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ABSTRACT

Background

Randomised controlled trials are considered the gold standard for testing the ef-
ficacy of novel therapeutic interventions, and typically report the average treatment
effect as a summary result. As the result of treatment can vary between patients,
basing treatment decisions for individual patients on the overall average treatment
effect could be suboptimal. We aimed to develop an individualised decision mak-
ing tool to select an optimal revascularisation strategy in patients with complex
coronary artery disease.

Methods

The SYNTAX Extended Survival (SYNTAXES) study is an investigator-driven extension
follow-up of a multicentre, randomised controlled trial done in 85 hospitals across
18 North American and European countries between March, 2005, and April, 2007.
Patients with de-novo three-vessel and left main coronary artery disease were ran-
domly assigned (1:1) to either the percutaneous coronary intervention (PCI) group
or coronary artery bypass grafting (CABG) group. The SYNTAXES study ascertained
10-year all-cause deaths. We used Cox regression to develop a clinical prognostic
index for predicting death over a 10-year period, which was combined, in a second
stage, with assigned treatment (PCI or CABG) and two prespecified effect-modifiers,
which were selected on the basis of previous evidence: disease type (three-vessel
disease or left main coronary artery disease) and anatomical SYNTAX score. We used
similar techniques to develop a model to predict the 5-year risk of major adverse
cardiovascular events (defined as a composite of all-cause death, non-fatal stroke,
or non-fatal myocardial infarction) in patients receiving PCI or CABG. We then as-
sessed the ability of these models to predict the risk of death or a major adverse
cardiovascular event, and their differences (ie, the estimated benefit of CABG versus
PCI by calculating the absolute risk difference between the two strategies) by cross-
validation with the SYNTAX trial (n=1800 participants) and external validation in the
pooled population (n=3380 participants) of the FREEDOM, BEST, and PRECOMBAT
trials. The concordance (C)-index was used to measure discriminative ability, and
calibration plots were used to assess the degree of agreement between predictions
and observations.

Findings

At cross-validation, the newly developed SYNTAX score II, termed SYNTAX score II
2020, showed a helpful discriminative ability in both treatment groups for predicting
10-year all-cause deaths (C-index=0.73 [95% CI 0.69-0.76] for PCI and 0.73 [0.69-0.76]
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for CABG) and 5-year major adverse cardiovascular events (C-index=0.65 [0.61-0.69]
for PCI and C-index=0.71 [0.67-0.75] for CABG). At external validation, the SYNTAX
score II 2020 showed helpful discrimination (C-index=0.67 [0.63-0.70] for PCI and
C-index=0.62 [0.58-0.66] for CABG) and good calibration for predicting 5-year major
adverse cardiovascular events. The estimated treatment benefit of CABG over PCI
varied substantially among patients in the trial population, and the benefit predic-
tions were well calibrated.

Interpretation

The SYNTAX score II 2020 for predicting 10-year deaths and 5-year major adverse
cardiovascular events can help to identify individuals who will benefit from either
CABG or PCI, thereby supporting heart teams, patients, and their families to select
optimal revascularisation strategies.

Funding The German Heart Research Foundation and the Patient-Centered Out-
comes Research Institute.
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INTRODUCTION

Myocardial revascularisation is one of the most studied fields in medicine, with
more than 20 randomised controlled trials testing the efficacy and safety of coro-
nary artery bypass grafting (CABG) versus percutaneous coronary intervention (PCI)
in approximately 15 000 patients to date.' Nevertheless, the optimal revascularisa-
tion strategy for individual patients with complex coronary artery disease is still
debated. By contrast with previous randomised controlled trials, which enrolled
highly selected populations, the Synergy Between PCI with TAXUS and Cardiac
Surgery (SYNTAX) trial was a landmark study comparing CABG with PCI (using
first-generation drug-eluting stents) in all-comer patients with de-novo three-vessel
disease or left main coronary artery disease, or both.>” Following the publication
of the primary results of the SYNTAX trial and subgroup analyses in 2009,3 the
2010 European Society of Cardiology and European Association for Cardio-Thoracic
Surgery guidelines on myocardial revascularisation introduced an algorithm based
on the type (three-vessel disease or left main coronary artery disease), extent, and
severity of coronary artery disease, as assessed by the anatomical SYNTAX score.*®
This stratification has been maintained in the 2018 version of the guidelines.' How-
ever, as noted in the guidelines, these subgroup analyses merely provide the heart
team with an anatomical stratification of treatment recommendations, and do not

consider major clinical characteristics and comorbidities.*"!

Conventional subgroup analyses evaluate the heterogeneity of a treatment effect
by comparing groups of patients who differ in only one single variable (eg, male vs
female or age <70 years vs 270 years) and do not account for multiple variables that
might simultaneously influence outcomes (eg, young male vs old male vs young
female vs old female). As such, conventional subgroup analyses do not represent
the broader heterogeneity of patients who clinicians treat in daily practice.”*™ In
addition, conventional subgroup analyses usually divide the overall population into
smaller groups, resulting in reduced statistical power for detecting a differential
treatment effect (ie, false-negative findings) and an increased risk for false-positive
findings due to multiple comparisons."®*' Finally, clinical interpretation of sub-
group analyses is hampered by the fact that the average treatment effect is usually
presented on a relative scale (eg, as odds ratios or hazard ratios [HRs]), whereas the

absolute risk difference is the most important scale for clinical decision making.'>"

To move beyond conventional subgroup analyses, multivariable risk predictive

models have been proposed to simultaneously account for multiple patient char-
acteristics that influence treatment effects. Such an approach can readily estimate
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treatment benefits on the basis of multiple individual patient characteristics, en-
abling personalised decision making for each patient.”*"® We previously developed
the SYNTAX score II to predict 4-year mortality in individual patients given CABG or
PCI, to support more evidence-based decision making by the heart team." The SYN-
TAX score II included eight prognostic factors and their interactions with treatment
assignment. However, simulations have shown that data-driven inclusion of interac-
tions overestimated the heterogeneity of the treatment effect.”* In 2019, the SYNTAX
Extended Survival (SYNTAXES) study reported 10-year all-cause death in patients
with de-novo three-vessel disease or left main coronary artery disease, or both, who
were randomly assigned to receive either CABG or PCI in the original SYNTAX trial.”®
Therefore, the aims of the present study were to redevelop the SYNTAX score II for
predicting the benefit of CABG versus PCI over a 10-year period, and to externally
validate the updated score (termed the SYNTAX score II 2020) for its ability to predict
treatment benefit, further supporting its potential usefulness in clinical care.

Research in context

Evidence before this study

We searched PubMed on Feb 20, 2020, using the search terms “percutaneous
coronary intervention”, “coronary artery bypass grafting”, and “score”. We searched
for studies on multivariable risk predictive models that had been developed for
individualised decision making between percutaneous coronary intervention (PCI)
and coronary artery bypass (CABG) in patients with complex coronary artery disease,
published in English from database inception up to Feb 20, 2020. We identified 936
potential studies, which were checked manually. Several randomised controlled tri-
als have been done to identify an optimal revascularisation strategy in patients with
complex coronary artery disease. However, these trials report an average treatment
effect as a summary result of a trial, and treatment effect has been shown to vary
among individual patients. Therefore, basing treatment decisions for individual
patients on the overall average treatment effect could be suboptimal. Among the
936 studies identified through the literature search, we identified only two studies
that had developed a score, based on the predicted risk of long-term adverse events
from CABG or PCI as a decision-making tool to guide the selection of an optimal re-
vascularisation strategy for individual patients. One study was on the development
of the original SYNTAX score II, which aimed to improve the individualised decision
making process by estimating the risk difference in 4-year death between CABG
and PCI in patients with three-vessel disease or left main coronary artery disease,
or both. The other study developed the FREEDOM score, which estimated the 5-year

Erasmus University Rotterdam 24«/«.&9

5



6 Erasmus Medical Center Rotterdam

risk of having a major adverse cardiovascular event and the 1-year risk of angina in
patients with diabetes and multivessel coronary artery disease.

Added value of this study

Using the SYNTAX Extended Survival (SYNTAXES) study, which reported 10-year
all-cause death in patients with de-novo three-vessel disease or left main coronary
artery disease, or both, who were randomly assigned to receive either CABG or PCI
in the original SYNTAX trial, we redeveloped the SYNTAX score II (termed SYNTAX
score II 2020), with two prespecified effect-modifiers selected on the basis of previ-
ous evidence for predicting the 10-year death risk and 5-year risk of having a major
adverse cardiovascular event. The primary results of the SYNTAXES study showed
that there was no significant difference in 10-year all-cause death between the PCI
group and the CABG group. However, the SYNTAX score II 2020 disentangled the
results of this pivotal study and identified patients who gained the most benefit
from CABG over PCI, or vice versa, in terms of 10-year all-cause mortality.

Implications of all the available evidence

The SYNTAX score II 2020 provides individuals with a predicted treatment benefit of
CABG over PCI, in terms of the 10-year death risk and 5-year risk of having a major
adverse cardiovascular event, based on key angiographic and clinical variables ob-
tained at the time of decision making. This model enables more individualised and
patient-centred care to be delivered during multidisciplinary heart team discussions
for patients and their families.

METHODS

Study design and participants

The study design, and the primary and final 5-year results of the SYNTAX trial
(NCT00114972), have been reported previously.”” In brief, the SYNTAX trial is an
international, multicentre, randomised controlled trial done in 85 centres across
18 North American and European countries between March, 2005, and April, 2007.
Based on clinical judgment and consensus of a heart team (consisting of a cardio-
thoracic surgeon and interventional cardiologist) at each centre, all patients with
three-vessel disease or left main coronary artery disease who were considered to
achieve a clinical equipoise between CABG and PCI were randomly assigned (1:1)
to either the CABG group (n=897) or the PCI group (n=903), with paclitaxel-eluting
stents. The SYNTAX trial completed patient follow-up at 5 years,’ and the SYNTAXES
study (NCT03417050) ascertained all-cause deaths at 10 years.*
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No randomised trials with 10-year follow-up data in patients with three-vessel dis-
ease or left main coronary artery disease, or both (ie, a SYNTAX-like population), are
available, thus precluding external validation of the SYNTAX score II 2020 model.
However, we extracted patient-level data from three trials involving patients with
multivessel disease or left main coronary artery disease treated with PCI and CABG
to externally validate the SYNTAX score II 2020 model for predicting 5-year all-cause
deaths and 5-year major adverse cardiovascular events, defined as a composite of all-
cause death, non-fatal stroke, or non-fatal myocardial infarction. These trials included
the Future Revascularisation Evaluation in Patients with Diabetes Mellites: Optimal
Management of Multivessel Disease trial (FREEDOM; NCT00086450),** the Coronary
Artery Bypass Surgery and Everolimus-Eluting Stent Implantation in the Treatment
of Patients with Multivessel Coronary Artery Disease trial (BEST; NCT00997828), and
the BYPASS Surgery Versus Angioplasty Using Sirolimus-Eluting Stent in Patients
With Left Main Coronary Artery Disease trial (PRECOMBAT; NCT00422968).

The study design, and the primary and final 5-year follow-up results of the FREEDOM
trial have been published previously.* Briefly, the FREEDOM trial, which was done
at 140 international centres between 2005 and 2010, randomly assigned (1:1) 1900
patients with diabetes and multivessel disease to either the CABG group (n=947)
or the PCI group (n=953), in which patients received first-generation drug-eluting
stents.”* The FREEDOM trial has reported the primary results at 5 years of follow-
up.** In 2019, an extended follow-up report of the trial was published, which pres-
ents all-cause mortality at 8 years in approximately half of the original trial cohort.”®

The BEST trial is a multicentre randomised trial done at 27 centres in Asia (South
Korea, China, Malaysia, and Thailand) between July, 2008, and September, 2013, that
randomly assigned (1:1) 880 patients with multivessel disease to either the CABG
group (n=442) or the PCI group (n=438), in which patients received everolimus-
eluting stents.”® The BEST trial has completed patient follow-up for up to 5 years,
with 10-year follow-up ongoing.

The PRECOMBAT trial is a multicentre randomised trial, done at 13 centres in Korea
between April, 2004, and August, 2009, which randomly assigned (1:1) 600 patients
with left main coronary artery disease to either the CABG group (n=300) or the PCI
group (n=300), in which patients received a sirolimus-eluting stent.>”*® The 10-year
follow-up results from the PRECOMBAT trial were published in 2020.%
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All randomised trials included in this study were approved by the ethics committees
at each investigating centre, and all patients provided written informed consent
before participating in the trial.

Procedures

We contacted the principal investigators of the included trials to request the
patient-level data for the external validation of the SYNTAX score II 2020. Data on
three randomised trials (FREEDOM, BEST, and PRECOMBAT) were already available,
and two investigators (KT and DvK) independently checked the data and compared
them with the original publications for completeness and consistency. The principal
investigators of these trials were contacted if queries arose during the data checks.
A clinical event committee masked to randomisation adjudicated all clinical adverse
events of each study. Unless specified, previously reported definitions in each study
were used for variables.

We extracted data on age, sex, body-mass index, smoking status (ie, whether they
smoked at the time of enrolment), creatinine clearance (according to the Chronic
Kidney Disease-Epidemiology Collaboration [CKD-EPI] formula), and left ventricular
ejection fraction, whether they had chronic obstructive pulmonary disease (COPD),
peripheral vascular disease, medically treated diabetes, or had received insulin
therapy, and whether they had a history of myocardial infarction or stroke.

We developed a predictive model for the prespecified primary endpoint of the SYN-
TAXES study, 10-year all-cause death, which is the most robust endpoint for both
patients and physicians. In addition, we developed a predictive model for 5-year
major adverse cardiovascular events, because patients valued stroke or myocardial
infarction as an equally or even more important endpoint than death, and they
valued other endpoints (eg, repeat revascularisation or readmission to hospital) as
substantially less important.*

Statistical analysis

In the original SYNTAX trial, results for most of the baseline variables were available
for more than 98% of the trial population, whereas data on left ventricular ejec-
tion fraction was 98.4% complete as a categorical variable (defined as good [=50%],
moderate [30-49%], and poor [<30%]), and 62.6% complete as continuous variable.
Data on serum creatinine was 91% complete. During the development of the original
SYNTAX score II, the Cockcroft-Gault formula was used to calculate creatinine clear-
ance." This formula is no longer recommended for clinical use, as it does not adjust
for body surface area and overestimates creatinine clearance.’’ We therefore used
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the CKD-EPI formula to estimate creatinine clearance, as endorsed by consensus
guidelines.*** Similar to the development of the original SYNTAX score II, multiple
imputation (20 times) of missing values was done, based on the correlation between
all potential predictors, to make efficient use of the available data without introduc-

ing bias under the missing at random assumption.®*

Following the recommendations of the Predictive Approaches to Treatment effect
Heterogeneity statement,'®*® published in 2019, we first used Cox regression for the
SYNTAXES study data (n=1800 participants) to develop a clinical prognostic index
for predicting 10-year all-cause deaths, while masked to treatment assignment.”’
Since the ultimate goal of model development was to inform the choice of a revas-
cularisation strategy, only variables available at the time of decision making were
included. Candidate variables were selected a priori on the basis of published data
and clinical experience. We then fitted a Cox model, which included treatment as-
signment, the prognostic index, and two prespecified effect-modifiers: disease type
(three-vessel disease or left main coronary artery disease) and anatomical SYNTAX
score. We used an analogous approach to develop a model to predict the 5-year risk
of major adverse cardiovascular events by use of data from the SYNTAX trial.

The predictive performance of the SYNTAX score II 2020 was internally validated in
the development cohort of the SYNTAXES trial by use of a 10-fold cross-validation
approach, fitting regression models to 90% of the patients, and calculating predic-
tions for the remaining 10% of patients. The SYNTAX score II 2020 was then exter-
nally validated in the combined FREEDOM, BEST, and PRECOMBAT trial cohorts. In
addition, we compared the external predictive performance of the SYNTAX score II
2020 with the original SYNTAX score II, calibrated to 5-year deaths, in the FREEDOM,
BEST, and PRECOMBAT trial cohort. This calibrated original SYNTAX score II was
derived by fitting calibration slopes for patients in the CABG and PCI groups of the
SYNTAXES study separately, to update the association between the SYNTAX score II
and 5-year deaths.

For each of these validation analyses, the discriminative ability of the SYNTAX score
IT 2020 for outcome risk was assessed in the separate treatment groups by use of
Harrell’s C statistic.*® Calibration for outcome risk in separate treatment groups was
also assessed visually by use of calibration plots (ie, agreement between observed
vs predicted risk). We added a smooth calibration curve to each calibration plot
on the basis of a Cox model that fitted outcomes to a restricted cubic spline of the

predictions. Calibration is optimal when the smooth calibration curve is close to the
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identity line (ie, diagonal), also reflected by a calibration intercept close to 0 and a
calibration slope close to 1.

For models intended to predict treatment benefit, it is important to validate pre-
dicted benefits, not just predicted outcomes.’®" Thus, we assessed the agreement
between predicted and observed benefit of treatment with CABG over PCI by use of a
benefit calibration plot, which displays observed versus predicted treatment benefit
in quarters of predicted treatment benefit.* We estimated the observed benefit of
treatment with CABG over PCI by calculating the difference in Kaplan-Meier esti-
mates between the CABG group and the PCI group.* We added a smooth calibration
curve to each benefit calibration plot on the basis of local polynomial regression
between observed and predicted treatment benefit in small groups of 40 patients
with increasing predicted benefit.

Continuous variables were reported as the mean (SD), compared by use of Student’s
t tests, or median (IQR), compared by use of Mann-Whitney U tests. Categorical
variables were reported as percentages and numbers, and were compared by use of
¥2 or Fisher’s exact test, as appropriate. Clinical outcomes are analysed by use of the
Kaplan-Meier estimates and compared with the log-rank test. HRs with 95% CIs were
estimated by use of a Cox proportional hazards model.

All tests were two-sided, and a p value of less than 0.05 was considered to indicate
a significant difference. The analyses were done in accordance with the transparent
reporting of a multivariable prediction model for individual prognosis or diagnosis
statement.* All statistical analyses were done in R, version 3.5.3.

Role of the funding source

All randomised trials included in our study were investigator-initiated, and the
funders of each trial and of this report had no role in the study design, data collec-
tion, data analysis, data interpretation, or writing of this report. The corresponding
author (PWS), first author (KT), and last author (DvK) had full access to the data and
had final responsibility for the decision to submit for publication.

RESULTS

In the SYNTAX trial,’ 1800 patients at 85 European and US hospitals were enrolled
between March, 2005, and April, 2007, and randomly assigned to either the CABG
group (n=897) or the PCI group (n=903), in which they received paclitaxel-eluting
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stents. At 10 years’ follow-up, 460 deaths had occurred among all 1800 patients.
212 (24%) patients in the CABG group had died compared with 248 (28%) patients in
the PCI group, with no significant difference in deaths observed between the two
groups (HR 1.19 [95% CI 0.99-1.43], log-rank p value=0.066). By contrast, at 5 years
follow-up (IQR 4.7-5.0), 185 (21%) of 903 patients in the PCI group had had a major
adverse cardiovascular event compared with 140 (17%) of 897 patients in the CABG
group, with a significant difference observed between the two groups (HR 1.27 [95%
CI 1.02-1.59], log-rank p value=0.030).>

Baseline characteristics of patients grouped by 10-year all-cause deaths and 5-year
incidence of major adverse cardiovascular events are summarised (table 1). Com-
pared with those who were still alive at 10 years’ follow-up, patients who had died
were older (ie, those who were still alive had a mean age of 63.5 years compared
with 69.9 years in those who had died), and were more likely to be female, to have
comorbidities (ie, medically treated diabetes, dyslipidaemia, COPD, peripheral vas-
cular disease, lower left ventricular ejection fraction, lower creatinine clearance,
and receiving insulin), and more complex coronary artery disease, as indicated by
the anatomical SYNTAX score (30.7 [SD 11.7] in those who had died vs 28.1 [11.2] in
those who had not, p<0.0001). Compared with patients who had not had a major
adverse cardiovascular event at 5 years’ follow-up, those who had were older and
were more likely to have comorbidities (ie, COPD, peripheral vascular disease, a
previous myocardial infarction, lower left ventricular ejection fraction, lower creati-
nine clearance, and receiving insulin), and a higher anatomical SYNTAX score (30.9
[11.7] in those who had a major adverse cardiovascular event vs 28.3 [11.3] in those
who had not, p<0.0001; table 1).

For predicting the risk of 10-year all-cause death, the prognostic index consisted of
eight clinical predictors of death (age, creatinine clearance, left ventricular ejection
fraction, smoking status, and whether they have medically treated diabetes, are
receiving insulin, have COPD, and have peripheral vascular disease; table 2). The
predictive model for this outcome included the prognostic index, initial revascu-
larisation strategy, and two treatment interactions (three-vessel disease or left main
coronary artery disease and anatomical SYNTAX score). CABG was, on average, found
to be beneficial in patients with three-vessel disease (HR 0.67 [95% CI 0.53-0.86]),
but not in patients with left main coronary artery disease (1.02 [0.77-1.36], Pinterac-
tion=0.028), and anatomical SYNTAX score was only associated with increased risk
of death in patients who received PCI (HR per 10 points 1.17 [1.06-1.30]), but not
CABG (1.00 [0.89-1.12], Pinteraction=0.039). The SYNTAX score II 2020 showed helpful
discriminative ability for both treatment groups for predicting 10-year all-cause
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mortality (concordance [Cl-index=0.73 [95% CI 0.69-0.76] for PCI and 0.73 [0.69-0.76]
for CABG), with excellent calibration between deaths predicted by the SYNTAX
score II 2020 and the observed 10-year deaths in the SYNTAXES trial (figure 1A, B).
The predicted treatment benefit of CABG over PCI was also well calibrated in cross-
validation of the model in the SYNTAXES study (figure 1C).

The SYNTAX score II 2020, developed for predicting 10-year all-cause death, showed
similar cross-validated performance in predicting 5-year all-cause death for both PCI
and CABG groups in the SYNTAX trial (C-index 0.74 [95% CI 0.69-0.78] for the PCI
group and 0.72 [0.67-0.77] for the CABG group), and good agreement between ob-
served and predicted 5-year deaths (appendix p 2). Calibration of the observed versus
predicted 5-year treatment benefit of CABG over PCI was excellent (appendix p 2).

Table 2: Model for predicting risk of all-cause death at 10 years

Coefficient HR (95% CI) P value
Prognostic index
Age, per 10 years 0.72 2.05(1.81-2.33)  <0.0001
Creatinine clearance, per 10 mL/min per 1.73 m?* -0.07 0.93 (0.88-0.99)  0.0279
Left ventricular ejection fraction, per 10%¥ -0.31 0.73 (0.63-0.84)  <0.0001
Chronic obstructive pulmonary disease 0.48 1.62 (1.24-2.12)  0.0004
Peripheral vascular disease 0.73 2.08 (1.63-2.62)  <0.0001
Medically treated diabetes 0.20 1.22 (0.95-1.57)  0.1251
Receiving insulin 0.46 1.58 (1.14-2.19)  0.0055
Current smoker 0.66 1.93(1.52-2.45)  <0.0001
Predictive model
Prognostic index 0.99 2.69 (2.42-3.01)  <0.0001
CABG x three-vessel disease -0.40 0.67 (0.53-0.86)  0.0014
CABG x left main coronary artery disease -0.08 0.92 (0.72-1.19)  0.5466
PCI x left main coronary artery disease -0.10 0.90 (0.70-1.17)  0.4418
PCI x (SYNTAX score - 29)/10 0.16 1.17(1.06-1.30)  0.0024

Table shows the estimated Cox regression coefficients for the prognostic index with seven variables, and for
the predictive model with the predictive index and two predefined treatment interactions (three-vessel disease
or left main coronary artery disease and anatomical SYNTAX score) entered into the SYNTAX II 2020 for predict-
ing 10-year all-cause death. The formula used to predict this outcome is as follows: predicted probability of all-
cause death at 10 years=1 — exp(—0.243 x exp[0.99 x {0.72 x age - 0.07 x creatinine clearance - 0.31 x left ejection
fraction + 0.48 x chronic obstructive pulmonary disease + 0.73 x peripheral vascular disease + 0.20 x medically
treated diabetes + 0.46 x on insulin + 0.66 x current smoker} - 0.40 x CABG x three-vessel disease - 0.08 x CABG
x left main coronary artery disease - 0.10 x PCI x left main coronary artery disease + 0.16 x PCI x {SYNTAX
score - 29}/10 - 2.80]), where age is expressed in years per 10 years, the creatinine clearance is expressed per
10 mL/min per 1.73 m?2 (capped at 90 per 10 mL/min per 1.73 m?), and the left ventricular ejection fraction is
expressed per 10% (capped at 50 per 10%). CABG=coronary artery bypass grafting. PCI=percutaneous coronary
intervention. *Capped at 90 per 10 mL/min per 1.73 m2. -Capped at 50 per 10%. HR=hazard ratio.
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Figure 1: Cross-validation of the SYNTAX score II 2020 for predicting 10-year death in patients with
three-vessel disease or left main coronary artery disease in the SYNTAX trial (n=1800)

Calibration plots showing the observed versus predicted 10-year death according to the SYNTAX score II 2020
in the PCI group (A) and in the CABG group (B). (C) Kaplan-Meier plots showing the observed versus predicted
treatment benefit of CABG over PCI according to the SYNTAX score II 2020 in predicted benefit quarters (i-iv),
and a calibration plot showing the observed versus predicted treatment benefit of CABG over PCI, in terms of
10-year death (v). A positive ARD represents an increase in treatment benefit of CABG over PCI. Vertical dashed
lines in the calibration plots represent the quartiles of 10-year death. In the Kaplan-Meier plots, blue circles
represent predicted risk of death at 10 years for CABG and red circles represent the predicted risk of death at
10 years for PCI. PCI=percutaneous coronary intervention. C-index=concordance index. CABG=coronary artery
bypass grafting. ARD=absolute risk difference.
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By use of data from the FREEDOM, BEST, and PRECOMBAT trials, external valida-
tion of the SYNTAX score II 2020 model showed helpful discriminative ability for
5-year all-cause death in the PCI and CABG groups (C-index=0.70 [95% CI 0.67-0.74]
in the PCI group and 0.70 [0.66-0.74] in the CABG group), with excellent calibration
(figure 2A, B). The SYNTAX score II 2020 model also showed good calibration for the
predicted treatment benefit of CABG over PCI in this population, in terms of 5-year
all-cause death (figure 2C).

The SYNTAX score II 2020 model for predicting the 5-year risk of major adverse
cardiovascular events included the same prognostic index and the same two treat-
ment effect-modifiers (ie, disease type [three-vessel disease or left main coronary
artery disease| and anatomical SYNTAX score) as the 10-year death model (table 3).
Cross-validation of this model with the SYNTAX trial provided a C-index of 0.65
(95% CI 0.61-0.69) in the PCI group and 0.71 (0.67-0.75) in the CABG group, with
good agreement between the observed and predicted 5-year risk of major adverse
cardiovascular events (appendix p 3). The model also showed excellent calibration
for treatment benefit of CABG over PCI (appendix p 3). In the pooled patient cohort
from the FREEDOM, BEST, and PRECOMBAT trials, the SYNTAX score II 2020 model
for predicting 5-year risk of major adverse cardiovascular events showed helpful
discrimination in both treatment groups (C-index=0.67 [95% CI 0.63-0.70] for PCI
and 0.62 [0.58-0.66] for CABG) and good calibration (figure 3A, B). The model also
showed good calibration for the observed versus predicted treatment benefit of
CABG over PCI in the FREEDOM, BEST, and PRECOMBAT trials (figure 3C).
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Figure 2: External validation of the 10-year death model of the SYNTAX score II 2020 for predicting
5-year all-cause death in patients with multivessel disease or left main coronary artery disease in the
FREEDOM, BEST, and PRECOMBAT trials (n=3380)

Calibration plots showing the observed versus predicted 5-year deaths according to the SYNTAX score II
2020 in the PCI group (A) and CABG group (B). Vertical dashed lines represent quartiles of predicted 5-year
deaths. (C) Calibration plot showing the observed versus predicted treatment benefit of CABG, according to
the SYNTAX score II 2020. Vertical dashed lines represent quartiles of predicted treatment benefit of CABG.
PClI=percutaneous coronary intervention. C-index=concordance index. CABG=coronary artery bypass grafting.
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Table 3: Model for predicting the risk of a major adverse cardiovascular event at 5 years

Coefficient HR (95% CI) P value
Prognostic index 0.74 2.10 (1.84-2.39) <0.0001
CABG x three-vessel disease -0.48 0.62 (0.46-0.83) 0.0012
CABG x left main coronary artery disease -0.10 0.91 (0.67-1.22) 0.5117
PCI x left main coronary artery disease -0.23 0.80 (0.59-1.08) 0.1397
PCI x (SYNTAX score - 29)/10 0.19 1.21(1.07-1.37) 0.0021

Table shows the coefficients for the prognostic index, with the same seven variables as used for the 10-year
all-cause death model, and two predefined treatment interactions (three-vessel disease or left main coronary
artery disease and anatomical SYNTAX score), derived from a Cox multivariable model for predicting the risk
of a major adverse cardiovascular event at 5 years. The predicted risk of this outcome can be calculated by use
of the following formula: predicted probability of major adverse cardiovascular event at 5 years=1 — exp(-0.175
x exp[0.74 x {0.72 x age - 0.07 x creatinine clearance - 0.31 x left ejection fraction + 0.48 x chronic obstructive
pulmonary disease + 0.73 x peripheral vascular disease + 0.20 x medically treated diabetes + 0.46 x on insulin
+ 0.66 x current smoker} - 0.48 x CABG x three-vessel disease - 0.10 x CABG x left main coronary artery dis-
ease - 0.23 x PCI x left main coronary artery disease + 0.19 x PCI x {SYNTAX score - 29} [ 10 - 2.00]), where age
is expressed in years per 10 years, the creatinine clearance is expressed per 10 mL/min per 1.73 m? (capped
at 90 per 10 mL/min per 1.73 m?), and the left ventricular ejection fraction is expressed per 10% (capped at 50
per 10%). HR=hazard ratio. CABG=coronary artery bypass grafting. PCI=percutaneous coronary intervention.

The SYNTAX score II 2020 was better able to discriminate 5-year all-cause deaths
than the calibrated original SYNTAX score II in patients randomly assigned to
CABG and PCI groups in the external validation cohort of the FREEDOM, BEST, and
PRECOMBAT trials (figure 2, appendix p 4). Of note, the SYNTAX score II 2020 was
superior to the calibrated original SYNTAX score II for predicting treatment benefit
of CABG over PCI in terms of 5-year all-cause death (figure 2, appendix p 4).

DISCUSSION

In this study, we used data from the original SYNTAX trial® and the SYNTAXES trial*®
to develop two risk models; one to predict all-cause death at 10 years and the second
to predict the risk of major adverse cardiovascular events at 5 years. The SYNTAX
score II 2020 contains eight prognostic factors and two prespecified effect-modifiers
(disease type and anatomical SYNTAX score). A significant treatment interaction
with disease type was observed, and the anatomical SYNTAX score was only associ-
ated with death in patients who received PCI, but not in those who received CABG.
We found that being female was not an independent predictor of all-cause death
over the 10-year follow-up period of the SYNTAXES study. The SYNTAX score II 2020
was internally validated for its ability to predict 10-year death. In addition, we found
that the SYNTAX score II 2020 was able to predict 5-year all-cause death and benefit
of CABG over PCI in both internal and external validation cohorts. Using the same
variables as the 10-year all-cause death model, we developed a model to predict the
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Figure 3: External validation of the SYNTAX score II 2020 for predicting major adverse cardiovascular
events at 5 years in patients with multivessel or left main coronary artery disease in the FREEDOM, BEST,
and PRECOMBAT trials (n=3380)

Calibration plots showing the observed versus predicted 5-year incidence of major adverse cardiovascular
events in the PCI group (A), and the CABG group (B). (C) Kaplan-Meier plots showing the observed versus
predicted treatment benefit of CABG over PCI according to the SYNTAX score II 2020 in quarters of predicted
treatment benefit (i-iv), and a calibration plot showing the observed versus predicted treatment benefit of
CABG over PCI, in terms of the incidence of major cardiovascular adverse events at 5 years (v). A positive
ARD represents treatment benefit of CABG over PCI. In the calibration plots, vertical dashed lines represent
quartiles of predicted major adverse cardiovascular events at 5 years. In the Kaplan-Meier plots, blue circles
represent predicted 5-year major adverse cardiovascular events for CABG, and red circles represent predicted
5-year major cardiovascular events for PCI. PCI=percutaneous coronary intervention. C-index=concordance
index. CABG=coronary artery bypass grafting. ARD=absolute risk difference.
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Casel Case2 Case3
Age, years 74 59 69
Diabetes No Yes Yes
Receiving insulin No No Yes
Creatinine clearance, mL/min per 1.73 m* 386 676 725
Left ventricular ejection fraction 40% 67% 55%
Chronic obstructive pulmonary disease No No No
Peripheral vascular disease No No No
Current smoker Yes No No

Three-vessel disease or

Left main coronary
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Figure 4: Use of the SYNTAX score II 2020 for individualised decision making

The bar graphs show three representative case scenarios in which the SYNTAX score II 2020 model, for predict-
ing 10-year death and the risk of a major cardiovascular event at 5 years, can provide individualised predictions
for these outcomes in different patients depending on the treatment given (PCI or CABG). In the first scenario,
a male aged 74 years with left main coronary artery disease, a low left ventricular ejection fraction, and a low
creatinine clearance, the model predicts a 10-year all-cause death risk of 68.3% with CABG versus 57.0% with
PCI, and 5-year risk of having a major adverse cardiovascular event of 44.5% with CABG versus 30.7% with PCL
As a result, the predicted absolute treatment benefit of PCI over CABG is 11.3% for 10-year death and 13.8% for
the 5-year risk of a major adverse cardiovascular event. The second scenario involves a women aged 59 years
with three-vessel disease and who had medically treated diabetes, but had a low anatomical SYNTAX score.
For this patient, the model predicts a 10-year all-cause death risk of 10.3% with CABG versus 11.3% with PCI,
and a 5-year risk of having a major adverse cardiovascular event of 8.4% with CABG versus 9.5% with PCI. The
predicted absolute treatment benefit of CABG over PCI is 1.0% for 10-year death and 1.1% for the 5-year risk of a
major adverse cardiovascular event. The third scenario involves a male aged 69 years with three-vessel disease,
who was given insulin and had a high anatomical SYNTAX score. For this patient, the model predicts a 10-year
all-cause death risk of 28.8% with CABG versus 50.8% with PCI, and a 5-year risk of having a major adverse
cardiovascular event of 18.6% with CABG versus 39.1% with PCIL. The predicted absolute treatment benefit of
CABG over PCI is 22.0% for 10-year death and 20.5% for the 5-year risk of having a major adverse cardiovascular
event. CABG=coronary artery bypass grafting. PCI=percutaneous coronary intervention.
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5-year risk of major adverse cardiovascular events. This model was also internally
and externally validated for its ability to predict major adverse cardiovascular events
at 5 years, and showed a good calibration for treatment benefit of CABG over PCIL
Finally, the SYNTAX score II 2020 showed better discrimination and calibration for
outcome risk and treatment benefit of CABG over PCI compared with the original
SYNTAX score II (even with recalibration).

In medicine, randomised controlled trials have been considered the gold standard
for comparing the efficacy and safety of alternative therapies. When interpreting
and applying the trial results to individual patients, it has generally been assumed
that the average treatment effect shown by the trial applies equally to all patients
involved in the trial, and among similar future patients who meet the inclusion and
exclusion criteria of the trials. However, several reports have suggested that these
average treatment effects might obscure considerable variation in individual treat-
ment effects, and individual patients enrolled in clinical trials are heterogeneous
with respect to baseline characteristics and consequently to the absolute risk of an
outcome of interest. Thus, the application of an average relative risk to individual

patients is challenging.'®"

To provide individual patients with the best treatment, and to make effective use
of limited medical resources, there has been an increasing interest in so-called
personalised medicine. To achieve a more personalised approach in patients with
complex coronary artery disease, we used data from landmark clinical trials5,23 to
develop a predictive model that explicitly considers baseline outcome risk, such that
we can distinguish between patients who benefit from CABG and those who could
benefit from PCL'**' Indeed, the SYNTAXES study showed no significant difference
in 10-year all-cause death between patients in the PCI group compared with those
in the CABG group.” By contrast, our predictive model provides a more nuanced
interpretation of the results of this pivotal study, as it identifies patients who derive
substantial survival benefit from CABG over PCI, and those in whom there is little
expected difference between the two strategies in terms of 10-year death.

During the development of the original SYNTAX score II, diabetes was not identi-
fied as an independent predictor of 4-year all-cause death in the SYNTAX trial, nor
an important effect-modifier for 4-year death.'’ Conversely, multivariable analyses
done in our study showed that medically treated diabetes, especially among patients
taking insulin, was an independent predictor of 10-year all-cause death in both CABG
and PCI groups. One possible explanation for these contradictory results could be
related to the modest size of the population of patients with diabetes enrolled in
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the SYNTAX trial (n=452), which provided only modest statistical power to examine
this association. Indeed, a recent large-scale, nationwide, population-based study*'
involving 39 235 participants showed that Kaplan-Meier curves for all-cause death in
patients with type II diabetes versus those without undergoing CABG only started to
diverge a few years after the surgical procedure and that this divergence increased
over time.

Regarding the female sex as a variable of the SYNTAX score II, the results of the SYN-
TAX trial® suggested that women who underwent PCI had a higher adjusted risk of
all-cause death at 4 years compared with men (HR 1.70 [95% CI 1.11-2.60]), whereas
the risk in those who underwent CABG was similar between the two sexes (0.59
[0.32-1.10], Pinteraction=0.0059). This favourable treatment benefit from CABG over PCI
in women led to the inclusion of female sex as a variable in the original SYNTAX
score IL.'" However, similar findings with respect to the sex-treatment interaction
for all-cause death were not observed in other randomised trials.** The absence
of a sex-treatment interaction in a diverse spectrum of patients with multivessel
disease or with left main coronary artery disease again underscores a difficulty in
applying the results of an underpowered subgroup analysis (ie, male vs female), and
underlines the need for a more sophisticated statistical approach in the choice of

revascularisation strategies in patients with complex coronary artery disease.'>!

More recently, investigators in the FREEDOM trial developed a model for predicting
the 5-year risk of major adverse cardiovascular events and the 1-year angina status to
support individualised treatment decisions between CABG and PCI in patients with
diabetes and multivessel disease.* The investigators showed that the discriminative
ability of the 5-year risk of major adverse cardiovascular events model and the 1-year
angina status model was the same (C-statistic 0.67) in both PCI and CABG groups in
the derivation cohort.*® To interpret the performance of a newly developed multi-
variable predictive model, Alba and colleagues* rightly classified a C-index range of
0.60-0.75 as possibly helpful, because a C-index in this range is only helpful when
the model is able to separate substantial groups of patients across meaningful risk
thresholds and when the model is calibrated. As our SYNTAX score II 2020 model
is adequately calibrated over the range of predictions encompassed by the study
population, and is helpful for discriminating between patients with high and low
treatment benefit, we considered our model to be helpful.

Nevertheless, one might be concerned about the applicability of our new model

to daily clinical practice, given that the SYNTAX trial was done using an outdated
technology and strategy for treatment with PCI or CABG. The paclitaxel-eluting
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stent used to treat patients in the PCI group (TAXUS Express) is no longer com-
mercially available, and the SYNTAX II trial showed that contemporary, best practice
PCI, including the use of current-generation drug-eluting stents, physiology-guided
treatment, and intravascular ultrasound-mediated optimisation of stent deploy-
ment, definitely improved clinical outcomes.***® Similarly, contemporary CABG, as
executed in the EXCEL trial, offered superior outcomes when compared with CABG
in the SYNTAX trial in a propensity-matched analysis.”” However, contemporary
randomised data are not currently available for the construction of a multivariable
predictive model. In addition, physiology-guided PCI and intracoronary imaging
devices are not routinely used in our daily clinical practice. When the SYNTAX score
IT 2020 was externally validated to compare CABG with PCI (with the everolimus-
eluting durable polymer stent [Xience|) in patients with multivessel disease from
the BEST trial, the predicted treatment benefit of CABG over PCI was well calibrated
(appendix p 5). Therefore, we consider that our new model is worthy of testing in
clinical practice.

In our study, the treatment benefit of CABG over PCI was defined as the absolute risk
difference between CABG and PCI. One might conclude that patients in the fourth
quarter had a significant treatment benefit of CABG over PCI in terms of 10-year all-
cause death. Similar grouped outcomes can be visually illustrated by Kaplan-Meier
curves. However, we consider that one treatment (CABG) is not globally superior,
inferior, or equal to another treatment (PCI), but that a specific treatment is supe-
rior, inferior, or equal for a specific patient. For this individualised decision making,
the SYNTAX score II 2020 generates a prediction of treatment benefit for individual
patients based on their own angiographic and clinical variables. To visualise the
ability of our model to predict a treatment benefit, it is crucial to use calibration
plots. Lastly, the benefit threshold of 7.9% between the third and fourth quarter is
highly dependent on how the cohort is grouped to display the calibration plot (ie, by
tertiles, quartiles, or quintiles), and physicians rarely agree on a specific threshold
at which one treatment over the other should be initiated*® because thresholds are
influenced by many factors, such as the potential risks and benefits of a particular
treatment, physician or patient preferences, and economic considerations."”

Physician preference has traditionally played a major role in selecting a revasculari-
sation strategy for individual patients.** Surgeons and interventional cardiologists
provide their patients with vastly different information on myocardial revascularisa-
tion treatment options, with a bias toward a specific strategy,”® which is exemplified
by varying ratios of PCI versus CABG, not only across various European countries
with a similar economic status, but also among the same geographical regions within
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a country.’** Many physicians in these regions might guide revascularisation strate-
gies on the basis of subjective assessments according to their experience, specialty,

53,54 and

or background, which do not always represent guideline recommendations,
could potentially result in an inaccurate risk assessment®*® and the patient receiv-
ing inappropriate treatments with suboptimal outcomes.*® To avoid this physician-
related bias, the multidisciplinary heart team should use the SYNTAX score II 2020
in the decision making process to choose the best revascularisation strategy for
each patient, thus enabling more individualised and patient-centred care in those
with complex coronary artery disease. Figure 4 shows three example case scenarios
in which the SYNTAX score II 2020 was applied. Using the evidence-based predicted
treatment benefits of CABG over PCI that this model provides, in terms of 10-year
all-cause death and 5-year risk of major adverse cardiovascular events, patients and

#9357 since most

their families can make a final decision based on their preference,
patients prefer PCI over CABG,”® even if the subsequent risk of ischaemic events

after PCI is much greater when compared with CABG.>>*

This study has several limitations. First, the SYNTAX trial5 collected baseline infor-
mation on death, and the present analysis accounted for such baseline information
in Cox multivariable models; however, relevant but unmeasured variables (eg, B-
type natriuretic peptide) could not be included in the model. Second, the SYNTAXES
study?® evaluated vital status up to 10 years and did not assess other outcomes; thus
a predictive model for estimating the risk of major adverse cardiovascular events
beyond 5 years could not be constructed. Given that mean age of patients in the SYN-
TAX trial was 65 years at the time of randomisation, and the overall life expectancy
of patients has been increasing worldwide, a predictive model for the 10-year risk
of major adverse cardiovascular events could be informative to further guide the
optimal revascularisation strategy in patients with complex coronary artery disease.

Using data from the SYNTAX trial® and the extended follow-up SYNTAXES study,*
we have updated, and externally validated the SYNTAX score II 2020, a personalised
predictive model based on eight prognostic factors and two prespecified effect-
modifiers, to predict 10-year all-cause death and the 5-year risk of major adverse
cardiovascular events for patients treated with either PCI or CABG. By providing the
expected probabilities of 5-year and 10-year outcomes, this model could improve
the ability of the heart team to inform patients and their families about the risks
and benefits of these treatments for complex coronary artery disease and support a
more transparent and shared decision making process. Further adequately powered,
randomised trials of PCI versus CABG, with 5-10 years’ follow-up, which employ
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contemporary revascularisation techniques, devices, and adjunctive medical
therapy, should be done to prospectively validate the SYNTAX score II 2020 model.
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