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ABSTRACT

Background: Coronary computed tomography angiography (CCTA) is widely adopted to
detect obstructive coronary artery disease (CAD) in patients with chronic coronary
syndromes (CCS). However, it is unknown to which extent study-specific characteristics
yield different conclusions.

Methods: We summarized non-randomized and randomized studies comparing CCTA and
noninvasive functional testing for CCS with information on the outcome of myocardial
infarction (MI). We evaluated the differential effect according to study characteristics using
random-effect meta-analysis with Hartung-Knapp-Sidik-Jonkman adjustments.

Results: Fifteen studies (8 non-randomized, 7 randomized) were included. CCTA was
associated with decrease in relative (odds ratio (OR) 0.54, 95%CI1 0.47 to 0.62, p<0.001) and
absolute Ml risk (risk difference (RD) -0.4%, 95%Ci -0.6 to -0.1, p=0.005). The results
remained consistent among the non-randomized (RD -0.4%, 95%CI -0.7 to -0.1, p=0.029),
but not among the randomized trials where there was no difference in the observed risk (RD
0.2%, 95%CI -0.6 to 0.1, p=0.158). CCTA was not associated with MI reduction in studies
with clinical outcome definition (OR 0.77, 95%CI 0.41 to 1.44, p=0.212), research driven
follow-up (OR 0.54, 95%CI 0.24 to 1.21, p=0.090), central event assessment (OR 0.63,
95%CI 0.21 to 1.86, p=0.207), outcome adjudication (OR 0.74, 95%CI 0.24 to 2.23,
p=0.178), or at low-risk of bias (OR 0.74, 95%CI 0.24 to 2.23, p=0.178).

Conclusions: Among studies of any design, CCTA was associated with lower risk of Ml in
CCS compared to noninvasive functional testing. This benefit was diminished among studies
with clinical outcome definition, central outcome assessment/adjudication or at low-risk of

bias.
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HIGHLIGHTS

e CCTA is one of the preferred initial tests to detect coronary artery disease in patients
presented with chronic coronary syndromes (CCS).

e In patients with CCS, the risk of myocardial infarction following initial testing with
CCTA versus functional testing varies across studies.

e CCTA compared to functional testing decreased the risk of myocardial infarction among
studies of any design, considering non-randomized and randomized studies.

e This benefit was driven by studies using electronic health records for outcome definition.

e This benefit was diminished in randomized studies with central outcome assessment.
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INTRODUCTION

Randomized controlled trials (RCTs) represent the gold standard methodological study
design for the evaluation of any type of interventions since they provide more robust effects
compared to the respective non-randomized studies (1). Nonetheless, RCTs are subjected to
different types of biases (2) and standardized reporting (3) is encouraged to allow correct
interpretation of the results. Methods of outcomes ascertainment and assessment affect the
trial findings and have been well identified as potential source of bias (4). Routinely collected
health data (RCHD), such as data from electronic health records or administrative claims,
have been broadly used in nonrandomized studies over the last years, and are increasingly
employed in RCTs. Their reliability compared to an active, prospective, research-driven data
collection has been questioned, especially for non-fatal outcomes (5-9). Beside the risk of
underestimation of event rates (8), RCHD are potentially affected by outcome assessment
errors. Traditionally study endpoints -have required a standardized and independent
adjudication by a clinical events committee (CEC). This approach, which has been shown to
be more accurate than the assessment performed by a single on-site investigator (10-12) or
health-care professionals-in routine clinical activity (8,9), is seldom used in studies based on
RCHD; indeed, it requires additional sources and costs.

Coronary computed tomography angiography (CCTA) is increasingly used in the
diagnostic pathway for patients suspected of chronic coronary syndromes (CCS) and is
currently recommended by several major cardiology societies (13-16) as one of the preferred
initial test to detect coronary artery disease (CAD). CCTA as compared to noninvasive
functional tests (eg. exercise electrocardiogram (exercise-ECG), stress-echocardiography,
single-photon emission computed tomography (SPECT), cardiac magnetic resonance (CMR),
positron emission tomography (PET)) has a higher diagnostic accuracy in ruling out

significant CAD and in detecting subclinical coronary atherosclerosis, especially in patients



Journal Pre-proof

with low to intermediate pre-test likelihood of obstructive CAD (15). Use of CCTA has been
associated with a significant reduction of non-fatal myocardial infarction (MI) as compared
to routine testing in a recent landmark RCT (17). This association was not found in a
previous landmark RCT (18) or subsequent meta-analyses (19,20) with shorter follow-up.
Against this background, we aimed to evaluate how studies comparing the impact of
CCTA with noninvasive functional testing on clinical outcomes in patients suspected of CCS
can result in different findings due to differences in study design and characteristics, methods

of outcome ascertainment and assessment.

METHODS

This study was performed based on a protocol previously available in PROSPERO
(CRD42021220153). We followed established guidelines for reporting and conducting
qualitative research by using a rigorous and systematic approach in accordance to Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) (21) and
Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping
Reviews (PRISMA-ScR) statements (22). Items of both statements have been considered as
applicable.

No extramural funding was used to support this work. The authors are solely responsible for

the design and conduct of this study, all study analyses and drafting and editing of the paper.

Search strategies and study selection criteria
We performed literature searches in Pubmed, Embase, Cochrane Library Central Register of
Controlled Trials (CENTRAL) and we concluded them on February 18™ 2021. Screening was

performed in two stages via two investigators (AS and AS) working independently and in
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duplicate against previously defined eligibility criteria. The detailed search algorithms
applied to each database are available in Supplementary Table 1.

Peer-reviewed reports of non-randomized and randomized clinical trials evaluating
the impact on MI occurrence of CCTA compared to noninvasive functional testing (exercise-
ECG, stress echocardiography, SPECT, CMR, PET) or any other non-invasive strategy to
detect obstructive CAD in patients with clinical suspicion of CCS were included. We did not
include conference abstracts because of missing information of interest, and studies without a
comparator group or in which all included patients underwent both CCTA and noninvasive
functional testing. Moreover, studies investigating CCTA for the detection of CAD in
preoperative setting, in diabetic patients without symptoms, or in patients presenting in

emergency setting were not considered.

Studies classification, data extraction, and outcomes of interest

Studies were classified according to their design into non-randomized and randomized
clinical trials (non-RCT and RCT respectively). We summarized study design
characteristics: year of publication, study design (non-RCT, RCT), geographical region,
number of sites, enrollment period, funding source, control intervention (standard of care,
exercise-ECG, stress-echocardiography, SPECT, CMR, cardiac PET), primary outcome and
whether this-was a single or a composite endpoint, available follow-up timepoints; study
population characteristics in study-arm level: inclusion and exclusion patients’ criteria,
number of patients for each modality, sex, age, body mass index, race/ethnicity,
cardiovascular risk factors, symptoms at presentation, pre-test likelihood of CAD and method
of risk assessment, downstream health-care costs, changes in antiplatelet and statin use,
symptoms and quality of life after initial testing or at follow-up; outcome of interest:

myocardial infarction as defined individual studies and the respective definition, number of



Journal Pre-proof

events and the provided metric (point estimate and the corresponding 95% confidence
interval [CI]) for each available timepoint of follow-up with preference to adjusted estimates,
over unadjusted; items related to outcomes ascertainment/assessment and blinding: method
of outcome ascertainment (research driven follow-up or RCHD [including electronic health
records or administrative claims]), assessor(s) of the outcome as analyzed in the main
analysis, assessment based on provided definitions and if any blinding of outcome assessors
was applied. Data extraction was performed by one reviewer and verification was carried out
by a second reviewer. Data extraction related to outcomes, number of events and effect
metrics were performed in duplicate independently by 2 investigators. Disagreements among

reviewers were resolved through consensus or third-party adjudication.

Risk-of-bias assessment

We assessed the risk of bias in the results of non-RCTs and RCTs that compared the effect of
CCTA to other non-invasive imaging strategies by using the dedicated tools of Risk Of Bias
In Non-Randomized Studies - of Interventions (ROBINS-1) (23) and of Risk of Bias (RoB) 2

(4), respectively.

Data analysis

Descriptive characteristics of the studies were summarized. We calculated odds ratios (ORS)
for each study with the harm-related outcome coded so that ORs less than 1 corresponded to
beneficial effect for CCTA intervention. We also computed the absolute risk differences
(RD) to describe the actual difference in the observed risk of MI between those individuals
undergoing CCTA compared to noninvasive functional testing. We used random effect meta-
analysis with Hartung-Knapp-Sidik-Jonkman (HKSJ) adjustments, due to the relatively small

number and heterogeneous studies. This method results in more robust estimates of variance
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(24,25). We performed sensitivity analyses by removing from the main analysis the 2
landmark RCTs and 2 largest non-RCTs. The estimator for t* in the random effect model
was based on Restricted Maximum-Likelihood (26). Estimates for =2 around 0.04, 0.16, and
0.36 can be considered to represent a low, moderate, and high degree of heterogeneity,
respectively (26,27). We performed stratified meta-analyses to evaluate the impact of studies’
and patients’ characteristics on the outcome of interest. We also explored the results
assuming either an independent or common estimate of t*to evaluate potential excess
variability in the subgroups, since the heterogeneity in the subgroups may not be equal.
Finally, we explored the direction of disagreement among different subgroups and the
magnitude of the different effect estimates (CCTA versus noninvasive functional testing
approach) by computing the ratio of odds ratios (ROR) (28). RORs less than 1 indicated
greater (beneficial) treatment effect favoring CCTA compared to the reference group (28).

Analyses were performed in R version 4.0.

RESULTS

Eligible studies

We screened 12,449 unique citations in title level and 256 items were screened in abstract
level. Forty-five articles were scrutinized in full-text for potential eligibility. Finally, 15
reports of unique non-RCTs (n=7) and RCTs (n=8) fulfilled the inclusion criteria and

considered in our evaluation (17,18,29-41) (Supplementary Figure 1).

Study and population characteristics
Eligible reports were published over a period of 12 years (between 2008 and 2020). The
majority of studies were conducted in Europe or North America, in two or more centers and

were supported by funding sources other than industry (Table 1, Supplementary table 2).
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Among non-RCTs and RCTs the most common control noninvasive diagnostic modality was
SPECT or the option of any functional test. Follow-up duration varied between 6 to 43
months in non-RCTs and between 2 to 58 months in RCTs. In all but 2 non-RCTs the
recruitment period terminated before 2010, while in all but one RCTs patients were enrolled
after 2010 (Table 1, Table 2).

A total of 383,885 patients were included in non-RCT and 17,420 in RCTSs studies. Detailed
population characteristics in study level and patients excluded after randomization or lost
from follow-up are reported in Supplementary table 3 and 4 respectively.

In two out of 6 studies reporting this information, the proportion of patients taking aspirin at
follow-up was higher in the CCTA than in the control group in an extent ranging between 5%
to 22% (Supplementary table 5); in all studies statin intake at follow-up was higher in the
CCTA group (range 3.9% to 9.1%) (Supplementary table 6). Reporting of some other key
variables, such as prognostic relevant patient’s comorbidities, quality of life, antiplatelet or
lipid lowering medications was generally poor. Quality of life at follow-up was collected in
none non-RCTs and 4 out of 8 RCTs (50%), angina symptoms using different scales across

studies, preventing a meta-analysis of the results (Supplementary table 7).

Risk of bias in non-RCTs and RCTs

According to ROBINS-I (19) assessment tool, the risk of bias for the outcome of MI across
non-RCTs was moderate in 3 studies (43%) and high in 4 studies (57%). Among RCTs, 3
studies (37.5%) had a low risk of bias and 5 (62.5%) moderate risk according to RoB 2 (2)

(Table 1 and Supplementary table 8).

Definition, ascertainment and assessment of myocardial infarction

10
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A definition of MI was provided in 4 (57%) non-RCTs and corresponded to codes of
International Classification of Disease (ICD). Among RCTs, 6 (75%) reported the definition
used, which was clinical (either standard or study specific) in all but one study. The outcome
of MI was ascertained through RCHD in 6 out of 7 non-RCTs (86%) and in 2 out of 8 RCTs
(25%), whereas in the remaining studies, research driven follow-up was performed. Among
studies having a clinical outcome as primary endpoint (Table 1), 2 (31,39) out of 4 non-
RCTs and 1 (17) out of 4 RCTs claimed benefit of CCTA compared to functional testing for
M1 and all of them used RCHD for outcome ascertainment. A central event committee (CEC)
verified whether the reported Mls fulfilled the definition for this outcome adopted in the
study in none non-RCT and in two RCTs. In all other studies, Mis reported by care providers
were considered events without further assessment (Table 1 and Table 2). Adjusted estimate

for the outcome of MI was provided only in one study (Supplementary table 7).

CCTA vs. functional testing: Relative and absolute differences for myocardial
infarction

Overall, 372 out of 54,567 patients in the CCTA group and 2,045 out of 346,738 in the
functional test group suffered from a MI. The use of CCTA was associated with a significant
relative decrease (OR 0.54, 95%CI 0.47 to 0.62, p<0.001, t°=0.004) and absolute MI risk
decrease (RD -0.4%, 95%CI -0.6 to -0.1, p=0.005, t* <0.001) (Figure 1 and 2).

Among the 7 non-RCTs, 293 out of 45,794 patients and 1,923 out of 338,091 patients in
CCTA and functional test group, respectively, had a Ml, with a relative (OR 0.51, 95%ClI
0.45 to 0.58, p<0.001, t<0.001) and absolute risk (RD -0.4%, 95% CI -0.7 to -0.1, p<0.005,
1°<0.001) favoring CCTA. Among the 8 RCTs, M1 occurred in 79 out of 8,773 patients in the
CCTA group and 122 out of 8,647 in the control group; the use of CCTA was associated with

a lower relative risk (OR 0.64, 95%CI 0.47 to 0.88, p<0.001, t°<0.001) but a similar absolute

11
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risk (RD 0.2%, 95% CI -0.6 to 0.1, p=0.158, t?<0.001) compared to a functional testing
(Figure 1).

After removing the 2 landmark RCTs (PROMISE (18) and SCOT-HEART (17) and the 2
largest non-RCTs (31,39), even though the magnitude of the effect direction remained the
same, there was no formally statistical significant difference for any group of studies and the

risk differences were closed to zero (Supplementary Table 9).

Subgroup analysis

The results of subgroup analysis considering all studies and in separate for non-RCTs and
RCTs are reported in Figure 2 and Table 3, respectively.

Among studies of any design (15 studies), we did not detect subgroup differences in the risk
of MI between CCTA and functional testing with respect to the number of study sites,
funding sources, number of control functional test, follow-up duration, percentage of female
population and patients with diabetes (Figure 2 and Supplementary Figures 2-14), and all
estimates were in favor of CCTA. The risk of MI did not differ for the two noninvasive
imaging strategies in studies with clinical outcome definition (OR 0.77, 95%CI 0.41 to 1.44,
p=0.212), research driven follow-up (OR 0.54, 95%CI 0.24 to 1.21, p=0.09), central event
assessment (OR 0.63, 95%CI 0.21 to 1.86, p=0.207), outcome adjudication (OR 0.74, 95%ClI
0.24 to 2.23, p=0.178), or at low-risk of bias (OR 0.74, 95%CI 0.24 to 2.23, p=0.178); the
differences were significant between most of the respective subgroups (Figure 2). CCTA was
associated with MI reduction in studies with outcome ascertainment through RCHD only
(OR 0.52, 95%CI 0.46 to 0.50, p<0.001), in which outcomes were assessed by care providers
or local investigators (OR 0.52, 95% CI 0.46 to 0.59, p<0.001), without events adjudication
(OR 0.52, 95% CI 0.46 to 0.58, p<0.001) or studies using a ICD code to define MI events

(OR 0.52, 95%CI 0.46 to 0.60, p<0.001). RORs are shown in Figure 2. As reported in Table

12
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2, evaluators were blinded in the same two studies in which events were assessed by a CEC.
Therefore, the effect of blinding on CCTA vs functional test corresponds to that of events
assessment by a CEC.

The magnitude of the effects differed considerably for some of the subgroups (Figure 2).
However, among all subgroups, the individual effect estimates pointed out the same direction
without systematic disagreement on the direction of the effect, but the confidence intervals

were wide (Figure 2).

DISCUSSION

Main findings

Our systematic evaluation of studies of different designs (non-RCTs and RCTs) comparing
CCTA and functional testing for CAD in patients with CCS suggests that the effect among
the two imaging modalities on MI may vary according to study characteristics. The main
results can be summarized as follow:

1) CCTA compared to noninvasive functional testing was associated with a lower
relative risk of MI among non-RCTs and RCTs, but the absolute risk difference did
not differ among RCTSs.

2) CCTA showed a similar risk of future M1 compared to non-invasive functional testing
when-studies with clinical outcome definition, research driven follow-up, central
outcome assessment/adjudication or at low-risk of bias were considered, with
significant differences between the respective subgroups.

CCTA is currently recommended by several major cardiology societies as one of the
preferred initial test to rule out obstructive CAD in patients suspected of CCS with low to
intermediate pre-test likelihood given its high diagnostic accuracy in detecting CAD and

high-risk plaque features (13,14,16,17,42). Additionally, CCTA has been related with a

13
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significant reduction of non-fatal M1 as compared to routine testing in some
studies(17,19,20). However, this association was not consistent with the findings of other
studies, resulting in ongoing debate and open questions (18,37).

Our analysis showed that the heterogeneous effects of CCTA on MI reduction across studies
may be related to different design and methods of outcome ascertainment and assessment.
The overall significant MI reduction in the CCTA group was largely driven by non-RCTs,
particularly by two large reports (31,39) and one RCT (SCOT-HEART) (17). On the other
hand, the PROMISE trial (18) was the largest report showing a similar effect on Ml rate of
CCTA compared to functional testing. These four studies together accounted for 96% of the
patients and events and 91% of the weight in the current meta-analysis. The two large non-
RCTs (31,39) and SCOT-HEART (17) had some important similarities, such as the high
prevalence of exercise-ECG in the control group (ranging between 79 and 100%), the use of
RCHD, ICD-code based MI definitions and the absence of event adjudication. In addition,
the non-RCT of Jorgensen et al. (31) and SCOT-HEART trial (17) had a long follow-up
(median 43 and 58 months, respectively). In the landmark SCOT-HEART trial the addition of
CCTA to standard of care and not CCTA alone was compared to standard of care. However,
standard-of-care included a functional test, which was stress-ECG in 85% of the cases and
stress imaging in 9% (17). On the contrary, in the PROMISE trial (18), 90% of patients in the
control group underwent either SPECT or stress echocardiography, the follow-up was
research-driven and events were adjudicated by a CEC based on clinical definition of MI.
When only studies with these latter design characteristics were considered, CCTA did not
confer any advantage on MI reduction compared to functional testing.

The mechanism with which CCTA would decrease the subsequent risk of Ml is not clear
(43). The investigators of SCOT-HEART hypothesized an improved preventive treatment

and patient’s adherence based on coronary CCTA findings. According to the authors, this

14



Journal Pre-proof

effect could be detected because the follow-up was longer (median 4.8 years) than in

previous studies, such as PROMISE (median follow-up 2 years) (44). Nonetheless in SCOT-
HEART the increases in the use of statins and aspirin in the CCTA compared to the control
group were modest (10%) and unlikely to account for a 40% M1 risk reduction. The early
revascularization in the CCTA arm may have contributed to “stabilize” unstable plaques and
prevent subsequent MI; nonetheless, the overall revascularization rate was similar between
CCTA and functional testing group, making this procedure an unlikely explanation for the

MI reduction (43,44).

It is well known that study design may have a major impact on study results (1,45-47).
Previous empirical evidence suggests that randomized and rion-randomized studies on the
same topic can result in considerable differences in the effect magnitude, highlighting the
need of careful interpretation (1,48). Our meta-analysis confirms the tendency of non-RCTs
to increase the intervention effect (1). Randomization prevents bias due to noncomparability
between groups; masking of trial participants and personnel prevents differences in treatment
adherence or clinician care during follow-up (2) and abolishes bias in outcomes assessment.
This is especially important when endpoints can potentially be influenced by clinician
judgement, such as Ml (49). Nonetheless, also RCTs are subject to biases (2) and these can
also arise from specific methods of outcomes ascertainment and assessment. As a rule, in
RCTs, such as PROMISE trial (18), outcomes are ascertained through a research-driven
follow-up and assessed by an independent CEC using standardized definitions. On the other
hand, pragmatic RCTs, conceived to lower trial costs, complexity and therefore to answer to
the growing need for evidence (50), such as SCOT-HEART trial (17), rely on events
ascertainment through RCHD without further adjudication. However, the up to 10 times costs

reduction related to these pragmatic approaches may come at detriment of data quality and

15
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challenges in results interpretation especially for outcomes as Ml that often are not reliably
collected in clinical practice, due to underreporting or misdiagnosis (51).

When RCHD are used, MI rate can be underestimated (8,52) in reason of events outside the
catchment area or miscoding and linkage errors (53). Moreover, Mls obtained through RCHD
without further assessment showed a modest or even low concordance with MIs adjudicated
by a CEC (5,6,9,10,30,52). At variance with all-cause death, MI may be not reliably assessed
in routine clinical practice, where MI ascertainment and assessment is left at discretion of
treating physician and systematic and homogenous application of standardized definitions is
typically missing (10). Our analysis suggests that using RCHD can be one of the major
factors affecting the results in study-level. Considering the generally weak concordance
between events assessed by care givers or investigators and CEC, outcomes adjudication is
recommended in trials assessing the effects of new interventions on non-fatal cardiovascular
outcomes, such as MI (10). Nevertheless, RCHD remains a useful tool and attractive
approach to assess the effect of interventions in larger and unselected population, in a real
world setting or at extended follow-up with considerably less costs (6,7). If RCHD are used
to assess non-fatal outcomes, bias can be reduced by applying optimized algorithms for
cardiovascular events definition, by linking electronic data with other data sources and select
some events for which adjudication by CEC is needed (54). Further research is needed to
refine strategies for the quality improvement of data obtained from electronic sources (54).
CCTA remains one of the preferred tests to detect CAD in CCS patients, irrespective of the
magnitude of its impact on MI reduction. The present analysis puts forward the strengths and
limitations of using pragmatic instead of traditional approaches and highlights the need of

appropriate design for the next generation clinical trials in this area (5).

Limitations

16
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The study had several limitations. First, the generally low rate of MI and the possible
confounding effect of other study characteristics, such as different follow-up duration, may
limit the interpretation of the results. Given the absence of patient level data we tried to
address this limitation with meta-analyses stratified according to key studies characteristics.
Second, whether or not MI alone is the most appropriate endpoint to assess the value of
CCTA versus functional testing is open to discussion. Of note, MI was included in the
primary composite outcome of all the largest RCTs. However, as reported in Table 2, slightly
different definitions of MI were used across studies and in some reports the definition
included both fatal and non-fatal MI. Third, the control group among the included studies
included noninvasive functional tests with different characteristics and diagnostic accuracies.
The study-level analysis did not allow us to compare CCTA with a single functional test.
Finally, we were not able to assess the impact of some study features that were sparsely
reported at study level, such as pretest probability of CAD or intensity of preventive
treatment. Nonetheless, our results were consistent with previous reports and provide a
plausible explanation. Given these limitations, the findings of our analysis must be

considered exploratory and hypothesis generating.

Conclusions

Among studies of any design, CCTA was associated with lower risk of MI compared to
noninvasive functional testing in patients with CCS. This benefit was diminished among
studies with clinical outcome definition, central outcome assessment/adjudication or at low-
risk of bias. The absolute difference in risk was similar for the two strategies among the
randomized trials. Methods of outcomes ascertainment and assessment may impact

conclusions and result in contradictory findings among studies.
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Table 1. Characteristics of the included studies stratified according to the study design.

Total Non-RCTs RCTs
(n=15) (n=7) (n=8)

STUDY DESIGN
Geographic area

North-America 7 (46) 4 (57) 3(38)

Europe 6 (40) 3 (43) 3(38)

Asia 1(7) 0 1(12)

Global 1(7) 0 1(12)
Study sites

Single center 2 (13) 2 (29) 0

Multicenter 13 (86) 5 (71) 8 (100)
Funding

Non-industry 11 (73) 4 (57) 7 (88)

Industry related 1(7) 0 1(12)

None declared 3(20) 3(43) 0
Control group

SPECT 7 (46) 3(43) 4 (50)

Exercise-ECG 2 (13) 1(14) 1(12)

Stress echocardiography 1(7) 1(14) 0

Multiple tests 5 (34) 2 (29) 3(38)
Primary outcome

Cardiovascular events 8 (53) 4 (57) 4 (50)

Downstream testing/health-related costs 4(27) 3 (43) 1(12)

Symptoms at follow-up 3(20) 0 3(38)
Follow-up period

Median (IQR) 12 (12-24) 24 (9-30) 12 (12-20)

Minimum 2 6 2

Maximum 58 43 58
STUDY POPULATION
Sample size

<1000 7 (46) 2 (29) 5(72)

>1000 8 (54) 5(71) 3 (38)
Female population

<50% 7 (46) 3(43) 4 (50)

>50% 8 (54) 4 (57) 4 (50)
Mean age

<60 years 9 (60) 5 (71) 4 (50)

>60 years 6 (40) 2 (29) 4 (50)
Individuals with diabetes

<20% 9 (60) 5(71) 4 (50)

>20% 6 (40) 2 (29) 4 (50)
OUTCOME
MI definition

Not provided 5 (33) 3 (43) 2 (25)

ICD code 6 (40) 4 (57) 2(25)

Clinical definition 4 (26) 0 4 (50)
Outcome ascertainment

RCHD 8 (53) 6 (86) 2 (25)

Research driven follow-up 7 (47) 1(14) 6 (75)
Outcome assessment

Care providers/local investigators 11 (73) 6 (85) 5 (62)

Central investigator 2 (13) 0 2 (25)

Not reported 2 (13) 1(15) 1(13)
Event adjudication

Yes 3(20) 1(14) 2 (25)

No 12 (80) 6 (86) 6 (75)
Risk of bias for outcome MI}

Low 3(20) 0 3(38)

Moderate 9 (60) 4 (57) 5 (62)

High 3(20) 3*(43) 0
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ECG=electrocardiogram; ICD=international classification of disease;.IQR=interquartile range; Ml=myocardial infarction;
RCHD=routinely collected health data; RCT=randomized controlled trial; SPECT=Single-photon emission computed
tomography;

+tROBINS-I for observational studies and ROB-2 for randomized controlled trials *Includes serious to critical risk of bias
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Table 2. Study-level characteristics and methods of outcomes’ ascertainment and assessment.

Exercise-

First Author, Sample Control ECG FOHOW.'Up Outcome Outcome Number Adjudi Blinding Blinding Mi Fatal M1
Year of size rou Control duration ascertainment  assessment 0 cation care evaluators  definition included
publication group (months) observer. provider
group(%)
Non-RCT
Cheezumet al., local not not
2011 493 SPECT 0 30 RCHD investigator >1 Yes specified specified Not reported No
Hlatky et al., Research-driven - not not not
2014 1703 SPECT 0 24 follow-up not specified specified unclear specified specified Not reported No
exercise-
Jorgensenetal.,  gosng ECG or 79.4 43 RCHD " o Fot No No not ICD codes Yes
2017 providers specified specified
SPECT
Min et al., care not Not
2008 9690 SPECT 0 9 RCHD providers specified No No No ICD codes specified
Nielsen et al., exercise- care not
2013 498 ECG 100 12 RCHD providers specified No No No ICD codes No
Shreibati et al., functional care not Not
2011 282830 test” 23 6 RO providers specified No No No ICD codes specified
Vamvakidou et 1980 stress-echo 0 2 RCHD care not No No No  Notreported  Yes
al., 2020 providers specified
RCT

Douglas et al., functional Research-driven not Universal
2015 10003 test' 95 R follow-up CEC >l Yes  gpecified ves definition No
Karthikeyan et not not not Clinical
al., 2017 303 SPECT 0 ) not reported not reported specified No specified specified definition’ No
Leeetal., Research-driven care not not not
2019 903 SPECT 0 12 follow-up providers specified No specified specified ICD codes No
Lubbers et al., functional Most of Research-driven Clinical
2016 350 test” patients 12 follow-up CEC >l Yes No Yes definition’ No
McKavanagh et exercise- care not Clinical Not
al., 2015 488 ECG Q0 12 RCHD providers  specified No ) ) definition”  specified
Minetal., Research-driven care not
2012 180 SPECT 0 2 follow-up providers specified No No No Not reported No
Newby et al., functional care not
2018° 4146 test’ 86 58 RCHD providers specified No* No No ICD codes No
Stillman et al., 1050 SPECT 0 162  Research-driven care not No No No  Notreported  No
2020 follow-up providers specified

CEC= central event committee; ECG= electrocardiogram; ICD = International Classification of Disease; MI= myocardial infarction; RCHD = Routine collected health data (electronic health
records or administrative claims); RCT= randomized controlled trial
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SPECT= single-photon emission computerized tomography

*only in selected case of uncertainty assessment performed by 1 observer

#X-ECG or SPECT or stress-echo

Tstudy specific

§the experimental group was CCTA+standard of care, the control group standard of care alone
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Table 3. Random effect meta-analysis estimates of CCTA versus noninvasive functional testing for non-RCTs and RCTs in separate and
stratified according to study characteristics.

Non-RCTs RCTs
(n=7) (n=8)
OR (95%Cl) pvalue 2 Eof;'parison OR (95%Cl) pvalue 72 gof;:)arison
Overall 0.51(0.45-0.58) <0.001 <0.001 na 0.64 (0.47 - 0.88) <0.001 <0.001 na
Study sites
Single center 0.14 (0.01-2.70) 0.192 na 0.389 na na na na
Multicenter 0.51 (0.45-0.59) <0.001  <0.001 0.64 (0.47-0.88) 0.018 <0.001
Funding
Non-industry 0.50 (0.42-0.60) 0.004 <0.001 0.264 0.64 (0.47-0.88) 0.018 <0.001 na
Industry/None declared 0.66 (0.24-1.83) 0.221 <0.001 na na na
Control test
Single test 0.63 (0.28-1.39) 0.158 <0.001 0.395 0.62 (0.00-9.9*107)  0.697 <0.001 0.956
Multiple tests 0.51 (0.45-0.58) 0.005 <0.001 0.65 (0.45-0.93) 0.036 0.802
Follow-up
<12 months 0.56 (0.26-1.20) 0.081 <0.001 0.611 1.06 (0-1.4*10°%) 0.953 <0.001 0.501
>12 months 0.51 (0.40-0.64) 0.007 <0.001 0.63 (0.36-1.11) 0.072 <0.001
Sample size
<1000 0.14 (0.01-2.70) 0.192 na 0.389 1.06 (0-1.4*10™) 0.953 <0.001 0.501
>1000 0.51 (0.45-0.59) <0.001  «0.001 0.63 (0.36-1.11) 0.072 <0.001
Female population
<50% 0.61 (0-6.0¥10%) © 0.528 0.185  0.737 0.59 (0.28-1.25) 0.094 <0.001 0.243
>50% 0.51 (0.44-0.58) <0.001  <0.001 0.74 (0.24-2.23) 0.178 <0.001
Age (mean)
<60 0.51 (0.42-0.63) 0.002 <0.001 0.760 0.57 (0.35-0.94) 0.040 <0.001 0.157
>60 0.49 (0.06-4.18) 0.147 <0.001 0.78 (0.07-8.55) 0.411 <0.001
Diabetes
<20% 0.51 (0.42-0.63) 0.002 <0.001 0.760 0.61 (0.34-1.09) 0.067 <0.001 0.902
>20% 0.49 (0.06-4.18) 0.147 <0.001 0.64 (0.01-59.22) 0.427 0.0947
MI definition
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Not provided 0.56 (0.00-214) 0.420 0.074  0.855 0.29 (0.06-1.41) 0.125 na 0.323
ICD codes 0.51 (0.43-0.60) <0.001  <0.001 0.59 (0.41-0.87) 0.007 na

Clinical definition na na na 0.77 (0.41-1.44) 0.212 <0.001
Outcome ascertainment

RCHD 0.51 (0.45-0.59) <0.001  <0.001 0.447 0.61 (0.06-6.71) 0.233 <0.001 0.795
Research driven follow-up | 0.29 (0.06-1.28) 0.102 na 0.66 (0.26-1.70) 0.199 0.0332
Outcome assessment

Care providers/local 0.51 (0.45-0.59) <0.001 <0.001 0.447 0.59 (0.28-1.25) 0.178 <0.001 0.244
investigators

Central investigators 0.29 (0.06-1.28) 0.102 na 0.74 (0.24-2.23) 0.094 <0.001

Event adjudication

Yes na na na na 0.74 (0.24-2.23) 0.178 <0.001 0.244
No 0.51 (0.45-0.58) <0.001  <0.001 0.59 (0.28-1.25) 0.094 <0.001

Risk of bias

Low na na na 0.611 0.74 (0.24-2.23) 0.178 <0.001 0.244
Moderate 0.51 (0.40-0.64) 0.007 <0.001 0.59 (0.28-1.25) 0.094 0.410

High 0.56 (0.26-1.20) 0.081 <0.001 na na

OR=o0dds ratio, Cl=confidence interval, NA=not applicable, MI=myocardial infarction, ICD=international classification of diseases,

RCHD=routinely collected health data.
7 are not reported when 2 studies or less (with events in at least one of the arms) contributed to the meta-analysis.
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FIGURES LEGENDS

Figure 1. Odds Ratio (A) and Risk difference (B) from random effect meta-analysis of
CCTA versus functional testing stratified according to study design (non-randomized versus

randomized clinical trials).
Studies with 0 events in both arms did not contribute to the effect estimate shown in panel A, but they are
shown for consistency with panel B.

Figure 2. Random effect meta-analyses of CCTA versus functional testing stratified
according to study design and other characteristics.

*Studies with absence of events in both arms did not contribute to the effect estimate.

For Ml definition the RORs are ordered as “not provided vs. ICD codes”, “ICD codes vs. clinical definition”, “not provided
vs. clinical definition”.

*For Risk of bias the RORs are ordered as “low vs. moderate”, “moderate vs. high”, “low vs. high

Figure 1.
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A Functional
CCTA testing

Study Events Total Events Total Odds Ratio OR 95%CI Weight

Non-RCT ;
Min (2008) 8 1938 43 7752 — 0.74 (0.35;1.58) 35%
Cheezum (2011) 0 244 0 235 : 0.0%
Shreibati (2011) 17 8820 1025 274010 — 051 (0.32;0.83) 8.5%
Nielsen (2013) 0 251 3 247 — L 0.14 (0.01;2.70) 0.2%
Hlatky (2014) 2 590 13 1113 —_— 0.29 (0.06;1.28) 0.9%
Jorgensen (2017) 259 32961 830 53744 ‘. 0.50 (0.44;0.58) 61.6%
Vamvakidou (2020) 7 990 9 990 — 0.78 (0.29;2.09) 2.1%
Random effects model 293 45794 1923 338091 ¢ 0.51 (0.45;0.58) 76.8%
Heterogeneity: * =0 p =0.71 :

RCT :
Min (2012) 0 91 0 89 : 0.0%
Douglas (2015) 30 4996 40 5007 —t 075 (0.47;1.21) 86%
McKavanagh (2015) 2 243 1 245 S S 202 (0.18;225) 0.4%
Lubbers (2016) 1 242 1 108 _— 0.44 (0.03;7.16) 0.3%
Karthikeyan (2017) 0 152 0 151 § 0.0%
Newby (2018) 44 2073 73 2073 -+ 0.59 (0.41;0.87) 13.1%
Lee (2019) 0 460 0 443 : 0.0%
Stillman (2020) 2 516 7 531 — L 0.29 (0.06;1.41) 0.8%
Random effects model 79 8773 122 8647 o> 0.64 (0.47;0.88) 23.2%
Heterogeneity: :>=0 p =0.65 :
Random effects model 37254567 2045 346738 'y 0.54 (0.47;0.62) 100.0%
Heterogeneity: 12 =0.0036 p =0.69 [ I T 1

0.01 041 1 10 100
Favours CCTA Favours
functional testing
B Functiona!
CCTA testing

Study Events Total Events Total Risk Difference RD (%) 95%ClI Weight

Non-RCT : |
Min (2008) 8 1938 43 7752 = 0.1 (-0.5; 0.2) 126%
Cheezum (2011) 0 244 0 235 —_—— 00 (-0.8; 08) 5.0%
Shreibati (2011) 17 8820 1025 274010 i 02 (03;-01) 17.5%
Nielsen (2013) 0 251 3 247 — o+ | 1.2 (-2.8; 04) 1.7%
Hiatky (2014) 2 580 13 1113 — 08 (-1.6; 0.0) 5.2%
Jorgensen (2017) 259 32961 830 53744 e -08 (-09:-06) 16.7%
Vamvakidou (2020) 7 990 9 990 — 02 (-1.0; 0.6) 5.2%
Random effects model 293 45794 1923 338091 < 04 (-0.7;-0.1) 63.8%
Heterogeneity: :* =< 0.0001 p <0.01 :

RCT :
Min (2012) 0 91 0 89 : 0.0 (-21;21) 0.9%
Douglas (2015) 30 4996 40 5007 — 02 (-0.5; 0.1) 12.7%
McKavanagh (2015) 2 243 1 245 _ 04 (-1.0; 1.8) 21%
Lubbers (2016) 1 242 1 108 . 05 (-25; 1.5) 1.1%
Karthikeyan (2017) 0 152 0 151 — 0.0 (-1.3; 1.3) 2.4%
Newby (2018) 44 2073 73 2073 —s—— 14 (-24:-04) 3.6%
Lee (2019) 0 460 0 443 = 00 (-04; 04) 10.3%
Stillman (2020) 2 516 7 531 —_— ] 09 (-2.0; 0.2) 3.1%
Random effectsmodel 79 8773 122 8647 <= -0.2 (-0.6; 0.1) 36.2%
Heterogeneity: °= < 0.0001 p =0.26 :
Random effects model 372 54567 2045346738 s 04 (-0.6;-0.1) 100.0%
Heterogeneity: t* <0.0001 p <0.01 I T T 1

20 .10 0 10 20

Favours CCTA Favours )
functional testing

Figure 2.
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p for comparison
Subgroups Studies Between Within Odds Ratio OR (95% CI) ROR (95% ClI)
subgroups subgroups

Overall 15 0.54 (0.47-0.62)

Study design
Non-RCT T 0.07 0.79 0.51 (0.45-0.58) 0.80 (0.56-1.13)
RCT 8 B 0.64 (0.47-0.88)

Study sites
Single center 2 0.37 0.68 — 0.14 (0.01-2.70) 0.25 (0.01-4.98)
Multicenter 130 0.55 (0.47-0.63)

Funding
Non-industry 11 0.37 0.66 0.53 (0.46-0.61) 0.80 (0.29-2.25)
Industry/None declared* 4 — 0.66 (0.24-1.83)

Control test
Single test 10 0.60 0.63 = 0.61 (0.33-1.12) 1.14 (0.60-2.14)
Multiple tests 5 0.53 (0.45-0.63)

Follow-up
<12 months 7 0.78 0.61 = 0.57 (0.37-0.90) 1.05 (0.64-1.72)
>12 months 8 0.55 (0.44-0.67)

Sample size
<1000 patients 7 0.89 0.60 — &} . 0.60(0.02-17.6) 1.12 (0.04-32.6)
>1000 patients 8 0.54 (0.47-0.63)

Female population
<50% T 0.42 0.67 - 0.60 (0.40-0.90) 1.14 (0.73-1.76)
250% 8 0.53 (0.44-0.63)

Age (mean)
<60 years 9 0.38 0.68 0.52 (0.46-0.59) 0.85 (0.48-1.51)
260 years 6 = 0.61 (0.35-1.07)

Diabetes
<20% 9 0.66 0.63 0.53 (0.46-0.62) 0.92 (0.53-1.62)
220% 6 =] 0.57 (0.33-0.99)

MI definition
Not provided 5 0.04 0.78 —= 0.49 (0.11-2.19) 0.94 (0.21-4.23)f
ICD codes 6 0.52 (0.45-0.59) 0.68 (0.36-1.29)"
Clinical definition 4 e 0.77 (0.41-1.44) 0.64 (0.13-3.23)f

Outcome ascertainment
RCHD 8 0.89 0.67 0.52 (0.46-0.60) 0.96 (0.43-2.18)
Research driven follow-up 7 = 0.54 (0.24-1.21)

Outcome assessment
Care providers or 11 0.47 0.72 0.52 (0.46-0.59) 0.83 (0.28-2.47)

local investigators

Central investigators 2 —m— 0.63 (0.21-1.86)

Event adjudication
Yes 3 <0.01 0.80 = 0.74 (0.24-2.23) 1.42 (0.47-4.32)
No 12 0.52 (0.46-0.58)

Risk of bias
Low 3 <0.01 0.73 B 0.74 (0.24-2.23) 1.43 (0.47-4.37)*
Moderate 9 0.52 (0.45-0.60) 0.93 (0.43-2.02)*
High 3 5 0.56 (0.26-1.20) 1.33 (0.35-5.09)*
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