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Derivation and validation of the predicting bleeding
complications in patients undergoing stent implantation
and subsequent dual antiplatelet therapy (PRECISE-DAPT)
score: a pooled analysis of individual-patient datasets from
clinical trials

Francesco Costa*, David van Klaveren*, Stefan James, Dik Heg, Lorenz Réber, Fausto Feres, Thomas Pilgrim, Myeong-Ki Hong, Hyo-Soo Kim,
Antonio Colombo, Philippe Gabriel Steg, Thomas Zanchin, Tullio Palmerini, Lars Wallentin, Deepak L Bhatt, Gregg W Stone, Stephan Windecker,
Ewout W Steyerberg, Marco Valgimigli, for the PRECISE-DAPT Study Investigators

Summary

Background Dual antiplatelet therapy (DAPT) with aspirin plus a P2Y,, inhibitor prevents ischaemic events after
coronary stenting, but increases bleeding. Guidelines support weighting bleeding risk before the selection of
treatment duration, but no standardised tool exists for this purpose.

Methods A total of 14963 patients treated with DAPT after coronary stenting—largely consisting of aspirin and
clopidogrel and without indication to oral anticoagulation—were pooled at a single-patient level from eight multicentre
randomised clinical trials with independent adjudication of events. Using Cox proportional hazards regression, we
identified predictors of out-of-hospital Thrombosis in Myocardial Infarction (TIMI) major or minor bleeding stratified
by trial, and developed a numerical bleeding risk score. The predictive performance of the novel score was assessed in
the derivation cohort and validated in patients treated with percutaneous coronary intervention from the PLATelet
inhibition and patient Outcomes (PLATO) trial (n=8595) and BernPCI registry (n=6172). The novel score was assessed
within patients randomised to different DAPT durations (n=10 081) to identify the effect on bleeding and ischaemia of
a long (12-24 months) or short (3—6 months) treatment in relation to baseline bleeding risk.

Findings The PRECISE-DAPT score (age, creatinine clearance, haemoglobin, white-blood-cell count, and previous
spontaneous bleeding) showed a c-index for out-of-hospital TIMI major or minor bleeding of 0-73 (95% CI 0-61-0- 85)
in the derivation cohort, and 0-70 (0-65-0-74) in the PLATO trial validation cohort and 0-66 (0-61-0-71) in the
BernPClI registry validation cohort. A longer DAPT duration significantly increased bleeding in patients at high risk
(score =25), but not in those with lower risk profiles (p;,eui.,=0-007), and exerted a significant ischaemic benefit only
in this latter group.

Interpretation The PRECISE-DAPT score is a simple five-item risk score, which provides a standardised tool for the
prediction of out-of-hospital bleeding during DAPT. In the context of a comprehensive clinical evaluation process,

this tool can support clinical decision making for treatment duration.

Funding None.

Introduction

Dual antiplatelet therapy (DAPT) with aspirin and a P2Y,,
inhibitor reduces ischaemic recurrences in patients with
coronary artery disease treated with coronary stents.
However, this benefit is counterbalanced by higher
bleeding risk, which is linearly related to the treatment
duration. Both ischaemic and bleeding risks have
potential to negatively impact prognosis.* As a result,
although 12 months of DAPT after stenting has been
commonly suggested, the optimal duration of treatment
is still debated.**

Shortening DAPT duration from 12 months to 6 or
3 months significantly reduced bleeding liability.*
However, a prolonged treatment beyond 12 months
reduced Dboth stentrelated and non-stent-related
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ischaemic events in selected patients who tolerated the
first year of treatment without bleeding.*’

International guidelines encourage weighting bleeding
risk before selection of treatment duration and suggest a
shorter than 12 month treatment regimen in patients at
high bleeding risk.** No standardised tool exists to weigh
bleeding risk at the time of DAPT initiation. A prediction
rule was recently proposed for patients who tolerated
12 month DAPT to select those eligible for treatment
prolongation.® This strategy cannot be applied earlier, at
the time of treatment initiation, to select a shorter than
12 month treatment duration in patients at high bleeding
risk. Thus, no standardised algorithm is available for
defining optimal DAPT duration at the time of coronary
stent implantation.
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Research in context

Evidence before this study

Spontaneous bleeding during treatment with dual antiplatelet
therapy (DAPT) is the most common complication after
coronary stenting, and its incidence increased with the
introduction of novel and more potent antithrombotic
agents. Despite recommendations from international
guidelines, methods to gauge out-of-hospital bleeding risk in
patients treated with DAPT are limited. A dedicated risk score
specifically designed to predict spontaneous on-DAPT
bleeding events might improve risk assessment and support
clinicians’ decisions with respect to dual antiplatelet therapy.

We searched PubMed without language or date restrictions for
publications until Sept 30, 2016, about bleeding risk scores in
patients treated with DAPT. We used the search terms
“percutaneous coronary intervention”, “coronary stent”,
“acute coronary syndrome”, “stable coronary artery disease”,
“bleeding risk score”, “bleeding”, “antiplatelet therapy”, “dual
antiplatelet therapy”, “clopidogrel”, “prasugrel”, and
“ticagrelor”. We excluded articles regarding antithrombotic
treatment in atrial fibrillation, concomitant use of oral
anticoagulants, and risk prediction models for in-hospital
bleeding. We identified two reports focused on out-of-hospital
events in patients treated with DAPT, and one was only
applicable after a 12 month course with DAPT was completed

without complications.

We created a bleeding risk score for patients treated with
DAPT after coronary stent implantation, in a large pooled
dataset of contemporary randomised clinical trials
implementing different DAPT duration strategies. We
externally validated this novel risk score in two independent
cohorts of patients treated with percutaneous coronary
intervention (PCI) from a large randomised clinical trial
and a contemporary real-world registry. The score was
retrospectively applied among patients randomly assigned
to a shortened or prolonged DAPT duration to assess
ischaemic and bleeding outcomes according to each
bleeding risk category with each DAPT regimen.

Methods

Study design and population

The PRECISE-DAPT collaborative study included a total
of 14963 patients with coronary artery disease who
underwent elective, urgent, or emergent PCI with
coronary stent implantation and subsequent DAPT
(appendix p 24). DAPT consisted of an association of
aspirin plus a P2Y,, inhibitor, most commonly clopidogrel
(88%), whereas patients with an indication for long-term
oral anticoagulation were excluded. Patients were pooled
atan individual level from eight contemporary multicentre
randomised clinical trials.”* The patients were enrolled in
139 different clinical sites from 12 countries worldwide
(appendix p 25). Extensive details regarding the pooled

Added value of this study

We propose a novel risk score for the prediction of
out-of-hospital bleeding in patients treated with DAPT using age,
creatinine clearance, white-blood-cell count, haemoglobin, and
history of bleeding. The PRECISE-DAPT score is a simple bedside
risk assessment tool, which can be easily implemented in
everyday clinical practice, and that might be particularly useful
for its applicability at the time of treatment initiation.

The PRECISE-DAPT score showed potential to identify patients

at high bleeding risk (score 225) who might benefit from a
shortened (ie, <12 months) DAPT duration. Patients not at high
bleeding risk (score <25) might receive a standard (ie, 12 months)
or prolonged (ie, >12 months) treatment without being exposed
to significant bleeding liability.

Implication of all the available evidence

Our study provides awareness to clinicians regarding
out-of-hospital bleeding risk factors in patients treated with
DAPT after coronary stent implantation and offers an objective
and standardised tool to quantify such risk in clinical practice.
Systematic evaluation of these predictors with the novel
PRECISE-DAPT bleeding risk score has potential to support
clinical decision making with respect to the optimal duration of
DAPT, selecting patients at high bleeding risk (score =25) to a
shorter treatment and patients at non-high risk to a standard
or long treatment.

datasets are provided in the appendix (p 4). Inclusion and
exclusion criteria are presented in the appendix (p 6).
Details regarding population type, randomisation, DAPT
duration, and drug adherence are presented in the
appendix (p 8). All clinical trials were approved by the
ethics committees at each study centre, and all patients
provided written informed consent.

Outcomes

All clinical and laboratory variables included in this
analysis were prospectively collected. The primary
endpoint of this analysis was out-of-hospital bleeding
defined according to the Thrombosis in Myocardial
Infarction (TIMI) definition, and occurring 7 days or later
after the initial invasive procedure, while Dbleeding
occurring earlier was censored. We selected the 7 day
timeframe as a conservative estimate based on the upper
limit of current hospitalisation trends in patients with
acute coronary syndrome, and to exclude events
occurring during hospital stay, which are largely related
to invasive procedures.” Further definitions for bleeding
and clinical variables are provided in the appendix (p 4).

Validation cohorts

An external validation of the risk score was done in the
context of two independent PCl-treated populations from
the PLATelet inhibition and patient Outcomes (PLATO)
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trial and the BernPCI Registry (appendix p 24).” In brief,
the PLATO trial (NCT00391872) included patients with ST
elevation or non-ST elevation acute coronary syndrome
randomly assigned to receive DAPT with either clopidogrel
or ticagrelor in addition to aspirin for up to 12 months. In
the current study, we restricted our analysis to patients
undergoing PCI during index hospitalisation. The
BernPCI registry (NCT02241291) included all patients
undergoing PCI at Bern University Hospital, Switzerland,
between Feb 23, 2009, and Dec 31, 2014.

The novel score was calculated and assigned to each
participant in a similar manner as in the derivation cohort.
The information on previous bleeding in PLATO was
related to previous gastrointestinal bleeding, as no other
previous bleeding types were prospectively collected in the
study case report form. We calculated the PARIS bleeding
risk score (age, body-mass index, current smoking,
anaemia, creatinine clearance, triple therapy on discharge)
in the external validation cohorts to provide comparative
assessment of two prediction models.® Further details for
score calculation in the validation cohorts are provided in
the appendix (p 4). The primary endpoint for score
validation was the occurrence of TIMI major or minor
bleeding at 7 days or later after study inclusion and at up to
12 months. Data in both validation cohorts were
prospectively collected and a blinded clinical events
committee independently adjudicated adverse events. All
patients enrolled provided written informed consent.

Statistical analysis

A detailed description of the statistical analysis is provided
in the appendix (p 4). We estimated the 1 year cumulative
incidence of bleeding by one minus the Kaplan-Meier
estimate of bleeding-free survival at 1 year, to take loss to
follow-up into account. We studied the associations
between possible predictors and TIMI bleeding from day 7
onwards with a Cox regression analysis, stratified by trial.
Potential predictors of bleeding were selected at univariable
analysis (p<0-10).” Independent bleeding predictors were
selected with multivariable backward selection (p<0-10).
Linear predictor values were scaled and rounded to a score
with integer values between 0 and 100. Discrimination of
the bleeding risk score was assessed by trial-specific
Harrell's c-indices, which were pooled with a random
effects meta-analysis.®” We evaluated the score
performance by censoring patients’ follow-up time and
events occurring after the intended DAPT treatment
duration and excluded patients who were not treated with
DAPT at discharge (1-7%). The ability to identify patients at
high bleeding risk was visualised by Kaplan-Meier
cumulative bleeding incidence curves in bleeding risk
score quartiles. Calibration was assessed by comparing
predicted probabilities with 1 year Kaplan-Meier bleeding
incidence estimates. Furthermore, discrimination and
calibration of the bleeding risk score were assessed in the
two external validation cohorts. cIndices, integrated
discrimination improvement (IDI), and net reclassification
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improvement (NRI) were computed to compare the
performance of the PRECISE-DAPT score with the PARIS
bleeding score in both validation cohorts.?* Finally, we
evaluated the effect of short (ie, 3-6 months) and long (ie,
12-24 months) DAPT duration on bleeding and ischaemic
events across bleeding risk score quartiles in patients
(n=10081) randomly allocated to DAPT duration.
Interaction between high (highest quartile) versus non-
high (lowest three quartiles) bleeding risk score and DAPT
duration was assessed by the heterogeneity in absolute risk
differences for bleeding and ischaemic events. The analyses
were done in accordance with the TRIPOD statement.”
Data were analysed with R version 3.6 (R Foundation,
Vienna, Austria).

Role of the funding source

All trials included in the PRECISE-DAPT collaborative
study were investigator initiated and each sponsor had
no role in the data analysis, interpretation, or writing of
the report. The corresponding and first, second, and
fourth authors (MV, FC, DvK, and DH) had full access to
the data and had final responsibility for the decision to
submit for publication.

Results

The study population included 14963 patients with
established coronary artery disease, and treated with
coronary stent implantation (appendix p 9). DAPT at
discharge was implemented in most patients (14590 of
14848 patients; 98- 3%) with a median treatment duration
of 360 days (IQR 95-365).

In a total of 21963 person-years of follow-up (median
follow-up 552 days, IQR 365-725), out-of-hospital TIMI
major or minor bleeding occurred in 218 patients
(incidence at 1 year 12-5 per 1000 patients), 124 of
whom were major (incidence at 1 year 6-9 per
1000 patients). The median time to first occurrence of
TIMI major or minor bleeding was 158 days
(IQR 57-333) and 150 days (62-326) for TIMI major
bleeding. The rate of bleeding stratified by clinical trial

Hazard ratio (95% Cl) p value

Age (for each increase of 10 years) 134 (111-1-48) 0-005
Previous bleeding 414 (1-22-14-02) 0-023
White-blood-cell count (for each 1-06 (0-99-1-13) 0-078
increase of 10 cells per pL)

Haemoglobin at baseline (for each 0-67 (0-53-0-84) 0-001
increase of 1 g/dL)

Creatinine clearance (for each increase ~ 0-90 (0-82-0-99) 0-004

of 10 mL/min)

Age was truncated above 90 years and below 50 years. Haemoglobin at baseline
was truncated above 12 g/dL and below 10 g/dL. Creatinine clearance was
truncated above 100 mL/min. White-blood-cell count was truncated above
20x10° cells per pL and below 5x10° cells per pL.

Table 1: Multivariable analysis for out-of-hospital Thrombosis in
Myocardial Infarction major or minor bleeding, study stratified with
backward selection at an o level of 0-1
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Figure 1: The PRECISE-DAPT score nomogram for bedside application

Risk curves refer to out-of-hospital Thrombosis in Myocardial Infarction (TIMI) major or minor bleeding and TIMI
major bleeding at 12 months while on-treatment with dual antiplatelet therapy (DAPT). Histogram refers to the
PRECISE-DAPT score distribution in the derivation cohort: green bars, the first score quartile (very low risk); blue

bars, the second score quartile

(low risk); purple bars, the third score quartile (moderate risk); and red bars, the

fourth score quartile (high risk).

For the web calculator and
mobile app see www.
precisedaptscore.com
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and type of P2Y,inhibitor are presented in the appendix
(pp 12, 26).

Predictors with a p value less than 0-10 at univariable
analysis (appendix p 9) were included in the multivariable
model. Use of proton-pump inhibitors at discharge was
excluded because of lack of prediction within studies
where DAPT duration was randomised. Five predictors
remained in the final model at a p value less than
0-10 (table 1), and showed consistent association with
bleeding during the first trimester after treatment
initiation as well as beyond (appendix p 13). An alternative

model, which has been generated after excluding white-
blood-cell count, is shown in the appendix (p 14).

From the final multivariable model, we developed a
five-item bleeding risk score (age, creatinine clearance,
haemoglobin, white-blood-cell count at baseline, and
previous spontaneous bleeding—the PRECISE-DAPT
score) assigning points to each factor based on the
magnitude of association of each predictor with bleeding.
A nomogram to calculate the score and the risk of
bleeding at 12 months is presented in figure 1.

Similar information derived from the model lacking
white-blood-cell count is presented in the appendix (p 27).
A web calculator and mobile app are available online.

The PRECISE-DAPT score showed a c-index of 0-73
(95% CI 0-61-0-85) for out-of-hospital TIMI major or
minor bleeding and 0-71 (0-57-0-85) for TIMI major
bleeding within 12 months (table 2). c-Indices for each of
the included studies are presented in the appendix (p 15).
The score discrimination was consistent regardless of
the clinical presentation at the time of PCI or treatment
with clopidogrel or ticagrelor, but was apparently lower
for patients treated with prasugrel and higher for those
treated with proton-pump inhibitors (appendix pp 16-18).
The performance of the score lacking white-blood-cell
count is presented in table 2 and the appendix (p 29).
Kaplan-Meier bleeding rates were consistently separated
by score quartiles (very low risk: score <10; low risk:
score 11-17; moderate risk: score 18-24; and high risk
risk: score =25; figure 2).

The PRECISE-DAPT score was validated in
8595 PCI patients from the PLATO trial and
6172 participants from the BernPCI registry (appendix
p 19). TIMI major or minor bleeding occurred in
145 patients (1-69%) in the PLATO trial and 94 patients
(1-52%) in the BernPCI registry. TIMI major bleeding was
noted in 94 patients (1-09%) in the PLATO trial and
62 patients (1-00%) in the BernPCI registry. The c-indices
for out-of-hospital TIMI major or minor bleeding were
0-70 (95% CI 0-65-0-74) in the PLATO trial and 0-66
(0-61-0-71) in the BernPCI registry (table 2). Calibration
appeared good between the derivation and BernPCI
validation cohorts. In the PLATO validation cohort, the
score maintained a consistent association between
predicted probabilities and observed frequencies, whereas
bleeding risk was slightly underestimated (appendix p 28).
Score discrimination appeared consistent for Bleeding
Academic Research Consortium (BARC) bleeding in the
BernPCI cohort (BARC 3 or 5: c-index 0-68 [95% CI
0-63-0-73]; BARC 2, 3, or 5: c-index 0-68 [0-63-0-72];
appendix p 22). Score performance was also consistent,
including bleeding occurring earlier than 7 days after PCI
(appendix p 23). Discrimination for the score lacking
white-blood-cell count was similar to the score including
white-blood-cell count in the PLATO trial, whereas it was
lower in the BernPClI registry (table 2, appendix p 29).

The PRECISE-DAPT score showed improved integrated
discrimination and reclassification performance as
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TIMI major or minor bleeding TIMI major bleeding
c-Index (95% Cl) p value* NRI IDI c-Index (95% Cl)  pvalue* NRI IDI
Index p value Index  pvalue Index  pvalue Index  pvalue
Derivation cohort
PRECISE-DAPT 0-73 (0-61-0-85) 0-71 (0-57-0-85)
PRECISE-DAPT alternative 0-71(0-57-0-84) 0-69 (0-53-0-85)
Validation cohort 1 (PLATO)
PRECISE-DAPT 0-70 (0-65-0-74) 0-06 0-16 0-047 0-004 0-007 0-68(0-63-0-74) 001 0-23 0-02 0-004  0-002
PRECISE-DAPT alternative 0-70 (0-66-0-74) 0-02 0-20 0-02 0-005 0-003 0-68(0-63-0-74)  0-008 0-23 0-02 0-004  0-002
PARIS 0-66 (0-61-0-70)  Ref Ref Ref 0-62 (0-56-0-68)  Ref Ref Ref
Validation cohort 2 (BernPCl)
PRECISE-DAPT 0-66 (0-61-0-71) 0-09 0-21 0-037 0-004 0-01 0-65(0-58-0-71) 017 0-14 0-23 0-002 0-049
PRECISE-DAPT alternative 0-63 (0-58-0-68) 0-82 0-09 0-37 0-001 0-07 0-62 (0-55-0-68) 057 0-03 0-77 0-0001 0-15
PARIS 0-63 (0-58-0-67) Ref Ref Ref 0-62 (0-56-0-69) Ref Ref Ref
PRECISE-DAPT score is age, creatinine clearance, haemoglobin, white-blood-cell count at baseline, and previous spontaneous bleeding. PRECISE-DAPT alternative score is age, creatinine clearance, haemoglobin
at baseline, and previous spontaneous bleeding. PARIS is age, body-mass index, current smoking status, presence of anaemia (haemoglobin <12 g/dL in men and <11 g/dL in women), creatinine clearance
<60 mL/dL, and treatment with triple therapy (ie, aspirin plus P2Y,, inhibitor plus oral anticoagulant) at discharge. TIMI=Thrombosis in Myocardial Infarction. NRI=net reclassification improvement.
IDI=integrated discrimination improvement. *The PARIS score has been used as reference to test c-indices, IDI, and NRI as compared with the PRECISE-DAPT scores.
Table 2: Discriminative ability of the PRECISE-DAPT score in the derivation cohort and discriminative-reclassification ability in comparison with the PARIS score in the validation cohorts
for out-of-hospital bleeding occurring while on-treatment with dual antiplatelet therapy (DAPT)

compared with the PARIS score in both validation cohorts
for TIMI major or minor bleeding (table 2). Discriminative
ability according to the c-index was similar between the
two scores (table 2). The alternative version of the
score lacking white-blood-cell count showed improved
discrimination and reclassification in the PLATO validation
cohort, and similar performance as compared with the
PARIS score in the BernPCI second validation cohort.
DAPT duration was randomly allocated in five of the
eight studies included in the generation dataset, with
5050 patients assigned to either 12 months or 24 months of
treatment and 5031 to 3 months or 6 months."* We
observed a significant increase in bleeding with a
long (12-24 months) rather than short (3-6 months)
duration of treatment exclusively in patients at high
bleeding risk (absolute risk difference [ARD] +2-59%
[95% CI +0-82 to +4-34]; number needed to treat: 38) but
not in those without a high bleeding risk profile (ie, very
low risk, low risk, and moderate risk: mean of the first
three quartiles ARD +0-14% [-0-22 to +0-49]
Pineracion=0+007; figure 3). This remained consistent after
censoring events occurring beyond 1 year after PCI (Pyercion
=0-047; appendix p 30). Concurrently, longer DAPT
duration reduced the composite ischaemic endpoint of
myocardial infarction, definite stent thrombosis, stroke, or
target vessel revascularisation in those at non-high
bleeding risk (ARD -1-53% [95% CI -2-64 to —0-41];
number needed to treat: 65), but not in those at high
bleeding risk (ARD +1-41% [-1-67 to +4+50]; Pieracion=0+ 07;
figure 4). When the composite of myocardial infarction,
definite ST, or stroke was assessed, longer DAPT duration
was not associated with a clear benefit in patients at non-
high bleeding risk (ARD —0-42% [95% CI —1-02 to +0-17])
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and to the possibility of harm in those at high bleeding risk
(ARD +1-96% [-0-39 t0 +4-30]; Pieracion=0+054; appendix
p 31). The resulting net effect on bleeding and ischaemia
suggested a favourable outcome with 12-24 month DAPT
in patients at non-high bleeding risk, but not in those at
high PRECISE-DAPT risk (figure 4).

At sensitivity analysis, we tested the effect of randomised
DAPT duration among bleeding risk strata in the
subgroup of patients presenting with acute coronary
syndrome at the time of PCI, with results remaining
largely consistent with those observed in the overall
population (appendix pp 32, 33). Patients presenting with
acute coronary syndrome and with a PRECISE-DAPT
score of at least 25 showed a significant increase in TIMI
bleeding after treatment with longer DAPT (ARD +2-61%
[95% CI +0-19 to +4-99]; number needed to treat: 38),
whereas those with a non-high PRECISE-DAPT risk
score did not (ARD +0-14% [-0-22 to +0-49];
Pinteraction=0- 034). At the same time, longer DAPT duration
reduced the composite ischaemic endpoint in patients
with acute coronary syndrome at a non-high PRECISE-
DAPT score (ARD —4-13% [95% CI —6-09 to —2-15];
number needed to treat: 24), but not in those with a
PRECISE-DAPT score of at least 25 (ARD +1-54%
[=3:27 10 +6- 32]; Pirerscion=0-032; appendix p 32).

Discussion

Ischaemic recurrences after stenting have dropped
considerably in the last years thanks to the introduction
of novel stent technologies and progressive refinement
of pharmaco-interventional techniques. However, due to
more potent and prolonged platelet inhibition, the
incidence of major bleeding has increased.® DAPT-
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Figure 2: Kaplan-Meier estimates of survival free from bleeding in both
derivation and validation cohorts stratified by score quartiles

Estimates for Thrombosis in Myocardial Infarction (TIMI) major or minor
bleeding occurring while on-treatment with dual antiplatelet therapy are
presented. Validation cohort 1 from the PLATO trial. Validation cohort 2 from
the BernPCl registry.

related bleeding is the most common complication after
coronary stent implantation in current practice, and it is
associated with lower survival, lower quality of life, and
higher health costs.*”

Numerous bleeding and ischaemic risk scores have
been proposed for the prediction of events occurring
alternatively in-hospital or out-of-hospital after PCIL.**#%2
However, most failed to be implemented in everyday
clinical practice largely because their use did not affect
treatment decisions.**

This study developed and validated the PRECISE-
DAPT score, a tool for the prediction of out-of-hospital
bleeding in patients undergoing coronary stenting. The
novel score showed reasonable discrimination and
calibration in two independent validation cohorts of
patients with contemporary use of all three oral P2Y,,
inhibitors and has potential to inform decision making
on DAPT duration. We confirmed the role of well-known
risk factors associated with out-of-hospital bleeding such
as age and haemoglobin at baseline. Similarly, covariates,
which have been previously associated with in-hospital
bleeding, such as renal function, and white-blood-cell
count, remained associated with bleeding occurring at
later timepoints.”* Additionally, we featured the
relevance of previous bleeding, which is commonly
appraised in practice,” and emerged as the strongest
predictor of bleeding in our score.

International guidelines suggest individualisation of the
antiplatelet treatment duration,’ as all randomised studies
invariably showed real or potential bleeding liability
associated with prolonged versus shortened DAPT
duration regimens.*”” We observed that among patients
deemed at high bleeding risk based on the PRECISE-DAPT
score, prolonged DAPT was associated with no ischaemic
benefit but a remarkable bleeding burden leading to a
number needed to treat for harm of 38. A longer treatment
in patients without high bleeding risk was associated with a
marginal or even no increase of bleeding and a significant
reduction of the composite ischaemic endpoint. Selecting
upfront a shorter than 12 month treatment duration in
patients deemed at high bleeding risk (PRECISE-DAPT
score =25) might prevent exposing them to an excessive
bleeding hazard. In turn, patients at non-high bleeding risk
(PRECISE-DAPT score <25) might receive a standard (ie,
12 months) or a prolonged (ie, >12 months) course of
treatment if tolerated. A separate assessment of this
treatment strategy in patients with acute coronary
syndrome provided consistent findings. Current
recommendations for DAPT duration suggest that patients
with acute coronary syndrome should undergo at least
12 month treatment unless the bleeding outweighs
ischaemic risks.* The PRECISE-DAPT score was able to
select patients with acute coronary syndrome with an
excessive bleeding risk, who failed to derive ischaemic
benefit from 12 month or 24 month DAPT duration,
whereas a more favourable net outcome was observed in
these selected patients with a shorter DAPT duration.

www.thelancet.com Vol 389 March 11, 2017



Articles

Very low bleeding risk

1.00 - [

Low bleeding risk

T

0-99

0984

ARD: -0-21% (95% Cl-0-76 to 0-30)

e

o

~
1

Probability of TIMI major or minor bleeding

—— Long DAPT (12-24 months)
—— Short DAPT (3-6 months)

ARD: 0:37% (95% Cl -0-22 to 0-95)

096 T T T T T T T
0 3 6 9 12 15 18 21

Number at risk
Long DAPT 1340 1311 1300 1293 1125 714 661 532

(12-24 months)
Short DAPT 1352 1337 1322 1312 1186 747 689 557

(3-6 months)

Moderate bleeding risk

0-99

098+

ARD: 0-28% (95% C1-0-39 to 0-94)

e

o

~
1

Probability of TIMI major or minor bleeding

0-96

24 0 3

T T T T 1
12 15 18 21 24

o
=}

184 1297 1271 1258 1252 1081 681 625 497 162

189 1304 1279 1266 1262 1122 673 615 507 151

High bleeding risk

ARD: 2:59% (95% Cl 0-82 to 4-34)

T T T T T
0 3 6 9 12 15 18 21

Ti th:
Number at risk ime (months)

Long DAPT 1307 1270 1266 1293 1091 654 603 504
(12-24 months)

Short DAPT 1273 1240 1230 1312 1074 632 588 482
(3-6 months)

1 T T T T T T T 1
24 0 3 6 9 12 15 18 21 24

Time (months)

149 1106 1042 1027 1005 880 545 511 459 82

141 1102 1019 1011 993 884 528 493 434 71

Figure 3: 24 month Kaplan-Meier estimates of survival free from Thrombosis in Myocardial Infarction (TIMI) major or minor bleeding among PRECISE-DAPT
bleeding risk quartiles (ie, very low, low, moderate, and high bleeding risk) for patients randomly assigned to long (12-24 months) or short (3-6 months)

dual antiplatelet therapy (DAPT)

Absolute risk differences (ARDs) are presented: a positive ARD represents the risk increase for a long, as compared with a short, course of DAPT.

A prediction algorithm was recently proposed for
patients who tolerated 12 month DAPT to select those
eligible for treatment prolongation.® However, this
strategy cannot be applied earlier at the time of treatment
initiation, to select a shorter than 12 month treatment
duration in patients at high bleeding risk. Earlier decision
making is especially desirable for bleeding prevention,
considering that, as observed in our analysis, median
time to bleeding was 5-6 months.

Two risk scores have been developed to evaluate the
absolute ischaemic and bleeding risk after coronary
stenting in the context of the PARIS registry.” At variance
with our analysis, the PARIS study did not provide a
decision-making algorithm for deciding upon DAPT
duration. With respect to bleeding risk prediction, our

www.thelancet.com Vol 389 March 11, 2017

score ultimately proved at least as good as PARIS,
showing improved integrated discrimination and net
reclassification, whereas c-indices were numerically but
not always statistically superior.

Our study had a number of strengths. We derived a
simple risk score that was developed and validated from
three largely representative, prospectively investigated
patient cohorts with rigorous event adjudication, and
based on a well standardised and accepted bleeding
definition.>** At variance with previous scores designed
to predict in-hospital bleeding,® our model was
developed to predict out-of-hospital bleeding events,
which are more relevant in the decision making on
secondary prevention with antithrombotic medications.
This novel score is the first being validated in patients
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Figure 4: Absolute risk difference (ARD) for a long (12-24 months) as compared with a short (3-6 months)
dual antiplatelet therapy (DAPT) duration with respect to ischaemia (myocardial infarction, definite stent
thrombosis, stroke, or target vessel revascularisation) and bleeding (Thrombosis in Myocardial Infarction
major or minor bleeding) within the four PRECISE-DAPT score quartiles

ARD curves plotted on the upper side of the zero line represent benefit from a long DAPT treatment, whereas curves
plotted on the lower side of the zero line represent harm from a long DAPT as compared with a short treatment (A).
Event rate for ischaemia and bleeding after a long or short DAPT treatment within the four PRECISE-DAPT quartiles.
A positive ARD represents the risk increase for a long as compared with a short course of DAPT (B).
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treated with more potent P2Y,, inhibitors, which
represent the standard of care for patients with acute
coronary syndrome. This score was retrospectively
applied among patients randomly assigned to a
shortened or prolonged DAPT duration to propose and
validate simple DAPT duration treatment strategy
according to bleeding risk. A simplified score modelled
without white-blood-cell count was also derived and
validated, which might prove useful in cases where
white-blood-cell count is not available.

Among the limitations, we acknowledge that event
discrimination in our score ranged from moderate to
good. Emerging predictors for bleeding, including frailty,
might be missing in our model,”” and future studies
should implement clinical, laboratory, or genetic factors
to possibly improve its discriminative capability.
Information regarding single patients’ drug adherence
was lacking in our dataset and each patient was considered
on-DAPT treatment according to the prespecified or
randomised treatment duration at the time of PCL
A granular collection of patient on-treatment or off-
treatment status during follow-up would have been
desirable. Information regarding previous bleeding in the

PLATO  validation  cohort was limited to
previous gastrointestinal bleeding. Our score slightly
underestimated bleeding risk in the PLATO PCI
population possibly because of the higher bleeding risk in
the PLATO trial, which included only patients with acute
coronary syndrome, or as a reflection of chance. However,
given the calibration results observed in the all-comer
BernPCI registry, our score appears well suited to predict
bleeding risk status in real-world patients. Discrimination
in patients treated with prasugrel was poorer. Since
prasugrel administration was not randomised in both
derivation and BernPCI validation cohorts, and its use in
individuals older than 75 years or with increased bleeding
liability is discouraged, patients at lower bleeding risk
might have been selected for this treatment, potentially
hampering the score’s ability to correctly discriminate
bleeding. Based on similar considerations, the score did
slightly better in patients taking proton-pump inhibitors.
The PARIS score discrimination might have been
underestimated since patients on oral anticoagulants
were not included in our study. However, these patients
are per se considered at high bleeding risk. Dedicated
bleeding risk score for patients on oral anticoagulants
should probably be used to better estimate bleeding risk
and corresponding treatment strategies. Whether the
routine use of the PRECISE-DAPT risk score in
an unselected population substantially mitigates bleeding
risk by better informing decision making remains to be
prospectively ascertained.

In conclusion, we developed and validated the
PRECISE-DAPT score, a simple five-item prediction
algorithm for the prediction of out-of-hospital bleeding
in patients treated with DAPT. The PRECISE-DAPT
score identified patients in whom the Dbenefits of
prolonged DAPT outweighed the risks and vice versa. In
the context of a comprehensive clinical evaluation
process, this tool can support clinical decision making
for treatment duration. Prospective validation of this
score in practice remains desirable.

Contributors

MYV and FC conceived, designed and interpreted the study, drafted

the manuscript, and revised and approved the final manuscript.

DvK designed the study, analysed and interpreted data, and revised and
approved the final manuscript. EWS, SJ, FF, LR, TP, DH, TZ, M-KH,

H-SK, AC, PGS, TP, LW, DLB, GWS, and SW interpreted data, and
revised and approved the final version of the manuscript.

Declaration of interests

MV received research grants from The Medicines Company, Terumo,
and AstraZeneca, outside the submitted work. DvK is supported by the
National Institutes of Health (grant U0INS086294). EWS is supported by
the National Institutes of Health (grant U0INS086294). S] received
institutional research grants from The Medicines Company,
AstraZeneca, Abbot Vascular, and Boston Scientific, outside the
submitted work. TP received personal fees from Biotronik, Medtronic,
and Edwards, outside the submitted work. TZ is supported by the Swiss
National Science Foundation. PGS reports grants from Merck, Servier,
and Sanofi, personal fees from Amarin, Amgen, AstraZeneca, Bayer,
Boehringer Ingelheim, Bristol-Myers Squibb, CSL-Behring,
Daiichi-Sankyo, GlaxoSmithKline, Janssen, Lilly, Merck, Novartis, Pfizer,
Regeneron, Sanofi, Servier, and The Medicines Company, outside the

www.thelancet.com Vol 389 March 11, 2017



Articles

submitted work. LW reports grants and personal fees from AstraZeneca,
during the conduct of the study; grants from Merck & Co and Roche,
personal fees from Abbott, grants and personal fees from
GlaxoSmithKline, Boehringer Ingelheim, and Bristol-Myers Squibb/
Pfizer, and holds two patents involving GDF-15, outside the submitted
work. DLB sits on the advisory boards of Cardax, Elsevier Practice
Update Cardiology, Medscape Cardiology, Regado Biosciences; sits on
the board of directors of Boston VA Research Institute, Society of
Cardiovascular Patient Care; chairs the American Heart Association
Quality Oversight Committee; sits on the data monitoring committees of
Duke Clinical Research Institute, Harvard Clinical Research Institute,
Mayo Clinic, Population Health Research Institute; receives honoraria
from the American College of Cardiology (Senior Associate Editor,
Clinical Trials and News, ACC.org), Belvoir Publications (Editor-in-Chief,
Harvard Heart Letter), Duke Clinical Research Institute (clinical trial
steering committees), Harvard Clinical Research Institute (clinical trial
steering committee), HMP Communications (Editor-in-Chief, Journal of
Invasive Cardiology), Journal of the American College of Cardiology (Guest
Editor, Associate Editor), Population Health Research Institute (clinical
trial steering committee), Slack Publications (Chief Medical Editor,
Cardiology Today’s Intervention), Society of Cardiovascular Patient Care
(Secretary and Treasurer), WebMD (CME steering commiittees), Clinical
Cardiology (Deputy Editor), NCDR-ACTION Registry Steering
Committee (Vice-Chair), and VA CART Research and Publications
Committee (Chair); receives research funding from Amarin, Amgen,
AstraZeneca, Bristol-Myers Squibb, Eisai, Ethicon, Forest Laboratories,
Ischemix, Medtronic, Pfizer, Roche, Sanofi-Aventis, and The Medicines
Company; receives royalties from Elsevier (Editor, Cardiovascular
Intervention: A Companion to Braunwald’s Heart Disease); is a site
co-investigator for Biotronik, Boston Scientific, and St Jude Medical; is a
trustee for American College of Cardiology; and does unfunded research
for FlowCo, PLx Pharma, and Takeda, outside the submitted work.

GWS reports personal fees from Velomedix, personal fees from Toray,
Vascular Dynamics, Miracor, TherOx, Reva, V-wave, Matrizyme, Ablative
Solutions, Neovasc, and Medical Development Technologies, and stock
or equity from MedFocus family of funds, Guided Delivery Systems,
Micardia, Vascular Nonotransfer Technologies, Cagent, Qool
Therapeutics, Caliber, Aria, and Biostar family of funds, outside the
submitted work; and is a consultant on prasugrel patent litigation paid
for by Lupin Pharmaceuticals, outside the submitted work. SW reports
grants from Abbott, Biotronik, Biosensors, Edwards Lifesciences,
Medtronic, and St Jude Medical, personal fees from AstraZeneca and
Daiichi Sankyo, and grants and personal fees from Boston Scientific and
Sanofi, outside the submitted work. FC, FF, LR, DH, M-KH, H-SK, AC,
and TP declare no competing interests.

Acknowledgments

We thank Maria Bertilsson, Johan Lindbick, and Tatevik Ghukasyan for
their support regarding the PLATO trial data. We thank Marcello Marino
for his contribution in events adjudication.

References

1 YusufS, Zhao F, Mehta SR, et al. Effects of clopidogrel in addition
to aspirin in patients with acute coronary syndromes without
ST-segment elevation. N Engl ] Med 2001; 345: 494-502.

2 Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus clopidogrel
in patients with acute coronary syndromes. N Engl | Med 2009;
361: 1045-57.

3 Wiviott SD, Braunwald E, McCabe CH, et al. Prasugrel versus
clopidogrel in patients with acute coronary syndromes.

N Engl ] Med 2007; 357: 2001-15.

4 Navarese EP, Andreotti F, Schulze V, et al. Optimal duration of dual
antiplatelet therapy after percutaneous coronary intervention with
drug eluting stents: meta-analysis of randomised controlled trials.
BM]J 2015; 350: h1618.

S Windecker S, Kolh P, Alfonso F, et al. 2014 ESC/EACTS
guidelines on myocardial revascularization: the Task Force on
Myocardial Revascularization of the European Society of
Cardiology (ESC) and the European Association for
Cardio-Thoracic Surgery (EACTS). Developed with the special
contribution of the European Association of Percutaneous
Cardiovascular Interventions (EAPCI). Eur Heart | 2014;

35: 2541-619.

www.thelancet.com Vol 389 March 11, 2017

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Levine GN, Bates ER, Bittl JA, et al. 2016 ACC/AHA guideline
focused update on duration of dual antiplatelet therapy in patients
with coronary artery disease: a report of the American College of
Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines. | Am Coll Cardiol 2016; 68: 1082-115.

Mauri L, Kereiakes DJ, Yeh RW, et al. Twelve or 30 months of dual
antiplatelet therapy after drug-eluting stents. N Engl ] Med 2014;
371: 2155-66.

Yeh RW, Secemsky EA, Kereiakes DJ, et al. Development and
validation of a prediction rule for benefit and harm of dual
antiplatelet therapy beyond 1 year after percutaneous coronary
intervention. JAMA 2016; 315: 1735-49.

Pilgrim T, Heg D, Roffi M, et al. Ultrathin strut biodegradable
polymer sirolimus-eluting stent versus durable polymer
everolimus-eluting stent for percutaneous coronary
revascularisation (BIOSCIENCE): a randomised, single-blind,
non-inferiority trial. Lancet 2014; 384: 2111-22.

Raber L, Kelbaek H, Ostojic M, et al. Effect of biolimus-eluting
stents with biodegradable polymer vs bare-metal stents on
cardiovascular events among patients with acute myocardial
infarction: the COMFORTABLE AMI randomized trial. JAMA 2012;
308: 777-87.

Gwon HC, Hahn JY, Park KW, et al. Six-month versus 12-month
dual antiplatelet therapy after implantation of drug-eluting stents:
the Efficacy of Xience/Promus Versus Cypher to Reduce Late Loss
After Stenting (EXCELLENT) randomized, multicenter study.
Circulation 2012; 125: 505-13.

Feres F, Costa RA, Abizaid A, et al. Three vs twelve months of dual
antiplatelet therapy after zotarolimus-eluting stents:

the OPTIMIZE randomized trial. JAMA 2013; 310: 2510-22.
Valgimigli M, Campo G, Monti M, et al. Short- versus long-term
duration of dual-antiplatelet therapy after coronary stenting:

a randomized multicenter trial. Circulation 2012; 125: 2015-26.

Kim BK, Hong MK, Shin DH, et al. A new strategy for
discontinuation of dual antiplatelet therapy: the RESET Trial

(REal Safety and Efficacy of 3-month dual antiplatelet Therapy
following Endeavor zotarolimus-eluting stent implantation).

J Am Coll Cardiol 2012; 60: 1340—48.

Colombo A, Chieffo A, Frasheri A, et al. Second-generation
drug-eluting stent implantation followed by 6- versus 12-month dual
antiplatelet therapy: the SECURITY randomized clinical trial.

J Am Coll Cardiol 2014; 64: 2086-97.

Valgimigli M, Patialiakas A, Thury A, et al. Zotarolimus-eluting
versus bare-metal stents in uncertain drug-eluting stent candidates.
J Am Coll Cardiol 2015; 65: 805-15.

Tickoo S, Bhardwaj A, Fonarow GC, Liang L, Bhatt DL, Cannon CP.
Relation between hospital length of stay and quality of care in
patients with acute coronary syndromes (from the American Heart
Association’s Get With the Guidelines—Coronary Artery Disease
Data Set). Am ] Cardiol 2016; 117: 201-05.

Baber U, Mehran R, Giustino G, et al. Coronary thrombosis and
major bleeding after PCI with drug-eluting stents: risk scores from
PARIS. | Am Coll Cardiol 2016; 67: 2224-34.

Steyerberg E. Clinical prediction models. New York: Springer Verlag,
2008.

Harrell FE Jr, Califf RM, Pryor DB, Lee KL, Rosati RA.

Evaluating the yield of medical tests. JAMA 1982; 247: 2543—46.

van Klaveren D, Steyerberg EW, Perel P, Vergouwe Y. Assessing
discriminative ability of risk models in clustered data.

BMC Med Res Methodol 2014; 14: 5.

Kang L, Chen W, Petrick NA, Gallas BD. Comparing two correlated
C indices with right-censored survival outcome: a one-shot
nonparametric approach. Stat Med 2015; 34: 685-703.

Pencina M]J, D’Agostino RB St, D’Agostino RB Jr, Vasan RS.
Evaluating the added predictive ability of a new marker: from area
under the ROC curve to reclassification and beyond. Stat Med 2008;
27:157-72; discussion 207-12.

Moons KG, Altman DG, Reitsma JB, et al. Transparent Reporting of
a multivariable prediction model for Individual Prognosis or
Diagnosis (TRIPOD): explanation and elaboration.

Ann Intern Med 2015; 162: W1-73.

Angiolillo DJ. The evolution of antiplatelet therapy in the treatment
of acute coronary syndromes: from aspirin to the present day.
Drugs 2012; 72: 2087-116.

1033



Articles

1034

26

27

28

29

Amin AP, Bachuwar A, Reid K], et al. Nuisance bleeding with

prolonged dual antiplatelet therapy after acute myocardial infarction
and its impact on health status. | Am Coll Cardiol 2013; 61: 2130-38.

Genereux P, Giustino G, Witzenbichler B, et al. Incidence,

predictors, and impact of post-discharge bleeding after percutaneous

coronary intervention. | Am Coll Cardiol 2015; 66: 1036—45.

Subherwal S, Bach RG, Chen AY, et al. Baseline risk of major
bleeding in non-ST-segment-elevation myocardial infarction:
the CRUSADE (Can Rapid risk stratification of Unstable angina

patients Suppress ADverse outcomes with Early implementation of

the ACC/AHA Guidelines) bleeding score. Circulation 2009;

119: 1873-82.

Bohula EA, Bonaca MP, Braunwald E, et al. Atherothrombotic risk
stratification and the efficacy and safety of vorapaxar in patients
with stable ischemic heart disease and previous myocardial
infarction. Circulation 2016; 134: 304-13.

30

31

32

Gurm HS, Bhatt DL, Lincoff AM, et al. Impact of preprocedural
white blood cell count on long term mortality after percutaneous
coronary intervention: insights from the EPIC, EPILOG, and
EPISTENT trials. Heart 2003; 89: 1200-04.

Valgimigli M, Costa F, Byrne R, Haude M, Baumbach A,
Windecker S. Dual antiplatelet therapy duration after coronary
stenting in clinical practice: results of an EAPCI survey.
Eurolntervention 2015; 11: 68-74.

Hijazi Z, Oldgren J, Lindback J, et al. The novel biomarker-based
ABC (age, biomarkers, clinical history)-bleeding risk score for
patients with atrial fibrillation: a derivation and validation study.
Lancet 2016; 387: 2302-11.

www.thelancet.com Vol 389 March 11, 2017



	Derivation and validation of the predicting bleeding complications in patients undergoing stent implantation and subsequent dual antiplatelet therapy (PRECISE-DAPT) score: a pooled analysis of individual-patient datasets from clinical trials
	Introduction
	Methods
	Study design and population
	Outcomes
	Validation cohorts
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


