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Aims

Methods and
results

Coronary computed tomography angiography (CCTA) is a first-line investigation for chest pain in patients with suspected
obstructive coronary artery disease (CAD). However, many acute cardiac events occur in the absence of obstructive
CAD. We assessed the lifetime cost-effectiveness of integrating a novel artificial intelligence-enhanced image analysis
algorithm (Al-Risk) that stratifies the risk of cardiac events by quantifying coronary inflammation, combined with the
extent of coronary artery plaque and clinical risk factors, by analysing images from routine CCTA.

A hybrid decision-tree with population cohort Markov model was developed from 3393 consecutive patients who under-
went routine CCTA for suspected obstructive CAD and followed up for major adverse cardiac events over a median (in-
terquartile range) of 7.7(6.4-9.1) years. In a prospective real-world evaluation survey of 744 consecutive patients under-
going CCTA for chest pain investigation, the availability of Al-Risk assessment led to treatment initiation or intensification
in 45% of patients. In a further prospective study of 1214 consecutive patients with extensive guidelines recommended
cardiovascular risk profiling, Al-Risk stratification led to treatment initiation or intensification in 39% of patients beyond
the current clinical guideline recommendations. Treatment guided by Al-Risk modelled over a lifetime horizon could
lead to fewer cardiac events (relative reductions of 11%, 4%, 4%, and 12% for myocardial infarction, ischaemic stroke,
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heart failure, and cardiac death, respectively). Implementing Al-Risk Classification in routine interpretation of CCTA is
highly likely to be cost-effective (incremental cost-effectiveness ratio £1371-3244), both in scenarios of current guideline
compliance, or when applied only to patients without obstructive CAD.

Conclusions Compared with standard care, the addition of Al-Risk assessment in routine CCTA interpretation is cost-effective, by
refining risk-guided medical management.
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Quantifying coronary inflammation and cardiovascular risk

Key learning points

What is already known

demonstrated obstructive coronary artery disease (CAD).

What this study adds

implementation price points over a lifetime horizon.

assumed.

® Coronary computed tomography angiography (CCTA) is the first-line investigation for chest pain, but only approximately 20% scans

® Coronary inflammation could be assessed non-invasively on routine acquired CCTA, and integrated with clinical risk factors using artificial
intelligence (Al-Risk) that predicts future cardiac events even in the absence of obstructive CAD.

® |mplementation of Al-Risk Classification in the UK National Health Service for the analysis of CCTA scans, performed as part of standard
care for investigation of chest pain, leads to changes of management in up to 45% of patients.
® |Integration of Al-Risk Classification in routine CCTA interpretation is highly likely to represent value for money across a range of

® Al-Risk assessment remains cost-effective even when full compliance with National Institute for Health and Care Excellence guidelines is

Introduction

Cardiovascular disease (CVD) is a leading cause of death worldwide
and is associated with significant socioeconomic burden.! Contempo-
rary CVD risk assessment in the general population is currently based
on demographic characteristics and clinical risk, while the 10-year risk
of fatal and non-fatal CVD is then calculated using risk scores such
as QRISK3,2 SCORE2,? or others, to guide preventive treatments
(e.g. statin treatment if CVD risk >10%). The increasing number
of individuals undergoing coronary computed tomography angiogra-
phy (CCTA) as first-line investigation for suspected coronary artery
disease (CAD) offers a unique opportunity to refine cardiovascular
risk management, moving from the use of clinical factors-based risk
calculators (e.g. QRISK3) to a more refined risk classification system
taking into account information about coronary atherosclerosis and
disease activity, extractable from routine CCTA*

A new artificial intelligence-enhanced cardiac risk prediction model
(Al-Risk model) has been developed by combining clinical risk factors
with quantitative metrics from routine CCTA, including coronary in-
flammation measured by perivascular fat attenuation index (FAI) score
and the extent of coronary atherosclerosis,>¢ to provide individual-
ized cardiac risk prediction. This model has been incorporated into
a regulatory cleared medical device (CaRi-Heart®, Caristo Diagnos-
tics), and it has been deployed recently in clinical practice in Europe,
UK, and Australia, as a tool to guide initiation or intensification of
risk-reduction interventions. A previous study has shown that the
new Al-Risk Classification significantly improves prediction of major
adverse cardiac events (MACE) among patients undergoing CCTA
in the UK (vs. QRISK3),” while statin treatment reduces coronary
inflammation and the residual inflammatory risk captured by Al-Risk
Classification.®? This would support the deployment of preventa-
tive treatments in these individuals to improve their cardiovascular
outcomes, thereby reducing the socioeconomic impact of acute car-
diovascular events.

This study aimed to evaluate the cost-effectiveness of incorporating
the Al-Risk Classification system within the existing clinical care path-
way of stable chest pain, in the context of the UK National Health
Service (NHS).

Methods

Study design and clinical cohorts

The cost-effectiveness model was based on the input parameters
derived from three patient cohorts and a published meta-analysis
as follows and the flow-diagram for study design is presented in
Supplementary materials online, Figure S1:

(1) A long-term outcomes cohort study. The Oxford Risk Factor and
Non-invasive imaging (ORFAN) study (NCT05169333) that evaluated
the prognostic value of Al-Risk Classification against true cardiac
events recorded during prospective follow up.”

(2) A prospective real world evaluation survey. Assessing the impact
of the Al-Risk Classification system on medical management after
CCTA.

(3) A prospective clinical study. Designed to evaluate the reclassification
achieved using the Al-Risk Classification system, and to model the
impact of Al-Risk deployment on patient management, assuming
absolute compliance with current National Institute for Health and
Care Excellence (NICE) clinical guidelines.*

(4) A published meta-analysis of all outcomes clinical trials was used to
model the effect size of statin treatment on various cardiovascular
outcomes, based on the baseline risk level of the individuals treated."!
A brief description of these is presented below, and further details are
included in the supplementary materials.

Long-term outcomes cohort study

Consecutive patients from the ORFAN study (n = 3393) were fol-
lowed for a median of 7.7-years (interquartile range 6.4-9.1 years)
for MACE, including myocardial infarction (Ml), ischaemic stroke, heart
failure, and cardiac mortality (Detailed definitions are provided in
Supplementary materials online, Table S7). The presence or absence of
obstructive CAD on CCTA was used to define the initial CAD sta-
tus. In the Markov model, this informed the likelihood of transitioning
from one health state to another (or remaining in the same health
state). The baseline CAD status was defined by the presence/absence
of obstructive coronary atherosclerosis based on the Society of Car-
diovascular Computed Tomography (SCCT)/the American College of
Cardiology (ACC)/the American College of Radiology (ACR)/the North
America Society of Cardiovascular Imaging (NASCI) guideline'? (Figure 1),
followed by further stratification based on Al-Risk Classification levels
(low/mid, high, and very high risk categories) as previously defined® '’
(Supplementary material online, Figure S2). The total number of observed
MACE (n = 706) were divided by the total number of life months (i.e.
the accumulated months of being alive across all patients during the
observation period) multiplied by 3 (as a cycle in the Markov model is
3 months). As a result, the transition probabilities were equal between
the first and subsequent MACE.

Prospective real-world evaluation survey to
compare Al-Risk guided management vs.
standard care

To evaluate the impact of Al-Risk Classification on current clinical man-
agement (standard care), a prospective, real-world evaluation survey was
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Figure | Decision tree for patient undergoing coronary computed tomography angiogram for suspected coronary artery disease. (A) Proposed
clinical pathway of additional Al-Risk Classification to standard care. (B) Decision tree for standard care with CCTA assessment of presence/absence
of obstructive CAD and clinical risk factor stratification. (C) Decision tree after addition of Al-Risk assessment. CAD, coronary artery disease; CABG,
coronary artery bypass grafting; CCTA, coronary computed tomography angiogram; and PCl, percutaneous coronary intervention.
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Quantifying coronary inflammation and cardiovascular risk

performed in four NHS Hospitals that were considered representative of
the UK population, as described in the Supplementary material online,
Figure ST and Table S2. After clinical management was decided and
recorded by the local clinical care teams (following standard CCTA in-
terpretation for the presence of obstructive CAD, visual assessment of
plaque burden, and risk profiling with QRISK3), the Al-Risk Classification
results were provided to the same clinicians who were then asked to
complete a survey recording its impact on the patient management plan.
Data on statin dose was also collected and the mean dose of those who
initiated or intensified statin treatment due to the Al-Risk Classification
system was recorded. This was performed for each of the six individual
risk levels [i.e. three Al-Risk levels (mid/low, high, and very high) and the
presence or absence of obstructive CAD].

Prospective clinical study to compare
Al-Risk guided management vs. full
compliance with NICE guidance

The full details of the study design are presented in the
Supplementary material online, Table S2 and Figure S1. This is a prospective
evaluation of the Al-Risk Classification against a theoretical full compliance
with the NICE guidelines for CVD |:>revention,4 that included QRISK3
and extensive risk factor profiling in 1214 consecutive patients recruited
in four NHS hospitals. The conventional risk classification was defined
using medical management that fully adopts the current NICE guidelines
and the results of the CCTA interpreted by the referring clinicians for the
presence of obstructive CAD.?

Meta-analysis on the effect size of statin
treatment on cardiovascular event rates

The treatment effect of statin therapy on MACE was informed by
the largest published meta-analysis addressing this question (data from
170000 participants in 26 randomized trials, Cholesterol Treatment Tri-
alists’ Collaboration)."’ The low-density lipoprotein (LDL) cholesterol
(mmol/l) reduced by an average of 48% with 40 mg of Atorvastatin
and 53% with 80 mg Atorvastatin compared with placebo.”> Using a
3.7 mmol/L baseline LDL cholesterol,’* we calculated the relative risk of
having MACE when statin (Atorvastatin) was initiated (i.e. from 0 to 40 mg)
and intensified (i.e. from 40 to 80 mg) by CAD status and different baseline
risk level (i.e. <5%, 5% to <10%, >10%) (Supplementary material online,
Tables S3 and S4). The summary of statin effect on outcomes by risk
groups and detailed calculations for the statin effects are presented in
Supplementary material online, Tables $4 and S5.

CCTA image analysis and calculation of
Al-Risk Classification

CCTA images were analysed with CaRi-Heart® v2.5 (Caristo Diagnostics)
to generate metrics of coronary inflammation FAI-Score for each of the
epicardial coronary arteries (left anterior descending, LAD; left circumflex
artery, LCx; and right coronary artery, RCA). Al-Risk was then calculated
using CaRi-Heart® v2.5, by incorporating FAIl score together with clinical
risk factors and extent of CAD into a prognostic model, to predict
absolute 8-year cardiac mortality risk. Based on the FAI-Score and Al-Risk
results, CaRi-Heart® classifies patients into three risk categories (Al-Risk
Classification)'°:

Low/medium-risk category: Al-Risk <5% and FAI-Score <75th percentile
in the LAD/RCA and <95th percentile in the LCx.

High-risk category: Al-Risk 5% to <10% and/or FAl-Score in the
LAD/RCA between 75th and 90th percentile and/or FAI score in the LCx
>95th percentile.

Very high-risk category: Al-Risk >10% and/or FAI-Score at LAD/RCA
>90th percentile.

Model type and structure

A decision analytic model was developed to compare the two alternatives
(Al-Risk assessment in addition to standard care®'>'¢ vs. standard care

alone) in terms of costs and QALYs over a patients’ lifetime. The model
consisted of a decision tree followed by a population cohort Markov
Model. Details on healthcare cost and utility measures are presented in
the Supplement. The branches in the decision tree modelled separate
individuals with or without CAD at three risk categories defined by the
Al-Risk model device (low/medium, high, and very high risk category, as
described above). The subsequent nodes following the risk classification
corresponded to the management of patients with statins. The treatment
effect of Al-Risk was modelled in the decision tree as the change in
management in statins compared to statin management following standard
care. As such, the last nodes of the Al-Risk model branch were either statin
initiation, increased statin dose, or standard care (i.e. statin management
did not change with the Al-Risk model). The proposed clinical pathway
and decision tree is illustrated in Figure 1.

Following the decision tree, individuals entered a Markov model health
state of no obstructive CAD, MI, ischaemic stroke, heart failure, ob-
structive CAD, cardiac death, or other death. The initial health state for
individuals without existing obstructive CAD was no obstructive CAD.
For individuals with existing obstructive CAD, the no obstructive CAD
health state was dropped from the Markov model and the initial health
state for these individuals was CAD. The Markov model had a cycle of 3
months (individuals could stay in the same health state or transit to other
health states once every 3 months) and a 30-year lifetime horizon. The
structure of the Markov model is illustrated in Figure 2. The economic eval-
uation used an NHS and personal social services costing perspective, and a
discount rate of 3.5% was used for both costs and outcomes. The Health
Economics Analysis Plan is presented in the supplementary materials.

Sensitivity analyses

Several sensitivity analyses were performed, and the parameters used
are presented in Supplementary material online, Table S3. The scenarios
were as follows. (1) Risk category reclassification data from full imple-
mentation of NICE guidelines (from the prospective clinical study) instead
of real-world evaluation (real world evaluation survey) were used. (2)
Treatment management that includes the addition of colchicine (or similar
agent/novel therapeutic) to the statin management of a patient at high
Al-Risk category with and without obstructive CAD was applied. These
data were derived from the prospective real-world evaluation, where
initiation of colchicine or other agents was decided by the clinical care
teams and recorded for the purpose of this evaluation. In this sensitivity
analysis, all patients at very high risk that had initiated or intensified
statin treatment due to Al-Risk Classification were assumed to receive
colchicine as well. The protective effect of colchicine in very-high risk
individuals was assumed to be 0.80, i.e. an additional 20% reduction on
the risk of MACE beyond statin treatment based on the recent clinical
trial (LoDoCo2)" (Supplementary material online, Table S3). (3) Patients
with existing obstructive CAD were excluded from the analysis to explore
the cost-effectiveness of Al-Risk Classification if it were implemented to
individuals with no or non-obstructive CAD. (4) The statin effect on
MACE was assumed to be halved (50% lower). This might be the case
because of reduced clinical adherence and patient compliance to statin
therapy, and (5) risk reclassification due to the Al-Risk Classification was
reduced by 50% compared with the main analysis, reflecting the possibility
that the risk evidence would not necessarily be acted upon as often
as was found in our study. These last two scenarios modelled extreme
reductions in efficacy/reclassification that are unlikely to be realistic. They
were included to stress-test the cost-effectiveness results under highly
pessimistic assumptions.

Finally, to express the uncertainty around the estimated incremental
cost-effectiveness ratio (ICER; the ratio of incremental costs to incremen-
tal QALYs), a probabilistic sensitivity analysis was performed by sampling
1000 sets of input parameters from their pre-specified distributions,
resulting in 1000 pairs of estimated incremental costs and incremental
outcomes. These simulated ICERs were plotted on cost-effectiveness
planes to display uncertainty in the estimated ICER. In addition, a
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Figure 2 Markov model illustrating transition of health state every 3 months cycle.

cost-effectiveness acceptability curve (CEAC) was drawn to display the
probability of each intervention to be cost-effective at different thresholds
for approval.

Cost-effectiveness analyses were conducted using the TreeAge Pro
2019, R2 (TreeAge Software, Williamstown, MA, USA). Descriptive and
clinical outcome data analyses were performed using STATA 18.0 (Stata-
Corp LP, College Station, TX, USA). Reporting of the study followed the
Consolidated Health Economic Evaluation Reporting Standards (CHEERS)
statement in the supplementary materials.'®

Results
Base case analysis

Implementing Al-Risk in routine clinical care (assuming full compliance)
reduced the number of cardiovascular events when modelled over a
lifetime horizon, with 96 fewer MI (—11%), 22 fewer strokes (—4%),
68 fewer heart failure events (—4%), and 129 fewer cardiac deaths
(—12%) per 5000 simulated patients undergoing CCTA compared
with standard care (Figure 3). These reductions in MACE led to an
increase in QALYs of 0.21 (14.09 vs. 13.88). At costs of £300, £500,
and £700 per Al-Risk analysis, the incremental healthcare costs were
£293, £493, and £693, respectively, resulting in respective ICERs (per
QALY) of £1371, £2307, and £3244 (Table 1). When compared to the
NICE threshold for approval of technologies of £20 000—£30 000 per
QALY," these results demonstrate that use of the Al-Risk model is
highly cost-effective, representing value for money to the NHS.

The uncertainty around the ICER at an Al-Risk model price of £700
is presented in the cost-effectiveness plane (Figure 4A) as well as the
CEAC (Figure 4B) where all 1000 simulated ICERs were well below the
lower NICE threshold of £20000-£30 000/QALY." The probability
of the Al-Risk model of being cost-effective was 1 at a threshold
value close to £5000. The contribution of each model parameter to
the uncertainty in the cost-effectiveness results is presented in the
tornado plots (Supplementary material online, Figures S3-S6).

Univariate scenario analyses

The results from the univariate sensitivity analyses exploring various
scenarios are shown in Table 2, for an Al-Risk model price of £700 per
analysis. When full compliance to NICE guidelines was used as com-
parator, the ICER was £3103/QALY gained, which was slightly lower
than the ICER in the main analysis because of the more aggressive
management of patients in real world clinical practice compared to
the guideline-indicated management (e.g. in clinical practice patients
with mild coronary atherosclerosis but no obstructive CAD often
receive statin treatment while there is no such indication in the
NICE guidelines). If colchicine was provided to very high-risk patients
alongside statins, the estimated ICER of the Al-Risk analysis was
reduced to £1837/QALY gained. Furthermore, the estimated ICER
assuming implementation of the Al-Risk model only in those without
obstructive CAD was £2898/QALY. When assuming the statin effect
and Al-Risk analysis reclassification to be halved relative to the main
analysis, the estimated ICER/QALY were £6592 and £5522, respec-
tively. The results of all scenario analyses resulted in ICERs that were
all notably lower than the traditional willingness to pay threshold of
£20000-£30000." The budget impact analysis is presented in the
Supplementary material online, Table S7 and Figure S7.

Discussion

Implementing Al-Risk Classification in clinical practice was modelled
to significantly reduce cardiovascular events (Ml, cardiac death, heart
failure, and stroke), over a lifetime horizon. The results of the health
economic analyses suggest that implementing Al-Risk Classification
in addition to routine CCTA analysis for suspected CAD is cost-
effective even when compared to full implementation of the NICE
guidelines for cardiovascular disease risk assessment and manage-
ment (NG238),* with ICERs under £3500 per QALY for a wide
range of prices. Importantly, Al-Risk assessment was relatively more
cost-effective amongst patients without obstructive CAD on CCTA,
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Figure 3 Estimated major adverse cardiac events in a cohort of 5000 simulated patients over a lifetime horizon. Data points indicate the total
number of events, and bars represent 95% confidence intervals. The differences between standard care and Al-Risk guided management are

expressed in absolute reduction of events (% reduction).

demonstrating the value of Al-Risk to address the unmet need for
tailored preventative treatment to modify the predicted risk of car-
diovascular events in this patient group. Furthermore, the addition
of colchicine to optimal statin treatment in the very-high risk patient
group substantially improved the cost-effectiveness of Al-Risk assess-
ment, thus facilitating the selection of patients that would benefit from
further anti-inflammatory therapy from emerging clinical trial evidence
such as COLCOT?" and LoDoCo2."”

The socioeconomic impact of cardiovascular disease is well estab-
lished, with healthcare costs amounting to £7.4 billion per year and an
annual cost of £15.8 billion to the wider economy for the UK alone.??
Previous economic modelling of primary prevention demonstrated
that even a modest population-wide reduction in major cardiovascular
events would result in a substantial cost offset and long-term health
improvement (e.g. weight management programmes could yield an
ICER of £2897 per QALY).22* Compared to interventions such

as health promotion and pharmacotherapy, only a few studies have
evaluated the cost-effectiveness of screening and risk stratification in
primary prevention.?® In US-based studies, a strategy involving assess-
ment of residual inflammatory risk using plasma C-reactive protein
screening followed by targeted statin therapy, showed an ICER of
$40 100 per QALY for 58-year old men and $87 300 per QALY for
women,%¢ and statin treatment for individuals with coronary artery
calcium score >0 an ICER of $18000 per QALY in the USA.Z In
our cost-utility analysis, Al-Risk assessment showed a lifetime ICER of
£3244 per QALY compared to standard care In the UK, at an analysis
cost of £700. Overall, the probability of Al-Risk assessment being cost-
effective is close to 1 at a threshold value as low as £5000 per QALY,
well below the lower £20 000 per QALY threshold recommended by
NICE."

Contemporary risk calculators use clinical risk factors to deter-
mine an individual’s cardiovascular risk, and preventive measures are
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Table I Results of the main cost-utility analysis at different price levels of Al-Risk model
Al-Risk analysis Standard care Difference mean ICER point
mean (95% CI) mean (95% CI) (95% CI) estimate (95% CI)
Al-Risk model price: £300
Costs £7563 (7029-7984) £7270 (6698-7865) £293 (281-304) £1371
QALYs 14.09 (13.17-14.92) 13.88 (12.99-14.83) 0.21 (0.18-0.24) (1244-1569)
Al-Risk model price: £500
Costs £7762 (7271-8361) £7270 (6698-7865) £493 (481-504) £2307
QALYs 14.09 (13.04-14.83) 13.88 (12.99-14.83) 0.21 (0.19-0.24) (2036-259)
Al-Risk model price: £700
Costs £7962 (7380-8563) £7270 (6698-7865) £693 (680-705) £3244
QALYs 14.09 (13.19-16.06) 13.88 (12.99-14.83) 0.21 (0.19-0.24) (2918-3627)

Cl, confidence interval; ICER, incremental cost-effectiveness ratio; and QALY, quality-adjusted life year.

determined on the basis of the calculated 10-year CVD risk.22°
However, these risk scores were derived from the general population
and do not take into account the information from imaging tests
such as CCTA, so they would likely underestimate the risk in patients
with chest pain undergoing CCTA. CCTA allows direct visualization
of atherosclerotic plaques, which carry the risk for acute rupture
leading to MI. Whilst CCTA is used to clarify the diagnosis of CAD in
these patients with chest pain, only a minority (approximately 20%)
of those patients undergoing CCTA are found to have obstructive
CAD. Inflammation is a key underlying pathological process that
drives atherogenesis and plaque rupture, and exert deleterious effect
in various types heart failure. Indeed, we have shown that quan-
tification of coronary inflammation on CCTA helps to stratify the
substantial adverse cardiac events that occur in a large number of
patients without obstructive CAD.” Al-Risk Classification (calculated
using information derived from CCTA, capturing inflammatory risk)
has demonstrated strong predictive value for (1) cardiac mortality, (2)
non-fatal Ml, (3) future HF, and (4) ischaemic stroke in the ORFAN
study.” Also, the risk for all these endpoints is significantly reduced
by statin treatment in the published clinical trials.""" Indeed in the
subgroup analysis of CRISP-CT study, with high FAl who did not start
treatment with a statin after the test, had a HR for cardiac mortality
18.71, while patients with high FAI at baseline who started statin
treatment had an HR 2.97 for cardiac mortality during the 72 months
follow up.® Therefore, CCTA can help us to identify the patients
at risk for cardiac death, Ml, HF, and stroke, and by treating these
individuals with statins we can potentially reduce the incidence of
these events, as described in our simulation analyses. Current clinical
guidelines do not explicitly recommend initiation of statin treatment
in patients after CCTA if no obstructive CAD is documented and
there is no other clinical indication to do so (e.g. when QRISK3 >10%,
familial hypercholesterolaemia, and diabetes).?> However, in practice
many clinicians do prescribe statin treatment when mild or moderate
atherosclerotic disease is documented on CCTA, even when there is
no direct guideline-mandated indication. The higher statin usage seen
in the real-world evaluation survey could explain the slight differences
in ICERs between standard care compared with the scenario of full
compliance with NICE guideline. In this study, treatment with statins
at baseline as well as initiation of statin treatment based on the NICE
guidelines after the conventional CCTA result, are factors taken into
account, and the implementation of Al-Risk assessment adds value
above and beyond standard care (which includes patients already on
statins or with an indication to start statin treatment anyway), and
remains a cost-effective strategy.

The strength of the Al-Risk assessment lies with its easy clinical
implementation model (Software As A Service) in the standard clinical
practice. The test is applicable to any routinely performed CCTA
without any additional scan acquisition, hence it can be implemented
even retrospectively in previously acquired CCTA scans. In practice,
the CCTA digital imaging and communications in medicine file and
the patient risk factors are uploaded using a secure gateway, from
the picture archiving and communication system of any radiology
department to a cloud-based platform (CaRi-Heart® medical device,
which is a regulatory cleared for clinical use in Europe and the UK).
All the analyses are performed within this environment and are re-
viewed/edited and cleared by appropriately qualified personnel, under
the quality management system that regulates this device (EU Medical
Devices Regulations-MDR) in that environment. A clinical report is
then generated and returned back to the referring hospital/clinician
for interpretation. Supplementary material online, Figure S8 illustrates
how the Al-Risk assessment integrates into routine clinical care,
and the changes it triggers in patient management are presented in
Supplementary material online, Figure S2.

Limitations

Although all the scenarios consistently showed that Al-Risk as-
sessment was a cost-effective strategy, there are several important
assumptions and limitations. First, the current study used effect es-
timates from a prospective cohort in the ORFAN study rather than
a randomized controlled trial. However, as an offset to any disad-
vantages from absence of randomization, the cohort study captures
consecutive patients undergoing clinically indicated CCTA, who are
more representative of a real-world clinical population. Linkage of
outcomes data with national registries also allowed minimal loss to
follow-up, thus providing an accurate lifetime projection. Second, the
costs were evaluated using UK figures and practices. The Al-Risk
algorithm was initially trained on a US patient cohort and validated
in a European population.’® It was further externally validated in a
large cohort of the UK population.” Given the comparable clinical
indications for CCTA and uniformity in subsequent management
across multiple international guidelines,>2%28 we would expect cost-
effectiveness to be consistent in multiple jurisdictions. However,
further studies might be warranted to evaluate the cost-effectiveness
of Al-Risk assessment in different geographical areas. Third, the mod-
els in this study assumed that Al-Risk assessment was performed in
all CCTAs. Al-Risk assessment could be retrospectively applied to
CCTAs that have already been performed in routine clinical practice
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Figure 4 (A) Cost-effectiveness plane demonstrating the uncertainty around the incremental cost of £693 and QALY of 0.21 over 1000 sets
of probabilistic sensitivity analysis, and (B) cost-effectiveness acceptability curve of Al-Risk assessment in addition to standard care compared with
standard care alone assuming Al-Risk model price of £700 intercepting at an ICER of £3244. ICER, incremental cost effectiveness ratio; QALY,
quality adjusted life years.

without further image acquisition. It is therefore feasible to fully individuals have not been considered. Finally, the risk of subsequent
implement the Al-Risk assessment in routine CCTA reporting to MACE was assumed to be the same as for the first event. In practice,
provide risk stratification. Fourth, in the health economic analysis, the occurrence of a MACE increases the risk of future events. As such,
only changes in treatment with statin and colchicine were considered. the protective effects of improved management due to the Al-Risk

Moreover, prospective changes of medication over the lifetime of the model are likely to be underestimated.
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Table 2 Results of the sensitivity analyses

Al-Risk analysis
mean (95% CI)

Standard care
mean (95% CI)

Difference mean
(95% CI)

ICER point
estimate (95% CI)

Al-Risk model vs. standard care assuming full compliance with NICE guidelines

Costs £7961 (7422-8582)
QALYs 14.10 (13.22-15.10)

£7270 (6698-7865)
13.88 (12.99-14.83)

£3103
(2832-3432)

£691 (679-703)
0.22 (0.20-0.25)

Al-Risk model vs. standard care assuming option for adding colchicine on top of satins

Costs £7988 (7509-8615)
QALYs 1427 (13.42-15.52)

£7270 (6698-7865)
13.88 (12.99-14.83)

£718 (702-742)
039 (0.36-0.44)

£1837
(1662-2001)

Model only for individuals without obstructive CAD

Costs £7439 (7026-8027))
QALYs 14.57 (13.60-15.35)

£6748 (6350-7391)
14.33 (13.37-15.10)

£2898
(2658-3254)

£690 (675-702)
0.24 (0.21-0.26)

Model assuming 50% statin effect

Costs £7988 (7290-8674)
QALYs 13.99 (13.08-14.90)

£7270 (6698-7865)
13.88 (12.99-14.83)

£718 (712-722)
0.11 (0.10-0.12)

£6592
(5951-7270)

Model assuming 50% of Al-Risk model on risk classification

Costs £7966 (7373-8643)
QALYs 13.99 (14.75)

£7270 (6698-7865)
13.88 (12.99-14.83)

£6522
(5888-7367)

£696 (691-702)
0.11 (0.09-0.12)

Analyses performed assuming £700 Al-model price.

Cl, confidence interval; ICER, incremental cost-effectiveness ratio; and QALY, quality-adjusted life year.

Conclusions

In this study we have demonstrated the incremental health and cost
benefit of Al-Risk assessment, by modelling the observed clinical
outcomes over a lifetime horizon and therapeutic effect of changes in
medical therapy. Al-Risk assessment reclassifies patients and changes
management by improving the accuracy of CVD risk prediction. The
deployment of this image analysis method in clinical practice would
refine risk assessment, guiding additional preventive cardiovascular
treatments, while it is likely to be cost-effective compared with stan-
dard care.

Supplementary material

Supplementary material is available at European Heart Journal—
Cardiovascular Pharmacotherapy online.
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