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1

The 2018 AHA/ACC Cholesterol Management Guideline identifies two risk groups for patients with atherosclerotic cardiovascular disease (ASCVD), each with a distinct set of lipid-lowering recommendations.1 The “very high-risk” ASCVD group has a class I recommendation for high-intensity statin therapy independent of age, a class IIa recommendation for ezetimibe, and a class IIa recommendation for a PCSK9 inhibitor (PCSK9i). Conversely, the “not very high-risk” ASCVD group has weaker recommendations for adults >75 years of age, a class IIb recommendation for ezetimibe, and no recommendation for PCSK9i use.1
We previously established that a strategy of adding high sensitivity troponin (hsTn) to the guideline’s ASCVD risk algorithm reclassifies a substantial portion of not very high-risk patients into a group whose risk profile is similar to the very high-risk group.2 In this analysis, we now assess the impact of more aggressive lipid-lowering in this reclassified cohort, hypothesizing that, despite not carrying a guideline recommendation, they would derive clinical benefit from a PCSK9i to a similar magnitude as that seen in the very high-risk group. 

Methods
We tested this hypothesis with a nested prospective analysis within a randomized controlled trial of evolocumab (FOURIER3). The analysis includes 22,224 patients with stable ASCVD who consented for the biomarker substudy and had hsTnI results available. Individual informed consent was obtained and the trial protocol was approved by each site’s ethics committee. Data will not be publicly available; however, interested parties can contact the corresponding authors.

Based on guideline-derived ASCVD risk categories, each patient was assigned to either very high-risk or not very high-risk. Baseline hsTnI was measured using a high-sensitivity assay (Abbott ARCHITECT) at the TIMI Clinical Trials Laboratory (Boston, Massachusetts). A major vascular event (MVE) was defined as the composite of cardiovascular death, MI, stroke, unstable angina, or coronary revascularization. Median follow-up was 2.2 years. Absolute and relative risk reductions (ARR, RRR) with evolocumab were calculated in ASCVD and hsTn subgroups (< vs. 6 ng/L). 

Results
In this biomarker cohort, 19,866 had very-high risk ASCVD and 2,358 had not very high risk ASCVD. The median hsTnI level was 4 ng/L (25th-75th percentiles, 2-8 ng/L), with 7,398 (33%) having levels 6 ng/L. Higher levels of hsTnI were associated with older age and comorbidities including prior MI, kidney disease, and heart failure. 
Plasma hsTnI levels predicted increased cardiovascular risk across both very high-risk and not very high-risk ASCVD categories (Figure, Panel-A). Not very high-risk ASCVD patients with hsTnI 6 ng/L had risk of MVE on par with very high-risk ASCVD (dashed lines). Among patients with very high-risk ASCVD and hsTn 6 ng/L, annualized MVE rate was >5%/year, a level of risk not achieved in the not very high-risk ASCVD group until hsTnI approached 26 ng/L, the 99% upper reference limit.
Very high-risk patients benefited from evolocumab, with an ARR of 1.9% (95% CI 1.0-2.7) and RRR of 16% (HR 0.84, 95% CI 0.77-0.91) for MVE. In not very high-risk ASCVD, the ARR appeared to vary by hsTnI level. Specifically, there was no apparent benefit in those with hsTnI <6 ng/L, whereas in the 25% with hsTnI 6 ng/L the ARR (2.0%) and RRR (HR 0.80, 95% CI 0.47-1.36) were similar to those in the very high-risk ASCVD group (p-interaction=0.94) (Figure, Panel-B). 

Discussion
An association between hsTn and cardiovascular risk in stable ASCVD is well established;4,5 however, hsTn has not yet been integrated into clinical practice because of unclear treatment implications. In this analysis of >22,000 ASCVD patients, we demonstrate that hsTn can identify patients who benefit from PCSK9i, specifically those in an ostensibly lower clinical risk category who would not have otherwise been offered this therapy.
The 2018 AHA/ACC Cholesterol Management Guideline only recommends PCSK9i for patients with very high-risk ASCVD using a defined set of characteristics. Our prior work demonstrated that approximately 25% of patients characterized as having not very high-risk ASCVD, actually have a similar event rate to the very high-risk group when selected using hsTnI. Our present analysis goes one step further, to show that these patients reclassified by hsTnI 6 ng/L do appear to derive benefit from evolocumab similar to the very high-risk group with a RRR of 20% and an ARR of 2.0%.
These findings have potential clinical implications. While FOURIER was enriched for very high-risk ASCVD, not very high-risk ASCVD is more common in the general population. Therefore, this biomarker-driven strategy for more risk-appropriate selection for treatment with PCSK9i could ultimately reduce the cardiovascular disease burden in a substantial proportion of the ASCVD population and help physicians personalize therapy for ASCVD.

Conclusions
Among patients with ASCVD, either hsTn or ASCVD clinical criteria can identify patients who benefit from evolocumab. Specifically, hsTnI identifies a significant cohort of “not very high-risk” ASCVD patients who are at greater risk than otherwise appreciated and derive risk reductions with evolocumab on par with clinically very high-risk ASCVD patients.
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Figure Legend

Figure: (A) ASCVD Clinical Risk, High-Sensitivity Troponin, and the Probability of a Major Vascular Event. A spline was created by using the Cox model with natural cubic spline effect and hsTnI data truncated outside 1st percentile and 99th percentile before modeling. Assay’s Limit of Detection = 2 ng/L and 99th percentile/MI Threshold = 26 ng/L. (B) Major Vascular Event Rates stratified by hsTnI and ASCVD Risk Category. Median follow up of 2.2 years. Hazard ratios with 95% confidence intervals from left to right are 1.03 (0.71-1.50), 0.80 (0.47-1.36), 0.80 (0.71-0.90), 0.88 (0.78-0.99). 
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