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ARTICLE INFO ABSTRACT
Keywords: Background: Low-dose colchicine has been shown to lower major adverse cardiovascular events
Colchicine (MACE) among those with cardiovascular disease (CVD). It remains unclear how long a CVD

Major adverse cardiovascular event
Time to benefit
Meta-analysis

patient needs to live to potentially benefit from colchicine. Our study aimed to determine the time
to benefit (TTB) of colchicine in individuals with CVD.

Methods: Literature searches were performed in PubMed for the cardiovascular outcome trial of
colchicine in patients with CVD until October 12, 2023. The primary outcome measured was
MACE. Reconstructed individual participant data (IPD) and the stratified Cox proportional haz-
ards model were used to calculate the hazard ratio (HR) and 95 % confidence interval (CI) to
estimate the efficacy of colchicine, and Weibull survival curves were fitted to estimate TTB for
specific absolute risk reduction (ARR) thresholds (0.002, 0.005, and 0.01).

Results: Four trials randomizing 11,594 adults aged between 59.8 and 66.5 years were included
(follow-up duration: 12-28.6 months). Compared with placebo, colchicine reduced the risk of
MACE (HR 0.68, 95 % CI: 0.60 to 0.78) but had no impact on cardiovascular and all-cause
mortality. A TTB of 11.0 months (95 % CI: 0.59 to 21.3) was estimated to be needed to pre-
vent 1 MACE in 100-colchicine-treated patients. The TTB for acute coronary syndrome was
similar compared to stable coronary artery disease (10.7 vs. 11.2 months for ARR = 0.010).
Conclusions: By using reconstructed IPD, this pooled analysis demonstrated that colchicine was
associated with reduced nonfatal MACE, and the TTB was approximately 11.0 months to prevent
1 MACE per 100 patients.

1. Introduction

Atherosclerotic cardiovascular disease (CVD) is a major global health issue, causing significant mortality and morbidity. The
cholesterol hypothesis, which posits atherosclerosis as lipid accumulation in vessels [1], underpins the use of lipid-lowering therapy as
a primary preventive strategy for CVD. However, recurrent CVD events indicate residual risk, despite advancements in therapies
targeting low-density lipoprotein cholesterol (LDL-C) [2]. Recently, inflammation has been recognized as a key therapeutic target in
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atherosclerosis [3]. Colchicine is a commonly used oral anti-inflammatory drug with a long history, which plays an anti-inflammatory
role by inhibiting the aggregation of microtubules [4]. Four independent randomized controlled trials (RCTs) [Low-Dose Colchicine
(LoDoCo), LoDoCo2, Colchicine Cardiovascular Outcomes Trial (COLCOT), and Colchicine in Patients With Acute Coronary Syn-
dromes (COPS)] evaluating the effect of colchicine in a broad spectrum of >11,000 patients with acute and chronic coronary artery
disease (CAD) followed for up to 5 years, demonstrated that colchicine may reduce the risk of cardiovascular death, myocardial
infarction, ischemic stroke and ischemia-driven revascularization by >30 % [5]. The 2021 European Society of Cardiology guidelines
recommended that low-dose colchicine (0.5 mg/d orally) be considered for secondary prevention (IIb Class, A Level) [6]. In 2023,
colchicine was approved by the US Food and Drug Administration (FDA) as the first anti-inflammatory therapy in patients with
established CVD or with multiple risk factors.

As colchicine’s utilization expands, concerns about its potential long-term adverse effects are on the rise. The most common is
gastrointestinal intolerance, including symptoms like diarrhea, nausea, vomiting, and abdominal pain. Additionally, colchicine can
interact with statins, leading to myotoxicity [7], and prolonged high doses may cause bone marrow inhibition and neuromuscular
toxicity [8]. These potential risks, often preceding the drug’s benefits, are particularly pertinent in older adults with multiple
comorbidities.

Considering these risks highlights the need to determine the time course for colchicine’s benefits. Recently, the framework
developed by Lee et al. provides a customized approach to preventive strategies for older adults, evaluating the equilibrium between a
patient’s life expectancy and the time needed for the intervention to demonstrate benefits (time to benefit, TTB) [9]. This approach
provides potential insights into interventions with prolonged TTB which may not produce net benefit for those with limited life ex-
pectancy, as they might endure early intervention harms without living long enough to experience its benefits. Prior studies,
particularly those focusing on individuals aged 50-75 years without known CVD, have contributed vital perspectives, indicating the
preventive potential of statins over 2.5 years [10]. However, there’s still a significant knowledge gap regarding the specific TTB for
colchicine in CVD patients.

In the present study, we aimed to assess the TTB of colchicine in patients with CVD, providing clinicians with decision-making
references on whether to implement colchicine therapy.

2. Methods
2.1. Data sources and searches

We conducted this pooled analysis in accordance with PRISMA guidelines [11]. We performed a literature search in PubMed for the
cardiovascular outcome trial of colchicine using in patients with CVD until October 12, 2023 (searching strategy is shown in the
Supplemental Material).

2.2. Study selection

Investigators independently dual reviewed abstracts and full-text articles to identify studies meeting prespecified eligibility criteria.
Discrepancies were resolved by discussion and consensus. The inclusion criteria include: 1) population with CVD, 2) intervention with
colchicine, 3) the primary outcome measured as MACE, 4) availability of Kaplan-Meier (KM) curves for the primary outcome.

2.3. Outcomes of interest

The primary outcome measured is the first MACE, initially defined by individual trials as a composite of cardiovascular outcomes,
typically including cardiovascular/all-cause mortality, stroke, myocardial infarction/acute coronary syndrome (ACS), and coronary
revascularization. In cases where trials modified the definition of MACE components, we performed analyses based on the established
composite outcome definitions for each trial. The cardiovascular or all-cause mortality as secondary outcome could be analyzed if it
was reduced significantly and shown by KM curve in each trial.

2.4. Data extraction

One investigator abstracted data into standardized collection tables including study characteristics (first author’s name, date of
publication, study population, total number of participants, duration of follow-up), participants’ characteristics (age, sex, previous
history [hypertension and diabetes], and lipid lowering drugs), intervention dose, incidence and estimates of risk along with 95 %
confidence interval (CI). A second investigator verified the entries.

2.5. Data reconstructing process

Individual participant data (IPD) were reconstructed from the numbers of patients at risk and the KM graph when original study
data were not available. The steps of reconstructing each survival analysis included: (1) locating and retrieving the graphical repre-
sentation of the KM curves from the published literature. High-resolution images are preferred, as they allow for more precise data
extraction in subsequent steps. (2) digitizing these graphs to estimate the survival percentage over time. We accurately extracted data
from the curves using DataGrabber software. Before data extraction, the axes on the KM plot need to be calibrated within the software
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to match the scale of time and survival probability accurately. Then, we could select and extract of survival probability at specified
time intervals along the curve. (3) reconstructing IPD through the ‘IPDfromKM’ package written in R [12].

2.6. Certainty of evidence

The quality of the evidence for each outcome was rated as per the Grades of Recommendation, Assessment, Development and
Evaluation (GRADE) approach [13]. Certainty of the overall evidence was rated as high, moderate, low, or very low based on the
assessment of the domains for study limitations, inconsistency, indirectness of evidence, imprecision and publication bias.

2.7. Statistical analysis

After reconstructing individual data of each curve, the cumulative rates of primary outcome at each time point in the colchicine and
placebo group from the pooled trials were estimated using the KM curve. The hazard ratio (HR) and 95 % CI were calculated using the
stratified Cox proportional hazards model to adjust for the clustering of patients from the same trial. Then, like the method imple-
mented by Yourman et al. [10], we fitted Weibull survival curves using the event data for the control and intervention groups. We
obtained estimates of time to specific absolute risk reduction (ARR) thresholds (0.002, 0.005, and 0.010) for each study. We performed
Markov chain Monte Carlo computations using the R function “brm” in the “brms” package. The 95 % CI of TTB was calculated based
on the simulated sampling distribution of TTB by 100,000 Markov chain Monte Carlo simulations.

We pooled the estimates from each study using the sample size of each study as weights. Heterogeneity and its effects were
evaluated by using the I statistic. Furthermore, subgroup analysis was conducted based on study population [acute coronary syn-
drome (ACS), stable CAD]. Furthermore, Considering the differences in the components of the composite outcomes, we conducted
sensitivity analysis after excluding trials with significant differences in components or with no beneficial outcome. The risk of bias was
assessed according to the Cochrane tool used to assess bias [14]. Stata (version 15.1, StataCorp, College Station, TX, USA) and R
(version 4.18) were used for the meta-analysis. The two-tailed level of statistical significance was set at P < 0.05.

3. Results

After screening 310 records, we included four RCTs (LoDoCo [15], LoDoCo2 [16], COLCOT [17], and COPS [18]) with 11,594
participants. The baseline characteristics of each publication are shown in Table 1. The years of publication range from 2013 to 2020.
The mean age was from 59.8 to 66.5 years, indicating all trials were conducted based on relatively elderly populations. The follow-up
duration ranged between 12 and 28.6 months. Of these trials, LoDoCo and LoDoCo2 trial focused on populations with stable CAD,
COLCOT and COPS trial focused on ACS. Only the COPS trial had an intervention group of 0.5 mg twice daily for the first month, then
0.5 mg daily for 11 months, and all the other studies had intervention groups of 0.5 mg daily. The primary composite endpoints for the
LoDoCo2, COPS, and COLCOT trials all included cardiovascular/all-cause mortality, stroke, myocardial infarction/ACS, and coronary
revascularization. In contrast, the primary composite endpoint for the LoDoCo trial was ACS, out-of-hospital cardiac arrest, and
ischemic stroke. Detailed components and event rates of MACE in each trial are shown in Table S1 in the Supplemental Material.
After reconstructing IPD of all trials, we presented the side-by-side comparisons of original curves taken from the original articles and
reconstructed curves and visually found that the algorithm recovered IPD from published trials with a high degree of accuracy (Figs. S1
and S2 in the Supplemental Material).

The KM curve of pooled trial data indicated a consistently lower cumulative incidence of the MACE in the colchicine vs control
group (HR 0.68, 95 % CI: 0.60-0.78; P < 0.001) (Fig. 1). Then, we calculated the time needed to prevent 1 MACE per 100, 200, or 500

Table 1
Study baseline characteristics.
Study LoDoCo, 2013 COLCOT, 2019 COPS, 2020 LoDoCo2, 2020
Study design Randomized, observer- Randomized, controlled, Randomized, controlled, double-blind Randomized, controlled,
blinded double-blind double-blind
Study population Stable CAD Recent MI (<30 days) ACS Stable CAD
Sample size 532 4745 795 5522
Colchicine dose 0.5 mg once daily 0.5 mg once daily 0.5 mg twice daily first month, once 0.5 mg once daily
daily 11 months
Mean age, year 66.5 60.6 59.8 65.9
Male, % 89.0 80.9 79.5 84.7
Mean Follow time, m 24 22.6 12 28.6
Hypertension, % N.A. 51 50.3 50.9
Diabetes, % 30.3 20.2 19 18.24
Lipid lowering 95 99 98.9 96.6
drugs, %
Incidence, %" 10.3 6.34 7.80 8.17
Effect size® 0.33 (0.18-0.59) 0.77 (0.61-0.96) 0.65 (0.38-1.09) 0.69 (0.57-0.83)

Abbreviations: ACS = acute coronary syndrome, CAD = coronary artery disease, MI = myocardial infarction, N.A. = not applicable.
@ Refers to the incidence and effect size of the primary composite outcome.
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patients treated with colchicine for each study (ARR = 0.010, ARR = 0.005, or ARR = 0.002; respectively) (Table 2). Through IPD
reconstructed from the LoDoCo2 trial, for instance, 11.6, 5.92, and 2.46 months were needed to prevent 1 MACE per 100, 200, and 500
patients with stable CAD treated with colchicine, respectively. Similarly, COLCOT trial indicated that 12.2, 5.06, and 1.60 months
were needed to prevent 1 MACE per 100, 200, and 500 patients with ACS treated with colchicine, respectively. The meta-analysis
further revealed that, a TTB of 11.0 months (95 % CI: 0.59 to 21.3), 5.12 months (95 % CI: 0.48 to 9.75), and 1.93 months (95 %
CI: 0.30 to 3.56) was needed to prevent 1 MACE for 100, 200, and 500 patients treated with colchicine, respectively. We observed that
the all-cause mortality did not decrease significantly across four trials, and there was even a trend towards increased mortality in the
COPS trial (Table S2 in the Supplemental Material). Additionally, KM curves regarding mortality were not shown, hence we did not
further analyze secondary outcomes.

The subgroup analysis based on the patient population were conducted (Table 2). The TTB for ACS patients was similar compared
to stable CAD patients (10.7 vs. 11.2 months for ARR = 0.010). There was moderate heterogeneity among the studies. Especially in
LoDoCo and COPS trials, TTB is lower than the other two trials. First, LoDoCo and COPS trials had a small sample size. In addition, the
primary endpoints of LoDoCo trial are ACS, out-of-hospital cardiac arrest, and ischemic stroke, which were different from the primary
endpoints of other studies. And the COPS trial did not achieve statistical differences in primary outcomes. Therefore, we conducted the
sensitivity analysis excluding LoDoCo and COPS trials, respectively. We found that it would need 11.2 months (95 % CI: 0.31 to 22.0)
and 11.5 months (95 % CI: 0.51 to 22.6), respectively, to prevent one MACE among 100 patients treated with colchicine (Table 3).

The risk of bias of all the trials included was low according to the Cochrane tool for assessing risk of bias in RCTs (Table S3 in the
Supplemental Material). The main bias was due to open-label of intervention measures in LoDoCo trial. The GRADE assessment for
quality of evidence of studies for MACE was summarized (Table S4 in the Supplemental Material). The analysis was based on
moderate certainty of evidence, primarily due to inconsistent results.

4. Discussion

In this pooled analysis involving over 11,000 reconstructed IPD from four cardiovascular outcome RCTs on colchicine use in
patients with CVD, a significant clinical benefit of colchicine was observed. This benefit, reflected in a reduced incidence of nonfatal
MACE, highlighted that the TTB for colchicine use was approximately 11.0 months to prevent one nonfatal MACE per 100 patients
with CVD. These results suggest colchicine’s utility for patients with an expected lifespan beyond 11.0 months, whereas it may be less
advantageous for those with shorter life expectancies. Our findings provide insights for clinicians in making informed decisions about
employing colchicine in CVD management.

Colchicine, a well-tolerated and cost-effective drug, has been traditionally used to treat various conditions such as gout, pericar-
ditis, primary biliary cirrhosis, Behcet’s disease, and familial Mediterranean fever [19]. With evolving understanding of atheroscle-
rosis, targeting inflammation has become a pivotal therapeutic strategy in patients with atherosclerosis. In a combined analysis of trials
of low-dose colchicine for CVD, a highly statistically significant more than 30 % reduction in myocardial infarction, stroke, coronary
revascularization, or cardiovascular death was reported [5]. These magnitudes of benefit are larger than those seen in contemporary
secondary prevention trials of adjunctive lipid-lowering medication [20]. Consistent with previous findings, our analysis using
reconstructed IPD reaffirms the efficacy of colchicine in CVD treatment, especially noting a 32 % reduction in MACE risk.

Nonetheless, long-term colchicine use raises potential safety concerns, including gastrointestinal intolerance and an elevated risk of
infections, such as pneumonia [17,21], which might be linked to colchicine-induced bone marrow inhibition [8]. Notably, while
colchicine decreased MACE risk, there was no significant difference in all-cause mortality, with even a trend toward increased
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Fig. 1. Cumulative Risk and HR of Primary Outcome for Colchicine vs Placebo at 60 months.

Based on reconstructed individual patient-level data, the cumulative rates of primary outcome at each time point in the colchicine and placebo
group from the pooled trials were estimated using the KM curve. The HR and 95 % CI were calculated using the stratified Cox proportional haz-
ards model.
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Table 2

TTB for the major adverse cardiovascular events in patients with colchicine.
Study name and publication year TTB (95 % CI), month

ARR = 0.002 ARR = 0.005 ARR = 0.01

Stable CAD patients
LoDoCo, 2013 1.97 (0.74-4.45) 3.87 (1.71-7.74) 6.43 (3.23-11.9)
LoDoCo2, 2020 2.46 (1.41-4.53) 5.92 (3.48-10.8) 11.6 (6.86-21.1)
Subgroup 2.42 (0.98-3.85) 5.74 (2.39-9.09) 11.2 (4.64-17.7)
ACS patients
COPS, 2020 0.20 (0.03-1.90) 0.70 (0.10-6.37) 1.97 (0.32-15.4)
COLCOT, 2019 1.60 (0.44-7.51) 5.06 (1.46-22.4) 12.2 (3.66-51.4)
Subgroup 1.40 (—1.63 to 4.43) 4.43 (—4.541t013.4) 10.7 (—9.74 to 31.2)
Summary TTB, month 1.93 (0.30 to 3.56) 5.12 (0.48 to 9.75) 11.0 (0.59 to 21.3)
Test of heterogeneity
%, % 78.0 64.6 69.0
P value 0.003 0.037 0.022

Abbreviations: ACS = acute coronary syndrome, ARR = absolute risk reduction, CAD = coronary artery disease, CI = confidence interval, TTB = time
to benefit.

Table 3

Sensitivity analysis.
Study name and publication year TTB (95 % CI), month

ARR = 0.002 ARR = 0.005 ARR = 0.01

Excluding LoDoCo trial
COPS, 2020 0.20 (0.03-1.90) 0.70 (0.10-6.37) 1.97 (0.32-15.4)
LoDoCo2, 2020 2.46 (1.41-4.53) 5.92 (3.48-10.8) 11.6 (6.86-21.1)
COLCOT, 2019 1.60 (0.44-7.51) 5.06 (1.46-22.4) 12.2 (3.66-51.4)
Summary TTB, month 1.93 (0.22 to 3.63) 5.18 (0.32 to 10.0) 11.2 (0.31 to 22.0)
Excluding COPS trial
LoDoCo, 2013 1.97 (0.74-4.45) 3.87 (1.71-7.74) 6.43 (3.23-11.9)
LoDoCo2, 2020 2.46 (1.41-4.53) 5.92 (3.48-10.8) 11.6 (6.86-21.1)
COLCOT, 2019 1.60 (0.44-7.51) 5.06 (1.46-22.4) 12.2 (3.66-51.4)
Summary TTB, month 2.06 (0.31 to 3.81) 5.44 (0.47 to 10.4) 11.5 (0.51 to 22.6)

Abbreviations: ARR = absolute risk reduction, TTB = time to benefit.

mortality observed in the COPS trial. Previous meta-analyses have found that the reduction in cardiovascular mortality with colchicine
was offset by an increase in non-cardiovascular mortality [22]. This finding further indicates possible non-cardiovascular risks
associated with prolonged colchicine use, underscoring the need to identify an optimal treatment duration that balances benefits and
risks effectively.

TTB, defined as the time between preventive intervention and improved health outcomes [9], is vital for individualized therapy,
especially for the elderly individuals [23]. Previous studies assessed the TTB of common CVD prevention medication and emphasized
its significance. For instance, Chen et al.’s work on sodium-glucose cotransporter 2 (SGLT2) inhibitors indicated that treating 100 heart
failure (HF) patients with these inhibitors for just 1.74 months prevented one cardiovascular death or worsening HF [24]. In parallel,
our study quantified TTB at specific absolute risk difference thresholds using reconstructed IPD from KM curves and focused on the
timing of benefit from colchicine therapy in patients with CVD. The novel approach demonstrated that treating 100 patients with
colchicine for 11.0 months is required to prevent one MACE, providing a reference for optimizing treatment duration.

Heterogeneities among the RCTs led to varied TTBs. Considering the distinct pathological mechanisms between stable CAD and
ACS, we performed a subgroup analysis based on the study population, revealing that both groups required a similar TTB to prevent
one MACE. Among the included trials, the LoDoCo and COPS trials presented some biases. The LoDoCo trial, with its open-label design
and small sample size, reported up to a 67 % reduction in the primary outcome, possibly influenced by its study design and size. The
primary outcomes of this trial, i.e., ACS, out-of-hospital cardiac arrest, and ischemic stroke, also differed from conventional composite
cardiovascular outcomes. The COPS trial, with its small sample size and short follow-up duration, showed no statistical difference in
the primary composite endpoint, possibly due to a higher proportion of all-cause mortality in the colchicine group. Considering these
factors, we conducted sensitivity analyses excluding the LoDoCo and COPS trials, which yielded similar results: treating 100 patients
with colchicine required 11.2 and 11.5 months, respectively, to prevent one MACE, aligning with the main findings.

Although colchicine is recommended for secondary prevention in patients with CVD [6,25], current guidelines offer limited
detailed guidance on colchicine treatment. The study evaluated the TTB for colchicine, which can improve the decision-making
process for clinicians by balancing risks and benefits, especially when initiating colchicine treatment in patients who have just
experienced CVD. Its relatively short TTB may lead to increased use of colchicine in patients with a longer life expectancy. Detailed
communication with patients about medications can also increase patient adherence. Conversely, it may lead to decreased use in
patients with a life expectancy of less than 11 months. In summary, the TTB for colchicine could provide further information for
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clinical practice and guideline recommendations.
4.1. Strengths and limitations

A major strength of our study is that this is the use quantitative methods to determine the TTB for the prevention of cardiovascular
events with colchicine therapy in patients with CAD and fills a critical gap for the timing of clinical benefits about colchicine therapy,
especially for those patients with a limited life expectancy. The study has the following limitations that need to be noted. First,
although we reconstructed the IPD based on KM graph, baseline characteristics of individual trial participants are not known, we could
not look at important patient subgroups (e.g diabetes, heart failure, older). Second, although the recalculated HR is similar to original
HR, there still are some minor differences between Weibull curve and KM curve by visual inspection. Third, the heterogeneity in the
composition of composite outcomes among the included trials may introduce potential bias into the results. Fourth, the limited number
of trials restricts our ability to perform subgroup analyses. Future research should include more RCTs to enable more comprehensive
subgroup analyses. Finally, trials rarely included very old participants (with limited life expectancy), further studies are needed to
evaluate the efficacy of colchicine in patients with limited life expectancy.

5. Conclusions

By using reconstructed IPD data from 4 RCTs, this meta-analysis demonstrated the clinical benefit of colchicine associated with
reduced nonfatal MACE and showed that the TTB of colchicine was approximately 11.0 months to prevent 1 MACE per 100 patients
with established CVD.
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