) ' tCochicine] [Placebo]

Fig.6 Data of the comparative analysis for the effective outcomes of GI symptoms. (GI, gastrointestinal)
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Fig.7 The pathway of inflammasome activation and the mecha-
nism of action of colchicine. The initial stimulation may be ath-
erosclerosis caused by high fat. This stimulus is then recognized by
innate immune receptors on the cell surface (TLRs) or inside the cell
(NLRs). The TLR signaling pathway activates NF-kb through reac-
tive oxygen species and produces IL-1P, and NLrRs are integrated
into the structure of the inflammasome. Colchicine blocks the intra-

In two prospective, randomized placebo-controlled trials
examined the effects of colchicine on restenosis after coronary
angioplasty. O’Keefe et al. [29] found that colchicine (0.6 mg
BID) failed to reduce the incidence of restenosis in 6-month-old
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many irritating stimuli (such as hypertension,
dyslipidemia, smoking, metabolic syndrome)

T
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cellular assembly of inflammasomes, and inflammasomes are the key
to activating pro-IL-1p and pro-IL-18 to IL-1p and IL-18, respec-
tively. And colchicine can effectively inhibit the formation of pores
induced by P2X7 and P2X2, thereby reducing the levels of ROS
and IL-1f. The formation of P2X7 stomata is a necessary step in the
innate immune response to trigger ATP-induced NLRP3 inflamma-
some activation

patients undergoing balloon angioplasty, while Deftereos S
et al. [21] obtained the opposite result in patients with diabetes
treated with bare-metal stents. These results might suggest that
colchicine has no effect on early restenosis related to elastic
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recoil after balloon angioplasty but that it may prevent
neointimal hyperplasia that causes early in-stent stenosis,
as has been described in animal models [43].

In our results, we found that the incidence of atrial fibril-
lation in patients with CAD did not change significantly after
the use of colchicine (Fig. S3) [19, 20]. A meta-analysis of
5 RCTs on atrial fibrillation after open heart surgery that
involved 1412 patients found that the colchicine group had a
lower risk of atrial fibrillation than the placebo group [44].
A study in patients undergoing CABG found the benefit of
taking colchicine the night before surgery and continued for
5 days in the prevention of postoperative AF (14.8 vs. 30.6%;
P=0.006. [45]. Unfortunately, the subsequent trials COPPS-
2, AF-POMR, and END-AF [46-48] that initiated colchicine
before the surgery and settled for all episodes of postopera-
tive AF failed to demonstrate a benefit of colchicine in pre-
venting postoperative AF. The main postulated explanation
for these results, which contrasted with those of the COPPS
trial [49], was the high rate of medication discontinuation
(20%) in COPPS-2 and lack of power in the END-AF and
AF-POMR trials [50]. Although the data are conflicting, cur-
rent clinical guidelines support the use of adjunctive colchi-
cine in the postoperative setting to decrease the risk of AF
after cardiac surgery [51]. We need larger randomized studies
before a more definitive recommendation can be made.

The main adverse reactions of colchicine that we know
are GI symptoms, including nausea, vomiting, diarrhea, and
GI bleeding. In our research, most of the discontinuations
in the colchicine group were due to GI intolerance. But
the results are highly heterogeneous because the results of
the occurrence of GI symptoms were mainly derived from
studies with short follow-up periods. This may be related to
the patient’s disease type, medication time, and dose, and
there are many factors that cannot be generalized. In addi-
tion, patients with chronic coronary heart disease generally
take drugs, such as aspirin, that cause GI discomfort for a
long time, so they will also take drugs that protect the GI
tract, which may be one of the reasons why there is no obvi-
ous discomfort in the GI tract during long-term follow-up.
Therefore, we can only assume that short-term colchicine
use can cause GI symptoms, and more clinical trials of long-
term colchicine use are needed to determine whether long-
term colchicine use will also cause GI symptoms.

In the COLCOT trial [20], it was found that the inci-
dence of pneumonia increased slightly and was statistically
significant. However, the infection rate of patients after
using colchicine was not significantly higher than that of
the placebo group, which led us to consider whether long-
term colchicine treatment impairs the patient’s immune
response to infection. The results we obtained show that
the probability of myopathy after the use of colchicine
in coronary heart patients has not increased [19, 21,
28]; however, in the ACS setting, colchicine would be
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prescribed with concomitant high-intensity statin therapy
but may increase the serum concentrations and myopathic
effects of many statins. This may be a barrier to colchicine
treatment in some patients at risk for myalgias, although
risk could be mitigated with statin dose adjustments [42].

The new data show the potential of colchicine as a new
treatment option for cardiovascular disease. Among myr-
iad anti-inflammatory agents currently being tested, such
as canakinumab (IL-1p monoclonal antibody), tocilizumab
(IL-6 receptor blockade), etanercept (tumor necrosis fac-
tor inhibitor), and methotrexate, colchicine stands out as a
promising therapy for cardiovascular disease [52]. Colchi-
cine may have an enormous impact on patients with ath-
erosclerosis worldwide because of its wide availability, low
cost, and convenient administration if clinically proven to be
beneficial. While biological and other immunomodulatory
agents carry the risk of unintended adverse consequences,
colchicine has been shown to be a relatively safe drug for
long-term use in patients with ischemic heart disease [5].
Over the next few years, we need additional large-scale clin-
ical trials to clarify the role of colchicine in cardiovascular
disease to continue to solve this puzzle.

Our study has some potential limitations. First, the dos-
age of the medicine is different for patients, and the effect
of low dosage on the disease remains to be studied. Second,
confounding factors, such as heart function, types of coro-
nary artery disease, age, and sex, were difficult to control.
Third, unpublished data or articles published in other lan-
guages were not included. Fourth, different sample sizes and
different control drugs (some studies used only the best drug
treatment, rather than a placebo) may have led to confound-
ing bias and affected the composite outcomes. Finally, this
meta-analysis may be underpowered for a long-term adverse
event comparison between colchicine and placebo due to the
different durations of the included RCTs.

Conclusion

In conclusion, the pooled estimates showed that compared
with placebo, colchicine significantly decreased the risk of
primary cardiovascular composite outcomes, MI, ischemic
stroke, and ischemia-driven coronary revascularization but
failed to improve all-cause mortality and cardiovascular
mortality in patients with CAD. Colchicine improved the
risk of ischemic stroke in patients with acute CAD more
than in patients with chronic CAD. Short-term colchicine
use increased the risk of adverse GI effects compared with
placebo. There was no significant difference in the risk
of pneumonia, infection, cancer, myalgia, neutropenia, or
paraesthesia between the colchicine group and the control
group.
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