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Abstract

Objectives: Increased inflammation and myocardial injury can be observed in the absence
of myocardial infarction or obstructive coronary artery disease (CAD). We determined whether
biomarkers of inflammation - interleukin 6 (IL-6) and myocardial injury - high-sensitivity troponin
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(hs-cTn) were associated with the presence and extent of CAD and were independent predictors of
major adverse cardiovascular events (MACE) in stable chest pain.

Methods: Using participants from the PROMISE trial, we measured hs-cTn | and IL-6
concentrations and analyzed CTA images in the core laboratory for CAD characteristics:
significant stenosis (=70%), high-risk plaque (HRP), CAD-RADS categories, segment
involvement score (SIS), and coronary artery calcium (CAC) score. The primary endpoint was
a composite MACE (death, myocardial infarction, or unstable angina).

Results: We included 1796 participants (age 60.2+8.0 years, men 47.5%, median follow-up

25 months). In multivariable linear regression adjusted for atherosclerotic cardiovascular disease
risk (ASCVD), hs-cTn was associated with HRP, stenosis, CAD-RADS, and SIS. IL-6 was only
associated with stenosis and CAD-RADS. Hs-cTn above median (1.5 ng/l) was associated with
MACE in univariable analysis (HR 2.1, 95%CI 1.3-3.6, p=0.006), but not in multivariable analysis
adjusted for ASCVD and CAD. IL-6 above median (1.8 ng/l) was associated with MACE in
multivariable analysis adjusted for ASCVD and HRP (HR 1.9, 95%CI 1.1-3.3, p=0.03), CAC (HR
1.9, 95%CI 1.0-3.4, p=0.04), and SIS (HR 1.8, 95%CI 1.0-3.2, p=0.04), but not for stenosis or
CAD-RADS. In participants with non-obstructive CAD (stenosis 1-69%), the presence of both
hs-cTn and IL-6 above median was strongly associated with MACE (HR 2.5-2.7 after adjustment
for CAD characteristics).

Conclusions: Concentrations of hs-cTn and IL-6 were associated with CAD characteristics
and MACE indicating that myocardial injury and inflammation may each contribute to pathways
in CAD pathophysiology. This association was most pronounced among participants with non-
obstructive CAD representing an opportunity to tailor treatment in this at-risk group.

Keywords
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Introduction

Evaluation of patients with symptoms suggestive of obstructive coronary artery disease
(CAD) is one of the most common clinical scenarios in outpatient practices. In the

United States, new stable angina is diagnosed in 565,000 patients annually.(1) Non-invasive
evaluation with functional stress testing and coronary computed tomography angiography
(CTA) are cornerstones for the diagnosis of obstructive CAD and risk stratification for future
major adverse cardiovascular events (MACE).(2,3) In addition to detection of ischemia and
obstructive CAD, coronary plaque characteristics and CAD burden can refine prediction of
MACE when evaluated by coronary CTA.(4-7) During follow-up, the majority of MACE
occurs in patients with non-obstructive CAD.(7,8) Further risk stratification in this subgroup
of patients is therefore of utmost importance.

Circulating biomarkers of myocardial injury have been traditionally used in the evaluation of
patients with suspected acute coronary syndrome.(9) More recently, circulating biomarkers
of myocardial injury (e.g. high-sensitivity troponin — hs-cTn) and inflammation (e.g.
interleukin 6 — IL-6) have been associated with CAD and MACE in large epidemiologic
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cohorts and symptomatic patients.(10-21) However, the association of these biomarkers
with detailed assessment of coronary atherosclerosis, including high-risk plaque and
various measures of CAD burden, has not been reported. Furthermore, prior studies

have not explored whether the predictive value of circulating biomarkers is independent

of atherosclerotic cardiovascular disease (ASCVD) risk score and CAD characteristics,
which might indicate different mechanisms of pathophysiologic involvement. Therefore, we
determined whether hs-cTn and IL-6 were independent predictors of MACE and how they
were associated with the presence and extent of CAD in stable chest pain population in the
Prospective Multicenter Imaging Study for Evaluation of Chest Pain (PROMISE) trial.

Study design and population

PROMISE was a pragmatic comparative effectiveness trial that enrolled 10,003 stable
symptomatic outpatients without known CAD who required noninvasive cardiovascular
testing at 193 sites in North America between July 2010 and September 2013.(2) We
randomly assigned patients who provided written informed consent to either the CTA or
the functional testing. We documented patient demographics, cardiovascular risk factors
and atherosclerotic cardiovascular disease (ASCVD) risk scores at the time of enroliment.
Patients were followed up for a minimum of 1 year after randomization. Local or central
institutional review boards approved the study.

In our cohort study nested in the original PROMISE trial, we included all patients who
were randomized to the CTA arm, received the initial diagnostic test as randomized, and
had blood samples collected for the measurements of circulating biomarkers. We excluded
subjects who received other tests as their first test, did not undergo any diagnostic test,
received non-contrast CT only, for whom coronary CTA datasets were not available or were
of non-diagnostic quality (Figure 1).

Circulating biomarker analysis

Concentrations of hs-cTn | and IL-6 were quantified using single-molecule counting
methods (Singulex, Alameda, California) on an Erenna platform as described previously.
(11,12,21,22) Hs-cTn | assay had a limit of detection of 0.5 ng/l and a 99th percentile
reference limit of 6 ng/l in apparently healthy individuals.(11,12,23) IL-6 assay had a limit
of quantification of 0.4 ng/1.(21,24)

Coronary CTA analysis

Coronary CTA images were acquired using either retrospectively electrocardiogram-gated
or prospectively electrocardiogram-triggered protocols according to guidelines and local
protocols.(7) The images were transferred to the core laboratory for the analysis on a
cardiac workstation (TeraRecon, Foster City, California). Six readers with level 111 training
in coronary CTA analyzed randomly assigned datasets. The coronary CTA analysis was
performed per coronary segment in accordance with the guidelines from the Society of
Cardiovascular Computed Tomography.(25)
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Each evaluable coronary segment was assessed for the presence of stenosis. The severity
of stenosis was quantified by visual estimation into 5 categories: 0%, 1-29%, 30-49%,
50-69%, or =70% stenosis.(25) We defined significant stenosis as the presence of >70%
stenosis in any vessel or =50% stenosis in the left main coronary artery. We performed a
sensitivity analysis using the definition of 250% stenosis in any coronary artery. Coronary
Avrtery Disease Reporting and Data System (CAD-RADs) category was assigned on a
per-patient basis.(26)

For each evaluable coronary segment, we noted the presence of plaque (calcified, non-
calcified, or partially calcified).(27) Each coronary segment with plague was evaluated

for the presence of high-risk plaque. High-risk plaque features were defined as positive
remodeling (remodeling index >1.1), low CT attenuation (mean CT number <30 HU), or
napkin-ring sign (ring-like peripheral higher attenuation with central low CT attenuation).(7)
The patient was classified as having high-risk plaque if at least one high-risk plaque feature
was present.

We use three measures for the assessment of coronary plaque burden. On non-contrast

CT scan, we calculated total coronary calcium score using Agatston method.(28) Segment
involvement score was calculated by counting the total number of coronary segments
exhibiting plaque (minimum 0; maximum 16).(29) CT-adapted Leaman score was calculated
using 3 sets of weighting factors: localization of coronary plaques; type of plaque, and
degree of stenosis.(30)

Study outcomes

The primary endpoint was a composite of time to MACE including death from any cause,
myocardial infarction, or hospitalization for unstable angina. An independent clinical events
committee adjudicated all endpoint events in a blinded fashion on the basis of standard,
prospectively determined definitions.(2)

Statistical analysis

Continuous variables are presented as mean+standard deviation or median (25t-75t
percentile). Categorical variables are presented as frequencies and percentages. Comparisons
between groups were performed with the use of a 2-sample Student t-test or Wilcoxon
rank-sum test for continuous variables and Fisher exact test for categorical variables.
Multivariable linear regression analysis was performed with the dependent variables of
hs-cTn or IL-6 (both log-transformed) and multivariable logistic regression analysis was
performed with the dependent variable of high-risk (patients with both hs-cTn and IL-6
above the median). Multivariable Cox proportional hazards models were used to assess the
relationship of the hs-cTn above median, IL-6 above median, or high-risk group (patients
with both hs-cTn and IL-6 above median) and time to the first clinical event (or censoring)
for the composite endpoint. All multivariable regression models (i.e. linear, logistic, and
Cox) used the same set of pre-specified measures of coronary atherosclerosis and stenosis as
independent variables (any coronary plaque, any high-risk plaque, positive remodeling, low
CT attenuation plaque, napkin-ring sign, significant stenosis, >50% stenosis, CAD-RADS
categories, log-transformed CAC score, SIS and Leaman score; each in a separate model)
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with adjustment for age, gender and ASCVD risk score. For all regression analyses (i.e.
linear, logistic, and Cox) robust standard errors were used to calculate p-values. Cumulative
event rates based on test results were computed using the Kaplan—Meier method and
compared using the log-rank test. All p-values are 2-sided, and were considered significant
at the nominal 0.05 level. All statistical analyses were performed using Stata 14.2 (StataCorp
LP, College Station, Texas).

Study population

Association

The baseline characteristics of 1796 patients included in the study stratified by median
concentration of hs-cTn (1.5 ng/l) and IL-6 (1.8 ng/l) are summarized in Table 1. Age,
proportion of men and burden of cardiovascular risk factors (number of risk factors and
ASCVD risk score) were higher in patients with hs-cTn above median. There were more
women in the group of patients with IL-6 above median. Age and risk factor burden were
higher in patients with IL-6 above median. We performed similar comparison in patients
with hs-cTn and IL-6 in the 4t vs. 15t quartile and the results were similar (Supplemental
Table S1).

We defined a high-risk subgroup of 459 patients in whom both biomarkers of myocardial
injury (hs-cTn) and inflammation (I1L-6) were above the median value (Supplemental Table
S2). High-risk patients were older and had higher burden of cardiovascular risk factors. We
also performed a subgroup analysis in patients with non-obstructive CAD (stenosis 1-69%,
n=1,059). As shown in Supplemental Table S3, patients with higher concentrations of either
hs-cTn and IL-6 were older and had higher ASCVD risk score. We performed similar
comparison in patients with hs-cTn and IL-6 in the 4 vs. 15t quartile and the results were
similar (Supplemental Table S4).

of circulating biomarkers with coronary atherosclerosis

Coronary plaque (any coronary plaque, any high-risk plaque, positive remodeling, low CT
attenuation plaque) and obstructive CAD (presence of stenosis and higher CAD-RADS
categories) were more prevalent in patients with higher concentrations of hs-cTn (Table

2). Burden of coronary atherosclerosis measured as CAC score, SIS and Leaman score
were also higher in patients with hs-cTn above the median. In the analysis comparing 4t
vs. 15t quartile of hs-cTn, we found similar differences with higher prevalence of plaque
and stenosis, and higher plaque burden among those with higher hs-cTn (Supplemental
Table S5). Higher concentrations of IL-6 were associated with the presence of stenosis

and CAD-RADS categories, but not with the presence of plaque (any coronary plaque,
high-risk plague) and other measures of coronary atherosclerosis burden (CAC score, SIS
and Leaman score; Table 2). In the analysis comparing 4™ vs. 15t quartile of IL-6, we found
association of low CT attenuation plaque, obstructive CAD (presence of stenosis and higher
CAD-RADS categories), CAC score, SIS with higher IL-6 (Supplemental Table S5).

Coronary atherosclerotic plaque (any coronary plaque, high-risk plaque), obstructive CAD
(presence of stenosis and higher CAD-RADS categories) and other measures of coronary
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atherosclerosis burden (CAC score, SIS and Leaman score) were more prevalent and higher
in high-risk group of patients with both hs-cTn and IL-6 above the median (Supplemental
Table S6).

In multivariable models adjusted for age, gender and ASCVD risk score, presence of

any high-risk plaque, positive remodeling, low CT attenuation plaque, significant stenosis,
>50% stenosis and CAD-RADS categories were associated with log-transformed hs-cTn
concentrations (Table 3). Similarly, measures of plaque and stenosis burden were associated
with log hs-cTn (log-transformed CAC score, SIS, Leaman score). Only low CT attenuation
plaque, significant stenosis and CAD-RADS categories were found to be significantly
associated with log-transformed IL-6 after controlling for age, gender and ASCVD risk
score.

The presence of high-risk plaque, positive remodeling, low CT attenuation plaque,
significant stenosis, >50% stenosis, CAD-RADS categories, and SIS were also associated
with high-risk of both hs-cTn and IL-6 above median (Supplemental Table S7). The other
measures of coronary atherosclerosis were not significantly associated with high-risk.

of circulating biomarkers with major adverse cardiovascular events

The primary outcome of composite MACE occurred in 60 of 1796 patients (total incidence
3.3%) during a median (25M-75t percentile) follow-up of 24.7 (17.7-32.9) months. Hs-
cTn above median was associated with MACE in univariable analysis (HR 2.14, 95%Cl
1.25-3.64, p=0.005; Figure 2). However, hs-cTn was not an independent predictor of
MACE in multivariable analysis adjusted for age, gender and ASCVD risk score (HR

1.76, 95%CI 0.97-3.20, p=0.06), nor after additional adjustment for any coronary plaque
(HR 1.71, 95%CI 0.95-3.08, p=0.07), any high-risk plaque (HR 1.73, 95%Cl 0.96-3.12,
p=0.07), positive remodeling (HR 1.73, 95%CI 0.96-3.12, p=0.07), low CT attenuation
plaque (HR 1.73, 95%CI 0.96-3.14, p=0.07), napkin-ring sign (HR 1.76, 95%CI 0.97-3.22,
p=0.06), significant stenosis (HR 1.64, 95%CI 0.89-3.01, p=0.11), >50% stenosis (HR 1.63,
95%CI 0.89-2.98, p=0.11), CAD-RADS categories (HR 1.62, 95%CI 0.90-2.94, p=0.11),
log-transformed CAC score (HR 1.68, 95%CI 0.89-3.19, p=0.11), SIS score (HR 1.64,
95%CI 0.90-2.99, p=0.11), or Leaman score (HR 1.62, 95%CI 0.89-2.96, p=0.11).

IL-6 above median was associated with MACE in univariable analysis (HR 1.93, 95%ClI
1.14-3.26, p=0.01; Figure 2) and in multivariable analysis adjusted for age, gender

and ASCVD risk score (HR 1.92, 95%CI 1.09-3.39, p=0.03). The association of IL-6
concentration above the median with MACE persisted after additional adjustment for any
coronary plaque (HR 1.93, 95%CI 1.10-3.41, p=0.02), any high-risk plaque (HR 1.88,
95%CI 1.06-3.35, p=0.03), positive remodeling (HR 1.91, 95%CI 1.08-3.38, p=0.03),
low CT attenuation plaque (HR 1.87, 95%CI 1.06-3.32, p=0.03), napkin-ring sign (HR
1.92 95%CI 1.08-3.39, p=0.03), >50% stenosis (HR 1.79, 95%CI 1.02-3.15, p=0.04),
log-transformed CAC score (HR 1.89, 95%CI 1.05-3.41, p=0.034), SIS score (HR 1.83,
95%Cl 1.04-3.22, p=0.04), or Leaman score (HR 1.79, 95%CI 1.02-3.16, p=0.04) but not
for significant stenosis (HR 1.77, 95%Cl 0.99-3.15, p=0.05) or CAD-RADS categories (HR
1.71, 95%CI 0.98-3.00, p=0.06).
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High-risk biomarker subgroup was associated with MACE in univariable analysis (HR
2.47,95%Cl 1.49-4.11, p<0.001; Figure 2) and in multivariable analysis adjusted for age,
gender and ASCVD risk score (HR 2.22, 95%Cl 1.25-3.92, p=0.01). The association

of high-risk with MACE persisted after additional adjustment for any coronary plaque

(HR 2.22, 95%Cl 1.26-3.91, p=0.01), any high-risk plaque (HR 2.15, 95%CI 1.21-3.81,
p=0.01), positive remodeling (HR 2.16, 95%CI 1.22-3.83, p=0.01), low CT attenuation
plague (HR 2.16, 95%CI 1.22-3.83, p=0.01), napkin-ring sign (HR 2.22 95%CI 1.25-3.93,
p=0.01), significant stenosis (HR 2.00, 95%CI 1.11-3.60, p=0.02), >50% stenosis (HR 2.01,
95%CI 1.13-3.56, p=0.02), CAD-RADS categories (HR 1.94, 95%CI 1.10-3.43, p=0.02),
log-transformed CAC score (HR 1.98, 95%CI 1.09-3.59, p=0.03), SIS score (HR 2.04,
95%Cl 1.16-3.60, p=0.01), and Leaman score (HR 2.02, 95%CI 1.13-3.59, p=0.02).

We performed additional analysis in patients with non-obstructive CAD (stenosis 1-69%)
and found that hs-cTn was not a predictor of MACE after adjustment (Supplemental Table
S8, Supplemental Figure S1). We found stronger association with MACE for IL-6 and
high-risk group of patients, which persisted after adjustment for the presence of plaque, any
high-risk plaque, positive remodeling, low CT attenuation plaque, napkin-ring sign, stenosis
or plaque burden measures.

Finally, we repeated analyses exploring the association of hs-cTn, IL-6, and high-risk

with MACE after adjustment for age, gender, individual coronary atherosclerosis and
stenosis characteristics and included the interaction term of serum biomarkers and individual
coronary atherosclerosis and stenosis characteristics. For all analyses, the interaction term
was non-significant (p>0.05) suggesting that the outcome of MACE was not significantly
driven by the interaction between serum biomarkers and coronary atherosclerosis and
stenosis characteristics.

Discussion

We found that circulating biomarkers of myocardial injury (hs-cTn) and inflammation (IL-6)
were associated with the presence and extent of coronary atherosclerosis in the population of
outpatients evaluated for suspected CAD by coronary CTA (Central Illustration). High-risk
coronary plaque, obstructive CAD (significant stenosis, CAD-RADS) and CAD burden
(CAC score, SIS, Leaman score) were associated with hs-cTn concentrations. Obstructive
CAD (significant stenosis, CAD-RADS), but not other measures of coronary atherosclerosis,
was associated with IL-6 concentrations. The high-risk group of patients with both hs-cTn
and 11-6 above median had the highest burden of CAD.

Further, we observed that hs-cTn predicted MACE, but not after adjusting for cardiovascular
risk factors and CAD characteristics (Central Illustration). In contrast, IL-6 predicted MACE
even after adjustment for the presence of coronary plaque, high-risk plaque and plaque
burden (CAC score, SIS, Leaman score). The association between biomarkers and MACE
was the strongest in high-risk patients with both elevated markers of myocardial injury

and inflammation and in subgroup of patients with non-obstructive CAD. High-risk was
associated with approximately 2 to 2.5-fold increased risk of MACE after multivariable
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adjustment for cardiovascular risk factors and CAD characteristics in patients with non-
obstructive CAD.

Hs-cTn in the assessment of CAD

The association between increased risk of future cardiovascular events in normal population
of patients with low concentrations of hs-cTn has been well established. Hs-cTn
concentrations predict structural heart abnormalities and cardiovascular events.(10-12)
Elevated concentrations of hs-cTn within normal range values have been also predictors of
functionally significant CAD on stress test and obstructive CAD on coronary CTA.(12-14)
In the analysis from the Scottish Computed Tomography of the HEART (SCOT-HEART)
trial, higher concentrations of hs-cTn were associated with obstructive CAD and improved
the discrimination and calibration of the CAD Consortium model for identifying obstructive
CAD and improved classification of ACC/AHA pretest probability risk categories.(15) Our
prior analyses in the PROMISE trial showed that higher concentrations of hs-cTn within

the normal range were associated with heightened near-term risk of MACE.(11) The results
of the present analysis in the same cohort extend prior knowledge by demonstrating a
significant association between hs-cTn measurements within the normal range and detailed
characteristics of coronary atherosclerosis, specifically high-risk plaque, stenosis and CAD
burden. Specifically, we observed that higher burden of CAD and obstructive CAD probably
explain some of the mild elevations of hs-cTn within what is considered normal range. The
association between hs-cTn and MACE was attenuated by cardiovascular risk factors and
CAD characteristics, suggesting that significant portion of the risk from elevated hs-cTn as
mediated by the presence of CAD.

IL-6 in the assessment of CAD

Prior studies have demonstrated discordant results with regard to the association of IL-6
concentrations with coronary atherosclerosis and CAD. High IL-6 was an independent
predictor of coronary CTA-derived atherosclerotic risk score integrating plaque type,
location and stenosis in a small population of symptomatic chest pain patients.(16) In
another small study, IL-6 predicted CAD defined as >30% stenosis on invasive coronary
angiography.(17) I1L-6 was also a predictor of carotid atherosclerotic plaque in the Tromso
study.(18) Furthermore, IL-6 across increasing tertiles was associated with higher coronary
atherosclerotic burden and obstructive CAD and this association persisted in groups of
patients with both non-obstructive and obstructive CAD.(19) However, the review of
available evidence on the association between inflammatory markers, including IL-6, and
severity and extent of CAD on invasive coronary angiography concluded that the association
was overall weak and mostly explained by concomitant burden of cardiovascular risk
factors.(20) Similarly, patients with functionally significant CAD as detected by myocardial
perfusion imaging had higher IL-6 concentrations in univariable analysis, but not in fully
adjusted multivariable analysis.(21)

A possible explanation of the differences observed in prior studies is that IL-6 is

prone to fluctuations over time. IL-6 can be produced by T-cells, endothelial cells,
macrophages, cardiomyocytes, and fibroblasts. It is thought that T-cell cytokines generated
during plaque development stimulate the production of quantifiable amounts of circulating
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IL-6 downstream and may reflect the dynamic nature of atherosclerosis development

and progression.(31) Nevertheless, circulating IL-6 concentrations were associated with
coronary heart disease and higher hazard ratio for events when long-term concentrations
were considered.(32) Indeed, IL-6 was a strong predictor of CV events in multiple studies
and a meta-analysis.(21,33,34)

Our study builds on previous experiences demonstrating that 1L-6 was associated

the presence of obstructive CAD (significant stenosis and CAD-RADS categories).
Interestingly, 1L-6 was predictor of MACE in the fully adjusted model for ASCVD risk
score and coronary plaque, high-risk plague and CAD burden, but not when adjusted
for stenosis parameters. This suggests that IL6 may influence MACE through pathways
independent of CTA-based CAD measures and also raises possibility of the stronger
predictive value of IL-6 in patients with non-obstructive CAD.

Biomarkers in patients with non-obstructive CAD

Indeed, in the analysis of patients with non-obstructive CAD (1-69% stenosis) in our study,
IL-6, but not hs-cTn, was a predictor of MACE in multivariable analysis. The concentrations
of IL-6 above median were associated with higher, almost 3-fold, increase in MACE

among patient with non-obstructive CAD. These findings suggest that the measurements

of increased inflammation have increased predictive value in patients with non-obstructive
CAD. Anti-inflammatory treatment with canakinumab, a human anti-1L-1p monoclonal
antibody, reduced the rate of myocardial infarction and coronary revascularization in the
Canakinumab Antiinflammatory Thrombosis Outcome Study (CANTOS) trial.(35) We may
speculate that patients with non-obstructive CAD and elevated inflammation (e.g. IL-6) may
be a target populations for the most efficient use of anti-inflammatory therapies. Further
studies will be needed to confirm this hypothesis.

High-risk group with elevated biomarkers of myocardial injury and inflammation

In our final analysis, we found that high-risk patients with both increased hs-cTn and

IL-6 had more plaque, high-risk plaque, stenosis and CAD burden compared to those with
elevated concentrations of only one or neither biomarker. High-risk was a predictor of
MACE after adjusting for ASCVD risk score and CAD characteristics. The results persisted
in the subgroup of patients with non-obstructive CAD. As we have shown previously in

the PROMISE trial, the majority of MACE occurs in patients with non-obstructive CAD,
despite the lower relative risk compared to obstructive CAD given the large size of this
population.(8) In addition to high-risk plaque (7), circulating biomarkers may provide an
additional risk assessment tool in this subgroup.

Values of hs-cTn and IL-6

In our study, we performed primary analyses of the association between biomarkers, CAD
characteristics, and MACE using stratification of biomarkers by the median value. There
are no pre-defined cut-off values of hs-cTn and IL-6 in the range of values that basically
represent normal distribution in the population. The analyses using median cut-off provided
the best power. The use of categorized biomarker values (i.e., above vs. below median)

also permitted easy conceptualization of the results for the readers providing simple hazard
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ratios (e.g., approximately two-fold increased risk of MACE in those with higher biomarker
levels).

Limitations

Biomarkers were available only in a subgroup of patients who consented for the
participation in the biorepository. However, the baseline characteristics of patients with and
without biomarkers were not significantly different, suggesting that there was no systematic
bias.(12) The study was performed among symptomatic patients with suspected CAD who
were scheduled for a non-invasive testing. Our results may not be applicable in general
asymptomatic population with lower risk or in higher risk patients diagnosed with acute
coronary syndrome. The hs-cTn | method that was used in our study is considerably

more sensitive than conventionally used assays and does not have regulatory approval

for this indication. Thus, our results cannot be necessarily extrapolated to other hs-cTn
tests. Blood samples were obtained during the baseline visit in the trial. The sites were
encouraged to process and store the samples immediately; however, delays in processing
might have occurred and affected the values of IL-6. The details on the possible delays in
the sample processing were not available in the trial. We do not have serial biomarker
measurement, which may be reasonable to refine risk prediction further. We did not
determine thresholds for the biomarkers to be considered “abnormal”. Measurements of
high-sensitivity C-reactive protein, which are more commonly used in clinical practice for
the assessment of increased inflammation, were not available in our study.

Conclusions

Circulating biomarkers of myocardial injury (hs-cTn) and inflammation (IL-6) are
associated with the presence and severity of CAD and IL-6 predicts future MACE in
patients with stable chest pain undergoing coronary CTA for the diagnostic evaluation. The
predictive value of IL-6 is stronger in the subgroup of patients with non-obstructive CAD,
suggesting upregulated inflammatory pathways may play role in this subgroup and can

be a target of anti-inflammatory therapeutic interventions. High-risk patients with elevated
biomarkers of both myocardial injury and inflammation are at especially high risk for
MACE compared to all others even after adjustment for CAD characteristics. This was
especially true in the absence of obstructive CAD suggesting that future trials are needed
to better determine whether additional interventions (e.g. more potent lipid-lowering or
anti-inflammatory therapies) can decrease their cardiovascular risk.
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Perspectives:
Clinical Competencies — Competency in Clinical Knowledge

In patients evaluated for suspected stable coronary artery disease by coronary computed
tomography, circulating biomarkers of myocardial injury (hs-cTn) and inflammation
(IL-6) are associated with the presence and severity of coronary atherosclerosis and I1L-6
predicts future major adverse cardiovascular events.

Translational Outlook

Future trials are needed to better determine whether additional interventions (e.g. more
potent lipid-lowering or anti-inflammatory therapies) can decrease cardiovascular risk
in patients with increased biomarkers of myocardial injury (hs-cTn) and inflammation
(IL-6), especially in subgroup of patients with non-obstructive coronary artery disease.
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Figure 1. Patient Inclusions and Exclusions.
The flow of patients from the PROMISE trial included and excluded from the study.

JACC Cardiovasc Imaging. Author manuscript; available in PMC 2023 August 01.

Page 16



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Ferencik et al. Page 17

18 A 18 A
K154 {151
g 12 1 g 12
w w
£ 9- £ 9-
= P-value = 0.005 = P-value = 0.013
2 6 e 2 6 e
c r= = =
o T @ R
® 34 i WS = w® 34 ,__——i'_,_,w,:——
£ -~ = P il
s -
0 04
0 6 12 18 24 30 36 0 6 12 18 24 30 36
Months Since Randomization Months Since Randomization
Number at risk Number at risk
- —- > Median hsTn 892 852 791 642 454 285 18 -=->Median IL6 842 807 752 608 434 290 151
—— < Median hsTn 904 870 827 680 504 316 7 — < Median IL6 954 915 866 714 524 an 138
18 4
154
=
:>: 12 4
£ 9 P-value < 0.001
= T
2 6 g
& .
2 —_—
s 3 et —
o o —_—
ol
T T T T T T T
0 6 12 18 24 30 36

Months Since Randomization
Number at risk

- = - High Risk 459 439 403 320 224 144 69
— No High Risk 1,337 1,283 1,215 1,002 734 457 220

Figure 2. Kaplan—-Meier Estimates of the Composite Primary Endpoint as a Function of Time
after Randomization.

Panel A shows Kaplan-Meier estimates stratified by the median high-sensitivity troponin
values. Panel B shows Kaplan-Meier estimates stratified by the median interleukin-6 values.
Panel C shows Kaplan-Meier estimates stratified by the presence of high-risk vs. no high-
risk.
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Association with
MACE
Adjusted for age, sex,
ASCVD, CAD characteristics

NS

HR1.79 -1.93
P < 0.05

HR1.94 - 2.22
P < 0.05

Central Illustration. Association of biomarkers of myocardial injury and inflammation with
coronary artery disease and major cardiovascular events.

The depiction of the associations between circulating biomarkers of myocardial injury
(high-sensitivity cardiac troponin — hs-cTn) and inflammation (interleukin 6 — IL-6) and
coronary artery disease (CAD) characteristics and major adverse cardiovascular events. The
statistically significant (p<0.05) associations between biomarkers and CAD characteristics in
bold white text. The associations between hs-cTn and high-risk (patients both hs-cTn and
IL-6 above median) was significant after adjustments for age, gender, ASCVD risk score and
individual CAD characteristics (bold white text).
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