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Abstract

Background: Heart failure (HF) is a growing public health problem and ischemic
heart disease is an important risk factor. Understanding the epidemiology of HF in
patients with atherosclerosis may help identify subgroups at greater risk who have
the potential to derive greater benefit from preventive strategies.

Methods and Results: The TRA 2°P-TIMI 50 trial randomized 26,449 patients with
stable atherosclerosis to the antiplatelet agent vorapaxar versus placebo. Hospital-
ization for HF (HHF) endpoints were adjudicated from serious adverse events by
blinded structured review using established definitions. HHF incidence was
estimated using Kaplan-Meier analysis. Independent predictors of HHF risk were
identified using multivariable logistic regression. The effect of vorapaxar on HHF risk
was explored using Cox regression. The estimated incidence of HHF at 3 years was
1.6%. Independent predictors of HHF included prior HF (adjusted odds ratio [adj-
OR]: 8.31; 95% confidence interval [Cl]: 6.56-10.54), age (adj-OR [per 10 years]:
1.67; 95% Cl: 1.47-1.89), type 2 diabetes mellitus (T2DM; adj-OR: 2.55; 95% ClI:
2.01-3.24), polyvascular disease (two-territory disease, adj-OR: 1.89; 95% CI:
1.46-2.44; three-territory disease, adj-OR: 2.68; 95% Cl: 1.94-3.70), chronic kidney
disease (CKD; adj-OR: 1.65; 95% Cl: 1.30-2.11), body mass index (BMI; adj-OR [per
5kg/m?]: 1.15; 95% Cl: 1.03-1.27), prior myocardial infarction (M) (adj-OR: 1.35;
95% Cl: 1.03-1.78), and hypertension (adj-OR: 1.44; 95% Cl: 1.02-2.04). Patients
who experienced HHF during follow-up had higher rates of subsequent rehospita-

lization and death. Vorapaxar did not modify the risk of HHF.

Benjamin L. Freedman and David D. Berg contributed equally to this study.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2022 The Authors. Clinical Cardiology published by Wiley Periodicals, LLC.

Clin Cardiol. 2022;45:831-838.

wileyonlinelibrary.com/journal/clc 831


http://orcid.org/0000-0002-8533-0126
http://orcid.org/0000-0002-0366-5492
http://orcid.org/0000-0002-8541-264X
mailto:Marc.Bonaca@cpcmed.org
mailto:dberg1@bwh.harvard.edu
https://wileyonlinelibrary.com/journal/clc

FREEDMAN ET AL.

832
wiLEY- e

of HHF risk.
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1 | INTRODUCTION

The prevalence of heart failure (HF) is increasing. More than six
million Americans now have HF, and that number is expected to
exceed eight million by the year 2030.* Although long-term prognosis
for patients with HF has improved over time due to advances in care,
the estimated 5-year mortality rate following HF hospitalization
remains approximately 40%.2 Furthermore, HF results in significant
morbidity with adverse effects on physical function and quality
of life.

In response to this growing public health problem, recent HF
guidelines have placed increasing emphasis on HF prevention with a
focus on addressing HF risk factors.> Among the multiple risk factors
for HF, including hypertension and valvular heart disease, athero-
sclerotic cardiovascular disease (ASCVD) is the most significant
contributor.* For patients with acute myocardial infarction (Ml), HF
risk is understood to be related in large part to the degree of ischemic
myocardial necrosis.® By contrast, the spectrum and key drivers of
HF risk among patients with stable coronary artery disease (CAD) and
extracoronary atherosclerosis are less well understood.®1°

With the emergence of effective therapies for the treatment and
prevention of HF, identifying patients at heightened risk for HF is
increasingly important. To date, there are few data describing the
incidence and predictors of HF as well as the clinical sequelae of HF
in patients with stable ASCVD treated with contemporary medical
therapy. In addition, while antithrombotic therapy has been shown to
reduce the risk of recurrent Ml in patients with symptomatic ASCVD,
its impact on HF risk is not well described.

We, therefore, evaluated the incidence and predictors of
hospitalization for HF (HHF) as well as the potential clinical sequelae
of HHF in a cohort of more than 26,000 patients randomized in the
TRA 2°P-TIMI 50 trial.!* In addition, we explored the effect of
vorapaxar, a protease-activated receptor-1 (PAR-1) antagonist that
reduces atherothrombotic events in stable patients with prior Ml or
peripheral artery disease (PAD),'? on the risk of HHF.

2 | MATERIALS AND METHODS
2.1 | Study population

The TRA 2°P-TIMI 50 trial was a multinational, randomized, double-
blind, placebo-controlled trial of the antiplatelet agent vorapaxar in

Conclusions: In patients with stable atherosclerosis, prior HF, age, T2DM,

polyvascular disease, CKD, BMI, prior MI, and hypertension are important predictors

diabetes, heart failure, polyvascular disease, risk factors, stable atherosclerosis, TIMI risk score
for secondary prevention, vorapaxar

26,449 stable patients with established atherosclerosis, defined
hierarchically as Ml (n=17,779 [67%)]), ischemic stroke (n=4,883
[18%]), or symptomatic lower extremity PAD (n=3,787 [14%)]).
Patients who qualified for the trial on the basis of a history of Ml or
stroke had events between 2 weeks and 12 months before
enrollment, and those with symptomatic PAD had either intermittent
claudication with an ankle-brachial index (ABI) < 0.85 or a previous
revascularization for limb ischemia. Because ABIs were assessed in all
patients, those with no known PAD and no symptoms but an
ABI <0.90 were defined as “asymptomatic PAD.” Patients were
randomized to oral vorapaxar sulfate 2.5 mg daily or placebo and
were followed for a median of 30 months. The ethics committee at
each participating center approved the protocol. Written informed
consent was obtained from all patients. Due to heterogeneity with
respect to safety in the qualifying cohorts, the US Food and Drug
Administration approved vorapaxar in patients with prior Ml or PAD,
but determined that it should not be used in patients with prior
stroke or transient ischemic attack (TIA).2?

2.2 | Adjudication of hospitalization for HF

HF or related symptoms were reported in TRA 2°P-TIMI 50 by local site
investigators as serious adverse events (SAEs). Of reported SAEs, 1,102
were identified by a blinded reviewer as candidates for HHF
adjudication using verbatim terms (Supporting Information: Figure S1).
Selected event terms included those that referenced HF directly (e.g.,

» o«

“congestive heart failure,” “worsening heart failure”) or captured

potential signs or symptoms of HF (e.g., “acute pulmonary edema,”

» o«

“bilateral leg edema,” “dyspnea,” “respiratory failure”). Events identified
based on these terms were then adjudicated using the definitions below.

We designed a hierarchical definition of HHF with five mutually
exclusive categories. The American Heart Association/American
College of Cardiology report on Key Data Elements and Definitions
for Cardiovascular Endpoint Events in Clinical Trials'® were adapted
to define a category of “definite HHF,” and these criteria were
broadened to define categories with decreasing specificity: “probable
HHF,” “possible HHF,” “HHF not excluded,” and “HHF excluded”
(Supporting Information: Methods). SAE reports including event
terms, narratives, concomitant medications, and other associated
AEs were adjudicated in parallel by two independent reviewers, by
applying the hierarchical HHF definition. To maximize clinical

information, additional source documents (e.g., those associated with



FREEDMAN ET AL.

previously adjudicated non-HHF endpoints) were also reviewed for
patients initially categorized as probable HHF, possible HHF, or HHF
not excluded. Discrepancies in adjudication results between the two
independent reviewers were resolved by group review, including a

senior cardiovascular specialist.

2.3 | Statistical analysis

The primary endpoint for this analysis was defined as the composite
of definite or probable HHF (labeled “HHF”). A broader secondary
composite endpoint of definite, probable, or possible HHF was also
defined. Baseline characteristics of patients who experienced or did
not experience HHF during trial follow-up were compared using
Pearson x? test for categorical variables and Wilcoxon rank-sum test
for continuous variables, as appropriate. HHF incidence was
described in the overall cohort and according to potential risk
predictors of HHF. HHF incidence was reported using 3-year
Kaplan-Meier (KM) estimates. Univariable risk indicators of HHF
were selected from a list of 16 baseline characteristics, and those
achieving statistical significance at a threshold of p<.05 were
included in a multivariable logistic regression model. Independent
risk predictors of HHF were then selected using a backward
elimination procedure with a significance threshold of p <.05.

In addition to assessing the risk of HHF stratified by the
strongest independent predictors of HHF risk, we assessed HHF risk
in patients: (1) with qualifying MI versus ischemic stroke versus PAD;
and (2) with low versus medium versus high atherothrombotic risk
based on the TIMI Risk Score for Secondary Prevention (TRS 2°P).1%
Analyses using TRS 2°P were restricted to the subgroup of patients
with a qualifying diagnosis of Ml and no prior history of stroke or TIA.

Outcomes after HHF were described based on events occurring
between the time of the first HHF event and the end of the study
period. Outcomes of interest included admission to an intensive care
unit (ICU), in-hospital death, failure to be discharged home, all-cause
rehospitalization, and postdischarge mortality from a cardiovascular
cause or any cause.

Efficacy analyses of vorapaxar were conducted based on
intention to treat. Consistent with the primary analysis plan for the
trial, HHF incidence was compared between vorapaxar and placebo
in all randomized participants using a Cox regression model, with
qualifying diagnosis (M, ischemic stroke, or PAD) and intent to use a
thienopyridine as covariates. All analyses were conducted with SAS
version 9.4 (SAS Institute).

3 | RESULTS

3.1 |
for HF

Incidence and predictors of hospitalization

Baseline characteristics are summarized in Table 1. Of the 26,449
patients enrolled in the TRA 2°P-TIMI 50 trial, 2,070 (8%) had a prior
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history of HF. Baseline left ventricular ejection fraction (LVEF) was
documented in 1,755 (85%) of the patients with prior HF. Of these
1,755 patients, the majority (77%) had reduced LVEF (<55%), while
the remaining 23% had preserved LVEF (255%). A total of 353
patients had at least one HHF event during trial follow-up (KM event
rate=1.6% at 3 years), and there were 469 total HHF events
(inclusive of recurrent events). Age, body mass index (BMI),
hypertension, hyperlipidemia, type 2 diabetes mellitus (T2DM), prior
HF, PAD, prior MI, prior coronary revascularization, chronic kidney
disease, and polyvascular disease were all associated with the risk of
HHF (Table 1). The strongest independent predictors of HHF risk
were prior history of HF, older age, T2DM, and polyvascular disease,
defined as having 22 symptomatic beds of atherosclerosis (CAD,
cerebrovascular disease [CVD], or PAD) (Table 2).

After multivariable adjustment, patients with a prior history of
HF had a >8-fold higher rate of HHF compared to those with no
prior history of HF (KM rate 11.2% vs. 0.8% at 3 years; p <.01)
(Figure 1A), and patients with T2DM had a >2.5-fold higher rate of
HHF than those without T2DM (3.9% vs. 0.8% at 3 years; p <.01)
(Figure 1B). HHF risk was also highly associated with the burden of
symptomatic atherosclerosis—patients with three symptomatic
vascular territories had an HHF event rate of 6.5% at 3 years, as
compared with 3.2% in those with two symptomatic territories,
and 0.9% in those with one symptomatic territory (p-trend < 0.01;
Figure 1C).

The incidence of HHF differed by qualifying disease, with the
highest rate seen in those qualifying with PAD (2.9%), followed by
those qualifying with MI (1.4%), and then those qualifying with
ischemic stroke (0.9%; Figure 2). Among patients with prior Ml and
no history of stroke or TIA, HHF incidence was higher in patients
with higher TRS 2°P scores: patients with 23 atherothrombotic risk
indicators (high risk) experienced HHF at a rate of 5.4%, compared to
0.5% in those with one to two risk indicators (intermediate risk), and
0.1% in those with no risk indicators (low risk) (p-trend <0.01;
Supporting Information: Figure S2). This trend remained significant
when patients with pre-existing HF were excluded from the analysis
(Supporting Information: Figure S3).

3.2 | Outcomes after hospitalization for HF

Of the 353 patients who experienced an HF hospitalization, the
median hospital length of stay was 6 days (interquartile range [IQR]:
4-9 days); 30% required admission to an intensive care unit and
8.8% died before leaving the hospital (Figure 3A). Among patients
who survived their initial HF hospitalization (n=322), the rate of
rehospitalization for HF was 25% and of rehospitalization for any
cause was 66%, with a median time to rehospitalization of 82 days
(IQR: 23-232 days). By the end of follow-up, cardiovascular and all-
cause mortality among patients who experienced an HHF event
were 28% and 35%, respectively (Figure 3B). The median time
between HHF and death from any cause was 120 days (IQR:
13-413 days).
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TABLE 1
Hospitalized for
Characteristic HF (N =353)
Demographics
Age (years), median (IQR) 70 (61, 77)
Female sex (%) 28.0
White race (%) 85.6

BMI (kg/m?), median (IQR)

Clinical characteristics

Current smoker (%) 17.6
Hypertension (%) 87.8
Hyperlipidemia (%) 90.7
Diabetes mellitus (%) 62.0
Prior HF (%) 55.2
Prior stroke or TIA (%) 23.5
Prior CAD (%) 91.8
Prior MI (%) 77.9
Prior PAD (%) 51.8
Prior coronary revascularization (%) 74.5
eGFR < 60 ml/min/1.73 m? (%) 46.6

Atherosclerosis affecting

One vascular bed (%) 411
Two vascular beds (%) 38.8
Three vascular beds (%) 20.1

Baseline medical therapy

Aspirin (%) 91.8
Statin (%) 88.7
ACEI or ARB (%) 78.2

28.7 (25.7, 35.2)

Baseline characteristics of patients who experienced versus did not experience hospitalization for HF during trial follow-up.

Not hospitalized for HF

(N =26096) p value
61 (53, 69) <.001
23.9 .067
87.3 31
27.6 (24.9, 30.8) <.001
20.8 .13
68.5 <.001
83.1 <.001
24.9 <.001
7.2 <.001
23.7 .93
78.1 <.001
724 .021
21.7 <.001
65.2 <.001
15.2 <.001
77.1 <.001
18.5 <.001
4.5 <.001
93.5 .18
89.8 .50
74.0 074

Note: Baseline characteristics of patients who experienced or did not experience HHF during trial follow-up were compared using Pearson x? test for
categorical variables and Wilcoxon rank-sum test for continuous variables, as appropriate.

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; CAD, coronary artery disease;
eGFR, estimated glomerular filtration rate; HF, heart failure; HHF, hospitalization for heart failure; IQR, interquartile range; MI, myocardial infarction;

PAD, peripheral artery disease.

3.3 | Vorapaxar and hospitalization for HF

HHF occurred in 189 patients (3-year KM rate=1.7%) in the
vorapaxar group and 164 patients (3-year KM rate = 1.5%) in the
placebo group (hazard ratio [HR]: 1.15; 95% Cl: 0.93-1.42; p=.19).
No significant differences were seen between the vorapaxar and
placebo groups with respect to the incidence of the other HHF
endpoints examined (Supporting Information: Table S1). Furthermore,
the incidence of HHF did not differ significantly by treatment group
within any major subgroup examined (Supporting Information:
Figure S4).

4 | DISCUSSION

This analysis of HHF risk and outcomes in over 26,000 patients
randomized in a contemporary clinical trial of secondary prevention with
antiplatelet therapy provides several important observations. First, the
risk of HHF in patients with stable ASCVD is highly heterogenous
with a >8-fold higher risk in those with a history of HF versus those with
no prior HF, a >2.5-fold higher risk in those with T2DM versus those
without, and an approximately 2-fold higher risk in patients with PAD or
polyvascular disease, as compared to those with CAD or ischemic stroke

alone. Second, even with current patterns of aggressive risk factor
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modification and secondary prevention, outcomes in those with
atherosclerosis who experience an HF hospitalization are poor, with
approximately 10% dying during the index HF hospitalization and
approximately one-third dying by the end of trial follow-up. Finally,
more intensive antiplatelet therapy with vorapaxar, while clearly
efficacious for reducing recurrent ischemic events, did not reduce the

risk of HHF over a median follow-up of 30 months.

4.1 | Risk of hospitalization for HF in patients with
stable atherosclerosis

The observed rate of HHF in this study (~0.5%/year) was consistent
with other contemporary clinical trial cohorts of patients with stable
ASCVD and nearly identical to the adjudicated HHF event rate

TABLE 2 Independent predictors of risk for HHF in patients with
stable atherosclerosis.
Characteristic X2 Adjusted OR (95% Cl)
History of HF 306.2 8.31 (6.56-10.54)
Age (10-year increase) 62.2 1.67 (1.47-1.89)
Type 2 diabetes mellitus 58.8 2.55 (2.01-3.24)
Polyvascular disease with three 36.0 2.68 (1.94-3.70)

vascular beds (vs. one)

Polyvascular disease with two 23.7 1.89 (1.46-2.44)

vascular beds (vs. one)

eGFR < 60 ml/min/1.73 m? 16.3 1.65 (1.30-2.11)
BMI (5 kg/m? increase) 6.3 1.15 (1.03-1.27)
Prior myocardial infarction 4.5 1.35 (1.03-1.78)
History of hypertension 4.4 1.44 (1.02-2.04)

Abbreviations: BMI, body mass index; Cl, confidence interval; eGFR,
estimated glomerular filtration rate; HF, heart failure; HHF, hospitalization
for heart failure; OR, odds ratio.
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observed in the FOURIER trial.X> This observation suggests that, in
this clinical setting, a rigorous structured approach using safety data
to ascertain HHF outcomes may vyield similar results to conventional
prospective event adjudication by a clinical events committee.
Although the overall HHF event rate was relatively low in this
selected clinical trial population, our data underscore the heterogeneity
in HHF risk among patients with stable atherosclerosis. These findings
build on recently developed clinical risk models designed to stratify HHF
risk in patients with T2DM and on our previous work using circulating
biomarkers to stratify HHF risk in this cohort of patients with stable
atherosclerosis.'®” Collectively, these data have important implications
for defining populations to be studied and/or treated with HF
preventive therapies. For example, sodium-glucose cotransporter-2
(SGLT2) inhibitors have recently emerged as an option for reducing
the risk of HHF in patients with T2DM and in patients with HF with
reduced ejection fraction irrespective of T2DM status.*®*2! Our
observation that patients with T2DM and patients with prior HF were
at particularly high-risk for HHF in this cohort support the large potential
impact of using SGLT2 inhibitors in the populations for which they are
currently approved. In addition, our results highlight that polyvascular
disease is an important independent indicator of HHF risk, raising the
hypothesis that SGLT2 inhibitors may have therapeutic potential in such
patients, irrespective of their T2DM or prior HF status. This hypothesis

deserves further investigation in prospective clinical trials.

4.2 | Outcomes following hospitalization for HF in
patients with stable atherosclerosis

Qutcomes in those who experienced HHF were poor. Almost 30%
required ICU admission and nearly 10% died during their HF
hospitalization. During the remainder of follow-up (median 386
[IQR: 123-657] days), 66% had a recurrent hospitalization and 35%
died following the initial HHF event. These findings indicate that in
spite of advances in medical therapy, preventing HHF and its
complications remains a significant unmet need.

(A) HHF by Prior History of Heart Failure (B) HHF by Prior History of Diabetes Mellitus (C) HHF by Number of Symptomatic Vascular Territories
o 4 o o,
o 12%1 — No Prior HF 1125% @ '2%] —NoT2DM o 12% )
2 — Prior HF 2 — T2DM 3 — 1 Territory
510%1 510% 5 10% | — 2 Territories
' v + — 3 Territories
$ 8%1 $ 8% $ 8%
- 5 [ 3 0,
£ 6% 2 6% 2 6% 645%
2 2 S
8 4% 8 4% 3.93% 8 4%
3 5 ] 3.18%
2 2% g 2% 2 2% 4
2 078% 081% 2 0.87%
0% -+ . . . . . : 0% ++ . . . . r r 0% L+ . - . : T T
0 180 360 540 720 900 1080 0 180 360 540 720 900 1080 0 180 360 540 720 900 1080
Number at risk: Days Number at risk: Days Number at risk: Days
No Prior HF 24374 23944 23617 23256 18328 12302 5491 No T2DM 19720 19390 19121 18839 14898 10031 4436 1 Territory 20248 19910 19652 19393 15042 9613 4086
Prior HF 2070 1939 1845 1758 1407 984 458 T2DM 6724 6493 6341 6175 4838 3256 1513 2 Territories 4954 4791 4672 4531 3740 2854 1414

3 Territories 1241 1181 1137 1089 953 819 448

FIGURE 1 Cumulative incidence of hospitalization for heart failure: (A) in patients with versus without prior heart failure; (B) in patients with
versus without T2DM; and (C) by the extent of atherosclerosis. Cumulative incidence rates are expressed using Kaplan-Meier estimates.
Vascular territories are defined here as the coronary, peripheral, and cerebral arterial systems. HF, heart failure; HHF, hospitalization for heart

failure; T2DM, type 2 diabetes mellitus.
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HHF by Qualifying Type of Atherosclerosis

FIGURE 2 Cumulative incidence of new or
recurrent hospitalization for heart failure by

qualifying type of atherosclerosis. Cumulative
3% —— CAD 2.93% inci i
incidence rates are expressed using
CVD Kaplan-Meier estimates. CAD, coronary
o artery disease; CVD, cerebrovascular disease;
% PAD HHF, hospitalization for heart failure;
: PAD, peripheral artery disease.
S 2%
T
1
L
e
2 1.44%
®
N
8
s |
g 1% 0.91%
- =
0% 1 T T T T T
0 180 360 540 720 1080
Number at risk: Days
CAD 17779 17432 17184 16952 13789 4109
CVD 4883 4776 4691 4567 2541 145
PAD 3787 3676 3588 3496 3406 1695
Event (A) disease is a leading cause of HF, we hypothesized that the 17%
relative reduction in MI risk among vorapaxar-treated trial partici-
Intensive Cars Unit Stay 0:5% pants would translate to a lower risk of subsequent HHF.1%?2
Moreover, heightened platelet activity leading to chronic coronary
In-Hospital Death i microthrombosis has been implicated as a mechanism of HF
progression.23 The observation that vorapaxar did not reduce HHF
Non-Home Discharge 8.8%

Rehospitalization 66.1%

All-Cause Death

Cardiovascular Death

0 20 40 60
Percentage

FIGURE 3 Clinical sequelae among patients experiencing new or
recurrent hospitalization for heart failure. (A) In-hospital outcomes of
all patients experiencing an HHF event during follow-up (n = 353).
Non-home discharge denotes patients who were discharged to a
rehabilitation center, long-term care facility, or another acute care
hospital. (B) Postdischarge outcomes of patients surviving to hospital
discharge (n = 322). HHF, hospitalization for heart failure.

4.3 | Effect of antiplatelet therapy on risk
of hospitalization for HF

Finally, in this randomized assessment, more intensive antiplatelet
therapy with vorapaxar versus placebo did not reduce the risk of
HHF overall or in high-risk subgroups. Given that ischemic heart

risk suggests either that follow-up duration was insufficient or that
the majority of HHF events were precipitated by events other than

intercurrent MI.

44 | Limitations

There are several limitations to the current study. Because of the
retrospective design, our HHF adjudication relied upon SAE narrative
reports with varying degrees of detail; this constraint may
have diminished the sensitivity of our HHF event ascertainment.
Despite this limitation, the observed rate of HHF in our study was
highly comparable to those seen in similar clinical trial populations
with prospective adjudication of HHF endpoints. Furthermore, while
reduced sensitivity may result in underestimation of HHF event rates,
it would not be expected to substantially modify the risk relationships
between clinical predictors of HHF risk or the effect of the
randomized therapy, vorapaxar, on HHF. In addition, the observa-
tions regarding outcomes after HHF do not indicate that HF
hospitalization is necessarily the cause of those outcomes, as patients
who were hospitalized for HF were clearly sicker than those who
were not. Finally, as noted above, although vorapaxar did not
decrease HHEF risk in this clinical trial cohort, the current study was

not powered to detect a difference and thus the current study does
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not exclude a possible benefit, particularly in higher-risk patients

followed for a longer period of time.

5 | CONCLUSIONS

Patients with stable atherosclerosis vary in their risk of HHF, with
much higher event rates observed in patients with prior HF, T2DM,
and polyvascular disease. Outcomes after HF hospitalization are
poor, with high rates of recurrent hospitalization and mortality.
Prevention of HHF in patients with ASCVD, therefore, appears to be
an important therapeutic goal. Despite reducing Ml risk, pharmaco-
logic inhibition of PAR-1 does not appear to have a significant effect

on HHF risk over a 3-year time horizon.
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