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Abstract
Purpose of Review Review the role of coronary artery calcium (CAC) testing in designing future clinical trials in primary prevention.
Recent Findings While there are numerous new agents that have been found to lower cardiovascular event rates in clinical trials, 
these studies have required a large sample size, in part due to low event rates as well as improved baseline treatments. More precise 
risk assessment could allow for better identification of individuals who stand to derive the most benefit from various therapies. 
Coronary CAC testing offers a simple method for identifying high-risk primary prevention cohorts, and thus may allow for improved 
efficiency of clinical trials, enhanced efficacy of various therapies, and ultimately more favorable cost-effectiveness estimates.
Summary The use of CAC testing as part of the inclusion criteria used in clinical trials may result in identifying high-risk 
individuals who were previously not included in such studies while achieving favorable absolute risk reductions. The advan-
tages afforded by using CAC to enrich clinical trials offer a potential road map for future clinical trials in primary prevention.

Keywords Coronary artery calcium · Value-based clinical trials · Primary prevention · Road map

Introduction: the Current Challenge

Atherosclerotic cardiovascular disease (ASCVD) remains 
the leading cause of mortality globally and in the USA [1]. 
Despite increasing options for treating individuals with 
known or suspected cardiovascular disease, direct and indi-
rect costs related to cardiovascular care continue to increase 
[2, 3]. The combined effect of an increased prevalence of 
cardiovascular disease (CVD) and rising costs has led to 
a need to develop more effective strategies for preventing 
CVD and identifying individuals who would derive the 
most benefit from intense primary prevention efforts. In 
the past, investigators proposed a trial-based approach for 

primary prevention [4, 5], where the inclusion criteria used 
for various trials would determine which patients benefit 
from preventive therapies. While this approach has dem-
onstrated efficacy among higher-risk patients (trials using 
mostly a secondary prevention population), most individu-
als eligible for treatment have a low absolute risk of car-
diovascular events questioning the net benefit of treatment 
[6]. The challenge remains in designing clinical trials in a 
patient population where the risk of future events is heter-
ogenous, even among those deemed to be of higher risk.

Furthermore, while statin use has become more common, 
additional novel therapies are often used as an adjunct to 
the current standard of care therapies, and the incremental 
benefit of such treatments may be low. As a result, many 
contemporary trials have a large sample size, require long-
term follow-up, and have lower efficacy than anticipated. A 
clinical trial yielding small absolute risk reduction is unfa-
vorable in a healthcare system focused on value, even if the 
therapy results in a beneficial outcome [7••, 8].
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Why Coronary Artery Calcium (CAC) Testing?

The detection of coronary atherosclerosis has been shown 
to result in improved risk assessment when compared to 
various blood biomarkers and clinical risk scores [9].

CAC testing offers an inexpensive and simple method to 
identify the presence and amount of plaque and is a power-
ful predictor of future cardiac events [10–14]. Importantly, 
the absence of CAC ( calcium score of zero) has been 
found to be a robust negative risk factor in primary preven-
tion and is currently the most definitive predictor of low 
risk [14–18]. CAC’s value as a powerful predictive tool 
has been demonstrated in both young and elderly patient 
populations [13, 19–21]. CAC scoring requires minimal 
expertise and does not require contrast, thus making it easy 
to use across multiple sites. With current technologies, 
CAC testing is associated with radiation exposures as low 
as 1.0 millisievert per study [22].

Enriching Clinical Trials Through CAC Testing

In the realm of primary prevention clinical trials, the chal-
lenge remains to efficiently identify high-risk populations 
that will have a sufficiently high absolute event rate that 
there will be a favorable absolute risk reduction. Relying 
on estimations of risk based on age or clinical risk factors 
makes it challenging to separate low-risk patients from 
high-risk patients [15]. CAC testing can enrich clinical 
trials by having inclusion criteria that are based on a single 
CAC score threshold (e.g., CAC > 300) or a CAC score 
threshold combined with risk factors to identify patients 
at the desired risk of cardiovascular disease (CVD) events. 
Such an approach can reduce risk heterogeneity and pro-
vide a more refined risk assessment.

A recent proof of concept study using data from the 
Multi-Ethnic Study of Atherosclerosis cohort explored the 
implications a CAC-based enrichment strategy would have 
on a hypothetical primary prevention trial [23•]. Cainzos-
Achirica et al. [23•] demonstrated that a higher CAC bur-
den is associated with a more significant 5-year incidence 
of CVD events and consistently identified participants that 
would derive the most considerable absolute benefit from a 
hypothetical add-on therapy. A comparison of the sample 

Fig. 1  Rationale for coronary artery calcium (CAC) testing in clinical 
trials. CAC testing is a simple, and reproducible test. Its advantages 
include an ability to identify higher-risk patients and safely exclude 
low-risk patients. Selecting higher-risk patients based on CAC testing 
at the time of enrollment would result in lowering the sample size, 

shorter follow-up, and lower number needed to treat. If a treatment 
is proven to be effective based on its greater absolute risk reduction 
at a lower cost, then the trial is also more likely to be cost-effective. 
The improved cost-effectiveness could result in increased adoption by 
payors and healthcare systems
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size utilizing a CAC score as an entry criterion instead 
of the estimated ASCVD risk demonstrated that a CAC 
score threshold of > 400 yielded the smallest estimated 
sample size (33 to 57% smaller assuming a 15% RRR of 
the hypothetical add-on therapy). Furthermore, the combi-
nation of a 10-year ASCVD risk above the 7.5% threshold 
with a CAC score enrichment criteria (CAC score > 100 
or > 400) yielded the lowest cost in terms of included par-
ticipants and screening ($296.1 million vs. $623.4 mil-
lion) [24]. While there is a possible downside of restrict-
ing potentially benefiting therapies to a higher-risk cohort 
using CAC-based inclusion criteria, this concern should 
be balanced against the improved efficiency, lower cost, 
and higher potential value of therapies that may otherwise 
have lower efficacy. It is noteworthy that any clinical trial 
using CAC testing for patient enrichment does not need to 
mandate such testing in all patients. For example, some tri-
als can have various potential criteria for trial entry, with 
CAC testing representing one possible approach. Other 
approaches could be based on a combination of clinical 
data, and blood biomarkers or findings from other avail-
able invasive or non-invasive tests, which if appropriately 
utilized, could identify patients with a similar risk profile.

Figure 1 provides a schematic illustration of the rationale 
for CAC testing to enhance clinical trials. Ideally, clinical 
trials should focus on selecting patients who are most likely 
to benefit from investigational treatments while avoiding 
excess costs associated with treating those who derive the 
least benefit. Such a design would be particularly useful in 
a setting of limited resources and could have a significant 
impact on the overall cost of preventive care [25].

Lessons from Current and Past Clinical Trials

Table 1 summarizes CAC’s use in past, present, and future 
clinical trials [26–33]. Lessons learned from these experi-
ences emphasize the importance of selecting the right sam-
ple size, adequate follow-up duration, and reliably identi-
fying individuals who will derive clinical benefit from the 
growing ubiquity of aggressive medical therapies. Recent 
experience utilizing CAC score as part of the enrollment 
criteria in a CVD risk reduction trial has demonstrated that 
it is possible to achieve manageable sample sizes yielding 
favorable absolute risk reductions within a reasonable fol-
low-up [30]. Future experiences may provide further insight 
into how CAC can help guide additional therapies in patients 
at high CVD risk [32], as an adjunct to global risk factor 
algorithms [29], or as the direct determinant of ASCVD risk 
to guide initiation of preventive therapy [7••, 31].

Is There a Way Forward?

The advantages afforded by the use of CAC to enrich clini-
cal trials offer a potential road map for future clinical trials 
in primary prevention (Fig. 2). CAC testing can be used to 
assess the efficacy of multiple novel therapies in a primary 
prevention population deemed to be at the highest risk for 
future events (e.g., CAC score of > 300). Importantly, the 
value of CAC testing may be greatest when evaluating 
therapies which are expensive or when there is concern 
regarding potential risk.

In terms of risk stratification, CAC provides an oppor-
tunity to focus prevention efforts on specific populations 
often excluded in clinical trials, including those at the 

Fig. 2  How can CAC be used 
in future clinical trials? CAC 
testing can be used in industry-
funded clinical trials to assess 
the efficacy of established 
therapies for ASCVD in a 
high-risk primary prevention 
cohort without a history of prior 
CVD events. Novel therapies 
for aggressive lipid-lowering 
or new mechanisms for lipid-
lowering can also be studied in 
a high-risk primary preven-
tion cohort using CAC testing. 
NIH-funded trials utilizing CAC 
testing as part of risk assess-
ment can evaluate the impact 
CAC-guided preventive strategy 
may have among high-risk 
young adults as well as low-risk 
older adults not included in 
clinical trials

73   Page 4 of 6 Current Atherosclerosis Reports (2021) 23: 73
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extreme range of age. Among young adults, particularly 
women, rates of acute myocardial infarction have been 
increasing, yet preventive therapies are seldomly initiated 
prior to the development of cardiovascular events [34]. 
Recent observational studies suggest that the presence of 
CAC among young adults is a robust risk marker of future 
coronary heart disease events [20, 35]. Thus, while preven-
tion trials have not been performed in very young adults 
(e.g., age < 40), the use of CAC testing could be used to 
identify a suitable population for a primary prevention 
clinical trial in the young [36]. Another opportunity for a 
clinical trial is to utilize CAC testing among older adults, 
where a CAC of ≤ 10 may be associated with a very low 
risk [19]. Clinical trials focusing on refining treatment 
decisions in older adults may improve treatment efficacy, 
reduce potential adverse effects from various therapies, 
and lower healthcare costs by reducing unnecessary medi-
cal expenditure.
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