CLINICAL REVIEW

Preventing ASCVD Events: Using
Coronary Artery Calcification Scores to
Personalize Risk and Guide Statin Therapy

Joel Kupfer, MD?; Helme Silvet, MD"; Samuel M. Aguayo, MD?

Background: Lung cancer is the most common cause of
cancer mortality, and cigarette smoking is the most significant
risk factor. Among smokers at high risk for lung cancer,
atherosclerotic cardiovascular disease (ASCVD) also poses a
significant risk for morbidity and mortality. Fortunately, there
are opportunities of the prevention of ASCVD events during
lung cancer screening (LCS).

Observations: Chest low-dose computed tomography
(LDCT) scans used for LCS provide information about the
absence or severity of coronary artery calcification (CAC),

another independent risk factor of ASCVD events. Of note,
there are clinically important differences in using CAC
scores to guide primary prevention and statin therapy
in smokers eligible for LCS compared with those of the
general population. This review article focuses on these
differences.

Conclusions: We provide recommendations on using CAC
scores from LDCT to guide the prevention of ASCVD events
in LCS in addition to using cardiac testing and when referral
to a cardiovascular specialist should be considered.
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of cancer mortality, and cigarette smok-

ing is the most significant risk fac-
tor. Several randomized clinical trials have
shown that lung cancer screening (LCS)
with nonelectrocardiogram (ECG)-gated
low-dose computed tomography (LDCT)
reduces both lung cancer and all-cause mor-
tality.* The US Preventive Screening Task
Force (USPSTF) recommends annual screen-
ing with LDCT in adults aged 50 to 80 years
who have a 20-pack-year smoking history
and currently smoke or have quit within the
past 15 years.?

Smoking is also an independent risk fac-
tor for atherosclerotic cardiovascular disease
(ASCVD), and LCS clinical trials acknowl-
edge that mortality from ASCVD events ex-
ceeds that of lung cancer.*’ In an analysis of
asymptomatic individuals from the Fram-
ingham Heart Offspring study who were eli-
gible for LCS, the ASCVD event rate during
a median (IQR) follow-up of 11.4 (9.7-12.0)
years was 12.6%.° However, despite the high
rate of ASCVD events in this population, pri-
mary prevention strategies are consistently
underused. In a study of 5495 individu-
als who underwent LCS with LDCT, only
40% of those eligible for statins had one pre-
scribed, underscoring the missed opportunity
for preventing ASCVD events during LCS.”
Yet the interactions for shared decision mak-
ing and the availability of coronary artery

I ung cancer is the most common cause
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calcification (CAC) scores from the LDCT
provide an ideal window for intervening and
preventing ASCVD events during LCS.

CAC is a hallmark of atherosclerotic
plaque development and is proportional to
plaque burden and ASCVD risk.® Because
of the relationship between CAC, subclini-
cal atherosclerosis, and ASCVD risk, there
is an opportunity to use CAC detected by
LDCT to predict ASCVD risk and guide rec-
ommendations for statin treatment in indi-
viduals enrolled in LCS. Traditionally, CAC
has been visualized by ECG-gated noncon-
trast CT scans with imaging protocols spe-
cifically designed to visualize the coronary
arteries, minimize motion artifacts, and re-
duce signal noise. These scans are specifically
done for primary prevention risk assessment
and report an Agatston score, a summed
measure based on calcified plaque area and
maximal density.? Results are reported as
an overall CAC score and an age-, sex-, and
race-adjusted percentile of CAC. Currently, a
CAC score 2 100 or above the 75th percentile
for age, sex, and race is considered abnormal.

High-quality evidence supports CAC
scores as a strong predictor of ASCVD risk
independent of age, sex, race, and other tra-
ditional risk factors.'!'? In asymptomatic
individuals, a CAC score of 0 is a strong,
negative risk factor associated with very
low annualized mortality rates and cardio-
vascular (CV) events, so intermediate-risk
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TABLE CAC Scoring Systems Comparison

CAC Data and Reporting Visual CAC Agatston CAC 10-year risk of artherosclerotic
System score'® score™ score® cardiovascular disease event, %
0 0 0 1.3-2.4

1 1 1-99 4.7-8.3

2 2 100-299 >10

3 3 > 300 >20

Abbreviation: CAC, coronary artery calcification.

individuals can be reclassified to a lower
risk group avoiding or delaying statin ther-
apy.’®> As a result, current primary preven-
tion guidelines allow for CAC scoring in
asymptomatic, intermediate-risk adults
where the clinical benefits of statin therapy
are uncertain, knowing the CAC score will
aid in the clinical decision to delay or initi-
ate statin therapy.

Unlike traditional ECG-gated CAC
scoring, LDCT imaging protocols are
non-ECG-gated and performed at variable
energy and slice thickness to optimize the de-
tection of lung nodules. Early studies sug-
gested that CAC detected by LDCT could
be used in lieu of traditional CAC scoring to
personalize risk.'*!> Recently, multiple stud-
ies have validated the accuracy and reproduc-
ibility of LDCT to detect and quantify CAC.
In both the NELSON and the National Lung
Screening Trial (NLST) LCS trials, higher vi-
sual and quantitative measures of CAC were
independently and incrementally associated
with ASCVD risk.'®!” A subsequent review
and meta-analysis of 6 LCS trials confirmed
CAC detected by LDCT to be an indepen-
dent predictor of ASCVD events regardless of
the method used to measure CAC.'®

There is now consensus that either an
Agatston score or a visual estimate of CAC
be reported on all noncontrast, noncardiac
chest CT scans irrespective of the indication
or technique, including LDCT scans for LCS
using a uniform reporting system known
as the Coronary Artery Calcium Data
and Reporting System (CAC-DRS)." The
CAC-DRS simplifies reporting and adds
modifiers indicating if the reported score is
visual (V) or Agatston (A) and number of
vessels involved. For example, CAC-DRS A0
or CAC-DRS V0 would indicate an Agatston
score of 0 or a visual score of 0. CAC-DRS
A1/N2 would indicate a total Agatston score
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of 1-99 in 2 coronary arteries. The currently
agreed-on CAC-DRS risk groups are listed
in the Table, along with their correspond-
ing visual score or Agatston score and an-
ticipated 10-year event rate, irrespective of
other risk factors.?

As LCS efforts increase, primary care prac-
titioners will receive LDCT reports that now
incorporate an estimation of CAC (visual or
quantitative). Thus, it will be increasingly
important to know how to interpret and use
these scores to guide clinical decisions re-
garding the initiation of statin therapy, refer-
ral for additional testing, and when to seek
specialty cardiology care. For instance, does
the absence of CAC (CAC = 0) on LDCT pre-
dict a low enough risk for statin therapy to be
delayed or withdrawn? Does increasing CAC
scores on follow-up LDCT in individuals on
statin therapy represent treatment failure?
When should CAC scores trigger additional
testing, such as a stress test or referral to car-
diology specialty care?

PRIMARY PREVENTION IN LCS
The initial approach to primary prevention in
LCS is no different from that recommended
by the 2018 multisociety guidelines on the
management of blood cholesterol, the 2019
American College of Cardiology/American
Heart Association (ACC/AHA) guideline on
primary prevention, or the 2022 USPTSF rec-
ommendations on statin use for primary pre-
vention of CV disease in adults.?"*> For a
baseline low-density lipoprotein cholesterol
(LDL-C) > 190 mg/dL, high-intensity statin
therapy is recommended without further risk
stratification. Individuals with diabetes also
are at higher-than-average risk, and moderate-
intensity statin therapy is recommended.

For individuals not in either group, a vali-
dated ASCVD risk assessment tool is recom-
mended to estimate baseline risk. The most

MAY 2024 - FEDERAL PRACTITIONER - 143



Atherosclerotic Cardiovascular Disease

FIGURE Proposed Algorithm for Using CAC-DRS Scores to Individualize Statin
Recommendations in Smokers Undergoing LCS

Aged 50 to 75 years, LCS-eligible without prior ASCVD
or diabetes, and LDL-C 71 to 189 mg/dL

CAC-DRS 0 CAC-DRS 1, 2 CAC-DRS 3
Intermediate risk Borderline risk
>7.5% to 20% 5t07.5% Moderate-to high- High-
Moderate-intensity Consider moderate- intensity statin intensity statin
statin intensity statin

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; CAC, coronary artery calcification; CAC-DRS, CAC Data and
Reporting System; LCS, lung cancer screening; LDL-C, low-density lipoprotein cholesterol.

validated tool for estimating risk in the US
population is the 2013 ACC/AHA Pooled
Cohort Equation (PCE) which provides
an estimate of the 10-year risk for fatal and
myocardial infarction and fatal and nonfa-
tal stroke.** The PCE risk calculator uses age,
presence of diabetes, sex, smoking history,
total cholesterol, high-density lipoprotein
cholesterol, systolic blood pressure, and treat-
ment for hypertension to place individuals
into 1 of 4 risk groups: low (< 5%), border-
line (5% to < 7.5%), intermediate (= 7.5% to
< 20%), and high (= 20%). Clinicians should
be aware that the PCE only considers cur-
rent smoking history and not prior smok-
ing history or cumulative pack-year history.
This differs from eligibility for LCS where re-
cent smoking plays a larger role. All these
risk factors are important to consider when
evaluating risk and discussing risk-reducing
strategies like statin therapy.

The 2018 multisociety guidelines and the
2019 primary prevention guidelines set the
threshold for considering initiation of statin
therapy at intermediate risk > 7.5%.2"** The
2020 US Department of Veterans Affairs/
Department of Defense guidelines set the
threshold for considering statin therapy at an
estimated 10-year event rate of 12%, whereas
the 2022 UPSTF recommendations set the
threshold at 10% with additional risk factors
as the threshold for statin therapy.**> The
reasons for these differences are beyond the
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scope of this review, but all these guidelines
use the PCE to estimate baseline risk as the
starting point for clinical decision making.

The PCE was originally derived and val-
idated in population studies dating to the
1960s when the importance of diet, ex-
ercise, and smoking cessation in reducing
ASCVD events was not well appreciated.
The application of the PCE in more contem-
porary populations shows that it overesti-
mates risk, especially in older individuals and
women.?*?” Overestimation of risk has the
potential to result in the initiation of statin
therapy in individuals in whom the actual
clinical benefit would otherwise be small.

To address this issue, current guidelines
allow the use of CAC scoring to refine risk
in individuals who are classified as inter-
mediate risk and who otherwise desire to
avoid lifelong statin therapy. Using current
recommendations, we make suggestions on
how to use CAC scores from LDCT to aid
in clinical decision making for individuals
in LCS (Figure).

No Coronary Artery Calcification

Between 25% and 30% of LDCT done for LCS
will show no CAC.**! In general population
studies, a CAC score of 0 is a strong nega-
tive predictor when there are no other risk
factors.*?® In contrast, the negative predic-
tive ability of a CAC score of 0 in individu-
als with a smoking history who are eligible for
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LCS is unproven. In multivariate modeling,
a CAC score of 0 did not reduce the signifi-
cant hazard of all-cause mortality in patients
with diabetes or smokers.?”” In an analysis of
44,042 individuals without known heart dis-
ease referred for CAC scoring, the frequency
of a CAC score of 0 was only modestly lower
in smokers (38%) compared with nonsmok-
ers (42%), yet the all-cause mortality rate
was significantly higher.® In addition, Multi-
Ethnic Study of Atherosclerosis (MESA) par-
ticipants who were current smokers or eligi-
ble for LCS and had a CAC score of 0 had an
observed 11-year ASCVD event rate of 13.4%
and 20.8%, respectively, leading to the con-
clusion that a CAC score of 0 may not be pre-
dictive of minimal risk in smokers and those
eligible for LCS.*! Additionally; in LCS-eligible
individuals, the PCE underestimated event
rates and incorporation of CAC scores did not
significantly improve risk estimation. Finally,
data from the NLST screening trial showed
that the absence of CAC on LDCT was not
associated with better survival or lower CV
mortality compared with individuals with low
CAC scores.

The question of whether individuals
undergoing LCS with LDCT who have no
detectable CAC can avoid statin therapy
is an unresolved issue; no contemporary
studies have looked specifically at the re-
lationship between estimated risk, a CAC
score of 0, and ASCVD outcomes in indi-
viduals participating in LCS. For these rea-
sons, we recommend moderate-intensity
statin therapy when the estimated risk is
intermediate because it is unclear that ei-
ther an Agatston score of 0 reclassifies
intermediate-risk LCS-eligible individuals
to a lower risk group.

For the few borderline risk (estimated
risk, 5% to < 7.5%) LCS-eligible individ-
uals, a CAC score of 0 might confer low
short-term risk but the long-term benefit of
statin therapy on reducing subsequent risk,
the presence of other risk factors, and the
willingness to stop smoking should all be
considered. For these individuals who elect
to avoid statin therapy, annual re-estimation
of risk at the time of repeat LDCT is recom-
mended. In these circumstances, referral for
traditional Agatston scoring is not likely to
change decision making because the sensi-
tivity of the 2 techniques is very similar.
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Agatston Score of 1-99 or

CAC-DRS or Visual Score of 1

In general population studies, these scores
correspond to borderline risk and an es-
timated 10-year event rate of just under
7.5%.% In both the NELSON and NLST
LCS trials, even low amounts of CAC re-
gardless of the scoring method were as-
sociated with higher observed ASCVD
mortality when adjusted for other baseline
risk factors.’? Thus, in patients undergo-
ing LCS with intermediate and border-
line risk, a CAC score between 1 and 99
or a visual estimate of 1 indicates the pres-
ence of subclinical atherosclerosis, and
moderate-intensity statin therapy is
reasonable.

Agatston Score of 100-299 or

CAC-DRS or Visual Score of 2

Across all ages, races, and sexes, CAC scores
between 100 to 299 are associated with an
event rate of about 15% over 10 years.® In
the NELSON LCS trial, the adjusted haz-
ard ratio for ASCVD events with a nontra-
ditional Agatston score of 101 to 400 was
6.58.> Thus, in patients undergoing LCS
with a CAC score of 100 to 299, regardless
of the baseline risk estimate, the projected
absolute event rate at 10 years would be
about 20%. Moderate-intensity statin ther-
apy is recommended to reduce the baseline
LDL-C by 30% to 49%.

Agatston Score of > 300 or
CAC-DRS or Visual Score of 3

Agatston CAC scores > 300 are consistent
with a 10-year incidence of ASCVD events of
> 15% regardless of age, sex, or race and eth-
nicity?® In the Calcium Consortium, a CAC
> 400 was correlated with an event rate of
13.6 events/1000 person-years.'? In a Walter
Reed Military Medical Center study, a CAC
score > 400 projected a cumulative incidence
of ASCVD events of nearly 20% at 10 years.>*
In smokers eligible for LCS, a CAC score
> 300 projected a 10-year ASCVD event
rate of 25%.?° In these patients, moderate-
intensity statin therapy is recommended, al-
though high-intensity statin therapy can be
considered if there are other risk factors.

Agatston Score > 1000
The 2018 consensus statement on CAC
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reporting categorizes all CAC scores > 300
into a single risk group because the recom-
mended treatment options do not differ.”
However, recent data suggest this might
not be the case since individuals with very
high CAC scores experience high rates of
events that might justify more aggressive
intervention. In an analysis of individuals
who participated in the CAC Consortium
with a CAC score = 1000, the all-cause
mortality rate was 18.8 per 1000 person-
years with a CV mortality rate of 8 per
1000 person-years.?> Individuals with
very high levels of CAC > 1000 also have
a greater number of diseased coronary ar-
teries, higher involvement of the left main
coronary artery, and significantly higher
event rates compared with those with a
CAC of 400 to 999.% In an analysis of in-
dividuals from the NLST trial, nontradi-
tionally measured Agatston score > 1000
was associated with a hazard ratio for cor-
onary artery disease (CAD) mortality of
3.66 in men and 5.81 in women.!” These
observed and projected levels of risk are
like that seen in secondary prevention tri-
als, and some experts have recommended
the use of high-intensity statin therapy to
reduce LDL-C to < 70 mg/dL.>’

PRIMARY PREVENTION IN
INDIVIDUALS AGED 76 TO 80 YEARS
LCS can continue through age 80 years,
while the PCE and primary prevention
guidelines are truncated at age 75 years.
Because age is a major contributor to risk,
many of these individuals will already be
in the intermediate- to high-risk group.
However, the net clinical benefit of statin
therapy for primary prevention in this age
group is not well established, and the few
primary prevention trials in this group
have not demonstrated net clinical ben-
efit.?® As a result, current guidelines do
not provide specific treatment recommen-
dations for individuals aged > 75 years
but recognize the value of shared decision
making considering associated comorbid-
ities, age-related risks of statin therapy,
and the desires of the individual to avoid
ASCVD-related events even if the net clini-
cal benefit is low.

Older individuals with elevated CAC
scores should be informed about the risk
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of ASCVD events and the potential but un-
proven benefit of moderate-intensity statin
therapy. Older individuals with a CAC
score of 0 likely have low short-term risk
of ASCVD events and withholding statin
therapy is not unreasonable.

CAC Scores on Annual LDCT Scans
Because LCS requires annual LDCT scans,
primary care practitioners and patients
need to understand the significance of
changing CAC scores over time. For in-
dividuals not on statin therapy, increas-
ing calcification is a marker of progression
of subclinical atherosclerosis. Patients un-
dergoing LCS not on statin who have pro-
gressive increases in their CAC should
consider initiating statin therapy. Individu-
als who opted not to initiate statin therapy
who subsequently develop CAC should
be re-engaged in a discussion about the
significance of the finding and the clini-
cally proven benefits of statin therapy in
individuals with subclinical atheroscle-
rosis. These considerations do not apply
to individuals already on statin therapy.
Statins convert lipid-rich plaques to lipid-
depleted plaques, resulting in increasing
calcification. As a result, CAC scores do
not decrease and may increase with statin
therapy.®® Individuals participating in an-
nual LCS should be informed of this possi-
bility. Also, in these individuals, referral to
specialty care as a treatment failure is not
supported by the literature.

Furthermore, serial CAC scoring to ti-
trate the intensity of statin therapy is not
currently recommended. The goal with
moderate-intensity statin therapy is a 30%
to 49% reduction from baseline LDL-C. If
this milestone is not achieved, the statin
dose can be escalated. For high-intensity
statin therapy, the goal is a > 50% reduc-
tion. If this milestone is not achieved, then
additional lipid-lowering agents, such as
ezetimibe, can be added.

Further ASCVD Testing

LCS with LDCT is associated with improved
health outcomes, and LDCT is the preferred
imaging modality. The ability of LDCT to de-
tect and quantify CAC is sufficient for clin-
ical decision making. Therefore, obtaining
a traditional CAC score increases radiation
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exposure without additional clinical benefits.
Furthermore, although referral for ad-
ditional testing in those with nonzero
CAC scores is common, current evidence
does not support this practice in asymp-
tomatic individuals. Indeed, the risks of
LCS include overdiagnosis, excessive test-
ing, and overtreatment secondary to the dis-
covery of other findings, such as benign
pulmonary nodules and CAC. With respect
to CAD, randomized controlled trials do not
support a strategy of coronary angiography
and intervention in asymptomatic individu-
als, even with moderate-to-severe ischemia on
functional testing.*® As a result, routine stress
tests to diagnose CAD or to confirm the results
of CAC scores in asymptomatic individuals are
not recommended. The only potential excep-
tion would be in select cases where the CAC
score is > 1000 and when calcium is predomi-
nately located in the left main coronary artery.

CONCLUSIONS

LCS provides smokers at risk for lung cancer
with the best probability to survive that diag-
nosis, and coincidentally LCS may also pro-
vide the best opportunity to prevent ASCVD
events and mortality. Before initiating LCS,
clinicians should initiate a shared decision
making conversation about the benefits and
risks of LDCT scans. In addition to relevant
education about smoking, during shared de-
cision making, the initial ASCVD risk es-
timate should be done using the PCE and
when appropriate the benefits of statin ther-
apy discussed. Individuals also should be in-
formed of the potential for identifying CAC
and counseled on its significance and how it
might influence the decision to recommend
statin therapy.

In patients undergoing LCS with an es-
timated risk of > 7.5% to < 20%, moderate-
intensity statin therapy is indicated. In this
setting, a CAC score > 0 indicates subclinical
atherosclerosis and should be used to help di-
rect patients toward initiating statin therapy.
Unfortunately, in patients undergoing LCS
a CAC score of 0 might not provide protec-
tion against ASCVD, and until there is more
information to the contrary, these individu-
als should at least participate in shared de-
cision making about the long-term benefits
of statin therapy in reducing ASCVD risk.
Because LDCT scanning is done annually,
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there are opportunities to review the impor-
tance of prevention and to adjust therapy as
needed to achieve the greatest reduction in
ASCVD. Reported elevated CAC scores on
LDCT provide an opportunity to re-engage
the patient in the discussion about the bene-
fits of statin therapy if they are not already on
a statin, or consideration for high-intensity
statin if the CAC score is > 1000 or reduc-
tion in baseline LDL-C is < 30% on the cur-
rent statin dose.
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