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STATE-OF-THE-ART PAPER

Rehospitalization for Heart Failure: Problems and Perspectives 391

Mibai Gheorghiade, Muthiah Vaduganathan, Gregg C. Fonarow, Robert O. Bonow

Heart failure (HF) is associated with high morbidity, mortality, and health care expenditures.
Rates of rehospitalization for HF patients continue to rise and approach 30% within 60 to 90
days of discharge. HF readmission is increasingly being used as a quality metric, a basis for
hospital reimbursement, and an outcome measure in HF clinical trials. Gheorghiade and
colleagues discuss management strategies that may help reduce HF rehospitalizations
including adopting a mechanistic approach to cardiac abnormalities, treating noncardiac
comorbidities, increasing utilization of evidence-based therapies, and improving care
transitions, monitoring, and disease management.

CLINICAL TRIAL

Colchicine Appears to Be Useful for 404
Secondary Prevention of Cardiovascular Disease

Stefan M. Nidorf; John W. Eikelboom, Charley A. Budgeon, Peter L. Thompson

Nidorf and colleagues hypothesized that because activated neutrophils are present in unstable
atherosclerotic plaques, inhibition of neutrophil function with colchicine would reduce the risk
of plaque rupture. A total or 532 patients with stable coronary disease were randomly
assigned colchicine 0.5mg/day or no colchicine and followed for a median of 3 years. The
primary outcome, a composite of acute coronary syndrome [ACS], out-of-hospital cardiac
arrest or non cardio-embolic ischemic stroke, occurred in 5.3% of patients assigned colchicine
and 16% assigned no colchicine (hazard ratio: 0.33). Colchicine appears to be effective for the
secondary prevention of cardiovascular events,

LEditorial Comment: Robert A. Vogel, James Forrester, page 411

(continued on page A-26)
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INTERVENTIONAL CARDIOLOGY

5-Year Outcome After Transcatheter Aortic Valve Implantation 4138

Stefan Toggweiler, Karin H. Humphries, May Lee, Ronald K. Binder, Robert R. Mass, Melanie Freeman,
Jian Ye, Anson Cheung, David A. Wood, Jobn G. Webk

Toggweiler and colleagues reviewed the long-term outcomes of patients who underwent
successful transcatheter aortic valve implantation (TAVI) with a balloon-expandable valve,
These first 88 patients had a successful procedure and survived at least 30 days after the
procedure. At 5 years, 3 patients (3.4%) had signs of moderate prosthetic valve dysfunction.
Survival rates at 1 to 5 years were 83%, 74%, 53%, 42%, and 35%, respectively, with a
median survival time of 3.4 years. Patients with chronic obstructive pulmonary disease
(COPD) were at twice the risk of death; = moderate paravalvular regurgitation was
associated with a tripling of the risk of death. This study demonstrates favorable long-term
outcomes after TAVL.

INTERVENTIONAL CARDIOLOGY

Increasing Use of Transradial Access for STEMI 420

Dimitri V. Baklanov, Lisa A. Kaltenbach, Steven P. Marso, Sumeet Subberwal, Dmitriy N. Feldman,
Kirk Garratt, Jeptha Curtis, Jobn Messenger, Sunil V. Rao

Baklanov and colleagues reviewed data from the CathPCI Registry to determine the use of
and outcomes with radial access for percutaneous coronary intervention (PCI) in patients with
ST-segment elevation myocardial infarction (STEMI). Over the 5-year period, 2007 to 2011,
the use of transradial (TR) access increased from 0.9% to 6.4%. There was no difference in
procedural success between TR and femoral access though transradial was associated with a
slightly longer median door-to-balloon time (78 vs. 74 min). TR access was associated with
lower adjusted risk of bleeding and lower adjusted risk of in-hospital mortality. These data
support the use of TR access for STEML.

CARDIOMETABOLIC RISK

Remnant Cholesterol as a Cardiac Risk Factor 427

Anette Varbo, Marianne Benn, Anne Tybjerg-Hansen, Anders B. Jergensen, Ruth Frikke-Schmidt,
Boige G. Nordestgaard

Remnant cholesterol is composed of very low-density lipoproteins and intermediate-density
lipoproteins in the fasting state, with the addition of chylomicron remnants in the non-fasting
state. Varbo and colleagues assessed the cardiac risk of non-fasting remnant cholesterol using
the Mendelian randomization approach. Genetic variants associated with a single lipoprotein
were determined in almost 75,000 individuals from Copenhagen, of which more than 1 in 6
had ischemic heart disease. The causal odds ratio for a 1 mmol/l (39 mg/dl) genetic increase
of non-fasting remnant cholesterol was 2.8, with a corresponding observational hazard ratio of
1.4. For LDL cholesterol corresponding values were 1.5 and 1.1. This implies that remnant
cholesterol lipoprotein particles cause ischemic heart disease.

Editorial Comment: Ruth McPherson, page 437.

(continued on page A’Zﬂ
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CARDIOMETABOLIC RISK

Niacin for CVD Prevention: A Systematic Review and Meta-Regression 440

Paul. M. Lavigne, Richard H. Karas

Lavigne and Karas performed a meta-analysis of randomized controlled trials of niacin.
Eleven eligible trials including 9,959 subjects were identified. The incidence of the primary
composite cardiovascular disease (CVD) endpoint was significantly reduced in niacin-treated
patients (odds ratio: 0.66). The magnitude of on-treatment high-density lipoprotein
cholesterol (HDL-C) difference between treatment arms was not associated with the
magnitude of the effect of niacin on outcomes. These results confirm that niacin reduces
CVD events, but suggest that this may occur through pleiotropic mechanisms rather than
simply raising HDL-C concentration.

HEART FAILURE

Autonomic Neuropathy May Contribute to LV Remodeling in Diabetics 447

Rodica Pop-Busui, Patricia A. Cleary, Barbara H. Braffett, Catherine L. Martin, William H. Herman,
Phillip A. Low, Joao A. C. Lima, David A. Bluemfe, for the DCCT/EDIC Research Group

Pop-Busui and colleagues sought to determine the association between cardiovascular
autonomic neuropathy (CAN) and left ventricle (V) structure and function in patients with
type 1 diabetes (T1DM). All subjects had cardiac magnetic resonance imaging (CMRI);
CAN was assessed by cardiovascular reflex testing (R-R response to paced breathing, Valsalva
ratio, and blood pressure response to standing). Systolic function was not different between
subjects with CAN and those without CAN. In multiple-adjusted analyses, participants with
CAN had significantly higher LV mass, mass-to-volume-ratio, and cardiac output. These
results suggest a link between CAN and LV concentric remodeling.

HEART RHYTHM DISORDERS IN HEART FAILURE

QOL and Functional Capacity in Patients With AF and CHF 455

Irina Suman-Horduna, Denis Roy, Nancy Frasure-Smith, Mario Talaic, Frangois Lespérance,
Lucie Blondeau, Paul Dorian, Paul Khairy, on behalf of the AF-CHF Tvial Investigators

Suman-Horduna and colleagues randomized subjects with atrial fibrillation (AF) and
congestive heart failure (CHF) to rhythm- versus rate-control treatment strategies. For this
pre-specified substudy of the AF-CHF trial, quality of life (QOL) was determined by
questionnaire and 6-min walk tests were conducted. QOL improved to a similar extent with
rhythm- and rate-control; however, a higher proportion of time spent in sinus rhythm was
associated with a modestly greater improvement in QOL scores. A higher proportion of time
spent in sinus rhythm was also associated with a greater improvement in New York Heart
Association functional class but not in 6-min walk distance.

Editorial Comment: Michael H. Kim, page 461.

(continued on page A-28)
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HEART RHYTHM DISORDERS IN HEART FAILURE

Omega-3 Fatty Acids Fail to Prevent Recurrent AF 463

Alejandro Macchia, Hugo Grancellt, Sergio Varini, Daniel Nul, Nicolds Laffaye, Javier Mariani,
Daniel Ferrante, Raiil Badra, Julio Figal, Silvina Ramos, Gianni Tognoni, Hernan C. Doval,
on behalf of the GESICA Investigators

The FORWARD trial was a randomized placebo-controlled trial to evaluate the efficacy of
n-3 polyunsaturated fatty acids (PUFA) for the prevention of recurrent atrial fibrillation (AF),
All subjects had previous symptomatic AF and were in normal sinus rhythm. There were no
significant differences in the rates of recurrent symptomatic AF at 12 months. There was no
difference in any of the other pre-specified endpoints including all-cause mortality, nonfatal
stroke, nonfatal acute myocardial infarction, systemic embolism, heart failure, or severe
bleeding. These results suggest that there is no benefit to pharmacological supplementation
with 1 g of n-3 PUFA for patients with previous AF.

CARDIAC IMAGING

Flurpiridaz F-18 PET Myocardial Perfusion 469
Imaging for Detection of Coronary Artery Disease

Daniel 8. Berman, Jamshid Maddahi, B.K. Tamarappoo, Johannes Czernin, Raymond Taillefer,
James E. Udelson, C. Michael Gibson, Marybetl Devine, foel Lazewatsky, Gajanan Bhat, Dana Washburn

Flurpiridaz, labeled with positron emitting isotope fluorine-18 (F-18), is a novel
radiopharmaceutical for use with positron emission tomography (PET). Berman and
colleagues report the results of a phase I trial assessing the clinical safety of flurpiridaz F-18
and comparing its diagnostic performance to Tc-99m single-photon emission computed
tomography (SPECT)-myocardial perfusion imaging (MPI). Subjects underwent both rest-
stress PET and Tc-99m SPECT-MPI and most had contemporaneous invasive coronary
angiography (ICA). Almost 100% of the stress PET images were rated as excellent/good
compared to 88% of the SPECT images. Diagnostic certainty of interpretation was higher for
PET versus SPECT (91% vs. 71%) and the sensitivity for detecting a >50% stenosis on ICA
was higher. In this Phase 2 trial, PET MPI using flurpiridaz F-18 was safe and superior to
SPECT MPI for image quality, interpretative certainty, and overall coronary artery disease
diagnosis.
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Low-Dose Colchicine for Secondary
Prevention of Cardiovascular Disease

Stefan M. Nidorf, MD, MBBS,* John W. Eikelboom, MBBS,} Charley A. Budgeon, BSc (Hons),#
Peter L. Thompson, MD§

Perth, Australia; and Hamilton, Ontario, Canada

The objective of this study was to determine whether colchicine 0.5 mg/day can reduce the risk of cardiovascu-

The presence of activated neutrophils in culprit atherosclerotic plaques of patients with unstable coronary dis-
ease raises the possibility that inhibition of neutrophil function with colchicine may reduce the risk of plague

In a clinical trial with a prospective, randomized, observer-blinded endpoint design, 532 patients with stable cor-
onary disease receiving aspirin and/or clopidogrel (93%) and statins (95%) were randomly assigned colchicine
0.5 mg/day or no colchicine and followed for a median of 3 years. The primary outcome was the composite inci-
dence of acute coronary syndrome, out-of-hospital cardiac arrest, or noncardioembolic ischemic stroke. The pri-

The primary outcome occurred in 15 of 282 patients (5.3%) who received colchicine and 40 of 250 patients
(16.0%) assigned no colchicine (hazard ratio: 0.33; 95% confidence interval [CI] 0.18 to 0.59; p < 0.004; num-

ber needed to treat: 11). In a pre-specified secondary on-treatment analysis that excluded 32 patients (11%)
assigned to colchicine who withdrew within 30 days due to intestinal intolerance and a further 7 patients
(2%) who did not start treatment, the primary outcome occurred in 4.5% versus 16.0% (hazard ratio: 0.29;

Objectives
lar events in patients with clinically stable coronary disease.
Background
instability and thereby improve clinical outcomes in patients with stable coronary disease.
Methods
mary analysis was by intention-to-treat.
Results
95% Cl: 0.15 to 0.56; p < 0.001).
Conclusions

appeared effective for the prevention of cardiovascular events in patients with stable coronary disease.

Colchicine 0.5 mg/day administered in addition to statins and other standard secondary prevention therapies

(J Am

Coll Cardiol 2013;61:404-10) © 2013 by the American College of Cardiology Foundation

Despite routine use of antiplatelet and statin therapy,
patients with coronary disease continue to be at risk of
cardiovascular events, possibly because these treatments fail
to target some of the inflammatory pathways implicated in
the disease. The atherosclerotic wall is subject to injurious
forces that promote plaque instability. The response to
injury within the diseased vessel is dependent on the
architecture and content of atherosclerotic plaques (1,2).
Lipid-rich plaques with a neovascular base are particularly
susceptible to the effect of injury, which may leave them

From the *Heart Care Western Australia, Perth, Western Australia, Australia;
+tMcMaster University, Hamilton, Ontario, Canada; $Centre for Applied Statistics,
University of Western Australia, Perth, Western Australia, Australia; and the §Heart
Research Institute of Western Australia, Sir Charles Gairdner Hospital, Perth,
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and Sanofi-Aventis. All other authors have reported that they have no relationships
relevant to the contents of this paper to disclose.

Manuscript received August 24, 2012; revised manuscript received October 18,
2012, accepted October 23, 2012.
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vulnerable to neutrophil infiltration (3). Neutrophils that
enter the interstitial space may become activated upon
exposure to the plaque contents, inciting an aggressive
inflammatory response that may accelerate plaque instabil-
ity, increasing the risk of plaque enlargement and rupture
and hence increasing the risk of clinical events (3).

See page 411

This dynamic sequence of events raises the possibility that
inhibition of neutrophil function may lead to a reduction in the
risk of plaque instability and thereby reduction in the risk of
disease progression. Colchicine has anti-inflammatory proper-
ties, including an antitubulin effect that inhibits neutrophil
function (4), and this effect is believed to account for the
efficacy of colchicine in the prevention of acute manifestations
of gout and familial Mediterranean fever (FMF). Patients with
FMF receive lifelong colchicine therapy at a dose of 1 to 2
mg/day, which is well tolerated (5,6). Although short-term usé

of low-dose colchicine has been found to have no effect ont
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stent-related disease (7), no studies have been performed to
determine whether long-term use of low-dose colchicine can
be tolerated or can reduce the risk of de novo vascular events
caused by disruption of native atherosclerotic plaques in pa-
tients with stable coronary disease.

We therefore conducted a prospective, randomized,
observer-blinded endpoint (PROBE) trial to determine
whether adding colchicine 0.5 mg/day to standard second-
ary prevention therapies including aspirin and high-dose
statins reduces the risk of cardiovascular events in patients
with objectively diagnosed and clinically stable coronary
disease.

Methods

Study conduct and design. The LoDoCo (Low-Dose Col-
chicine) trial was conducted under the auspices of the Heart
Rescarch Institute of Western Australia. It was designed by the
principal investigators, registered with the Australian Clinical
Trial Registry (ACTRN 12610000293066), and received eth-
ics approval from the Human Research Ethics Committee at
Sir Charles Gairdner Hospital, Perth, Western Australia in
July 2008. There was no external funding source.

We employed a PROBE design (8). Eligible consenting
patients with established coronary disease presenting for
routine clinical review were randomized to receive colchi-
cine 0.5 mg/day or no colchicine without any other changes
to their medical therapy. All outcomes were evaluated by an
experienced adjudicator blinded to the treatment allocation.
Study size and eligibility. The study population was
planned to include 250 patients randomized to the control
group and 250 patients randomized to treatment who were
tolerant of colchicine for at least 4 weeks after the date of
their randomization.

Patients were eligible for inclusion if they met each of the
following eriteria: 1) angiographically proven coronary disease;
2) age 35 to 85 years; 3) clinically stable for at least 6 months;
4) no major competing comorbidities or contraindication to
colchicine therapy; 5) considered to be compliant with therapy
and attending routine cardiology follow-up appointments; and
6) willing to provide consent and be randomized into the study.
Patients with a history of bypass surgery were only eligible if
they had undergone bypass surgery more than 10 years before,
had angiographic evidence of graft failure, or had undergone
stenting since their bypass surgery. All patients signed in-
formed consent before randomization.

Randomization. The randomization sequence was com-
puter generated, concealed from the investigators at all
times, and managed by a research assistant who had no
involvement in the evaluation or management of study
patients. Once the assistant received the consent form, the
Patients’ demographic data were entered into the database,
and the investigators and patients were advised in writing of
the treatment group to which the patient had been assigned.

Despite use of the lowest dose of colchicine available, it

Was anticipated that a number of patients would withdraw
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from therapy early after random-
ization because of gastrointesti-
nal side effects. To ensure that
the requisite number of patients

Abbreviations
and Acronyms

ACS = acute coronary

syndrome(s)
in the treatment arm were actu-  amy = acute myocardial
ally tolerant of treatment, the infarction
protocol allowed for the research ~ FMF = familial

Mediterranean fever
HR = hazard ratio
MI = myocardial infarction

assistant to assign a newly re-
cruited patient to treatment if a
patient discontinued colchicine
because of side effects in the first
month. Patients who were intol-
erant of therapy remained in the
study, were followed in the usual
manner, and were included in the
primary intent-to-treat analysis.
Intervention. Patients randomized to active treatment were
given a prescription for colchicine 0.5 mg daily by their
referring cardiologist. The drug was dispensed by their usual
chemist, and if requested, patients were reimbursed for the cost
of these prescriptions. All other treatments were continued as
usual.

Follow-up and definition of clinical outcomes. Patient
compliance with treatment and outcome data were collected

PROBE = prospective,
randomized, observer-
blinded endpoint

UA = unstable angina

at routine follow-up visits and at the time of any unplanned
hospital admissions.

Acute coronary syndrome (ACS) was defined as either: 1)
acute myocardial infarction (AMI), as evidenced by acute
ischemic chest pain associated with a rise in serum troponin
above the upper limit of normal (9); or 2) unstable angina
(UA), as evidenced by a recent acceleration of angina
unassociated with a rise in serum troponin but associated
with angiographic evidence of a change in the patient’s
coronary anatomy (UA Braunwald classification types 1B
and IIB) (10). ACS was characterized as being stent related
if there was evidence of significant in-stent stenosis or acute
stent thrombosis. Out-of-hospital cardiac arrest was defined
as: 1) a sudden death as evidenced on the patient’s death
certificate; or 2) a nonfatal out-of-hospital cardiac arrest,
defined as a recovery from sudden collapse associated with
documented asystole, ventricular tachycardia, or ventricular
fibrillation. Noncardioembolic ischemic stroke was defined
as computed tomography—or magnetic resonance imag-
ing—proven ischemic stroke judged by the treating neurol-
ogist as not being due to atrial fibrillation or intracranial
hemorrhage. The primary efficacy outcome was the composite of
ACS, fatal or nonfatal out-of-hospital cardiac arrest, or noncar-
dioembolic ischemic stroke. Secondary outcomes were individual
components of the primary outcome and the components of ACS
unrelated to stent disease.

Timelines. The pre-specified study duration was a mini-
mum follow-up of 2 years in all patients. Accordingly, the
study was closed on May 31, 2012. During May, all living
patients were contacted by phone to collect compliance and
outcome data from the last date of follow-up. Final outcome
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The CONSORT diagram showing the number of participants who were randomized, lost to follow-up, and included in the primary data analysis.

3

data were available for all patients, and no patients were lost
to follow-up.

Statistical power. Assuming that the control group had a
combined event rate (ACS, out-of-hospital cardiac arrest, or
noncardioembolic ischemic stroke) of 8% (11), an accrual
interval of 2 years, and a follow-up after the accrual interval
of 2 years, the planned sample size provided >80% power to
detect a hazard ratio (HR) of =0.50 based on a 2-sided
significance level of 5%.

Data analysis. Summary statistics, including mean and stan-
dard deviation, were calculated for all baseline characteristics by
treatment arm. All time-to-event outcomes were calculated in
days by subtracting the date of randomization from either the:
1) date of event or death; or 2) trial termination date for those
patients not experiencing the defined event.

As pre-specified, the primary efficacy analysis was based
on the intent-to-treat principle. The intent-to-treat analysis
included all randomized patients and all events during the
time from randomization to trial termination. The trial
termination date was fixed as May 31, 2012. A secondary
pre-specified on-treatment analysis was also performed,
based on patients who were both tolerant and compliant to
therapy beyond the first month of randomization. All events
during the time from randomization until noncompliance
with the colchicine treatment regime were included in this
analysis.

The time to first event for all outcomes is presented using
a Kaplan-Meier plot. The primary efficacy outcome was
analyzed using a Cox proportional hazards model including
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treatment group coded as control or colchicine. The see-
ondary outcomes were analyzed similarly. In addition, the
primary analysis was stratified by sex, age, diagnosis of
diabetes, past myocardial infarction (MI), UA, coronary
bypass surgery, coronary angioplasty, and therapy with
aspirin, clopidogrel, or both; high-dose statin therapy (de-
fined as a dose of statin equivalent to atorvastatin 40 mg or
more); beta-blockers; calcium blockers; and angiotensin-
converting enzyme inhibitors.

Results

Study population. Between August 2008 and May 2010,
901 patients with stable coronary disease attending routine
outpatient cardiology appointments were assessed for eligi-
bility for the study. Of these, 297 (33%) did not meet the
entry criteria, 72 (8%) declined to participate, and 532
(59%) were enrolled into the study, 250 of whom were
randomized to the control group and 282 to treatment. of
those randomized to treatment, 32 (11%) reported early
intolerance due to gastrointestinal side effects and 7 patients
subsequently reported that they chose to not start therapy
(Fig. 1). All 532 randomized patients were followed for the
duration of the study period, which ranged from a minimum
of 24 to a maximum of 44 months, Median follow-up was
36 months. Baseline characteristics according to random-
ized treatment group are shown in Table 1. Both groups
were well matched for important clinical characteristics,
although more patients in the colchicine group were taking
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L m Study Population
=

Control Treatment
Total 250 282
Mean age, yrs 67 £9.2 66 * 9.6
Male 222 (89) 251 (89)
piabetes 69 (28) 92(33)
- smoker 14 (6) 10 (4)
Past AMI or UA 61 (24) 64 (23)
CABG 39(16) 62(22)
PTCA 138 (55) 169 (60)
 Aspirin and/or clopidogrel 235 (94) 262 (93)
DAPT 24 (10) 38(13)
l[l High-dose statin 235 (94) 271 (96)
Beta-blocker* 178(71) 176 (62)
} Calcium channel blocker} 25(10) 52 (18)
ACE inhibitor 150 (60) 155 (55)
Values are n, mean = SD, or n (%). *p < 0.05. tp < 0.01 for the comparison of the distribution
petween treatment and control.
ACE = angiotensin-converting enzyme; AMI = acute my CABG = Y
arery bypass surgery; DAPT = dual antiplatelet therapy (aspirin and clopidogrely; PTCA =
pe coronary UA = angina.

calcium channel blockers and fewer were on beta-blocker
therapy. Almost all patients in each group were on anti-
platelet therapy and high-dose statin therapy.
Late discontinuations. Thirty patients ceased colchicine
therapy after a mean period of 2.36 years. Therapy was
ceased due to an unrelated intercurrent illness in 11 patients,
by choice in 5, and for a variety of possible drug-related
effects in 14 patients (4.9%) as described in Table 2.
Qutcomes. A primary outcome occurred in 55 of 532
patients, including 15 of 282 patients (5.3%) assigned to
colchicine treatment and 40 of 250 patients (16%) assigned
to the control group (HR: 0.33; 95% confidence interval
[CI] 0.18 to 0.59; p < 0.001; number needed to treat: 11).
A sensitivity analysis was performed for the primary out-
come and adjusted for the usage of calcium channel blockers
and beta-blocker therapy. These results were consistent with
the primary analysis.

The time to first clinical event in each group by treatment
1s shown in Figure 2. The effect of colchicine on the primary
outcome was evident early, and the benefits of colchicine

Withdrawals From Therapy
I

~ Early withdrawals 32(11)
Late withdrawals* 30(11)
Unrelated intercurrent iliness 11(3.9)
Patient choice 5(1.8)
Perceived side effects
Intestinal upset 7(25)
Myalgia 2(0.90)
Myositis 1(<0.5)
Rash 1(<0.5)
Alopecia 1(<0.5)
Itch 1(<0.5)
Peripheral neuritis 1(<0.5)

=

Values are n (%). *Withdrawals after 30 days; average time to withdrawal was 2.36 years.

Page 13 of 16

Nidorf et al. 407
Colchicine in Stable Coronary Disease

S
% 4
o
e i
2 o
é
£ o~
o
| HR 033
95% CI (0.18,0.59)
© p<0.001
24
— Colchicine
1 — No Colchicine
o
T T T T T T T
0 200 400 600 800 1000 1200 1400
Time (days)
Number at risk

Coichicine 282 281 277 272 249 192 83
No Colchicine 250 244 234 229 212 184 85

Freedom From the Primary Outcome

Freedom from the primary outcome (acute coronary syndrome, out-of-hospital
cardiac arrest, or noncardioembolic ischemic stroke) by treatment. Cl = confi-
dence interval; HR = hazard ratio.

continued to accrue throughout the follow-up period. Re-
sults of the primary analysis were consistent in all subgroups
examined (Fig. 3). There was no evidence of differential
treatment cffects based on any of the clinical or therapeutic
variables.

r

| ’;‘;’t';::{ s°' HR (95% C) ‘
| Overall 532 - 0.33[0.18,059] |
Age<65 218 —— 045[0.18,1.12]
Age 65+ 314 Com 0.26[0.12,0.58]
Diabetic 161 —— 0.26[0.08,082]
Non diabetic 371 . 0.36[0.18 ,0.72]
Past AMI/UA 125 ey 029[008,107]
No past AMI/UA 407 =l 033[0.17,065] |
CABG 101 —_— 044012, 1567 |
| NoCABG 430 —.— 030[015,060}
‘ PTCA 307 - 036[0.17 ,0.80]
No PTCA 225 —.— 0.29[0.12,0.72]
DAPT 82 —_—— 028[0.07,1.12]
No DAPT 470 . 0.33(017,0863]
88 354 —— 041[020,082]
No BB 178 e 0.20[0.07,0.61)
ACE 305 e 024[0.10,055]
No ACE 227 i 0.49[0.20,1.19]
N St (! LA

003 032 294
Hazard Ratio (log scale)

v

The hazard ratios and 95% Cl of the primary outcome in subgroups defined by
patient demographics, past medical history, and concomitant treatments.
ACE = angiotensin-converting enzyme inhibitor; AMI = acute myocardial infarc-
| tion; BB = betablocker; CABG = coronary artery bypass graft; DAPT = dual
antiplatelet therapy; PTCA = percutaneous coronary angioplasty; UA = unsta-
ble angina; other abbreviations as in Figure 2.
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Control (n = 250) Treatment (n = 282) HR (95% CI) p Value

Primary outcome 40 (16) 15 (5.3) 0.33 (0.18-0.59) <0.001
Ci of primary

Acute coronary syndrome 34 (13.6) 13 (4.6) 0.33(0.18-0.63) <0.001

OOH cardiac arrest 2(0.8) 1(0.35)* 0.47 (0.04-5.15) 0.534

Noncardioembolic stroke 4(1.6) 1(0.35) 0.23 (0.03-2.03) 0.184
Components of ACS

Stent-related 4(1.6) 4(1.4) NS

Nonstent-related 30(12) 9(3.2) 0.26 (0.12-0.55) <0.001

Nonstent-related AMI 14 (5.6) 4(1.6) 0.25 (0.08-0.76) 0.014

Nonstent-related UA 16(12) 5(2.4) 0.27 (0.10-0.75) 0.011

Values are n (%). *Nonfatal.

ACS = acute coronary syndrome; NS = nonsignificant; 00OH = out of hospital: other abbreviations as in Table 1.

The reduction in the primary outcome was largely driven
by the reduction in the number of patients presenting with
ACS (13 of 282 [4.6%] vs. 34 of 250 [13.4%]; HR: 0.33;
95% CI: 0.18 to 0.63; p < 0.001). Out-of-hospital cardiac
arrest and noncardioembolic ischemic stroke were infre-
quent, but their numbers were also reduced in the treatment
group (Table 3).

Of the 47 patients who presented with ACS, the event
was stent related in 8 (17%; 2 in each group had evidence of
acute stent thrombosis, and 2 in each group had evidence of
significant in-stent stenosis). Further analysis confirmed
that patients randomized to treatment were less likely to
present with ACS unrelated to stent disease (9 of 282
[3.29] vs. 30 of 250 [12%]; HR: 0.26; 95% CI: 0.12 to 0.55;
p < 0.001), be it associated with AMI (4 of 282 [1.4%] vs.
14 of 250 [5.6%]; HR: 0.25; 95% CI: 0.08 to 0.76; p =
0.014) or UA (5 of 282 [1.8%] vs. 16 of 250 [6.4%]; HR:
0.27; 95% CI: 0.10 to 0.75; p = 0.011) (Fig. 4, Table 3).

Of 39 patients randomized to treatment who did not
receive therapy beyond the first month because of early
intolerance or noncompliance, 4 (10%) presented with ACS
due to acute stent thrombosis (n = 1) and UA (n = 3).
Patients who were both compliant and tolerant to therapy
beyond the first month of randomization had significantly
fewer events than the control patients (11 of 243 [4.5%] vs.
40 of 250 [16%]; HR: 0.29; 95% CI: 0.15 to 0.56; p <
0.001). The results of all on-treatment analyses were consistent
with those based on intent-to-treat analyses (Table 4).

Ten patients in the control group died compared with 4
patients in the colchicine group. Of the 10 control patients,
5 died of presumed cardiac cause, 2 following an out-of-
hospital cardiac arrest, 2 from cardiogenic shock following
AMI, and 1 following bypass surgery. All 4 patients in the
colchicine group died of noncardiac causes.

Discussion

The LoDoCo trial demonstrated that the addition of
colchicine 0.5 mg/day to standard therapy in patients with
stable coronary disease significantly reduced the risk of a
cardiovascular event, including ACS, out-of-hospital car-
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diac arrest, and noncardioembolic ischemic stroke. The
benefits of colchicine were achieved on a background of
widespread use of effective secondary prevention strategies,
including high-dose statins, as evidenced by the low event
rate in the control group (11). The effect of adding colchi-
cine 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, in contrast to its apparent lack of effect in the
prevention of stent-related disease (7), may have a role in
the prevention of cardiovascular events caused by instability
of native atherosclerotic plaques in patients with stable
coronary disease, possibly by inhibiting an inflammatory
pathway that has been indentified in unstable native coro-
nary plaques (3).

The presence of activated neutrophils in the plaques of
patients with unstable coronary syndromes (3) suggested
that they may play a key role in the transformation of a
stable, to an unstable plaque. Although the mechanism of
benefit of colchicine was not the subject of this study, the
drug is known to have protean effects that may be respon-
sible for the improved clinical outcome of patients observed
in this study, the best documented of which is the inhibition
of neutrophil chemotaxis, ingress, and activation within a
proinflammatory environment (12) such as may exist in an
unstable plaque.

Indirect support for a beneficial effect of colchicine on
cardiovascular disease comes from retrospective observations
that continuous use of colchicine was associated with &
lower than expected risk of AMI in patients with FMF (13)
and gout (14), and the demonstration that low-dose colchi=
cine can reduce levels of high-sensitivity C-reactive protein
in patients with stable coronary disease (15).

Although most physicians are familiar with the short-
term use of colchicine from its widespread use in gout and
pericarditis (16), few will have prescribed it continuously @
their patients. However, the long-term use of colchicine, at
doses of 1 to 2 mg/day, has been well documented to be safe
and reasonably well tolerated in patients with FMF (17)-
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In this study, despite use of the lowest available dose of
colchicine, 11% of patients withdrew from therapy early due
to intestinal intolerance, and a further 5% ceased therapy
late due to a range of possible side effects, indicating that

widespread use of the drug may be limited by its side effects.
In this regard, it is important to appreciate that combining
colchicine with statin therapy has been reported to increase
the risk of myalgia and rarely acute rhabdomyolysis in

Primary Outcome and Its Components (On-Treatment Analysis)

Control (n = 250)

Primary outcome 40 (18)
Components of primary outcome
Acute coronary syndrome 34 (13.6)
OOH cardiac arrest 2(0.8)
Noncardioembolic stroke 4(1.8)
Components of ACS
Stent-related 4(1.6)
Nonstent-related 30(12)
Nonstent-related AMI 14 (5.6)
Nonstent-related UA 16(12)

Treatment (n = 243) HR (95% CI) p Value

11(5.3) 0.29 (0.15-0.56) <0.001

9(4.6) 0.28 (0.13-0.58) <0.001

1(0.35)* 0.55 (0.05-6.03) 0.622

1(0.35) 0.27 (0.03-2.42) 0.242
3(14) NS

6(3.2) 0.21 (0.09-0.50) <0.001

4(1.6) 0.30(0.10-0.91) 0.033

2(2.4) 0.13 (0.03-0.57) 0.007

Values are n (%). *Nonfatal.
Abbreviations as In Tables 1 and 3.
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patients with renal impairment (18). Further, because col-
chicine has a narrow therapeutic index, extreme care must
be taken to avoid accidental overdoses, which may be fatal.
Hence, patients receiving regular colchicine therapy require
close clinical supervision.

Despite these caveats, colchicine may be an attractive

therapy for secondary prevention of cardiovascular events
because it is simple to use and inexpensive, it appears to be
highly effective, and long-term use rarely leads to any major
irreversible long-term toxicity. Before the drug is adopted
clinically, however, it would be important for the findings of
this hypothesis-generating study to be confirmed in larger
studies of patients with coronary atherosclerosis.
Study limitations. This study has a number of limitations.
The use of a PROBE design had the advantages of
convenience, reduced cost, and fewer safety concerns; how-
ever, it may be subject to outcome ascertainment and
reporting bias. Although the decision to allow the research
assistant to assign additional patients to treatment if a
patient reported early intolerance to therapy had the poten-
tial to introduce bias to the randomization process, this was
largely avoided because at all times, the investigators re-
mained unaware as to whether a newly recruited patient
would be randomized to colchicine or control or would be
replacing an intolerant patient. Further, because the treat-
ment groups remained well matched at baseline, the primary
events occurred over a 3- to 4-year period after randomiza-
tion, all randomized patients were followed and included in
the primary intent-to-treat analysis, and the results are
extremely robust, it is extremely unlikely that our approach
materially affected the results or conclusions.

The results of this study were almost entirely driven by an
effect of colchicine on nonfatal cardiovascular events that
disrupt patients’ lives, portend their prognosis, and are
responsible for a significant cost burden on the community.
Although a favorable trend toward improved mortality was
demonstrated, much larger studies are required to confirm
whether colchicine may actually reduce the risk of fatal
cardiac events. It would be of special interest to examine the
value of initiating colchicine in patients recently hospital-
ized for ACS because they remain at particularly high risk of
recurrent events for several months due to disruption of

both culprit and nonculprit plaques (19).

Conclusions

In summary, colchicine 0.5 mg/day given in addition to
high-dose statins and other standard secondary prevention
therapies appeared effective for the prevention of cardiovas-
cular events in patients with stable coronary disease. The
major implications of these findings are that it may be
possible to reduce the risk of cardiovascular events in
patients with stable coronary disease by targeting an inflam-
matory pathway that has been identified in native unstable
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atherosclerotic plaques using a low dose of colchicine. Despite
the problems with early intolerance, it would appear that
colchicine is a worthy candidate drug for future secondary
prevention trials in patients with stable coronary disease.
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