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ABSTRACT

IMPORTANCE: Although atherosclerosis represents the primary driver of coronary artery disease, evaluation

and treatment approaches have historically relied upon indirect markers of atherosclerosis that include surro-

gates (cholesterol), signs (angina), and sequelae (ischemia) of atherosclerosis. Direct quantification and char-

acterization of atherosclerosis may encourage a precision heart care paradigm that improves diagnosis, risk

stratification, therapeutic decision-making, and longitudinal disease tracking in a personalized fashion.

OBSERVATIONS: The American College of Cardiology Innovations in Prevention Working Group

introduce the Atherosclerosis Treatment Algorithms that personalize medical interventions based upon

atherosclerosis findings from coronary computed tomography angiography (CTA) and cardiovascular risk

factors. Through integration of coronary CTA-based atherosclerosis evaluation, clinical practice guide-

lines, and contemporary randomized controlled trial evidence, the Atherosclerosis Treatment Algorithms

leverage patient-specific atherosclerosis burden and progression as primary targets for therapeutic inter-

vention. After defining stages of atherosclerosis severity by coronary CTA, Atherosclerosis Treatment

Algorithms are described for worsening stages of atherosclerosis for patients with lipid disorders, diabetes,

hypertension, obesity, and tobacco use. The authors anticipate a rapid pace of research in the field, and

conclude by providing perspectives on future needs that may improve efforts to optimize precision preven-

tion of coronary artery disease. Importantly, the Atherosclerosis Treatment Algorithms are not endorsed by

the American College of Cardiology, and should not be interpreted as a statement of American College of

Cardiology policy.

CONCLUSIONS AND RELEVANCE:We describe a precision heart care approach that emphasizes atherosclerosis as

the primary disease target for evaluation and treatment. To our knowledge, this is the first proposal to use coronary

atherosclerosis burden and progression to personalize therapy selection and therapy changes, respectively.

DISCLOSURE: The American College of Cardiology Foundation has made an investment in Cleerly, Inc., mak-

ers of a software solution that utilizes coronary CT angiography findings to evaluate coronary artery disease.
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SCOPE OF THE PROBLEM
Since the identification of atherogenic lipids, elevated blood

pressure, diabetes, tobacco use, obesity, and physical inac-

tivity as factors associated with cardiovascular risk in popu-

lation-based studies, these conditions have served as the

cornerstone for treatment targets for coronary artery disease

prevention in American College of Cardiology/American

Heart Association clinical practice guidelines.1,2 In daily

practice, the contribution of risk factors to atherosclerotic

cardiovascular disease risk can be assessed through calcula-

tors offered by the American College of Cardiology,3 and

treatment of these conditions has resulted in reductions in

major adverse cardiovascular events.2 Despite these find-

ings, coronary artery disease remains the leading cause of

mortality and morbidity in the world, with rates of major

adverse cardiovascular events now increasing.4 Several fac-

tors may contribute to the imperfection of a risk factor-

based strategy, and include:

� A Population-Based Approach Misses the Majority of

Individuals Who Will Develop Coronary Artery Dis-

ease. While risk factors are associated with coronary

artery disease in large populations, they possess signifi-

cantly less diagnostic and prognostic precision when

applied to individual patients. As an example, in the Get

with the Guidelines database of 136,905 individuals hos-

pitalized for coronary artery disease, >50% had low-den-

sity lipoprotein <100 mg/dL, the level considered ideal

at the time of publication.5 These findings are consistent

with the Framingham Heart Study, wherein >80% over-

lap of cholesterol levels was observed for patients with

and without coronary artery disease in a 26-year follow-

up.6

� Risk Factor-Guided Approaches Perform Differently

in Different Populations. Atherosclerotic cardiovascular

disease risk estimation is known to perform better in cer-

tain populations than others. In the Women’s Health Ini-

tiative of a multiethnic population of 19,995 women,

observed risks of atherosclerotic cardiovascular disease

events were significantly lower than that estimated by

risk calculators.7 Similar disparities for risk factor scor-

ing are observed for younger patients and those of differ-

ent races and ethnicities.8

� Risk Factor Presence Does Not Ensure Presence of

Coronary Artery Disease, Even in High-Risk Individ-

uals. While diabetes is widely considered a “coronary

artery disease equivalent,”9 population-based cohorts of

diabetic individuals undergoing coronary computed

tomography angiography have revealed that one-third

have no or minimal coronary artery disease, a finding

associated with low rates of major adverse cardiovascular

events.10 Population-based definitions do not ideally clas-

sify individuals with diabetes who may actually be at low

clinical risk.
� Risk Factor Control Fails the Majority of Individuals

Who Retain High Residual Risk. Risk factor control

does not reliably pinpoint individuals who are
successfully treated for risk factors but who retain signifi-

cant residual risk for major adverse cardiovascular

events. As an example, Libby11 has espoused the concept

of the “forgotten majority” to the 62%-75% of individu-

als with dyslipidemia who are treated with statin therapy

but still go on to experience major adverse cardiovascular

events.
� Atherosclerotic Cardiovascular Disease Risk Scoring

Does Not Account for Other Well-Known Factors

That Predispose an Individual to Major Adverse Car-

diovascular Events. Hundreds of conditions have been

identified that predispose an individual to major adverse

cardiovascular events, and are unaccounted for in athero-

sclerotic cardiovascular disease scoring.4 These include:

cardiometabolic disorders such as non-alcoholic steatohe-

patitis; renal disorders such as chronic kidney disease;

pulmonary disorders such as chronic obstructive pulmo-

nary disease and exposure to air pollution; and many

others.
� Atherosclerotic Cardiovascular Disease Risk Scoring

Does Not Account for As-Yet Unknown Factors That
Predispose an Individual to Major Adverse Cardio-

vascular Events. It remains likely that there is an array

of contributors to atherosclerotic cardiovascular disease

risk that have not yet been identified.12 Further, beyond

risk factor presence, it is likely that its severity, duration,

and treatment efficacy contribute to major adverse car-

diovascular events risk, and are not accounted for by ath-

erosclerotic cardiovascular disease risk scoring. Precision

prevention to reduce atherosclerotic cardiovascular dis-

ease risk will ideally integrate the totality of clinical, psy-

chosocial, environmental, and genetic determinants into

actionable metrics that can improve personalized evalua-

tion and treatment and can be tracked over time.
CORONARY COMPUTED TOMOGRAPHY
ANGIOGRAPHY
Coronary computed tomography angiography (CTA) allows

for evaluation of the full spectrum of coronary health and

disease. Coronary CTA allows for quantitative measure-

ment of atherosclerotic burden, its secondary anatomic con-

sequences on the coronary lumen (stenosis), and its tertiary

late-stage physiologic consequences on flow (ischemia).13

Coronary CTA demonstrates high performance against

‘gold standards’ and can be safely performed with low radi-

ation dose.14

Large-scale randomized trials applying coronary CTA in

individuals with suspected coronary artery disease—such

as the Scottish COmputed Tomography of the HEART trial

(SCOT-HEART) and the PROspective Multicenter Imaging

Study for Evaluation of chest pain (PROMISE)—have

demonstrated superior or equivalent clinical outcomes

when compared with ischemia-guided approaches.15-17

These trials have established the necessary evidence to

advance coronary CTA to Level IA in guidance documents,
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most recently in the 2021 American Heart Association/

American College of Cardiology Chest Pain

Guidelines.18,19

In both SCOT-HEART and PROMISE, the majority who

suffered myocardial infarction (MI) possessed only mild

stenosis at the time of coronary CTA.15,16 These findings

are consistent with those reported by Saleh and Ambrose20

for invasive angiography wherein the majority of individu-

als who will suffer MI have only mild stenosis. Together,

these findings suggest a need for definitions of coronary

artery disease severity wherein the burden of atherosclero-

sis may offer independent insights into MI risk.
CORONARY CTA FOR ATHEROSCLEROSIS BURDEN
AND TYPE
Coronary CTA performs robustly compared with intravas-

cular ultrasound for atherosclerosis, with sensitivity and

specificity of 93% and 92%, respectively.21 Coronary CTA

offers advantages over intravascular ultrasound by enabling

whole-heart atherosclerosis quantification rather than limit-

ing evaluation to proximal portions of single arteries.

Reporting of plaque burden by coronary CTA is similar to

intravascular ultrasound, employing total plaque volume or

percent atheroma volume. Atherosclerosis by coronary

CTA has been commonly categorized by composition: low-

density non-calcified plaque (<30 Hounsfield units [HU]),

non-calcified plaque (30-350 HU), and calcified plaque

(351+ HU).22,23

Coronary CTA atherosclerosis informs prognosis. In the

CONFIRM study, presence of atherosclerosis in proximal

segments conferred greater predictive value for future

major adverse cardiovascular events than stenosis, with

both features additive for prognostication of major adverse

cardiovascular events.24 Similarly, by quantitative coronary

CTA in the 3V FFR-FRIENDS study, outcomes were worse

for non-ischemic vessels exhibiting high-risk atherosclero-

sis, including increasing total plaque volume and percent

atheroma volume.25,26 These findings demonstrate that ath-

erosclerosis improves identification of risk of major adverse

cardiovascular events in a manner independent to risk factor

scoring, stenosis, and ischemia.

Coronary CTA also allows for quantification of

advanced coronary artery disease features, including low-

density non-calcified plaque and positive remodeling.

Together, low-density non-calcified plaque and positive

remodeling in a single lesion has been termed “high-risk

plaque.” In the Incident COroNary syndromes Identified by

Computed tomography (ICONIC) study of 25,251 patients,

low-density non-calcified plaque volume was the strongest

discriminator of future MI.27 SCOT-HEART also found

low-density non-calcified plaque to be the strongest predic-

tor of MI.28,29 Similarly, in PROMISE, high-risk plaque

was associated with major adverse cardiovascular events

independent of conventional markers such as stenosis, with

predictive value of high-risk plaque generalizable to indi-

viduals without severe stenosis.30 Mechanistically, high-
risk plaques may offer inflammatory and anatomic insights

into plaque biology. High-risk plaques by coronary CTA

are associated with features considered prototypic of the

“vulnerable plaque,” such as thin fibrous caps, macrophage

infiltration, and necrotic intraplaque cores.32

On the opposite end of the spectrum from dark low-density

non-calcified plaques are bright calcified plaques. Calcified

plaques include 1K plaques (with HU >1000), which were

found in ICONIC to be associated with a lower risk of future

acute coronary syndrome. Indeed, a continuum of risk of

acute coronary syndrome from high to low is observed for

plaques with compositions between low-density non-calcified

plaque (dark) and 1K plaques (bright) (Figure 131).
CORONARY CTA FOR ATHEROSCLEROSIS
PROGRESSION
Atherosclerosis is a dynamic process that progresses, with

plaque composition also demonstrating changes over time.

Motoyama et al34 showed that plaque progression in indi-

viduals was the strongest predictor of future major adverse

cardiovascular events over stenosis and risk factors. Coro-

nary CTA may be used for direct assessment of coronary

artery disease changes over time to personalize determina-

tion of the efficacy of medical therapy.35,36

In the Progression of AtheRosclerotic plAque Deter-

mIned by computed tomoGraphic angiography iMaging

(PARADIGM) study, statins were associated with 21%

reduction in annualized percent atheroma volume progres-

sion and 35% reduction in high-risk plaque at a 3.4-year

follow-up serial coronary CTA.35 While statins were asso-

ciated with slower progression, the overall reduction was

modest, as statins slowed non-calcified plaque formation

while accelerating calcified plaque formation. Independent

of statin use, rate of plaque progression was independently

associated with major adverse cardiovascular events, indi-

cating that atherosclerosis changes over time may be an

essential tool to identify individuals who are not responding

optimally to medical therapy.36 Results similar to PARA-

DIGM have been observed for icosapent ethyl, PCSK9

inhibitors, colchicine, Dietary Approaches to Stop Hyper-

tension diet, and physical activity, wherein these therapies

transformed plaque composition from non-calcified plaque

to calcified plaque, findings associated with improvement

in outcomes37-41 (Table 1).
RATIONALE AND AIM OF THE ATHEROSCLEROSIS
TREATMENT ALGORITHMS
The Atherosclerosis Treatment Algorithms were developed

as an evidence-based disease-focused approach to more

accurately personalized coronary artery disease risk assess-

ment and treatment efficacy. Whole-heart atherosclerosis

phenotyping allows for a non-invasive approach for person-

alized, quantitative disease tracking, and integrates into a

single metric an individual’s exposure to all coronary artery



Figure 1 Plaque composition assessment demonstrates lower-density non-calcified plaques to

be associated with higher risk of future acute coronary syndrome, and higher-density calcified

plaques to be associated with lower risk of future acute coronary syndrome. Adapted from: van

Rosendael AR, Narula J, Lin FY, et al. Association of high-density calcified 1K plaque with risk

of acute coronary syndrome; JAMA Cardiol. 2020;5:282-290.35
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disease risk factors—whether known or unknown—over the

course of their lifetime.36

The Atherosclerosis Treatment Algorithms emulate the

most successful prevention paradigms, such as those for

cancer.43-45 Advanced non-invasive imaging—including

mammography, colonoscopy, and lung CT—for direct visu-

alization of disease has proven effective in reducing cancer

mortality.43-45 These pathways share 5 steps:

1. Advanced imaging for disease visualization;

2. Staging by presence (tumor), extent (lymph nodes), and

severity (metastasis);

3. Classification of type of cancer;

4. Personalization of treatment to an individual’s actual

disease characteristics, and;

5. Repeat advanced imaging to assess therapeutic response.

Importantly, the Atherosclerosis Treatment Algorithms

are not intended to serve as a replacement to practice guide-

lines or consensus statements, nor are they expected to be

divorced from risk factor scoring.

DEFINING SEVERITY OF CORONARY
ATHEROSCLEROSIS BY CORONARY CTA
To quantify atherosclerosis burden, we used total plaque

volume and percent atheroma volume, defined as (plaque

volume/vessel volume)£ 100%, as these approaches are
least influenced by a patient’s body size and surface area.47

To stage atherosclerosis, we contemplated several defini-

tions, including 1) population-based ranges of age, sex, and

ethnicity; 2) plaque volumes for stable individuals who

experience future acute coronary syndrome; and 3) plaque

volumes according to stenosis severity by QCA. We

chose the latter, given the widespread familiarity of these

cut points in clinical care for angiographically non-

obstructive and obstructive 1-vessel, 2-vessel, or 3-ves-

sel/left main >50% diameter stenosis. Given significant

overlap of atheroma volume in patients with non-obstruc-

tive and 1-vessel angiographic coronary artery disease,

we combined these groups in a single stage.33 The coro-

nary atherosclerosis stages were derived from a multina-

tional trial wherein patients underwent coronary CTA and

quantitative coronary angiography33 (Table 2, Figure 2).

Atherosclerosis stages were categorized as:33,77

� Stage 0 = 0 mm3 (0% percent atheroma volume);
� Stage 1 =>0-250 mm3 (>0-5.0% percent atheroma vol-

ume);
� Stage 2 =>250-750 mm3 (>5%-15% percent atheroma

volume);
� Stage 3 =>750 mm3 (>15% percent atheroma volume).

Increases in atherosclerosis >1.0% percent atheroma

volume/year are associated with worsened prognosis, and



Table 1 Effects of Medical Therapy and Lifestyle Interventions on Plaque Progression and Composition

Intervention Study Design Follow-Up Serial CCTA CCTA Atherosclerosis Results

Statins � Multicenter observa-
tional cohort

� ≥2 y � Annualized plaque vol-
ume4

� Annualized plaque vol-
ume4 by composition

� Statins associated with
lower rate of plaque pro-
gression

� Statins associated with
higher rate of calcified
plaque formation, lower
rate of non-calcified pla-
que formation

Icosapent ethyl � RCT � 18 mo � LD-NCP volume � Icosapent ethyl reduced
LD-NCP volume com-
pared with placebo

Evolocumab � Single center,
retrospective

� 6 mo � Stability and size of pla-
ques at 6 months

� Evolocumab increased CT
density of plaques

� Evolocumab decreased
% stenosis

Colchicine � Single center,
prospective

� 12.6 mo � LD-NCP volume � Colchicine reduced LD-
NCP

DASH diet + physical
activity

� RCT � 15.4 mo � 4 in percent atheroma
volume and plaque
composition

� Diet + activity slowed
the progression of ath-
erosclerosis

� Diet + activity reduced
non-calcified plaque

CCTA = coronary computed tomography angiography; CT = computed tomography; DASH = Dietary Approaches to Stop Hypertension; LD-NCP = Low-

density non-calcified plaque; RCT = randomized controlled trial.
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higher baseline atherosclerosis is the strongest driver of cor-

onary artery disease progression.36 In the Effect of Icosa-

pent Ethyl on Progression of Coronary Atherosclerosis in

Patients with Elevated Triglycerides on Statin Therapy

(EVAPORATE) and PARADIGM trials, significant athero-

sclerosis changes were noted within 9 months and 2 years,

respectively.35,37,38,48 In both, atherosclerosis changes were

directly related to major adverse cardiovascular events.49,50

It follows that an earlier follow-up coronary CTA to deter-

mine therapeutic success may be more valuable for those

with higher baseline coronary artery disease burden. Our

proposal is that serial coronary CTA may be beneficial for

patients with Stage 0, 1, 2, and 3 atherosclerosis at 4, 3, 2,

and 1 years, respectively. In the event of significant athero-

sclerosis progression, therapeutic decision-making can then

be informed by changes in an individual’s actual disease

process.
Table 2 Stages of Coronary Atherosclerosis by Total Plaque Volume and

Stage of Atherosclerosis Angiographic Stenosis Severity

None No stenosis
Stage 1 1%-49% stenosis

1-vessel CAD >50% stenosis
Stage 2 2-vessel CAD >50% stenosis
Stage 3 3-vessel CAD >50% stenosis

CAD = coronary artery disease.
TREATING ATHEROSCLEROSIS BURDEN AND
PROGRESSION
Less than 5 years ago, the “toolbox” of primary prevention

for coronary artery disease was limited, with statins, ezeti-

mibe, aspirin, and antihypertensive agents largely the only

agents available. Today, there are myriad of Food and Drug

Administration-approved therapies (with several others

anticipated shortly) that have a beneficial impact on risk

factors or reducing major adverse cardiovascular events

(Supplementary Table47-60,62). These novel medications tar-

get coronary artery disease as a chronic inflammatory athe-

rothrombotic disease process, and include:51,52

� Lipid-lowering agents: (1) PCSK9 inhibitors, (2) Icosa-

pent ethyl, (3) Bempedoic acid, (4) Inclisiran49,53-56

� Antithrombotic agents: (5) Rivaroxaban57

� Anti-inflammatory agents: (6) Colchicine58
Percent Atheroma Volume

Total Plaque Volume (mm3) Percent Atheroma Volume (%)

0 0%
>0 to 250 >0%-5.0%

>250 to 750 >5%-15.0%
>750 >15.0%



Figure 2 Examples of patients with Stage 0, Stage 1, Stage 2 and Stage 3 atherosclerosis. Staging of coronary ath-

erosclerosis should say total Cleerly Labs and Cleerly Coronary (Cleerly Inc., Denver, Colo). PAV = percent atheroma

volume; TPV = total plaque volume. Adapted from J Cardiovasc Comput Tomogr. 2022 16(5):415−422.
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� Novel anti-atherosclerotic diabetic agents: (7) Glucagon-

like peptide (GLP)-1 receptor agonists, and (8) Sodium-glu-

cose transport protein 2 (SGLT2) inhibitors59-68

The “toolbox” now enables >10 classes of medications

to treat atherosclerosis, with newer agents—such as those

targeting Lp(a) and GLP-1/glucose-dependent insulino-

tropic polypeptide (GIP) agonists—expected shortly. Nota-

bly, the Atherosclerosis Treatment Algorithms emphasize

therapies with the most robust outcomes data at the time of

writing. This does not preclude other medications as having

utility and, as evidence develops, the Atherosclerosis Treat-

ment Algorithms will be adjusted accordingly.
ATHEROSCLEROSIS TREATMENT ALGORITHMS
The Atherosclerosis Treatment Algorithms (Table 3,

Supplementary Figures 1−4, available online) emphasize

lifestyle interventions, including a plant-forward diet, and

regular physical activity, as recommended in guidelines.2
In extreme cases, use of metabolic surgery may be consid-

ered for the treatment of obesity-related atherosclerotic car-

diovascular disease.69

Several important issues should be considered when

applying the Atherosclerosis Treatment Algorithms into

daily clinical practice:

� Atherosclerosis Treatment Algorithms emphasize

patient-based, rather than lesion-based, measures of ath-

erosclerosis burden and progression. We advocate the

concept of assessing the “vulnerable patient” over that of

the “vulnerable plaque.” In part, this may be due to the

dynamism of atherosclerosis and morphologic changes

over time that contribute to the likelihood of any given

plaque to become culprit in future acute coronary

syndrome.70,71 The authors’ current thinking is that mor-

phologic quantitative assessment of plaques alone is inad-

equate to precisely pinpoint lesions at risk of becoming

culprit, and that significant contributors to major adverse

cardiovascular events risk beyond atherosclerosis itself—



Table 3 Simplified Approach to Medical Therapy Based Upon
Stage of Atherosclerosis

Stage Treatment Serial CCTA

Stage 0 � GDMT/Shared decision for de-escala-
tion of therapy

4 years

Stage 1 � Statin: (rosuvastatin 10-20 mg QD/
atorvastatin 20-40 mg QD)

� Ezetimibe 10 mg QD

3 years

Stage 2 � High-intensity statin (rosuvastatin
40 mg QD/atorvastatin 80 mg QD)

� Ezetimibe 10 mg QD
� Aspirin 81-100 mg QD
� Rivaroxaban 2.5 mg BID
If diabetic, GLP-1 receptor agonist

2 years

Stage 3 � High-intensity statin (rosuvastatin
40 mg QD/atorvastatin 80 mg QD)

� Ezetimibe 10 mg QD
� ASA 81-100 mg QD*
� Rivaroxaban 2.5 mg BID*
� Other lipid-lowering medications:
PCSK-9 inhibitors, icosapent ethyl,
inclisiran, bempedoic acid

� Colchicine 0.6 mg QD
� Cardiac rehabilitation or other super-
vised exercise program (if covered)

If diabetic: GLP-1 receptor agonist and
SGLT2 inhibitor

1 year

ASA = acetylsalicylic acid; BID = twice a day; CCTA = coronary CT angi-

ography; GDMT = guideline-directed medical therapy; GLP-1 = glucagon-

like peptide 1; QD = once a day; SGLT2 = sodium-glucose transport pro-

tein 2.

Comprehensive atherosclerosis treatment algorithms for patients with

lipid disorders, diabetes, hypertension, obesity, and tobacco use can be

seen in Supplementary Figures 1−4 (available online).
*For patients at bleeding risk, use of rivaroxaban and aspirin is sug-

gested only after shared decision making to ensure patient literacy of

elevated bleeding risk.
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such as inflammation and thrombosis—will improve pre-

dictive precision.
� Atherosclerosis Treatment Algorithms highlight total ath-

erosclerosis burden rather than focusing on a specific pla-

que composition. The preponderance of prognostic data

has emphasized overall atherosclerotic burden for risk

stratification.27-29,31,42 As future studies are performed

examining the differential prognostic utility of athero-

sclerotic plaques by compositional phenotype, the Ath-

erosclerosis Treatment Algorithms may be updated

accordingly to account for not only atherosclerosis stage,

but also classification of phenotypic disease type.
� Atherosclerosis Treatment Algorithms do not incorporate

advanced atherosclerosis markers of risk by coronary CTA

(eg, high-risk plaques). Several high-risk features have been

observed by coronary CTA to be predictive of future major

adverse cardiovascular events, including low-density non-

calcified plaque, positive remodeling, and others.32 We

elected not to include these Atherosclerosis Treatment

Algorithms for reasons of simplicity, and to offer a single
integrated metric (percent atheroma volume) that represents

a patient’s total atherosclerotic burden.47

� Atherosclerosis Treatment Algorithms propose longitudi-

nal coronary CTA-based evaluation commensurate to the

burden of disease. Given that baseline plaque burden is

the strongest predictor of plaque progression, we rea-

soned that those with higher atherosclerotic burden

should undergo re-evaluation after therapeutic initiation

at a shorter inter-scan interval than individuals with lesser

amounts of disease. A 4-3-2-1-year inter-scan interval for

repeat coronary CTA was considered reasonable for

patients with Stage 0, 1, 2, and 3 atherosclerosis, respec-

tively.
FUTURE OUTLOOK
As additional evidence is developed, we expect the Athero-

sclerosis Treatment Algorithms to evolve to include other

features; for example:

� Atherosclerotic Plaque Composition. Given the contin-

uum of prognosis that has been observed across the contin-

uum of Hounsfield unit gray scale (ie, lower-

density = greater risk, higher density = lower risk), incorpo-

rating continuous measures of plaque compositions may

improve understanding of patient- and plaque-level risk.31

� Additional Atherosclerosis Features. In addition to

measures of high-risk plaque—such as low-density non-

calcified plaque and positive remodeling—several other

atherosclerosis and vascular morphology features have

been demonstrated to impart prognostic importance.32

These include plaque location, diffuseness, geometry,

vessel and lumen volume; and may accentuate evaluation

of those undergoing coronary CTA .

As prior treatment trials have emphasized surrogate

markers of coronary artery disease in lieu of coronary artery

disease itself, our proposed approach to targeting atherosclero-

sis as the primary disease target is intuitive but unproven. Val-

idation of the Atherosclerosis Treatment Algorithms will

require randomized trials and observational cohort studies,

which are ongoing. Given the multitude of available treat-

ments for coronary artery disease, it is likely that real-world

strategy trials that enable comparison of an approach to ath-

erosclerosis treatment will be most informative.

ECONOMIC IMPLICATIONS OF A PERSONALIZED
APPROACH TO CORONARY ARTERY DISEASE
DIAGNOSIS
The Atherosclerosis Treatment Algorithms incorporate an

array of novel, highly effective medications, some of which

are costly.

There are »40 million in the United States alone who may

qualify for these therapies based upon risk factors.64,72-75

However, in both symptomatic and population-based cohorts,

the majority of individuals with coronary artery disease risk
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factors do not, in fact, possess significant coronary artery

disease.10,46 In this regard, a precision diagnostics approach to

serve as a judicious referral management tool that espouses

the “right treatment for the right patient at the right time”

based upon quantitative disease burden may allow for a more

rationale and individualized approach to guide therapy. This

approach may reduce the economic burden for the physician

and Pharmacy Benefit Manager. At present, more than

$80,000 per physician per annum is spent on prior authoriza-

tions.76 A personalized approach with objective measures of

disease may be effective at curbing prior authorization costs

while ensuring that the patients receive the most appropriate

medications. These cost savings should be balanced by the

cost of coronary CTA, which may in some instances be per-

formed serially. At present, the approximate Medicare reim-

bursement for coronary CTA is»$180 USD.
CONCLUSION
The authors describe a precision heart care approach that

emphasizes atherosclerosis as the primary disease target for

evaluation and treatment. By integrating visualized coro-

nary atherosclerosis with risk factors to personalize therapy,

Atherosclerosis Treatment Algorithms are, to our knowl-

edge, the first to propose using coronary atherosclerosis

burden and progression to personalize therapy selection and

therapy changes, respectively.
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Supplementary Table Clinical Evidence for Medications on Coronary Artery Disease Risk Factor Control and Major Adverse Cardiac Events

Medication Eligibility Criteria Study Size Duration Primary Endpoint Results Relative Risk
Reduction

Ref

Lipid-lowering medications
Bempedoic acid ASCVD (clinically

significant CHD
by imaging), het-
erozygous FH or
both; LDL ≥70
mg/dL

2230 52 wk LDL lowering 16.5% lower LDL N/A 45

Evolocumab 40-85 y, clinical
ASCVD;
≥70 mg/dL LDL or
non-HDL 100 mg/
dL; on ≥20 mg
atorvastatin

27,564 2.2 y CV death, MI,
stroke, UA, TVR

9.8% vs 11.3%, HR
0.85

15% 46

Alirocumab >40, h/o ACS 1-2
mo prior to ran-
domization, LDL
≥70 mg/dL, non-
HDL ≥100 mg/dL,
or apolipoprotein
B ≥80 mg, on
statin

18,924 2.8 y CHD death, MI,
stroke, UA

9.5% vs 11.1% 15% 47

Isocapent ethyl >45 y w/ estab-
lished CVD or >50
y w/ DM + 1 RF,
TG≥135 mg/dl
and LDL 41-100
mg/dl

8179 4.9 y CV death, MI,
stroke, revasc, UA

17.2% vs 22.0% 25% 48

Inclisiran Adults w/ h/o
ASCVD (CHD, CVD,
or PAD) or ASCVD-
risk equivalent
(T2DM, familial
hypercholesterol-
emia) and 10-y
FRS risk w/ target
LDL <100 mg/dL;
LDL ≥70 mg/dL or
≥100 mg/dL for
ASCVD-risk
equivalent

3178 510 d % change LDL at
510 d; and time-
adjusted %
change LDL 90-
540 d

»50% lower LDL
and time-
adjusted LDL

N/A 50

Antithrombotic medications
Rivaroxaban >65 w/ CAD or <65

w/ atherosclerosis
in ≥2 vascular
beds or ≥2 RFs

27,395 1.9 y CV death, stroke,
MI

17.2% vs 22.0% 25% 51

Anti-inflammatory medications
Colchicine Age >35 and ≤82 y;

proven CAD by
CCTA or CACS
>400 or h/o CABG
>10 y prior, or
angiographic evi-
dence of graft
failure or PCI
after CABG

5522 28.6 mo CV death, MI, ische-
mic stroke or
ischemia-driven
revascularization

6.8% vs 9.6% 31% 52
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Supplementary Table (Continued)

Medication Eligibility Criteria Study Size Duration Primary Endpoint Results Relative Risk
Reduction

Ref

SGLT2 inhibitors
Empagliflozin Type 2 diabetes w/

BMI <40 and
eGFR >30 w/ CVD
(≥2 vessels w/
50% stenosis or 1
vessel 50% steno-
sis and ischemia)

7020 3.1 y CV death, MI,
stroke

10.5% vs 12.1% 14% 58

Dapagliflozin >40 y/o, type 2
diabetes; HgbA1C
>6.5%; CrCl >60;
multiple risk fac-
tors for ASCVD

17,160 4.2 y CV death, MI,
stroke, heart
failure

8.8% vs 9.4% None 59

Canagliflozin Type 2 diabe-
tes + ASCVD (>30
y) or ≥2 risk fac-
tors (>50 y),
eGFR >30

10,142 2.4 y CV death, MI,
stroke

26.9 vs 31.5 partic-
ipants / 1000 pt-
years

14% 60

GLP-1 receptor agonists
Semaglutide T2DM + HgbA1C

>7%; >50 w/
ASCVD or >60 w/
1 CV RF

2735 2 y CV death, MI,
stroke

6.6% vs 8.9% 26% 53

Exenatide Type 2 diabetes w/
h/o ASCVD events
(70%) or not
(30%)

14,752 3.2 y CV death, MI,
stroke

11.4% vs 12.2% None 54,55

Liraglutide Type 2 diabetes,
HgbA1C >7.0%;
>50 years w/
ASCVD; >60 years
w/ >1 CV RF

9340 3.8 y CV death, MI,
stroke

13.0% vs 14.9% 13% 56

Dulaglutide Type 2 diabetes;
>50 w/ prior CV
event or CV risk
factors

9901 5.4 y CV death, MI,
stroke

12.0%vs 13.4% 12% 57

Lixisenatide Type 2 diabetes w/
prior MI or UA
hospitalization

6068 25 mo CV death, MI,
stroke, UA

13.4% vs 13.2% N/A 62

ACS = acute coronary syndrome; ASCVD = atherosclerotic cardiovascular disease; BMI = body mass index; CABG = coronary artery bypass surgery;

CACS = coronary artery calcium score; CAD = coronary artery disease; CCTA = coronary computed tomography angiography; CHD = coronary heart disease;

CrCl = creatinine clearance; CV = cardiovascular; CVD = cardiovascular disease; DM = diabetes mellitus; eGFR = effective glomerular filtration rate; FH = famil-

ial hypercholesterolemia; FRS = Framingham Risk Score; GLP-1 = glucagon-like peptide 1; HDL = high-density lipoprotein; HgbA1C = glycosylated hemoglo-

bin; HR = hazard ratio; LDL = low-density lipoprotein; MI = myocardial infarction; N/A = not applicable; PCI = percutaneous coronary intervention; RF = risk

factor; SGLT2 = sodium-glucose transport protein 2; T2DM = type 2 diabetes mellitus; TG = triglyceride; TVR = target vessel revascularization; UA = unstable

angina.
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Supplementary Figure 1 “Treat Disease” algorithms for patients with dyslipidemia. (B)
1PCSK9 inhibitors include: alirocumab (starting 75 mg/2 weeks or 300 mg/4 weeks, maintenance

150 mg/2 weeks or 300 mg/4 weeks); evolocumab (140 mg/mL SQ 2 weeks or 420 mg SQ

month); Inclisiran administered at 284 mg at baseline, 3 months and then every 6 months. (C)
1For all patients with PAV >10.0%, suggest check Lp(a) >50 mg/dL or >125 nmol/L, consider

PCSK9 inhibitors as first-line lipid-lowering agent. 2PCSK9 inhibitors include: alirocumab

(starting 75 mg/2 weeks or 300 mg/4 weeks, maintenance 150 mg/2 weeks or 300 mg/4 weeks);

evolocumab (140 mg/2 weeks or 420 mg/month). *For patients at bleeding risk, use of rivaroxa-

ban and aspirin is suggested only after shared decision-making to ensure patient literacy of ele-

vated bleeding risk. (D) 1For all patients with PAV >10.0%, suggest check Lp(a) >50 mg/dL or

>125 nmol/L, consider PCSK9 inhibitors as first-line lipid-lowering agent. 2PCSK9 inhibitors

include: alirocumab (starting 75 mg/2 weeks or 300 mg/4 weeks, maintenance 150 mg/2 weeks

or 300 mg/4 weeks); evolocumab (140 mg/2 weeks or 420 mg/month). 3See dosing table. 4Pend-

ing Food and Drug Administration approval, availability, and safety profile. *For patients at

bleeding risk, use of rivaroxaban and aspirin is suggested only after shared decision-making to

ensure patient literacy of elevated bleeding risk. LDL = low-density lipoprotein; PAV = percent

atheroma volume; QD = once a day; SQ = subcutaneous.
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Supplementary Figure 1. Continued
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Supplementary Figure 2 “Treat Disease” algorithms for patients with diabetes. (A) If patient

LDL >70 mg/dL, please refer to Lipid algorithm; standard lipid guidelines apply. (B) 1If patient

LDL >70 mg/dL, please refer to Lipid algorithm; standard lipid guidelines apply. 2See dosing

table. (C) 1If patient LDL >70 mg/dL, please refer to Lipid algorithm; standard lipid guidelines

apply. 2See dosing table. *For patients at bleeding risk, use of rivaroxaban and aspirin is sug-

gested only after shared decision-making to ensure patient literacy of elevated bleeding risk. (D)
1If patient LDL >70 mg/dL, please refer to Lipid algorithm; standard lipid guidelines apply.
2See dosing table. 3Pending Food and Drug Administration approval, availability, and safety pro-

file. *For patients at bleeding risk, use of rivaroxaban and aspirin is suggested only after shared

decision-making to ensure patient literacy of elevated bleeding risk. GLP = glucagon-like pep-

tide; HgbA1c = glycosylated hemoglobin; LDL = low-density lipoprotein; SGLT2 = sodium-glu-

cose transport protein 2.
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Supplementary Figure 2. Continued

Supplementary Figure 3 “Treat Disease” algorithms for patients with obesity or tobacco use.
1WildingJP, Batterham RL, Calanna S et al. N Engl J Med 2021; 384-989-1002. 2Poirier P, Com-

ier MA, Mazzone T et al. Circulation 2011.
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Supplementary Figure 4 “Treat Disease” algorithms for patients with hyperten-

sion. ACC =American College of Cardiology; AHA =American Heart Associa-

tion. 1Welton PK, Carey RM, Aronow WS et al. Hypertension 2018; 71:e13-115.
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