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This review discusses the indications, safety, and utility of simultaneous lung cancer screening and
coronary artery calcium scoring for the detection of lung cancer and coronary artery disease using
low-dose computed tomography scanning.

Cardiovascular disease (CVD) and cancer are the leading causes of death in Western countries," including NZ
where CVD is responsible for 10,483 deaths per year and cancer is responsible for 9,638 deaths per year.2 Lung
cancer (LC) remains the leading cause of cancer mortality in NZ (1,781 deaths per year) while coronary artery
disease (CAD) is the leading cause of cardiovascular deaths (4,856 per year).2 Both LC and CAD share common
risk factors and an integrated approach to their early identification and treatment is warranted.

Relationship between LC and CAD

LC and CAD have overlapping risk factors including older age, smoking, exposure to second-hand smoke,
environmental air pollution, and low socio-economic status.*# In NZ, Maori and Indian ethnicities suffer higher
rates of CAD and at an earlier age.® Further, Maori and Pacifica have three times the LC mortality of NZ
Europeans.

Interestingly, patients who have survived LC are at increased risk of CAD.%7 In a retrospective assessment of
cancer patients requiring coronary angiography during inpatient care, 18% had LC, and mortality rates were
particularly high compared with matched non-cancer patients.®

In addition to overlapping risk factors a shared pathophysiological pathway may also exist. There is growing
evidence of the importance of chronic systemic inflammation for both LC and CAD.%° Atherosclerosis is driven
by inflammation, and dysregulated inflammation underlies the pathology of LC."" Additional evidence of a causal
role for inflammation in CAD and cancer comes from the CANTOS trial in which an inflammation-targeting
therapy not only resulted in a statistically significant reduction in major adverse cardiovascular events (vs
placebo) in patients with atherosclerotic disease but also a statistically significant reduction in incident LC.1213

LC screening

The high mortality rate of LC in NZ is mainly attributable to diagnosis occurring in advanced stages of disease
where treatment options are limited.' Targeted screening of individuals at highest risk of LC will identify early-
stage disease, which is more responsive to curative treatment.

Low-dose computed tomography (LDCT) is a sensitive and well-validated tool for detecting early-stage LC
in high-risk populations.’®'8 LDCT imaging has been shown to statistically significantly reduce mortality in
high-risk individuals in two large-scale, international, multicentre, randomised controlled trials; the National
Lung Screening Trial (NLST) conducted in the US''® and the European NELSON trial.”® In the NLST, three
annual screenings with LDCT resulted in a 20% mortality reduction in a high-risk population (Figure 1), i.e.,
asymptomatic individuals aged 50-74 years with a tobacco smoking history of =30 pack-years who were
currently smoking or who had quit within the past 15 years.'” Similarly, the NELSON trial demonstrated a 24%
reduction in LC mortality at 10 years with LDCT screening.'

Within this segment of the population that is at increased risk of LC, CVD is still the most likely cause of death in
adults overall.® Importantly, in the NLST, death from CVD (24.1%) was almost equal to LC mortality (24.6%)."
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Figure 1. Deaths from LC in the LDCT versus chest radiography groups in the
NLST."”

Given that patients undergoing LC screening typically have risk factors that
predispose them to CAD, it would be advantageous to simultaneously screen
for LC and assess coronary calcification burden, which is a well-known marker
for subsequent adverse cardiovascular events. Approximately 75% of patients
screened for LC would be expected to have coronary artery calcium (CAC).2" The
addition of lifestyle modification, statins, and aspirin to patients with significant
CAC would be expected to improve cardiovascular outcomes.

LC screening guidelines

Despite LC being a significant health issue and the existence of high-quality
evidence that screening high-risk individuals with LDCT results in improved
outcomes, a national LC screening programme has not yet been implemented in
either NZ or Australia.™

Further supporting the implementation of a national LC screening programme is
the finding that a biennial screening programme is likely to be cost effective in the
NZ setting and will improve overall population health.?? The Royal Australian and
New Zealand College of Radiologists recommends LC screening using LDCT for
individuals aged 5074 years; =20 pack-year history of smoking tobacco; and, if
a former smoker, have quit within 20 years.?

LC in never-smokers

LC can be caused by risk factors other than smoking cigarettes, pipes, or cigars.
Examples include exposure to second-hand smoke, air pollution, a family history
of LG, and asbestos. Approximately 10-20% of LC in the US occurs in never-
smokers while in Asia >30% of patients with LC are never-smokers and >=50%
of LC occur in women who are never-smokers.?* LC screening of non-smokers
particularly women is becoming increasingly advocated in Asia and may possibly
be considered for well-informed Asian patients living in NZ.

CAC scoring

Smokers not only have a higher risk of LC but are also at increased risk of
atherosclerosis, which can be detected by CAC scoring,?® a non-invasive
quantitation of coronary artery calcification using CT.%

CAC is a valid imaging biomarker of atherosclerotic plaque burden and an
independent risk factor for future cardiac-related morbidity and mortality.6.25.27
Early detection of CAD and intervention of modifiable risk factors as well as
optimisation of medical treatment produces a considerable mortality reduction.?”

Detection of CAC on standard chest CT scans is comparable with CAC detection on
ECG-gated CT scans.2> Hence, chest CTs performed for other health conditions,
such as LC, represent an opportunity to collect CVD risk information via systematic
scoring of CAC without additional radiation exposure and expense.?

CAC scoring has been shown to predict all-cause and CVD mortality in NLST
participants, independent of current versus former smoking status.”® In
addition, CAC scoring was strongly associated with LC risk in patients with
atherosclerosis in the Multi-Ethnic Study of Atherosclerosis (MESA), with
increasing CAC scores being associated with an increased risk for LC.%° These
findings support the simultaneous use of CAG scoring in the identification of
both CVD and LC risk.

CAC scoring during LC screening chest CT represents an opportunity to also
identify asymptomatic individuals at increased CAD risk who may benefit from
CVD prevention measures.30:%!

CAC scoring guidelines

In terms of the most recent guidelines, the overall position of the National
Heart Foundation of Australia is that CAC scoring has a role in reclassification
of absolute cardiovascular risk for selected patients, in combination with
traditional absolute risk assessment and as part of collaborative decision-
making that includes the preferences and values of individual patients.32

The position builds on the previous consensus statement from the Cardiac
Society of Australia and NZ (CSANZ) in which it was recommended that CAC
scoring should only be undertaken if a change in therapy is being considered
based on the test result.?

Referral criteria
According to the CSANZ, the following patient groups should be considered for
CAC scoring: %

1. CAC scoring is of most value in intermediate-risk patients (absolute
10-year cardiovascular risk of 10-20%) who are asymptomatic, do not
have known CAD, and aged 45-75 years, where it has the ability to
reclassify patients into lower- or higher-risk groups.

2. CAC scoring may also be considered for lower-risk patients (absolute
10-year cardiovascular risk 6—10%) particularly in those where traditionally
risk scores underestimate risk, e.g., especially in the context of family
history of premature CVD and possibly in patients with diabetes aged
40-60 years.

Interpretation of CAC score and associated management recommendations in
asymptomatic individuals are summarised in Table 1.2

There is no data on the cost effectiveness of CAC scoring in NZ. Because the
cost of CAC scoring is currently borne entirely by the patient, the implications
of CAC results should be discussed with patients before CAC testing is
undertaken.?

Risk of death
(at 10 years)

0 Very low (<1%)

CAC score Management

Reassurance; continue
healthy diet and lifestyle

Continue healthy diet and
lifestyle

Aspirin recommended
Statins considered reasonable

Moderately high (15-20%) Reclassify as high-risk
Aspirin recommended
Statins considered reasonable

Aspirin recommended
Statins recommended
(to achieve target LDL
<2.0 mmol/L)
Consider functional
assessment

1-100 Low (<10%)
101-400 Intermediate (10-20%)

101-400 and
>75" centile

>400 High (>20%)

Table 1. Interpretation of CAC score and proposed management.?
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Combined LC and CAC assessment

Although typically quantified on dedicated chest CT using an ECG-gated technique,
calcium in the coronary arteries can be accurately assessed on non-ECG gated CT as
well as LDCT.'8 Hence, it was hypothesised that CAC score could be concurrently acquired
on LDCT LC screening, thereby allowing two disease risk assessments with a single
examination.

The rationale for combining LDCT LC screening and CAC scoring is that the heart is always
viewed on LDCT scans of the lungs whereas CAC CT scans are insufficient for effective
LG screening due to the limited heart views, with only 40% of the lungs being visualised.*

Clinical studies have demonstrated that LDCT scanning is a viable and reliable option for
simultaneous LC and CAD screening.'® These include studies demonstrating the feasibility
and safety of simultaneous LC screening and CAD evaluation by means of single LDCT
scan with and without the assistance of artificial intelligence in quantifying CAC.3435

There is considerable overlap in the patient populations for which LC screening is indicated
and for which CAC scoring has been shown to be beneficial.'® Early diagnosis in both
cases results in improved outcomes and both can be screened for by a review of clinical
risk factors and LDCT scan of the chest. In terms of the potential benefits of simultaneous
LC and CAC assessment:

* Using a single LDCT scan avoids double the dose of radiation that would be required
for two separate evaluations to evaluate the coronary arteries and the lungs.*

* Use of a single LDCT scan means less inconvenience for patients since they are
required to attend only one rather than two evaluations.

* Using a single LDCT scan to screen for two major diseases should be more cost
effective than using two separate CT scans;34 however, this assumption needs to
be demonstrated in formal economic analyses.

Referral pathway

Currently, a national screening programme for LC does not exist
and may not do so for the foreseeable future. Allevia Heart Lung
Screening is the only provider of LC screening at present and also
provides CAC scoring. Further, Allevia Heart Lung Screening is the
only programme where LC screening and CAC scoring can be
performed together.

Recommendations for LC screening vary world-wide depending on
the population to be screened. Given the higher LC mortality in Maori
and Pacifica, screening at an earlier age is warranted. Therefore,
LC screening combined with CAC scoring should be undertaken in:

e Maori and Pacifica over 40 years and other patients over 50
years with a smoking history, significant exposure to passive
smoke, air pollution, dust, or asbestos, or with a family history of
LC. All of these patients should have a simultaneous CAC score
performed at baseline.

LDCT for LC screening should then be performed annually. CAC
scoring does not usually require repeating.

Eligibility for heart and/or lung screening can be checked at the
Allevia Heart Lung Screening website. An online questionnaire, which
assesses risk factors for LC and heart disease, can be completed
by the patient or doctor and a recommendation for screening or
otherwise is generated. Patients can then use the website to book
an appointment for the scan if recommended. Once enrolled in the
Allevia Heart Lung Screening programme patients will be recalled,
usually annually for follow-up LC screening.

EXPERT COMMENTARY — INDRAN RAMANATHAN

The morbidity and mortality of LC and heart disease can be significantly improved with early diagnosis and treatment. Combining screening for LC and heart disease
has a clear rationale as patients (often current or former smokers) may have risk factors for both LC and CAD. A single low-dose CT scan can effectively screen for LC
and provide a CAC score. This is convenient for the patient, cost-effective and with lower radiation than two separate scans. Importantly, an isolated CAC score only will
not image the lung apices where the majority of LCs occur. Hence, the importance of combined heart and LC screening.

TAKE-HOME MESSAGES

 LCand CAD are leading causes of mortality and morbidity.

* |LC and CAD share smoking as a key risk factor and systemic inflammation as a key mechanism in their pathophysiology.

* Both disease states are amenable to early detection/quantification by LDCT scanning.
* |tis well established that screening high-risk persons with LDCT reduces LC mortality.

 CAC score, as a surrogate of cardiovascular risk, can be performed on LDCT in the setting of LC screening.
 |LC and CAC assessment on a single LDCT scan will allow for reduced radiation dose, greater patient convenience, and potential cost savings for the patient

and/or healthcare system.
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