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Aims Adding rivaroxaban to aspirin in patients with stable atherosclerotic disease reduces the recurrence of cardiovascu-
lar disease (CVD) but increases the risk of major bleeding. The aim of this study was to estimate the individual life-
time treatment benefit and harm of adding low-dose rivaroxaban to aspirin in patients with stable cardiovascular
disease.

...................................................................................................................................................................................................
Methods
and results

Patients with established CVD from the COMPASS trial (n = 27 390) and SMART prospective cohort study
(n = 8139) were used. Using the pre-existing lifetime SMART-REACH model for recurrent CVD, and a newly
developed Fine and Gray competing risk-adjusted lifetime model for major bleeding, individual treatment effects
from adding low-dose rivaroxaban to aspirin in patients with stable CVD were estimated, expressed in terms of (i)
life-years free of stroke or myocardial infarction (MI) gained; and (ii) life-years free from major bleeding lost.
Calibration of the SMART-REACH model for prediction of recurrent CVD events in the COMPASS study was
good. The major bleeding risk model as derived in the COMPASS trial showed good external calibration in the
SMART cohort. Predicted individual gain in life expectancy free of stroke or MI from added low-dose rivaroxaban
had a median of 16 months (range 1–48 months), while predicted individualized lifetime lost in terms of major
bleeding had a median of 2 months (range 0–20 months).

...................................................................................................................................................................................................
Conclusion There is a wide distribution in lifetime gain and harm from adding low-dose rivaroxaban to aspirin in individual

patients with stable CVD. Using these lifetime models, benefits and bleeding risk can be weighed for each individual
patient, which could facilitate treatment decisions in clinical practice.
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Introduction

Patients with a history of cardiovascular disease (CVD) remain at ele-
vated risk for recurrent vascular events despite preventive strategies,

including lifestyle changes, lipid-lowering, blood pressure-lowering,
and the use of antiplatelet therapy.1–3 The ‘Cardiovascular Outcomes
for People Using Anticoagulation Strategies’ (COMPASS) trial
showed that adding rivaroxaban 2.5 mg twice daily to aspirin was
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superior to aspirin alone in prevention of major cardiovascular events
(MACE) and all-cause mortality in a secondary prevention setting.
Lowering of CVD risk by adding rivaroxaban to aspirin was achieved
accompanied by a slight increase in bleeding risk.4

In clinical practice, clinicians face the challenge of translating aver-
age efficacy and safety results from clinical trials like COMPASS to in-
dividual patients.5 Trial results are usually reported in terms of
average relative risk reductions for the primary outcome, and relative
risk increases of adverse events. However, due to different patient
characteristics, the absolute individual treatment effect differs be-
tween individuals.5 Likewise, the absolute risk of adverse events, e.g.
major bleeding with anticoagulants, differs between individual
patients. This means that one patient may have a large treatment
benefit with a low risk of bleeding, while another might have little
treatment benefit with a high risk of major bleeding. Predicting the in-
dividual lifetime treatment benefit and harm in COMPASS has the po-
tential to identify those patients who will benefit most from adding
rivaroxaban to aspirin, while having an acceptable risk of major
bleeding.

The objective of the present study was to estimate the absolute in-
dividual lifetime treatment benefit and harm of low-dose rivaroxaban
added to aspirin for individual patients with stable CVD in terms of:
(i) life-years without myocardial infarction (MI) or stroke gained; and
(ii) life-years free from major bleeding lost.

Methods

Study populations
The COMPASS trial (registration number: NCT01776424) was a double-
blind, randomized, placebo-controlled clinical trial comparing aspirin
alone with rivaroxaban 2.5 mg twice daily with aspirin or rivaroxaban
5 mg twice daily without aspirin for the prevention of MACE in 27 395
participants from 33 countries. In the current study, data from 27 390
patients with a history of stable atherosclerotic vascular disease were
used. The Second Manifestations of ARTerial disease (SMART) study is
an ongoing prospective cohort study of patients with established CVD or
cardiovascular risk factors at the University Medical Center Utrecht. For
the current study, data were used from 8139 patients with clinically mani-
fest CVD enrolled between 1996 and 2017. Detailed descriptions of
both studies have been published elsewhere.6,7 Both studies complied
with the Declaration of Helsinki, were approved by institutional review
boards and all participants provided written informed consent.

All included study participants were people aged >18 years with clinic-
ally manifest vascular disease, defined as either coronary artery disease
(CAD) or peripheral artery disease, and in the SMART cohort also as
cerebrovascular disease or abdominal aortic aneurysm. A comprehensive
overview of eligibility criteria for the original studies is provided in
Supplementary material online, Table S1a.

Outcomes
Cardiovascular disease was defined as MI, stroke, or vascular mortality.
Non-vascular mortality was defined as death without a cardiovascular
cause. Major bleeding was defined according to the International Society on
Thrombosis and Haemostasis (ISTH) criteria: fatal bleeding, symptomatic
bleeding in a critical area or organ, bleeding causing a fall in haemoglobin
level of >_20 g/L (>1.24 mmol/L), and/or leading to transfusion of >_2 units
of whole blood or red cells.8 Endpoint definitions are described in

Supplementary material online, Table S1b. Outcome assessment in
COMPASS was blinded to randomization.

External validation of SMART-REACH model
The SMART-REACH prediction algorithm is a previously derived, exter-
nally validated competing risk-adjusted Fine and Gray model for lifetime
predictions for MACE and non-cardiovascular death in patients with clin-
ically manifest vascular disease (Supplementary material online,
Methods).9 After adjusting for differences in underlying event rates, exter-
nal validation of this model in COMPASS was performed, using the c-stat-
istic for discrimination and plots of predicted vs. observed 2-year risk for
calibration (detailed descriptions of the used methodology provided in
the Supplementary material online, Methods).

Development of a prediction model for

major bleeding
In the COMPASS trial, we developed two complementary Fine and Gray
competing risk-adjusted subdistribution-hazard functions for cause-
specific estimates of the cumulative incidence with left truncation and
right censoring10: for lifetime predictions of risk of major bleeding, and for
competing mortality. These statistical methods have been previously
described in detail.9,11–14 In short, age was used as underlying time-
function. Patients contribute data to the survival function from age of
study entry to age of study exit (either time of event or censoring). This
results in overlapping observations, allowing for lifetime predictions to be
made across the range of baseline ages. Estimates derived from these
models are limited by age distribution of study participants rather than
follow-up time. As predictions can be unstable when the number of peo-
ple and events of interest are limited in a specific age group, the age-range
was limited to 45–90 years. Predictors were pre-specified, based on pre-
vious bleeding models,15–17 and selected on availability in the studies and
in clinical practice: age, gender, ethnicity, geographical region, current
smoking, systolic blood pressure (SBP), number of CVD locations, dia-
betes mellitus, history of congestive heart failure, history of bleeding
requiring transfusion, serum creatinine, and total cholesterol.
Furthermore, a dummy variable for treatment with rivaroxaban-plus-
aspirin or rivaroxaban alone was added to the model to adjust for
treatment-related increases in bleeding risk. Continuous predictors were
truncated at the 1st and 99th percentile to limit the effect of outliers.
Whether the association of continuous predictors with the outcome
variable is log-linear was assessed with restricted cubic splines; to im-
prove the robustness of the model, transformation was applied when this
improved model fit, based on Akaike’s Information Criterion.18 The pro-
portional hazards assumptions were checked by visually assessing the
correlations between scaled Schoenfeld residuals for the various predic-
tors and age.

Lifetime predictions of event-free survival

for individual patients
Life expectancy without recurrent cardiovascular events and without
major bleeding was estimated using the SMART-REACH model and
major bleeding risk model, respectively. Beginning at age at baseline for
each individual participant, the risk of the event of interest (at) and the
risk of the competing event (bt) was estimated for each future life-year.
Next, the probability of being healthy and alive at interval t (etþ1) was cal-
culated by multiplying the survival probability at the beginning of each life-
year (et) by the event-free survival probability during that year (1 - at–bt).
This process is repeated until the maximum age of 90 years. These pre-
dictions together form an individual life table with 1-year intervals. Event-
free life expectancy was defined as median estimated survival, the age
where the predicted individual survival curve is 50%. Ten-year risk (or
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other durations of interest) of the event of interest can be predicted by
calculating the cumulative cause-specific event-risk truncated at 10 years
after age at baseline.

Model validation
Internal validity of the major bleeding risk model was assessed with cali-
bration plots of predicted vs. observed 2-year risk in the COMPASS trial;
c-statistics were obtained using bootstrapping with 1000 bootstrap sam-
ples. External validity of the major bleeding risk model was tested in the
SMART cohort at 10-year follow-up in patients without oral anticoagu-
lants. Calibration plots were used to assess goodness-of-fit for bleeding-
free survival, bleeding events, and non-bleeding mortality functions after
recalibration based on the incidence rate of bleeding and non-bleeding
mortality using the expected vs. observed ratio; discrimination was
assessed using c-statistics.

Individual treatment effect predictions
The competing risk-adjusted Cox proportional hazard function for the
prediction of the event of interest from the SMART-REACH and major
bleeding risk model were combined with hazard ratios (HRs) from the
COMPASS trial for the treatment arm aspirin-plus-rivaroxaban according
to previously described methods.9,12,19,20 These HRs were applied to the
1-year estimates of respectively the SMART-REACH model and the
major bleeding model by adding the logarithm of the HR to the linear pre-
dictor of the model. Because these methods make use of life tables, any
gain or loss in event-free survival will be adjusted for the competing risks
because the time at risk for the competing event changes. For the CVD
survival function, the HR for added rivaroxaban is 0.76.4 For the major
bleeding function, to account for the decrease in increased risk from the
addition of rivaroxaban to aspirin after the 1st year, several HRs were
used: 2.32 in the 1st year after commencement of the added rivaroxaban,
1.19 in the 2nd year, and 1.05 after more than 2 years.21 Heterogeneity of
treatment effect across baseline risk for disease was assessed by fitting a
model including an interaction term between the linear predictor and
treatment allocation for all models.5

The median CVD-free life expectancy with aspirin was estimated for
each patient. Treatment benefit or harm for individual patients, the
expected lifetime benefit or harm when adding rivaroxaban to aspirin
when compared with aspirin only, was defined as the patient’s predicted
event-free life expectancy when using aspirin (baseline risk with standard
of care) minus the patient’s predicted event-free life expectancy when
adding low-dose rivaroxaban to aspirin. Similarly, the 10-year absolute
event-risk reduction and increase for individual persons were estimated
by calculating the difference between the predicted 10-year event-risk
with and without added rivaroxaban.

Missing data (<1% in both COMPASS and SMART) were imputed by
single imputation using predictive mean matching (aregImpute-algorithm
in R, Hmisc-package). All analyses were conducted with R statistical soft-
ware V.3.4.1 (www.r-project.org, packages Hmisc, survival, cmprsk, rms,
car, mstate).

To enable the use of the SMART-REACH lifetime model and the
major bleeding risk model in clinical practice, we have developed a calcu-
lator that allows for the estimation of the potential gain in life expectancy
free from CVD, or loss in life expectancy free from major bleeding due to
adding rivaroxaban to the treatment strategy for individual patients, as
well as the 10-year absolute changes in risk (Supplementary material on-
line, or with the online calculator on www.U-Prevent.com).

Results

Baseline characteristics of the study populations are shown in
Table 1. SMART participants were more often current smokers (47%
vs. 21%), while in COMPASS more patients had diabetes mellitus
(38% vs. 17%). In SMART, more patients were included with cerebro-
vascular disease (30% vs. 4%), and in COMPASS, more patients were
included with CAD (91% vs. 61%).

In the COMPASS trial, a total of 1323 cardiovascular events, 499
non-cardiovascular deaths, and 497 major bleedings were observed
during a median follow-up of 1.9 years [interquartile range (IQR) 1.3–
2.5]. In the SMART cohort, 1568 cardiovascular events, 907 non-
cardiovascular deaths, and 335 major bleedings occurred during a
median follow-up of 7.6 years (IQR 3.9–11.7).

.................................................................................................

Table 1 Baseline characteristics

COMPASS

study

(n 5 27 390)

SMART

cohort

(n 5 8139)

Male sex 21 371 (78%) 6002 (74%)

Age (years) 68 ± 8 60 ± 10

Current smoker 5867 (21%) 3847 (47%)

Race

White 17 023 (62%) NA

Black 262 (1%) NA

Asian 4268 (16%) NA

Other 5837 (21%) NA

Systolic blood pressure (mmHg) 139 ± 18 139 ± 21

Body mass index (kg/m2) 28.3 ± 4.7 26.9 ± 4.0

Laboratory values

Total cholesterol (mmol/L) 4.2 ± 1.1 4.8 ± 1.2

Creatinine (mmol/L) 90 ± 25 92 ± 36

Estimated GFR (mL/min/1.73 m2) 74 ± 18 77 ± 18

Medical history

Coronary artery disease 24 824 (91%) 4939 (61%)

Peripheral artery disease 7470 (27%) 1455 (18%)

Cerebrovascular disease 1032 (4%) 2462 (30%)

Number of cardiovascular disease locations

One 21 186 (77%) 6897 (85%)

Two 4800 (18%) 1081 (13%)

Three 1404 (5%) 161 (2%)

Atrial fibrillation NAa 101 (1%)b

Congestive heart failure 5902 (22%) NAc

Diabetes mellitus 10 340 (38%) 1415 (17%)

History of bleeding requiring

transfusion

723 (2.6%) NA

All data in n (%) or mean ± standard deviation.
GFR, glomerular filtration rate (calculated with Chronic Kidney Disease
Epidemiology Collaboration formula); NA, not available.
aPatients requiring anticoagulation were excluded.
bOnly atrial fibrillation at baseline; history of atrial fibrillation not available.
cInformation not available.
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Validation of the SMART-REACH model
in COMPASS
The recalibrated calibration plot of the predicted 2-year risk from the
SMART-REACH model vs. the observed 2-year risk of CVD in the
COMPASS study population is shown in Figure 1A. C-statistics were
0.62 [95% confidence interval (CI) 0.61–0.64] for recurrent vascular
events and 0.66 (95% CI 0.63–0.68) for non-CVD mortality risk.

Development and validation of the major
bleeding risk model
The coefficients and subdistribution HRs of the major bleeding and
non-bleeding mortality models, age-specific baseline survivals, and

calculation formulas of the models are presented in Supplementary
material online, Tables S2–S4. No interaction terms with age were
included in the functions as the proportional hazard assumptions
were met. Quadratic terms for SBP, total cholesterol, and creatinine
were included in the non-bleeding mortality model.

Figure 1B shows good agreement between the predicted 2-year
risk for major bleeding and mortality and the observed 2-year risk in
the development data set. Discrimination of the estimated 2-year
bleeding risk was assessed, with a c-statistic of 0.69 (95% CI 0.66–
0.71), and the c-statistic of the 2-year non-bleeding mortality risk was
0.71 (95% CI 0.69–0.73). Figure 1C shows good agreement between
the predicted and observed 10-year risk for bleeding and non-
bleeding mortality after recalibration to account for differences in

Figure 1 (A) Predicted vs. observed 2-year risk of CVD and all-cause mortality (SMART-REACH model) in the COMPASS trial. (B) Predicted vs.
observed 2-year risk of major bleeding and all-cause mortality in the COMPASS trial. (C) Predicted vs. observed 10-year risk of major bleeding and
all-cause mortality in the SMART cohort.
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..baseline risk in the SMART study population. Discrimination for
major bleeding-free survival was assessed, with a c-statistic of 0.69
(95% CI 0.67–0.70) in SMART.

Individual lifetime estimates and
treatment effects
Figure 2 illustrates the use of the SMART-REACH and major bleeding
risk model to estimate lifetime estimates of benefit and harm from
rivaroxaban in a patient example.

The distribution of lifetime benefit in terms of months of life-
time gained without MACE and lifetime harm in terms of months

lost without major bleeding with rivaroxaban added to aspirin in
the combined study populations of the COMPASS and SMART
studies is shown in Figure 3. The median lifetime benefit is
16 months (range 1–48 months) without MACE; the median life-
time harm is 2 months (range 0–20 months) without major bleed-
ing. Figure 4 shows the balance between the individual absolute
benefit and harm from adding rivaroxaban to aspirin in 20 groups
ordered by increasing net benefit (defined as individual lifetime
benefit minus lifetime major bleeding risk). For most of the
patients, lifetime benefit in terms of CVD-free life expectancy is
higher than lifetime harm. Supplementary material online, Table S5

Figure 2 Patient example. A patient characteristics: a 59-year-old woman from Canada; not a current smoker; SBP 145 mmHg; total cholesterol
4.2 mmol/L; creatinine 90 mmol/L; history of coronary artery disease and peripheral artery disease; and does not have diabetes mellitus, atrial fibrilla-
tion, or congestive heart failure. The dark green survival curve is the current estimated survival without recurrent cardiovascular disease. The light
green area reflects the increase in estimated survival when adding low-dose rivaroxaban to aspirin (treatment benefit). The dark redþ light red areas
of the lower survival curve represent the estimated survival without major bleeding. The light red area represents the estimated decrease in survival
without major bleeding when adding rivaroxaban to aspirin (treatment harm). The bar charts show the absolute 10-year risk and 10-year risk increase
or decrease, respectively, of adding rivaroxaban to aspirin.
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..shows patient characteristics for quartiles of the study population
based on the lifetime benefit in terms of CVD. Supplementary ma-
terial online, Figure S1 shows the distribution of 10-year risks and
10-year absolute risk reductions with rivaroxaban for MACE and
major bleeding respectively.

Discussion

In the current study, it is shown that individual lifetime benefit and
lifetime risk of major bleeding from adding low-dose rivaroxaban to
aspirin can be predicted in patients with stable CVD (Take home

Figure 3 Distribution of (A) lifetime benefit (months gained without recurrent myocardial infarction or stroke); (B) lifetime harm (months lost
without major bleeding).

Figure 4 Individual lifetime benefit and associated lifetime harm from adding rivaroxaban to aspirin.
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..figure). Lifetime benefit predictions were based on the externally vali-
dated SMART-REACH score, and major bleeding risk was based on
the newly developed major bleeding risk score. These estimations
can be made with simple, readily available patient characteristics. This
enables the identification of patients who are likely to have long-term
net benefit from rivaroxaban added to aspirin, in terms of additional
CVD-free life expectancy, while having low risks of major bleeding.

An important clinical dilemma in the initiation of any antithrom-
botic is that the relative risk reduction of MACE is accompanied
by a relative risk increase of bleeding. Because this study presents
estimations for both lifetime treatment gain and treatment harm
in terms of major bleeding, it aids in weighing the benefits vs.
harms when discussing with an individual patient with stable CVD
whether or not to add rivaroxaban to the treatment strategy.
Figure 4 shows that in the large majority of the COMPASS study
population, lifetime benefit exceeds lifetime harm. However, there
is a large inter-individual variation in what patients and physicians
consider a meaningful lifetime benefit for preventive medication.22

Preconceived notions of treatment benefits and possible adverse
effects of preventive treatment also influence these expectations.
Furthermore, what is deemed acceptable benefit and harm from
treatment is interdependent, as patients who have a higher

benefit, might accept a higher risk of harm. Therefore, the data
from the present study form the basis of shared decision-making
in clinical practice. Using individual lifetime estimates of treatment
effects, a doctor and patient can discuss whether the estimated
lifetime benefit, in terms of CVD-free life, of adding rivaroxaban
to aspirin is worthwhile, by weighing the benefit against potential
burden of taking an extra pill twice daily, costs, and the risk of
potential side effects, including bleeding. What is considered a
meaningful balance between benefit and potential harms and dis-
advantages of preventive therapy may differ between patients. By
shared decision-making, patients are better informed and more
involved in the process of making important decisions on life-long
treatments which may lead in better treatment adherence as
treatment decisions are tailored to their needs.

An advantage of the statistical methods of these models is that
they can also be used to calculate 10-year risk estimations (as shown
in Figure 2). As physicians are not yet widely familiar with the use of
lifetime estimations, these absolute risk estimations might enable eas-
ier adoption of lifetime models, as they can be shown next to, and
compared to, lifetime predictions in an online calculator. This can aid
in a ‘transitional phase’ in going from traditional risk models to the
adoption of lifetime risk models.

Take home figure An individual patient example of the lifetime models for predicting the treatment effects of adding low-dose rivaroxaban to
aspirin.
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The lifetime scores presented in this study offer functionality su-

perior to ‘traditional’ risk scores which estimate absolute risks of
CVD or major bleeding during a limited period, usually 5–10 years.
Lifetime treatment effects can be expressed in both months of CVD
free lifetime gained or lifetime lost with treatment and are intuitive to
understand for both patients and physicians, facilitating doctor–pa-
tient communication and thus aiding shared treatment decision-
making. Lifetime prediction has the potential to shift the focus from
treatment of patients with high absolute risks, often older patients, to
treatment of patients with the largest possible lifetime treatment
gain. This strategy might lead to initiation of preventive medication at
a younger age and presumably taken lifelong.

An important strength of this study is that in developing the mod-
els, competing risks are taken into account. Often, traditional risk
scores do not take competing (i.e. non-CVD or non-bleeding, re-
spectively) mortality into account, which results in overestimation of
risks in these patients in traditional risk models, and thus in overesti-
mation of treatment effects. As treatment decisions are dependent
on accurate predictions, this might have important implications for
clinical practice. Secondly, due to the methodology using left-
truncation, i.e. age as underlying time-function, estimations of these
models are not limited by follow-up time in the derivation cohort.
This means that despite limited follow-up time in the COMPASS trial,
this study can be used for long-term estimations. Thirdly, the predic-
tions in this model can be applied directly in clinical practice
(Supplementary material online, Calculator; www.U-Prevent.com).
Finally, this study uses large study populations from a clinical trial with
diverse geographical backgrounds, and from an observational cohort.

Some limitations of the study should also be considered. Validation
could only be performed for 2-year predictions in COMPASS due to
limited follow-up time in the study. External validation of 10-year pre-
dictions in the SMART cohort, however, showed good calibration.
Although remaining life expectancy, especially in younger patients,
might be longer than 10 years, previous studies have shown that life-
time estimates based on the methods employed in this study appear
to be reliable for predictions of up to at least 17 years, which is long
enough for the purpose of making treatment decisions.12 C-statistics
for discrimination of both models are moderate (0.62–0.71), compar-
able to other risk models in patients with established CVD.15,17,23–26

External validation of 10-year predictions in the SMART cohort,
however, showed good calibration. As reliability of the predicted
probabilities influence treatment decisions, calibration may be a clin-
ically more relevant metric than discrimination for the purpose of
clinical decision-making.27

Furthermore, the treatment effect estimations of rivaroxaban are
based on studies with relatively short follow-up time, but projected
for lifetime estimates. Although no data on long-term effects of rivar-
oxaban are yet available, for now there are no reasons to assume
changes in efficacy or safety over time. Studies with long follow-up
are needed. Furthermore, it should be acknowledged that non-
compliance in the COMPASS trial may have affected the trial results.
The estimated treatment effects in the current study approach the
maximum attainable treatment effect with therapy. However, due to
non-adherence in the trial, it is possible these predictions are under-
estimations of the true maximum attainable treatment effects with
perfect therapy adherence.

Another limitation in that not all baseline predictors were available
in both studies. For the SMART-REACH model, atrial fibrillation was
not available in the COMPASS trial. For the major bleeding risk
model, the history of heart failure, and history of bleeding requiring
transfusion were not available in the SMART cohort. Assuming that
none of the participants in these studies had a history of atrial fibrilla-
tion and congestive heart failure or bleeding requiring transfusion, re-
spectively, might lead to underestimation of the predictive value of
the model. Additionally, there was some underestimation of the pre-
dicted risk of CVD and mortality combined in the patients in the low-
est decile of risk, and some overestimation in the highest decile of
risk in the COMPASS study population. In clinical practice, however,
this may not be of clinical relevance as this most likely does not result
in misclassification or incorrect treatment decisions. Finally, the base-
line risk for both cardiovascular and non-cardiovascular mortality
was vastly different in the COMPASS trial compared to the study
population in which the SMART-REACH model was derived due to
differences in patient populations, for example the higher percentage
of current smokers and patients with cerebrovascular disease at
baseline in the SMART cohort. Additionally, this may be due to a
healthy trial participant effect, as the SMART-REACH model was
derived in cohorts, which better reflects real-life patients than a
trial.28,29 As the major bleeding risk model was derived in a trial, add-
itional validation with recalibration for baseline risk in real-life situa-
tions or cohorts should be considered.

Conclusion

Lifetime treatment effects from adding rivaroxaban to aspirin in indi-
vidual patients with stable CVD can be estimated using readily avail-
able patient characteristics. There is a wide distribution in lifetime
gain and harm from adding rivaroxaban to aspirin in patients with sta-
ble CVD. Using this lifetime model, benefits and bleeding risk can be
weighed for each individual patient, facilitating informed treatment
decisions in clinical practice.

Supplementary material

Supplementary material is available at European Heart Journal online.
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Löllgen H, Marques-Vidal P, Perk J, Prescott E, Redon J, Richter DJ, Sattar N,
Smulders Y, Tiberi M, Bart van der Worp H, van Dis I, Verschuren WMM;
Authors/Task Force Members. 2016 European Guidelines on cardiovascular dis-
ease prevention in clinical practice: The Sixth Joint Task Force of the European
Society of Cardiology and Other Societies on Cardiovascular Disease Prevention
in Clinical Practice (constituted by representatives of 10 societies and by invited
experts) Developed with the special contribution of the European Association
for Cardiovascular Prevention & Rehabilitation (EACPR). Eur Heart J 2016;37:
2315–2381.

4. Eikelboom JW, Connolly SJ, Bosch J, Dagenais GR, Hart RG, Shestakovska O,
Diaz R, Alings M, Lonn EM, Anand SS, Widimsky P, Hori M, Avezum A, Piegas
LS, Branch KRH, Probstfield J, Bhatt DL, Zhu J, Liang Y, Maggioni AP, Lopez-
Jaramillo P, O’Donnell M, Kakkar AK, Fox KAA, Parkhomenko AN, Ertl G, Störk
S, Keltai M, Ryden L, Pogosova N, Dans AL, Lanas F, Commerford PJ, Torp-
Pedersen C, Guzik TJ, Verhamme PB, Vinereanu D, Kim J-H, Tonkin AM, Lewis
BS, Felix C, Yusoff K, Steg PG, Metsarinne KP, Cook Bruns N, Misselwitz F, Chen
E, Leong D, Yusuf S. Rivaroxaban with or without aspirin in stable cardiovascular
disease. N Engl J Med 2017;377:1319–1330.

5. Kent DM, Steyerberg E, van Klaveren D. Personalized evidence based medicine:
predictive approaches to heterogeneous treatment effects. BMJ 2018;363:k4245.

6. Bosch J, Eikelboom JW, Connolly SJ, Bruns NC, Lanius V, Yuan F, Misselwitz F,
Chen E, Diaz R, Alings M, Lonn EM, Widimsky P, Hori M, Avezum A, Piegas LS,
Bhatt DL, Branch KRH, Probstfield JL, Liang Y, Liu L, Zhu J, Maggioni AP, Lopez-
Jaramillo P, O’Donnell M, Fox KAA, Kakkar A, Parkhomenko AN, Ertl G, Störk
S, Keltai K, Keltai M, Ryden L, Dagenais GR, Pogosova N, Dans AL, Lanas F,
Commerford PJ, Torp-Pedersen C, Guzik TJ, Verhamme PB, Vinereanu D, Kim J-
H, Ha J-W, Tonkin AM, Varigos JD, Lewis BS, Felix C, Yusoff K, Steg PG,
Aboyans V, Metsarinne KP, Anand SS, Hart RG, Lamy A, Moayyedi P, Leong DP,
Sharma M, Yusuf S. Rationale, design and baseline characteristics of participants
in the cardiovascular outcomes for people using anticoagulation strategies
(COMPASS) trial. Can J Cardiol 2017;33:1027–1035.

7. Simons PC, Algra A, van de Laak MF, Grobbee DE, van der GY. Second manifes-
tations of ARTerial disease (SMART) study: rationale and design. Eur J Endocrinol
1999;15:773–781.

8. Schulman S, Kearon C; Subcommittee on Control of Anticoagulation of the
Scientific and Standardization Committee of the International Society on
Thrombosis and Haemostasis. Definition of major bleeding in clinical investiga-
tions of antihemostatic medicinal products in non-surgical patients. J Thromb
Haemost 2005;3:692–694.

9. Kaasenbrood L, Bhatt DL, Dorresteijn JA, Wilson PW, D’Agostino RB, Massaron
JM, van der Graaf Y, Cramer MJ, Kappelle LJ, de Borst GJ, Steg PG, Visseren FL.
Estimated life-expectancy without recurrent cardiovascular events in patients
with vascular disease: the REACH-SMART model. J Am Heart 2018;7:e009217.

10. Geskus RB. Cause-specific cumulative incidence estimation and the Fine and
Gray model under both left truncation and right censoring. Biometrics 2011;67:
39–49.

11. Dorresteijn JAN, Visseren FLJ, Ridker PM, Wassink AMJ, Paynter NP, Steyerberg
EW, van der GY, Cook NR. Estimating treatment effects for individual patients
based on the results of randomised clinical trials. BMJ 2011;343:d5888.

12. Dorresteijn JAN, Kaasenbrood L, Cook NR, van Kruijsdijk RCM, van der Graaf
Y, Visseren FLJ, Ridker PM, van Kruijsdijk RCM, van der Graaf Y, Visseren FLJ,
Ridker PM. How to translate clinical trial results into gain in healthy life expect-
ancy for individual patients. BMJ 2016;352:i1548.

13. Kaasenbrood L, Ray K, Boekholdt SM, Smulders Y, Kastelein JJ, van der Graaf Y,
Dorresteijn JA, Visseren FL. Estimated individual lifetime benefit from PCSK9 in-
hibition in statin-treated patients with coronary artery disease. Heart 2018;104:
1699–1705.

14. Hippisley-Cox J, Coupland C, Robson J, Brindle P. Derivation, validation, and
evaluation of a new QRISK model to estimate lifetime risk of cardiovascular dis-
ease: cohort study using QResearch database. BMJ 2010;341:c6624.

15. Costa F, Klaveren D. V, James S, Heg D, Raber L, Feres F, Pilgrim T, Hong M-K,
Kim H-S, Colombo A, Steg PG, Zanchin T, Palmerini T, Wallentin L, Bhatt DL,
Stone GW, Windecker S, Steyerberg EW, Valgimigli M. Derivation and validation
of the predicting bleeding complications in patients undergoing stent implant-
ation and subsequent dual antiplatelet therapy (PRECISE-DAPT) score: a pooled
analysis of individual-patient datasets from clinical trials. Lancet 2017;389:
1025–1034.

16. Hilkens NA, Algra A, Diener H-C, Reitsma JB, Bath PM, Csiba L, Hacke W,
Kappelle LJ, Koudstaal PJ, Leys D, Mas J-L, Sacco RL, Amarenco P, Sissani L,
Greving JP. Predicting major bleeding in patients with noncardioembolic stroke
on antiplatelets: S2TOP-BLEED. Neurology 2017;89:936–943.

17. Ducrocq G, Wallace JS, Baron G, Ravaud P, Alberts MJ, Wilson PWF, Ohman
EM, Brennan DM, D’Agostino RB, Bhatt DL, Steg PG. Risk score to predict ser-
ious bleeding in stable outpatients with or at risk of atherothrombosis. Eur Heart
J 2010;31:1257–1265.

18. Steyerberg EW. Clinical Prediction Models: A Practical Approach to Development,
Validation and Updating. New York, NY: Springer; 2009.

19. Lloyd-Jones DM, Huffman MD, Karmali KN, Sanghavi DM, Wright JS, Pelser C,
Gulati M, Masoudi FA, Goff D. Estimating longitudinal risks and benefits from car-
diovascular preventive therapies among Medicare patients: the million hearts lon-
gitudinal ASCVD risk assessment tool: a special report from the American Heart
Association and American College of Cardiology. J Am Coll Cardiol 2017;69:
1617–1636.

20. Berkelmans GF, Gudbjörnsdottir S, Visseren FL, Wild SH, Franzen S, Chalmers J,
Davis BR, Poulter NR, Spijkerman AM, Woodward M, Pressel SL, Gupta AK, van
der SY, Svensson AM, van der GY, Read SH, Eliasson B, Dorresteijn JA. Prediction
of individual life-years gained without cardiovascular events from lipid, blood pres-
sure, glucose, and aspirin treatment based on data of more than 500 000 patients
with Type 2 diabetes mellitus. Eur Heart J 2019; doi: 10.1093/eurheartj/ehy839.

21. Connolly SJ, Eikelboom JW, Bosch J, Dagenais G, Dyal L, Lanas F, Metsarinne K,
O’Donnell M, Dans AL, Ha J-W, Parkhomenko AN, Avezum AA, Lonn E,
Lisheng L, Torp-Pedersen C, Widimsky P, Maggioni AP, Felix C, Keltai K, Hori M,
Yusoff K, Guzik TJ, Bhatt DL, Branch KRH, Cook Bruns N, Berkowitz SD, Anand
SS, Varigos JD, Fox KAA, Yusuf S; COMPASS investigators. Rivaroxaban with or
without aspirin in patients with stable coronary artery disease: an international,
randomised, double-blind, placebo-controlled trial. Lancet 2018;391:205–218.

22. Jaspers NEM, Visseren FLJ, Numans ME, Smulders YM, Loenen Martinet F. V, van
der GY, Dorresteijn J. Variation in minimum desired cardiovascular disease-free lon-
gevity benefit from statin and antihypertensive medications: a cross-sectional study
of patient and primary care physician perspectives. BMJ Open 2018;8:e021309.

23. Huang D, Cheng Y-Y, Wong Y-T, Yung S-Y, Tam C-C, Chan K-WK, Lam C-C,
Yiu K-H, Hai JJ, Lau C-P, Chan EW, Chiang C-E, Wong K-L, Cheung T, Cheung
B-Y, Feng Y-Q, Tan N, Chen J-Y, Yue W-S, Hu H-X, Chen L, Tse H-F, Chan P-
H, Siu C-W. Thrombolysis in myocardial infarction risk score for secondary pre-
vention of recurrent cardiovascular events in a real-world cohort of post-acute
myocardial infarction patients. Circ J 2019;83:809–817.

24. Mok Y, Ballew SH, Bash LD, Bhatt DL, Boden WE, Bonaca MP, Carrero JJ,
Coresh J, D’Agostino RB Sr, Elley CR, Fowkes FGR, Jee SH, Kovesdy CP,
Mahaffey KW, Nadkarni G, Peterson ED, Sang Y, Matsushita K. International val-
idation of the thrombolysis in myocardial infarction (TIMI) risk score for second-
ary prevention in post-MI patients: a collaborative analysis of the chronic kidney
disease prognosis consortium and the risk validation scientific committee. J Am
Heart Assoc 2018;7:e008426.

25. Wilson PWF, D’Agostino R, Bhatt DL, Eagle K, Pencina MJ, Smith SC, Alberts MJ,
Dallongeville J, Goto S, Hirsch AT, Liau C-S, Ohman EM, Röther J, Reid C, Mas J-
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