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ABSTRACT

BACKGROUND Combining pretest probability (PTP) with computed tomography angiography (CTA) for diagnosing 
obstructive coronary artery disease (CAD) has not yet been determined.

OBJECTIVES The purpose of this study was to evaluate the accuracy of PTP calculation alone and with CTA for 
diagnosing CAD.

METHODS A total of 65 prospective diagnostic accuracy studies of patients clinically referred to invasive coronary 
angiography with stable chest pain were included in this international collaborative individual patient data Collaborative 
Meta-Analysis of Cardiac CT (COME-CCT) meta-analysis. Mixed-effects logistic regression with a data set–specific random 

intercept for clustering was applied to 4 models: the traditional Diamond-Forrester models, a PTP model based on the 
COME-CCT data (termed COME-CCT-PTP calculator), a CTA alone model, and a combined COME-CCT-PTP with CTA model.

RESULTS Individual patient data from 5,332 patients with clinically indicated invasive coronary angiography from 22 
countries were included. The COME-CCT-PTP calculator was more accurate than the original Diamond-Forrester model 
(AUC: 0.68; 95% CI: 0.66-0.69 vs 0.63; 95% CI: 0.62-0.65). The COME-CCT-PTP with CTA model significantly 
improved accuracy compared with either model alone (AUC: 0.86; 95% CI: 0.85-0.87 vs 0.81; 95% CI: 0.80-0.82). The 
improved prediction was consistent in decision curve analysis with an increased net benefit for all chest pain subtypes 
and was almost equally seen in patients with typical or atypical angina (0.85; 95% CI: 0.84-0.86) and nonanginal or 
other chest discomfort (0.88; 95% CI: 0.86-0.89).
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CONCLUSIONS Combining the COME-CCT-PTP calculator with CTA provides more accurate prediction than 
the PTP or CTA alone for the diagnosis of obstructive CAD, for all chest pain subtypes.
(JACC Adv. 2025;4:102014) © 2025 The Authors. Published by Elsevier on behalf of the American College of 
Cardiology Foundation. This is an open access article under the CC BY license (http://creativecommons.org/lice 
nses/by/4.0/).

T he prevalence of obstructive coro-nary artery disease (CAD) has 
decreased in men but increased in

women, while disability-adjusted life years related 
to CAD are projected to increase to 2,275.9 worldwide

by 2022. 1 Stable chest pain is a common initial pre-
sentation of CAD 2,3 and associated with the same in-
crease in coronary mortality in women and men. 4,5 

Invasive coronary angiography (ICA) is the reference 
standard for the final diagnosis of obstructive CAD in
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patients with stable chest pain but decision-making 
about referral to ICA can be challenging. 6 To facilitate 
appropriate referral to ICA in stable chest pain pa-
tients, American 7 and European guidelines 8 recom-
mend pragmatic clinical prediction models for 
estimation of the probability of obstructive CAD. 
The American guideline recommends the updated 
contemporary models such as Juarez-Orozco et al 9 

while European guidelines recommend using age, 
sex, symptoms, and risk factors. 8 The discriminative 
ability of these diagnostic prediction models has not 
been tested in large contemporary cohorts of patients 
clinically referred for ICA because of stable chest pain 
with suspected obstructive CAD.
We initiated the COME-CCT (Collaborative Meta-

Analysis of Cardiac CT) Consortium to combine 
individual patient data from current diagnostic 
accuracy studies in which ICA served as the diag-
nostic reference standard and computed tomography 
angiography (CTA) was the index test in patients with 
stable chest pain suggestive of CAD. This allowed the 
calculation of a pretest probability (PTP) calculator, 
which we have termed the “COME-CCT-PTP 
calculator.” 10 In this analysis, we investigated the 
discriminative ability of traditional PTP models such 
as the Diamond Forrester models compared with the 
COME-CCT-PTP calculator to identify patients with 
obstructive CAD. We also evaluated whether adding 
CTA results to the COME-CCT-PTP calculator resulted 
in a better prediction of obstructive CAD on ICA in 
patients with stable chest pain.

METHODS

The COME-CCT Consortium conducted an individual 
patient data meta-analysis of diagnostic accuracy 
data sets published between 2004 and 2014 that 
included patients with stable chest pain and sus-
pected CAD in whom CTA was the index test and 
clinically indicated ICA served as the reference 
standard. The detailed protocol of the COME-CCT 
Consortium including the eligibility criteria, data 
collection, and harmonization and search strategy 
has been previously published 11,12 and was registered 
in the PROSPERO Database for Systematic Reviews 
(CRD42012002780). For all retrieved studies, CTA 
results were blinded and thus did not influence the 
decision to perform ICA, avoiding verification bias. 
The ICA results were blinded to authors assessing 
clinical predictors and to CTA readers. The results 
from the international individual patient data 
meta-analysis were used to calculate a PTP calcu-
lator, termed the “COME-CCT-PTP calculator.” 
Reporting of our study follows the TRIPOD

(Transparent Reporting of a multivariable prediction 
model for Individual Prognosis or Diagnosis) state-
ment 13 (see the TRIPOD checklist in the 
Supplemental Appendix) and the suggestions of 
Debray et al regarding diagnostic prediction models 
using individual participant data meta-analysis. 14 

Quality assessment of published articles was per-
formed using the QUADAS (quality assessment tool 
for diagnostic accuracy studies) and the STARD 
(Standards for Reporting of Diagnostic Accuracy) 
checklist, and results were recently published on the 
study-level. 15,16 We used the methodology described 
by Wasson and Sox in developing the COME-CCT 
diagnostic prediction models. 17 This meta-analysis 
did not require Institutional Board Review as it 
involved the secondary analysis of publicly available, 
deidentified data.

CAD PREDICTION MODELS. Three CAD prediction
models were built by using a mixed effects logistic 
regression model based on the COME-CCT data with a 
data set–specific random intercept to account for 
clustering. 18 For the COME-CCT-PTP calculator, 
typical angina was considered when the following 3 
criteria were fulfilled: retrosternal chest discomfort, 
precipitation by exertion, and prompt relief (within 
30 s–10 min) by rest or nitroglycerin. 19 Patients who 
met 2, one, or none of these 3 criteria were classified 
as having atypical angina, nonanginal chest discom-
fort, and other chest discomfort, respectively. The 
category “other chest discomfort” was used as rec-
ommended 20 since these patients were not asymp-
tomatic but had chest pain not fulfilling any of the 3 
criteria. These criteria are also used in the Diamond-
Forrester prediction models recommended in previ-
ous European guidelines. 21 To assess whether CTA 
alone can be used as an accurate predictor of CAD, we 
performed a second logistic regression model incor-
porating CTA alone. 22 Finally, to assess whether a 
combination of the COME-CCT-PTP calculator com-
bined with CTA results was a better predictor than 
either model alone, we performed a third logistic 
regression model incorporating CTA as an addi-
tional covariate.

STATISTICAL ANALYSIS. Individual patient data 
were analyzed using a mixed effects logistic regres-
sion model with a data set–specific random intercept 
to take clustering within studies into account. 18 No 
imputation methods were used and only patients 
with complete information required for pragmatic 
prediction models were included. The binary 
outcome “obstructive CAD” was defined in all 
retrieved studies as at least one $50% diameter ste-
nosis by ICA. The analysis was performed including

J A C C : A D V A N C E S , V O L . 4 , N O . 8 , 2 0 2 5 Wieske et al 
A U G U S T 2 0 2 5 : 1 0 2 0 1 4 Pretest Probability Calculator: Collaborative Meta-Analysis of Cardiac CT (COME-CCT)

3

https://doi.org/10.1016/j.jacadv.2025.102014


nondiagnostic CTA results in the model using 2-by-3 
tables. 23 For nondiagnostic CTA results, we assumed 
a worst-case scenario, that is, for an ICA negative 
result, we defined a corresponding nondiagnostic 
CTA result to be CTA positive, and an ICA positive 
result with a nondiagnostic CTA was defined as CTA 
negative. All covariates (age, sex, chest pain type, 
and CTA) in the regression models were included as 
main effects. No interaction terms were used. The 
incremental gain from using CTA results in esti-
mating CAD probability combined with the COME-
CCT-PTP calculator was evaluated by reduction of 
the Bayesian information criterion. Disease proba-
bilities were predicted by averaging over the random-
effects distribution. 24 A sensitivity analysis of the 
predictions was performed using an average inter-
cept applied over all studies. 25 Potential publication 
bias was assessed as described previously. 12 Overall 
performance of the models for predicting CAD prob-
ability was evaluated by the scaled Brier score, which 
measures the accuracy of probabilistic prediction. 26 A 
perfect model results in a Brier score of zero or a 
scaled Brier score of one. Discriminative ability of the 
models, that is, the ability of discriminating patients 
with obstructive CAD from those without, was 
quantified using the area under the receiver-
operating characteristic curve (AUC) with 95% CIs. 27 

Calibration as the extent of disagreement and bias 
with respect to observed and predicted outcomes was 
investigated graphically based on calibration plots. 
We also evaluated all 3 prediction models in terms of 
their benefit in clinical practice using decision 
curve analysis. 28

Internal model validation for the models with and 
without CTA was based on 250 bootstrap samples of 
the original data, 29 using AUC, scaled Brier score, 
accuracy, and the discrimination slope, 30 which was 
calculated as the absolute difference in average pre-
dictions for those with and without CAD. Further-
more, the COME-CCT-PTP calculator was compared 
with the original Diamond-Forrester 31 and updated 
Diamond-Forrester prediction models 32 using the 
same 3 clinical variables and the published co-
efficients of the respective models. Comparison with 
the original Diamond-Forrester model included 
4,099 patients aged 30 to <70 years while the upda-
ted Diamond-Forrester model included all age groups 
but included nonanginal or other chest discomfort. 
We applied internal-external cross-validation as 
described, 25 where the ratio of expected and 
observed events and also the calibration slope were 
considered. The average calibration slope was 
calculated using a random-effects meta-analytical 
method with inverse variance as weights. 33 All

computations were performed with the statistical 
software R 34 using lme4 package 35 to apply general-
ized linear mixed models and PredictABEL package 36 

for evaluating model calibration and discrimination 
and meta 37 for investigating averaged calibration 
slopes. Decision curve analysis was run using the 
dca-function of R.

RESULTS

A total of 5,332 stable chest pain patients with 
clinically indicated ICA from 22 countries were 
included, see Figure 1. Number of patients with 
(2,573) and without obstructive CAD (2,759) was 
almost equal with a CAD prevalence of 48.3%. 
Clinical and technical characteristics of the studies 
are shown in Table 1, and general study character-
istics can be found in Supplemental Table 1. 
Participant characteristics for each study, further 
study characteristics, and technical characteristics 
of imaging testing can be found in the COME-CCT 
main analysis publication. 12 The median age was 
61 years, about 2-thirds were male, and the 
majority of patients had either typical or atypical 
angina.

COME-CCT-PTP CALCULATOR ALONE. The COME-
CCT-PTP calculator improved discrimination of 
patients with suspected CAD with an AUC of 0.68 
(95% CI: 0.66-0.69) compared with the original 
Diamond-Forrester prediction model (AUC = 0.63 
[95% CI: 0.62-0.65]) (Figure 2A) but not when 
compared with the updated Diamond-Forrester pre-
diction model (AUC = 0.68 [95% CI: 0.66-0.69]). 
Table 2 shows the COME-CCT-PTP calculator results 
according to age, sex, and chest pain type combined 
with CTA results. Data set–specific results are shown 
in Supplemental Table 3. Internal validation of the 
COME-CCT-PTP calculator showed minimal optimism 

bias, indicating valid estimates of performance 
(Supplemental Table 4). Internal-external cross-vali-
dation showed a median AUC of 0.72 (IQR: 0.62-0.80) 
(Supplemental Table 5). The meta-analytic average 
calibration slope was 1.13 (95% CI: 0.94-1.32) and a 
median ratio of expected/observed results of 
1.05 (IQR: 0.81-1.31) (Supplemental Table 5). 
Supplemental Figure 1 presents a graphic analysis of 
calibration of the pragmatic clinical prediction 
model. For the average intercept model in 
the sensitivity analysis, we obtained an average 
calibration slope of 1.00 (95% CI: 0.83-1.16) 
(Supplemental Table 6).

CTA ALONE. Using CTA alone resulted in an AUC 
to predict CAD of 0.81 (95% CI: 0.80-0.82) 
(Figure 2B). Data set–specific results are shown in
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Supplemental Table 7. The CTA alone model showed 
improved stratification of patients with and without 
obstructive CAD compared to the COME-CCT-PTP 
calculator (Supplemental Figures 2 and 3). Internal 
validation of prediction of the CTA alone model 
showed minimal optimism bias indicating valid esti-
mates of the performance (Supplemental Table 4). 
Decision curve analysis regarding net benefit of the 
CTA alone model showed improved discrimination 
compared with the COME-CCT-PTP calculator 
(Figure 3). Internal-external cross-validation showed 
a median AUC of 0.86 (IQR: 0.79-0.93) (Supplemental 
Table 8). We found a meta-analytic average calibra-
tion slope of 1.13 (95% CI: 0.94-1.32). For the average 
intercept model in the sensitivity analysis, we ob-
tained an average calibration slope of 1.00 (95% CI: 
0.83-1.16) (Supplemental Table 6).

COME-CCT-PTP CALCULATOR WITH CTA. Combining
CTA with the COME-CCT-PTP calculator improved 
CAD probability prediction compared with either 
alone, and resulted in a good discriminative ability 
with an AUC of 0.86 (95% CI: 0.85-0.87) (Figure 2B) 
(Table 3). The heterogeneity measured by the variance 
component estimate was reduced from 0.667 to 0.377 
when CTA was combined with the COME-CCT-PTP 
calculator (Table 3), indicating 43.5% of the vari-
ability between sites was explained by CTA. Data set– 
specific results are shown in Supplemental Table 10.

The addition of CTA to the COME-CCT-PTP calculator 
improved stratification of patients with and without 
obstructive CAD (Supplemental Figures 2 and 3). Data 
set–specific results of the AUC (Supplemental Table 10) 
showed a substantial decrease in heterogeneity be-
tween studies when CTA was combined with the 
COME-CCT-PTP calculator model (Supplemental 
Figure 4). Internal validation of prediction including 
CTA showed minimal optimism bias indicating valid 
estimates of performance (Supplemental Table 4). 
Decision curve analysis regarding net benefit of 
including CTA in prediction showed markedly 
improved discrimination compared with the COME-
CCT-PTP calculator alone (Figure 3). Internal-
external cross-validation showed a median AUC of 
0.91 (IQR: 0.84-0.95) (Supplemental Table 11). There 
was an average calibration slope of 1.28 (95% CI: 
1.09-1.47) and a median ratio of expected/observed 
results of 1.01 (IQR: 0.90-1.19) (Supplemental 
Table 11). For the average intercept model in the 
sensitivity analysis, there was an average calibration 
slope of 1.19 (95% CI: 1.02-1.37) (Supplemental 
Table 12). Supplemental Figure 5 presents a graphic 
analysis of calibration of the pragmatic clinical pre-
diction model with CTA.

SUBGROUP ANALYSES. The discriminative ability of 
the COME-CCT-PTP calculator decreased with 
less typical chest pain (typical or atypical angina

FIGURE 1 Eligibility Assessment and Inclusion

Patients with stable chest pain, complete information on age, sex, and chest pain symptom, without known CAD and information on ICA and 
CTA were available for inclusion. 12 CAD = coronary artery disease; CTA = computed tomography angiography; ICA = invasive coronary 
angiography.
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TABLE 1 Participant Characteristics

Obstructive CAD 
(n = 2,573)

No CAD 
(n = 2,759)

Total 
(n = 5,332)

Age (in y), median (IQR) 63 (56-70) 60 (53-67) 61 (54-69)
Male 1947 (75.7%) 1,526 (55.3%) 3,473 (65.1%)
Chest pain symptoms
Typical angina 1,199 (46.6%) 768 (27.8%) 1967 (36.9%)
Atypical angina 641 (24.9%) 951 (34.5%) 1,592 (29.9%)
Nonanginal chest discomfort 324 (12.6%) 472 (17.1%) 796 (14.9%)
Other chest discomfort 409 (15.9%) 568 (20.6%) 977 (18.3%)

Risk factor distribution, n/N (%)
Arterial hypertension 1,442/2,374 (60.7%) 1,207/2,512 (48.1%) 2,649/4,886 (54.2%)
Diabetes mellitus 559/2,379 (23.5%) 347/2,517 (13.8%) 906/4,896 (18.5%)
Hyperlipidemia 1,322/2,242 (59.0%) 1,079/2,326 (46.4%) 2,401/4,568 (52.6%)
Smoker 697/2,378 (29.3%) 592/2,519 (23.5%) 1,289/4,897 (26.3%)
Former smoker 455/1793 (25.4%) 442/1949 (22.7%) 897/3,742 (24.0%)
Positive family history 911/2,212 (41.2%) 889/2,346 (37.9%) 1800/4,558 (39.5%)

CT detector rows, n/N (%) 
16 583/2,504 (23.3%) 674/2,720 (24.8%) 1,257/5,224 (24.1%)
23 368/2,504 (14.7%) 381/2,720 (14.0%) 749/5,224 (14.3%)
40 77/2,504 (3.1%) 145/2,720 (5.3%) 222/5,224 (4.3%)
64 1,219/2,504 (48.7%) 1,219/2,720 (44.8%) 2,438/5,224 (46.7%)
128 100/2,504 (4.0%) 127/2,720 (4.7%) 227/5,224 (4.4%)

320 157/2,504 (6.3%) 174/2,720 (6.4%) 331/5,224 (6.3%)
CTA showing obstructive CAD b 2,251 (87.5%) 728 (26.4%) 2,979 (55.9%)
Information on effective dose 1935 (75.2%) 2073 (75.1%) 4,008 (75.2%)
Effective dose (in mSv), mean (SD) 13.27 (6.9) (n = 1935) 13.5 (7.8) (n = 2073) 13.39 (7.4) (n = 4,008)

Figures are numbers (percentage) of patients unless stated otherwise a . a Additional study characteristics can be found in Supplemental Table 1. b Obstructive CAD was defined 
as $50% coronary diameter stenosis by CTA and ICA.
CAD = coronary artery disease; CTA = computed tomography angiography; CT = computed tomography.

FIGURE 2 Discriminative Ability of Prediction Models

Panel (A) shows the receiver-operating characteristic (ROC) curves of the clinical probability prediction (PTP) models. The COME-CCT-PTP 
calculator (red) and updated Diamond-Forrester model (gray) resulted in significantly improved discrimination compared to the original 
Diamond-Forrester model (black). Panel (B) shows the significantly improved discriminative ability using the combination of the COME-CCT-
PTP calculator with CTA (solid blue) compared to CTA alone (dashed blue). COME-CCT = Collaborative Meta-Analysis of Cardiac CT; 
DICAD = updated Diamond-Forrester model; other abbreviation as in Figure 1.
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(0.70; 95% CI: 0.68-0.71) vs nonanginal or other 
chest discomfort (0.63; 95% CI: 0.60-0.65) (Central 
Illustration). The improved prediction of CAD by 
combining CTA with the COME-CCT-PTP calculator 
prediction model was consistent in decision curve 
analysis with an increased net benefit for all chest 
pain types and was almost equally seen in patients 
with typical or atypical angina. Similar improvement 
was seen in terms of AUC in patients with typical 
or atypical angina (0.85; 95% CI: 0.84-0.86) and 
nonanginal or other chest discomfort (0.88; 95% CI: 
0.86-0.89) (Central Illustration). Results stratified by 
symptoms were similar in the sensitivity analysis 
(Supplemental Tables 13 to 18). For the prediction 
model including CTA alone, the discriminative ability

in the subgroups was decreased compared to the 
combined model: for patients with typical or atypical 
angina (0.79; 95% CI: 0.77-0.80) vs nonanginal or 
other chest discomfort (0.85; 95% CI: 0.83-0.86). 
Similar analysis for other subgroups including sex, 

age, and CAD prevalence showed similar results. 
For sex, the COME-CCT-PTP calculator with CTA 
improved discrimination (AUC = 0.85; 0.84-0.86) 
compared with the CTA alone model (AUC = 0.80; 
0.79-0.81) and COME-CCT-PTP calculator alone 
(AUC = 0.65; 0.63-0.66) for both sexes (Supplemental 
Figure 6). For age, the COME-CCT-PTP calculator 
with CTA improved discrimination (AUC = 0.86; 
0.84-0.87) compared with the CTA alone model 
(AUC = 0.80; 0.79-0.81) and the COME-CCT-PTP

TABLE 2 COME-CCT-PTP Calculator Results According to Age, Sex, Classification of Chest Pain Type, and Stratified by CTA Results Showing 
Obstructive (+) and Nonobstructive CAD (− ) Based on the Combined Prediction Model and CTA

Age, y

Typical
Angina

Atypical
Angina

Nonanginal 
Chest Discomfort

Other 
Chest Discomfort

Women Men Women Men Women Men Women Men

20
CT+/−

21
50/6

39
69/13

9
26/2

19
44/5

7
25/2

17
43/4

7
22/2

15
39/4

25
CT+/−

24
54/7

43
72/15

10
29/2

22
47/5

9
28/2

19
46/5

8
25/2

17
43/4

30
CT+/−

27
57/8

47
75/16

12
31/3

25
51/6

10
31/3

22
50/6

9
28/2

20
46/5

35
CT+/−

30
60/9

51
77/18

14
34/3

28
54/7

12
34/3

25
53/7

11
31/3

23
49/6

40
CT+/−

34
64/10

55
80/21

16
38/4

31
57/8

14
37/3

28
56/8

12
34/3

26
53/7

45
CT+/−

37
67/12

59
82/23

18
41/4

35
61/9

16
40/4

31
60/9

14
37/3

29
56/8

50
CT+/−

41
70/13

62
84/26

21
44/5

38
64/10

18
43/5

34
63/10

16
40/4

32
60/9

55
CT+/−

45
73/15

66
86/28

23
48/5

42
67/12

20
47/5

38
66/11

19
43/5

36
63/10

60
CT+/−

49
75/17

69
87/31

26
51/6

46
70/13

23
50/6

42
69/13

21
47/5

39
66/11

65
CT+/−

53
78/19

73
89/34

30
55/7

50
73/15

26
54/7

46
72/15

24
50/6

43
69/13

70
CT+/−

57
80/21

76
90/38

33
58/8

54
76/17

29
57/8

50
75/16

27
54/7

47
72/15

75
CT+/−

60
82/24

79
91/41

37
61/9

58
78/19

33
60/9

54
77/19

31
57/8

51
75/16

80
CT+/−

64
84/26

81
93/44

40
65/11

61
80/21

36
64/10

57
80/21

34
60/9

55
77/18

85
CT+/−

68
86/29

84
93/48

44
68/12

65
83/24

40
67/12

61
82/23

38
64/10

59
80/21

90
CT+/−

71
88/32

86
94/51

48
71/14

69
84/26

44
70/13

65
84/26

41
67/12

63
82/23

95
CT+/−

74
89/35

88
95/54

52
73/15

72
86/29

48
73/15

68
86/28

45
70/13

66
84/26

100
CT+/−

77
91/38

89
96/58

56
76/17

75
88/32

52
75/17

72
87/31

49
73/15

70
86/28

105
CT+/−

80
92/41

91
96/61

60
79/20

78
89/35

56
78/19

75
89/34

53
75/17

73
87/31

Numbers are percentages unless otherwise stated. Typical angina defined as retrosternal chest discomfort, precipitation by exertion, and prompt relief (within 30 s-10 min) by rest or 
nitroglycerin. 19 Patients who met 2, 1, or 0 of these 3 criteria were classified as having atypical angina, nonanginal chest discomfort, and other chest discomfort, respectively. 
COME-CCT = Collaborative Meta-Analysis of Cardiac CT; PTP = pretest probability; other abbreviations as in Table 1.
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calculator alone (AUC = 0.67; 0.66-0.68) 
(Supplemental Figure 7). The COME-CCT-PTP calcu-
lator with CTA performed slightly better in patients 
< 50 years of age. For CAD prevalence, the COME-
CCT-PTP calculator alone, CTA alone, and combined 
all performed better in patients with low CAD 
prevalence compared to the higher CAD prevalence 
(Supplemental Figure 8).

DISCUSSION

In comparison to ICA as the reference standard for 
CAD, our analysis showed pragmatic clinical predic-
tion models to have limited discriminative ability in 
patients with stable chest pain suggestive of CAD. 
Combining clinical probability calculators with CTA 
improved discriminative ability compared to either 
alone, showing added value especially for patients 
with typical and atypical angina pectoris with 
improved patient stratification. The principal findings 
are immediately relevant for the diagnostic manage-
ment of patients presenting with stable chest pain

because clinically predicting whether or not a patient 
has obstructive CAD is pivotal but challenging. 6

The Cochrane individual patient data meta-analysis 
methods group showed that individual patient data 
are being underutilized to facilitate guideline drafting 
and application. 38 The current analysis has great 
clinical potential to improve existing guidelines in 
patients with stable chest pain suggestive of obstruc-
tive CAD 7,22 by ensuring that routine patient care is 
based on the most reliable evidence available. 38 

Whether pragmatic clinical prediction of PTP, as 
recommended by the U.S. American and European 
guidelines, should always precede CTA or whether 
patients with stable typical or atypical angina should 
undergo direct CTA, as recommended in the updated 
National Institute for Health and Care Excellence 
clinical guideline 95, is an important question. We 
believe our data show that the combination of PTP 
and CTA provides the greatest clinical value.
While updated guidelines use PTP models provide 

much lower predicted rates of obstructive CAD, we 
were unable to use the updated European Society of 
Cardiology (ESC) 2019 PTP calculator 22 as it includes 
dyspnea as a variable in the score and most retrieved 
papers did not provide a record of these data on an 
individual patient data level. We wanted a fair com-
parison to the Genders PTP model 32,39 in similar co-
horts with similar disease prevalences so that is why 
we included the Diamond-Forrester PTP models. 
Furthermore, the COME CCT individual patient data 
were collected from trials between 2004 and 2014 
with an obstructive CAD prevalence of 48.3%, the 
closest CAD prevalence to the Diamond-Forrester and 
the updated Diamond-Forrester prediction models 
used in the 2013 ESC guidelines. 21 The 2019 ESC PTP 
calculations were updated due to the decrease in 
obstructive CAD prevalence. The 2024 ESC PTP 
included coronary artery calcium score which does 
not provide an assessment of noncalcified plaque 
(a major predictor of major adverse cardiac events in 
contemporary cardiac CT trials such as SCOT-HEART 
[Scottish COmputed Tomography of the HEART] and 
DISCHARGE [Diagnostic Imaging Strategies for Pa-
tients with Stable Chest Pain and Intermediate Risk 
of Coronary Artery Disease]). 10,40 The 2024 guideline 
compared their prevalences to external CTA cohorts 
rather than to the current clinical gold standard of 
ICA for obstructive CAD as derived from the current 
paper. The 2024 guidelines did not include CT in their 
Risk Factor-weighted Clinical Likelihood model. Our 
analysis shows the added value of the PTP calcula-
tions even in the presence of CTA results, which ad-
vocates for the use of PTP. In clinical practice, 
despite patients having a low PTP, many patients

FIGURE 3 Decision Curves of the COME-CCT-PTP Calculator Alone, CTA 
Alone, and Combined COME-CCT-PTP Calculator and CTA

The figure shows the net benefit of the COME-CCT-PTP calculator alone 
(red), combined with CTA (blue) and CTA alone (dashed blue) as a function 
of threshold probability. Patients are classified as test-positive (diagnosed 
with obstructive CAD) or test-negative (no CAD) based on their CAD 
probability. The net benefit based on the CTA alone model performed 
better than the COME-CCT-PTP calculator, and further improved by the 
combination. The black line represents the net benefit of considering all 
patients as having no CAD; the gray line represents the net benefit of 
considering all patients to have obstructive CAD. The intersection of the 
black with the gray line indicates the prevalence of obstructive CAD 
(48.3%) in our patient sample. PTP = pretest probability; other 
abbreviations as in Figures 1 and 2.
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may still and do undergo ICA with negative re-
sults. 41,42 Our future analysis will apply the COME-
CCT-PTP with CTA in the DISCHARGE trial cohort to 
provide external validation in a pragmatic cohort for 
such a proposed model.
The COME-CCT-PTP calculator model with CTA 

provides individual pretest and posttest probability 
assessment for clinical decision-making, for example, 
when posttest probability after negative CTA is low 

(<15% according to the European guideline), the pa-
tient should be evaluated for other underlying causes 
of chest pain. In patients with intermediate PTP of 
CAD, a positive CTA is likely to increase posttest 
probability, and ICA is recommended in high-risk 
anatomy CAD. The prediction model uses informa-
tion routinely available during clinical evaluation

(age, sex, and chest pain characteristics) and thus 
may result in more frequent use 43 than more time-
consuming approaches such as the Duke clinical 
score, which requires 9 patient characteristics for 
probability estimation. 44 Our COME-CCT-PTP calcu-
lator model combined with CTA is a pragmatic deci-
sion aid as recommended by American 7 and European 
guidelines, 22 aimed at improving physician-patient 
interactions by providing immediate evidence-based 
feedback on the probability of CAD according to the 
Salzburg statement. 45 Most importantly, the proba-
bilities provided by the prediction model may facili-
tate better integration of disease probabilities and 
risks of complications with patients’ preferences 
for subsequent testing 46 into shared decision-
making processes. 47 This has potential to increase

TABLE 3 Estimates of the Logistic Regression Models With Random Effects (N = 5,332)

Estimate (SE) P Value OR (95% CI)

COME-CCT-PTP calculator
Age (centered) 0.036 (0.003) <0.001 1.04 (1.03-1.04)
Sex (male vs female) 0.986 (0.068) <0.001 2.68 (2.35-3.06)
Symptomsa

Typical angina 1.427 (0.118) <0.001 4.17 (3.30-5.25)
Atypical angina 0.307 (0.117) 0.009 1.36 (1.08-1.71)
Nonanginal chest discomfort 0.119 (0.132) 0.365 1.13 (0.87-1.46)
Other chest discomfort Reference group 1.00

Model constant − 1.434 (0.151) ― ―

Random intercept (σ2)b 0.667 (0.816)
BIC 6,398.43
logLik − 3,169.18

CTA
CTA (obstructive vs nonobstructive CAD) 2.973 (0.078) <0.001 19.55 (16.78-22.78)
Model constant − 1.893 (0.103) ― ―

Random intercept (σ 2 ) b 0.348 (0.590) 
BIC 5,061.43
logLik − 2,517.84

Combined COME-CCT-PTP calculator with CTA
Age (centered) 0.030 (0.004) <0.001 1.03 (1.02-1.04)
Sex (male vs female) 0.868 (0.081) <0.001 2.38 (2.03-2.79)
Symptomsa

Typical angina 1.346 (0.137) <0.001 3.84 (2.94-5.03)
Atypical angina 0.195 (0.134) 0.146 1.22 (0.93-1.58)
Nonanginal chest discomfort 0.156 (0.154) 0.310 1.17 (0.86-1.58)
Other chest discomfort Reference group 1.00

CT result (obstructive vs not obstructive) 2.924 (0.082) <0.001 18.62 (15.86-21.86)
Model constant − 3.030 (0.159) ― ―

Random intercept (σ2)b 0.377 (0.614)
BIC 4,740.58
logLik − 2,335.96

a Typical angina defined as retrosternal chest discomfort, precipitation by exertion, and prompt relief (within 30 s-10 min) by rest or nitroglycerin. Patients in whom 2, one, or 
none of these 3 criteria were found were classified as having atypical angina, nonanginal chest discomfort, and other chest discomfort, respectively. b Variance component 
estimate (σ2) for random intercept. Please see Supplemental Table 2 for the published coefficients of the updated Diamond-Forrester model. For the original Diamond-
Forrester model we used the published look-up tables. 31

BIC = Bayesian information criterion; other abbreviations as in Tables 1 and 2.
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cost-effectiveness and patient safety by reducing 
unnecessary testing. 48

The discriminative ability of pragmatic clinical 
prediction models decreases in patients with non-
anginal or other chest discomfort when compared 
with patients presenting with typical or atypical 
angina pectoris. This is clinically important as more 
accurate prediction is needed in patients with less 
typical presentation because ambiguity about 
appropriate diagnostic testing and management is 
greatest in these patients with intermediate disease 
probability. About a third of the cohort in our anal-
ysis had nonanginal or other chest discomfort and in

this group the added value of CTA for improving the 
prediction was most evident. Including CTA with the 
PTP model, resulting in an AUC of 0.86, clearly 
improved differentiation of patients with stable chest 
pain and suspected CAD compared with PTP models 
alone. Winther et al recently showed that more pa-
tients were reclassified with low PTPs (<15%) using a 
large Danish chronic coronary syndrome cohort, of 
which 8,028 patients (19%) underwent both CTA and
ICA correlation. 49 However, PTP models were not
combined with CTA in that analysis, and instead CTA 
and ICA were used as a combined endpoint. Cheng 
et al studied a population of 14,048 patients clinically
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referred for CTA, but not ICA, and showed that CAD 
prevalence was overestimated by three-fold (51% vs 
18%) using the original Diamond-Forrester prediction 
model for estimating probabilities. 50 The better 
agreement in our study can be explained by a higher-
risk population with 48.3% prevalence of CAD, and 
all patients had already been clinically referred for 
ICA. Hence, among lower-risk patients, such as the 
subgroup of nonanginal or other chest discomfort 
patients in our study and a recent single-center 
analysis of 2,274 patients referred for CT, 51 clinical 
prediction alone becomes less accurate because it is 
being applied to populations from which the pre-
dictors were not derived. Importantly, the good 
discriminative ability of the COME-CCT-PTP calcu-
lator with CTA was similar in patients with typical or 
atypical angina and in patients with nonanginal or 
other chest discomfort. Including coronary calcium 

score by CT improves clinical prediction but was not 
included as discriminative ability and noncalcified 
plaque burden assessment is less compared with 
CTA. 39 We also decided against the inclusion of 
functional testing into the prediction model because 
of limited sensitivity when adjusted for referral 
bias. 52 Indeed, Patel et al have recently shown that 
the diagnostic yield of ICA is highest if it is performed 
following CTA (around 70%) and is relevantly lower 
(around 45%) when following by any functional 
test. 53 In a smaller study of 527 patients with acute-
onset chest pain, functional tests did not improve 
discriminative ability. 54 Since both CTA and func-
tional tests showed advantages in the PROMISE 
(PROspective Multicenter Imaging Study for Evalua-
tion of Chest Pain) 55 and SCOT-HEART trial, 56 it 
would be interesting to compare their value for 
refining disease risk estimations.
STUDY LIMITATIONS. Patients included in the 
COME-CCT Consortium had an indication for ICA, 
which was performed in all patients to avoid verifi-
cation bias. The cohort thus represents a certain 
spectrum of patients with suspected CAD with a 
prevalence of obstructive CAD of 48.3% and only 
33.3% of patients with nonanginal or other chest 
discomfort. Results may not be representative of 
lower-risk patients being considered for CTA. 57 

Moreover, the reference standard ICA has consider-
able interobserver variability, although quantitative 
analysis of ICA was used in more than 70% of 
retrieved studies. 58 Invasive fractional flow reserve is 
an alternative reference standard for assessing the 
functional significance of anatomic lesions but was 
not consistently determined in retrieved studies. CT 
perfusion 59 and CT fractional flow reserve 60 are 
recent tools for quantitative assessment of

myocardial ischemia, 61 but not yet widely available 
in clinical practice. As commonly observed in indi-
vidual patient data meta-analyses, 62 only 49% of in-
dividual patient data could be obtained from all 
original studies. Moreover, meta-analyses with in-
clusion of more than 50 original studies, such as ours, 
are rare and more difficult to conduct. 62 Non-
diagnostic CTA results were included in the model 
using 2-by-3 tables 23 as a sensitivity analysis and 
showed slightly reduced discriminative ability espe-
cially in patients with typical or atypical angina. The 
clinical prediction including CTA showed clinical net 
benefit in the decision curve analysis and good pre-
dictive performance with good discriminative ability 
and acceptable calibration. The internal-external 
cross-validation showed acceptable results. Future 
work should focus in large cohort trials on validating 
a combined PTP and CTA approach to optimize 
patient management and treatment.

CONCLUSIONS

Our collaborative analysis of individual patient 
data shows the potential for combining clinical 
PTP assessments with CTA, which may result in 
improved clinical decision-making in patients with 
suspected CAD.
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