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Abstract
Background
[bookmark: _Hlk124167836][bookmark: _Hlk124167314]Perioperative atrial fibrillation (AF) and myocardial injury after noncardiac surgery (MINS) are common complications after noncardiac surgery. Inflammation has been implicated in the pathogenesis of both disorders. The COP-AF trial tests the hypothesis that colchicine reduces the incidence of perioperative AF and MINS in patients undergoing major noncardiac thoracic surgery. 
Design
[bookmark: _Hlk124167651]The ‘COlchicine for the Prevention of Perioperative Atrial Fibrillation’ (COP-AF) trial is an international, blinded, randomized trial that compares colchicine to placebo in patients aged at least 55 years and undergoing major noncardiac thoracic surgery with general anesthesia. Exclusion criteria include a history of AF and a contraindication to colchicine (e.g., severe renal dysfunction). Oral colchicine at a dose of 0.5 mg or matching placebo is given within 4 hours before surgery. Thereafter, patients receive colchicine 0.5 mg or placebo twice daily for a total of 10 days. The two independent co-primary outcomes are clinically important perioperative AF (including atrial flutter) and MINS during 14 days of follow-up. The main safety outcomes are sepsis or infection and non-infectious diarrhea. We aim to enroll 3,200 patients from approximately 40 sites across 11 countries to have at least 80% power for the independent evaluation of the two co-primary outcomes. 
Summary
COP-AF is a large randomized and blinded trial designed to determine whether colchicine reduces the risk of perioperative AF or MINS in patients who have major noncardiac thoracic surgery. 
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Introduction
[bookmark: _Hlk124422515]Atrial fibrillation (AF) is among the most common cardiovascular complications occurring after noncardiac thoracic surgery and is the most common perioperative cardiac arrhythmia (1, 2). The incidence of perioperative AF after major noncardiac thoracic surgery usually ranges between 10 and 20% (3-10). Perioperative AF is associated with multiple complications, including adverse hemodynamic changes and an increased length of stay. For example, in a large international trial, perioperative AF was independently associated with an increase in the length of hospital stay by 6 days (95% confidence interval (CI), 3.4 - 8.4 days) (11). Increasing evidence also suggests that perioperative AF is associated with a 2-3-fold higher risk of mortality (12-15) and a 2-4-fold higher risk of stroke (11, 16, 17) during short- and long-term follow-up. 
[bookmark: _Hlk124422892]Another common adverse perioperative outcome is myocardial injury after noncardiac surgery (MINS), defined as a postoperative troponin elevation of presumed ischemic origin (2). MINS occurs in approximately 16-27% of patients after noncardiac surgery (18-23). Patients with MINS have an increased risk of death (18, 24, 25) and adverse cardiovascular events (24, 26), during both short- and long-term follow-up. This increased risk in patients with MINS is similar whether or not patients fulfill the criteria for the universal definition of myocardial infarction (MI) (24, 27). 
[bookmark: _Hlk125116998][bookmark: _Hlk124433333]Higher levels of inflammatory biomarkers have been associated with a higher risk of both perioperative AF and MINS (28-32), but it is unclear whether anti-inflammatory treatment can decrease the incidence of these complications. Colchicine is an inexpensive drug with potent anti-inflammatory effects. It inhibits leukocyte migration, interferes with kinin formation and prevents beta tubulin binding. This slows mitosis in granulocytes, thereby suppressing the inflammatory response (33). Colchicine also impairs the cellular apparatus required for the assembly of the inflammasome, thereby reducing the release of interleukin 1β and other interleukins (34, 35). Its efficacy as an anti-inflammatory agent has been demonstrated in patients with gout, pericarditis, and Familial Mediterranean Fever, and in patients after cardiac surgery to prevent the post-pericardiotomy syndrome (36-41). Colchicine decreased the occurrence of perioperative AF after cardiac surgery (40, 42). More recently, the Low Dose Colchicine 2 (LoDoCo2) trial randomized 5,522 patients with ischemic heart disease to colchicine or placebo, and demonstrated a significant reduction in cardiovascular events (6.8% vs. 9.6%; hazard ratio [HR] 0.69; 95% CI, 0.57-0.83). Colchicine also reduced the incidence of MI (1.1% vs. 1.5%; HR 0.70; 95% CI, 0.53-0.93) (43). The Colchicine Cardiovascular Outcomes Trial (COLCOT) randomized 4,745 patients to receive colchicine or placebo within 30 days of an MI and found that colchicine reduced the incidence of cardiovascular events (5.5% vs. 7.1%; HR 0.77; 95% CI, 0.61-0.96) (44). In a meta-analysis of four randomized trials of patients with ischemic heart disease, colchicine reduced the relative risk of MI by 22% (95% CI, 6-36%) (45). 
The COP-AF trial was originally designed to evaluate whether low-dose colchicine prevents the occurrence of perioperative AF after major noncardiac thoracic surgery. After the publication of LoDoCo2 and COLCOT, the study leadership decided to add MINS as a co-primary outcome, to test the hypothesis that administration of colchicine reduces perioperative ischemic events, independent of perioperative AF. 


Methods
Study design
COP-AF (clinicaltrials.gov; NCT03310125) is a randomized placebo-controlled clinical trial. The study was approved by local ethics committees and regulatory authorities in all involved jurisdictions. After providing written informed consent, eligible patients are randomized to colchicine 0.5mg twice daily or placebo. Patients, healthcare providers, data collectors and managers, as well as outcome adjudicators are blinded to study drug allocation. The trial involves approximately 40 sites across 11 countries. A flow diagram of the study is provided in Figure 1. 


Figure 1	Study flow chart
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Study population
[bookmark: _Hlk124418226]COP-AF aims to enroll 3,200 patients and follow them for 14 days. Inclusion and exclusion criteria are listed in Table 1. Eligible patients are at least 55 years of age and scheduled to undergo major noncardiac thoracic surgery with at least one overnight stay. Patients with a prior history of AF or those undergoing minor procedures are excluded, as are patients currently taking colchicine or those with a contraindication to colchicine (e.g., creatinine clearance <30ml/min, drug interactions as listed in table 1). 

Table 1	Eligibility criteria
	Inclusion criteria

	

	1. patient is undergoing thoracic surgery with general anesthesia;

	2. patient is ≥55 years of age at the time of randomization;

	3. patient is expected to require at least an overnight hospital admission after surgery;  AND

	4. patient provides written informed consent to participate. 

	

	Exclusion criteria

	

	1. patients with a prior history of documented atrial fibrillation;

	2. patients currently taking anti-arrhythmic medication other than β-blockers, calcium channels blockers or digoxin;

	3. patients undergoing minor thoracic interventions/procedures (e.g., isolated thoracoscopic lung wedge resection, minor chest-wall surgeries, chest tube insertions, or needle pleural/lung biopsies);

	4. patients with contraindications to colchicine (e.g., allergy to colchicine, myelodysplastic disorders, or an estimated glomerular filtration rate <30 mL/min/1.73m); 

	5. patients not expected to take oral medications for >24 hours after surgery (e.g., esophagectomy); 

	6. patients scheduled for lung transplantation;

	7. patients currently taking non-study colchicine before surgery;

	8. patients with severe hepatic dysfunction; 

	9. patients with aplastic anemia; 

	10. women of childbearing potential who are not taking effective contraception, pregnant or breast-feeding;

	11. patients who took within the last 14 days or scheduled to take during the first 10 days after surgery clarithromycin, erythromycin, telithromycin, cyclosporine, ketoconazole, or itraconazole; OR

	12. HIV patients treated with antiretroviral therapy. 



Randomization, intervention and follow-up
Eligible patients who provide written informed consent are randomized before surgery. Randomization occurs via a 24-hour interactive web-based system maintained by the coordinating center at the Population Health Research Institute, McMaster University, Hamilton, Canada. Patients are randomized in a 1:1 ratio to colchicine or placebo. Randomization is stratified by center with variable block sizes that are unknown to site personnel.
[bookmark: _Hlk124170487][bookmark: _Hlk124433739][bookmark: _Hlk124419059][bookmark: _Hlk124170969]The first dose of oral colchicine, at a dose of 0.5 mg, or matching placebo is given preoperatively within 4 hours of surgery. This timing was chosen because it increases the feasibility of the trial, because patients undergoing pulmonary vein isolation had an early reduction in AF recurrence when colchicine was initiated on the day of the intervention (46), and because pharmacokinetic data showed peak colchicine blood levels after a single dose of 0.6 mg of colchicine within 1-2 hours, suggesting rapid onset of action (47). Thereafter all patients receive their assigned treatment twice daily for a total of 10 days. We chose twice daily dosing to counteract the substantial inflammatory response after surgery (48), and because many prior studies assessing the efficacy and safety of colchicine for the prevention of perioperative AF (including the COP-AF pilot study) used twice daily dosing (41, 42, 46). A study drug administration period of 10 days was chosen based on pre-existing data showing that virtually all perioperative AF events occur in the first 10 days (9). In the COP-AF pilot, all perioperative AF events occurred within 9 days after surgery (49). Similarly, most MINS events occur within the first 3 days after surgery (13), suggesting that this treatment algorithm is also appropriate for testing the hypothesis that colchicine prevents the occurrence of MINS. 
[bookmark: _Hlk124170883][bookmark: _Hlk124433887][bookmark: _Hlk124418168][bookmark: _Hlk124433958]Patients are followed daily during their hospitalization until discharge. After surgery, 3 daily troponin and creatinine measurements are obtained, as long as patients are still in the hospital (50). Patients discharged home before completing the study medication are given a bottle with enough pills to complete 10 days of treatment. The final follow-up visit occurs 14 days after randomization, either during a clinic visit or via the phone. Outcome ascertainment was set-up as close to usual clinical practice as possible, even if this means that some asymptomatic post-discharge outcome events may be missed. Study drug adherence is assessed in all patients in the case report forms, where dates and times of permanent and temporary study drug interruptions are noted, as well as the main reason for the interruption. 
Study objectives and outcomes
The primary objective of this trial is to determine whether the administration of colchicine compared with placebo independently reduces the occurrence of the co-primary outcomes within 14 days of randomization. 
[bookmark: _Hlk124435147]The first co-primary outcome is clinically important perioperative AF (including atrial flutter), defined as AF that results in angina, heart failure, or symptomatic hypotension, or that requires treatment with a rate-controlling drug, antiarrhythmic drug, or electrical cardioversion. This definition has previously been validated as prognostically relevant (11, 51), and helps to avoid counting short, asymptomatic AF episodes of unknown clinical significance as events (52).
The second co-primary outcome is MINS, defined as any MI, and any elevated troponin (higher than the local lab threshold) judged to be due to myocardial ischemia (i.e., without evidence of a non-ischemic etiology [e.g. chronic elevation, pulmonary embolism, sepsis, cardioversion]) that occurred within the first 14 days after the initiation of surgery. 
The secondary trial objectives are to determine whether the administration of colchicine compared with placebo reduces the following outcomes within 14 days after randomization: 
1. first occurrence of the composite of all-cause mortality, nonfatal MINS, or nonfatal stroke;
1. first occurrence of the composite of all-cause mortality, nonfatal MI, or nonfatal stroke; 
1. first occurrence of MINS not fulfilling the 4th universal definition of MI;
1. first occurrence of MI;
1. time to chest tube removal;
1. duration of stay in intensive care unit, step-down, and in-hospital. 
The tertiary trial objectives are to determine whether the administration of colchicine compared with placebo reduces the following outcomes within 14 days of randomization: 
1. all-cause mortality;
2. venous thromboembolism (i.e., deep vein thrombosis or pulmonary embolism);
3. acute heart failure;
4. number of days alive and at home;
5. life-threatening or major bleeding.
The main safety outcomes of COP-AF during the 14-day period after randomization are:
1. sepsis or infection; 
2. non-infectious diarrhea.
[bookmark: _Hlk124173116]The adjudication committee is composed of a committee of clinicians with expertise in perioperative outcomes. The committee is blinded to treatment allocation and adjudicates the co-primary endpoints and other outcomes according to an adjudication plan. We will use the decisions of the outcome adjudicators for all statistical analyses of these events. Detailed definitions for all outcome events are provided in the appendix. 
[bookmark: _Hlk117689091]Sample size calculations
[bookmark: _Hlk124417645]Based on data from 2,100 randomized patients, we estimate an overall incidence of perioperative AF of approximately 9%, and a permanent discontinuation rate of 10.5% in week 1 and 2.7% in week 2 of the trial. Also assuming a relative risk reduction of 30%, and a 2-sided alpha of 0.0324, 3,200 patients will provide 83% power for the first co-primary outcome. 
[bookmark: _Hlk97979959]Based on data from 2,100 randomized patients, the overall incidence of elevated troponin measurements after major noncardiac thoracic surgery is approximately 25%. Assuming that 10-15% of these events are nonischemic in origin (24), the overall incidence of MINS will be around 22%, which is consistent with the unblinded results from the pilot trial (20). Assuming a 20% relative risk reduction in the colchicine group, a 2-sided alpha of 0.0176, and a permanent discontinuation rate of 10.5% in week 1 and 2.7% in week 2 of the trial, 3,200 patients will provide a power of 80% for the co-primary outcome of MINS.
Statistical analysis
All statistical analyses will follow the trial completion according to a separate statistical analysis plan, to be written before the termination of the trial and unblinding. For both co-primary outcomes, we will plot the cumulative incidence curves between the two treatment groups and compare them using log-rank tests. We will use Cox proportional-hazards models with treatment group as an independent variable to obtain HRs and 95% CIs. If needed, the competing risk of death will be taken into account using subdistribution hazards models proposed by Fine and Gray (53). Colchicine will be considered effective if either of the two co-primary efficacy analyses is significant. To address the multiplicity problem that might occur, we will use the ‘fallback procedure’ (54), and we will partition the total alpha of 0.05 among the two co-primary outcomes, with a significance level of 0.0324 for the first co-primary outcome and 0.0176 for the second co-primary outcome before adjustment for potential overlap. According to the ‘fallback procedure’, if the first co-primary outcome is found to be significant at the 0.0324 alpha level, then this alpha is “unused”, and is passed to the second co-primary outcome. Therefore, if the first co-primary outcome is found to be significant, the second co-primary outcome will be evaluated at the 0.05 alpha level. If the first co-primary outcome is found to be non-significant, we are still able to test the second co-primary, but at the overlap-accounted-for alpha level. We will evaluate the actual amount of overlap between the two co-primary outcomes at the end of the trial, and we will adjust the alpha of the second co-primary outcome accordingly.
For all secondary, tertiary, or safety outcomes other than duration of stay and the number of days alive and at home, a similar time to event analysis method will be used, but without the fallback procedure. For outcomes such as duration of stay and number of days alive and at home, a two-sample t-test or Wilcoxon rank sum test will be used depending on the distribution of the variables. The alpha levels for all secondary, tertiary, and safety outcomes will be 0.05 unless specified otherwise. We will follow the intention-to-treat principle. All efforts will be made to collect information about the clinical outcomes for participants lost to follow-up. In case of no contact, the participant will be censored on their last day of available contact. 
Cox proportional-hazards models assessing each co-primary outcome provide the basis for evaluating subgroup effects. We will consider the possibility that a subgroup effect is present if the interaction term of treatment and subgroup is statistically significant at a p-value less than alpha 0.05. We will also consider other credibility criteria to judge the truthfulness of a subgroup effect (55). Prespecified subgroups for the two co-primary outcomes are age, type of surgery (non-thoracoscopic versus thoracoscopic surgery) and renal function. We expect that colchicine has a stronger effect in older patients, in those undergoing non-thoracoscopic surgery, and in those with lower renal function. 
Trial Organization
The international Steering Committee consists of experts in perioperative medicine, anesthesiology, cardiology, internal medicine, statistics and thoracic surgery. It convenes regularly by teleconference and oversees the conduct of the trial. For each participating country, a member of the Steering Committee is appointed to act as the national principal investigator. 
[bookmark: _Hlk124415609][bookmark: _Hlk124434399]A data and safety monitoring committee (DSMC) reviews all reported serious adverse events. During the trial, 2 interim efficacy analyses have occurred based on the original primary outcome of perioperative AF, when 50% and 75% of the 14-day data were available. The DSMC follows the modified Haybittle-Peto rule of 4 standard deviations ( = 0.0001) when 50% of the data are analyzed, and 3 standard deviations ( = 0.0027) for analyses in the second half of the trial (56, 57). For a finding to be considered significant, these predefined boundaries have to be exceeded in at least 2 consecutive analyses, 3 or more months apart. Given these stringent criteria, the -level for the final analysis for each co-primary outcome will remain unchanged. We did not add additional interim analyses after the change in sample size and primary outcome. 
At any time during the trial if safety concerns arise the DSMC chairperson assembles a formal meeting of the full committee. The DSMC makes their recommendations to the Operations Committee after considering all the available data and any external data from relevant studies. If a recommendation for termination is being considered, the DSMC invites the Operations Committee to explore all possibilities before making a decision. 
Trial Progress
[bookmark: _Hlk124434519][bookmark: _Hlk124173234]The first COP-AF patient was randomized on February 14, 2018. As of January 3, 2023, 2,600 patients have been enrolled. Ongoing recruitment involves approximately 40 centers across 11 countries. The current version of the study protocol was submitted before study recruitment was completed and before the completion of the last patient/last visit. Some protocol amendments have been implemented during the course of the trial. The most recent version of the protocol reported here has been finalized close to the end of the recruitment. 
[bookmark: _Hlk125109538]Funding and responsibilities
COP-AF was funded by grants from the Canadian Institutes of Health Research (PJT-162458, PJT-165842), Hamilton Academic Health Sciences Organization (HAHSO), Population Health Research Institute, Hamilton Health Sciences, the Division of Cardiology at McMaster University, all in Hamilton, Canada; the Hanela Foundation, Switzerland; and the General Research Fund (14121720), Research Grants Council, Hong Kong Special Administrative Region, China. The authors are solely responsible for the design and conduct of this study, all study analyses, the drafting and editing of the paper and its final contents.


Discussion
[bookmark: _Hlk124424454]Reducing the risk of perioperative AF and MINS is an unmet clinical need in patients who have major noncardiac thoracic surgery, and if causally related to these events such an intervention may also reduce mortality, stroke, and the duration of hospitalization. Colchicine is an inexpensive and effective anti-inflammatory agent that holds promise in reducing the incidence of these two perioperative complications. The COP-AF trial will provide clear evidence about its benefits and risks in this setting. 
[bookmark: _Hlk124422208][bookmark: _Hlk124434826][bookmark: _Hlk125108899][bookmark: _Hlk124434731][bookmark: _Hlk124434854][bookmark: _Hlk124419529][bookmark: _Hlk124419344][bookmark: _Hlk125116749]Although colchicine has effectively reduced the occurrence of perioperative AF after cardiac surgery in several relatively small randomized trials (41, 42), it is not widely employed in these patients according to our experience. One reason could be that knowledge translation efforts were insufficient. We will work with knowledge translation experts to effectively disseminate our findings. Another reason for the lack of colchicine use in cardiac surgery patients could be that previous studies were relatively small, and experience in many areas has shown that large international trials such as COP-AF providing precise answers are needed to change clinical practice. COP-AF will also show if the benefits observed in cardiac surgery patients can be extended to patients undergoing noncardiac surgery. COP-AF focuses on patients undergoing major noncardiac thoracic surgery because the incidence of perioperative AF in this population is higher than in other types of noncardiac surgery (4), and therefore the clinical need is greatest. Prior studies have documented a more than 10-15-fold increase in inflammatory biomarker levels in the first 48 to 72 hours after major noncardiac thoracic surgery, corresponding to the same time period where most perioperative AF events tend to occur (48). We are not aware of any studies suggesting a differential inflammatory response between men and women in this context. 
Patients with MINS are at increased risk of death within 30 days after surgery (13). The risk of death is increased regardless of whether patients had ischemic features (i.e., symptoms or ischemic changes on the electrocardiogram) (adjusted HR 5.04; 95% CI, 3.56-7.12) or not (adjusted HR 3.20; 95% CI, 2.37-4.32) (24). While there is a need to prevent MINS, no such treatment is currently available. MINS is strongly associated with elevations in inflammatory markers, including C-reactive protein, white blood cell count, and interleukins (28-32). Recent studies in patients with coronary artery disease have underscored the potential of colchicine in preventing ischemic cardiovascular events (43, 44). Given the ischemic origin of MINS, it is plausible that colchicine has the ability to prevent MINS after noncardiac thoracic surgery. As all patients enrolled in COP-AF systematically get their postoperative troponin measured, it was decided to test this important hypothesis, and add MINS as a coprimary outcome to COP-AF. 
Colchicine may prevent other postoperative inflammatory complications. Colchicine has a profound impact on post-pericardiotomy syndrome and pericarditis recurrence (36-41), and in the COP-AF pilot study it significantly reduced the total amount of fluid drained at 48 hours (584 ml vs. 763 ml, p=0.04) and at various other time points (58). Therefore, it is plausible that colchicine may reduce the time to chest tube removal in COP-AF. This is an important outcome, as it may shorten the length of hospital stay, reduce the incidence of postoperative infections, and improve patient’s well-being.
Conclusions
COP-AF is a large randomized trial that will determine whether colchicine, a potent anti-inflammatory drug, lowers the risk of perioperative AF and MINS in patients who have major noncardiac thoracic surgery. Finding a safe, effective and inexpensive intervention that prevents postoperative cardiovascular complications addresses an unmet clinical need.
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