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H I G H L I G H T S

• In real-life, clopidogrel was used in older patients compared with ticagrelor or prasugrel.• Prasugrel was used mostly after percutaneous intervention.• There were fewer deaths in ticagrelor users than in matched clopidogrel users.• There was no difference between ticagrelor and matched prasugrel users, or between clopidogrel and matched prasugrel users.
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A B S T R A C T

Background and aims: We aimed to compare the effectiveness of ticagrelor vs. clopidogrel or prasugrel on re-
currence of acute coronary syndromes (ACS) in real-life conditions, as requested by regulatory authorities at the
time of marketing.
Methods: We performed a cohort study in SNDS, the French national healthcare database. All patients with a
hospital admission for ACS in 2013 were followed one year. Patients on ticagrelor, clopidogrel or prasugrel were
matched 1:1 using age, gender, index ACS type, and high-dimensional propensity scores (hdPS). Outcomes were
ACS, stroke, all-cause death, and major bleeding, compared within matched groups using Cox proportional
hazards models analysis during treatment.
Results: 54,048 ACS were hospitalized in 2013. At discharge, 19,796 were dispensed clopidogrel, 8242 prasu-
grel, and 13,916 ticagrelor. Per group, 9224 ticagrelor vs. clopidogrel, 6752 ticagrelor vs. prasugrel, and 4676
prasugrel vs. clopidogrel patients were matched. Compared to clopidogrel, ticagrelor was associated with a lower
hazard ratio of death 0.73 [0.59–0.90] and composite criterion (0.88, 95% CI [0.79–0.99] but not ACS 0.92
[0.80–1.06], stroke (0.96 [017-5.53]) or major bleeding (1.02 [0.82–1.26]). Prasugrel was not different from
ticagrelor or clopidogrel for any outcome, in matched patients.
Conclusions: Ticagrelor in real-life conditions in matched populations was associated with a lower risk of all-
cause death than clopidogrel, and a lower risk of composite outcome, as in the main pivotal clinical trial.
Ticagrelor and prasugrel were not different, nor were prasugrel and clopidogrel.
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1. Introduction

Ticagrelor, an orally active antiplatelet agent (APA) acting on the
P2Y12 platelet receptor [1,2], was found to have an advantage over
clopidogrel in secondary prevention after myocardial infarction (MI) in
the pivotal clinical trial, PLATO [3,4]. There are few direct comparisons
of ticagrelor vs. prasugrel, essentially one short-term underpowered
clinical trial that found no difference [5], a finding replicated in a
single-centre observational study [6]. Indirect comparisons led to con-
flicting conclusions [7–10]. Compared to clopidogrel, prasugrel con-
ferred an advantage in mortality and other endpoints after post-MI
stenting in the TRITON pivotal trial [11].

Ticagrelor is indicated in Europe in association with low-dose as-
pirin for secondary prevention after an acute coronary syndrome (un-
stable angina, non ST elevation, or ST elevation MI), whereas prasugrel
is indicated for the prevention of stent thrombosis after PCI.

When ticagrelor was marketed in France, the regulatory authorities
requested a real-life study to quantify, over one year, the rates of ser-
ious events (death, MI, stroke, major bleeding) in patients treated with
ticagrelor compared to competitor drugs (clopidogrel, prasugrel). This
study was set up in the French nationwide healthcare system database,
SNDS [12]. Prasugrel is used in a different patient population than
clopidogrel. Their direct comparison, which was not initially planned,
was added post-hoc.

The present paper reports on the results of this study, called
Secondary Prevention of Acute Coronary Events - antiplatelet Agents or
SPACE-AA.

2. Materials and methods

Methods are extensively described in a companion paper submitted
to MethodsX.

2.1. Study objective

The objectives of this study, Secondary Prevention of Acute
Coronary Events with Antiplatelet Agents (SPACE-AA), were to com-
pare in real-life conditions ticagrelor with clopidogrel or prasugrel in
the secondary prevention post ACS, on effectiveness and safety end-
points (ACS, stroke, all cause death, bleeding).

2.2. Study design

This was a high-dimensional propensity score matched cohort study
(13) in the French nationwide Système National des Données de Santé
(SNDS) [12], of all patients hospitalized for an ACS in 2013. Cohort
follow-up was one year.

2.3. Setting

The Système National des Données de Santé (SNDS) is a data linkage
between SNIIRAM, the nationwide claims database of the French
National Healthcare system, PMSI, the national hospital database, and
CepiDC, the national death registry. It includes more than 98% of the
French population (66 million persons) from birth (or immigration) to
death (or emigration), even if a subject changes occupations or retires.
It contains individual anonymized information on outpatient medical
care claims including all reimbursed drugs, information from hospital
admissions discharge summaries, and date of death, that are linked to
create a longitudinal record of health encounters, hospital diagnoses
and drug dispensings [12].

2.4. Subjects and study size

All adults with a first hospitalisation for acute coronary syndrome
(ACS), with ICD-10 codes I20.0 or I21 as primary diagnosis in 2013, in a

private or public hospital, with admission to an intensive care unit
during the hospital stay, who were alive at discharge and not trans-
ferred to a rehabilitation centre, were considered for inclusion.
Diagnostic codes had been validated in a previous study, with over 85%
positive predictive value [14]. Patients with a history of ACS within 30
days prior to the index hospital admission were excluded. Patients had
to have at least one-year history and one-year potential follow-up in the
database, or less for patients who died during follow-up. There was no
loss to follow-up. Study size was determined empirically as all available
subjects over one year in the country.

2.5. Variables

The index date was the date of discharge from the first hospitali-
sation for ACS between 01/01/2013 and 31/12/2013. Baseline demo-
graphic and clinical characteristics are described at the index hospita-
lisation, and from the previous year.

2.5.1. Exposure and follow-up
APA (i.e. clopidogrel, ticagrelor or prasugrel) exposure of interest

was defined as the first APA dispensed within 30 days after the index
date. The APA exposure period started at the index date and ended 30
days after the end of the dispensed drug supply, at dispensing of a
different APA (switch), at death or the occurrence of an event of interest
(for that event), or at the end of the follow-up period.

Usage patterns of ticagrelor, prasugrel, or clopidogrel are described
during the year after the index date, whether aspirin was concomitantly
dispensed or not.

2.5.2. Outcomes
Endpoints were all cause death, hospital admission (primary diag-

nosis) for ACS, stroke, or bleeding. The primary effectiveness endpoint
was a composite of ACS, stroke, and death; secondary effectiveness
endpoints included the individual items: ACS, stroke, or death; the
primary safety endpoint was hospitalisation for bleeding. The ICD10
codes used to identify outcomes are described in the online supple-
mentary material appendix I, II, III. They have been used in previous
studies of cardiovascular outcomes in that database [15–17].

2.5.3. Confounders
In addition to age, sex, social deprivation indicator, type of ACS,

index PCI or CABG, duration of hospital stay, days in intensive care,
hospital category, previous dispensing of low-dose aspirin or APA,
previous ACS, and Charlson comorbidity index (as recommended in this
database) [18], more than 500 other empirical variables in 5 main di-
mensions: (Chronic diseases present at index date; Hospitalisation di-
agnoses during the year previous to index date; Cardiovascular drugs
(7-digit ATC codes) dispensed during the year previous to index date;
non-cardiovascular drugs (7 digit ATC codes) in the year previous to
index date; Medical or paramedical encounters and lab tests during the
year previous to index date) were used to generate high-dimensional
propensity scores for statistical analyses (see supplementary online
appendix IV and companion methods paper) [19].

These variables included all previous cardiovascular history and the
main confounders such as diabetes (a direct risk factor and a proxy for
increased BMI), chronic obstructive pulmonary disease (COPD, a proxy
for chronic severe smoking), ACS prior to inclusion, atrial fibrillation,
heart failure, renal disease, hypertension, peripheral arterial disease or
cancer, which have been found to be associated with outcomes such as
death or recurrence of ACS in a previous study [16].

2.6. Statistical analyses

All analyses were pre-specified and described in a statistical analysis
plan before beginning the study, which was registered with the
European Medicines Agency EUPAS database prior to start of study, for
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ticagrelor vs. clopidogrel and ticagrelor vs. prasugrel. The comparison
of prasugrel vs. clopidogrel was not initially prespecified, and was
added post hoc at the request of a reviewer. It was done in exactly the
same manner as the two initially prespecified comparisons.

In brief, hdPS were determined for each drug pair (ticagrelor vs.
clopidogrel, ticagrelor vs. prasugrel, clopidogrel vs. prasugrel). The
methodology of hdPS is described in Supplementary materials (Statis-
tical analysis plan) and in the companion MethodsX paper. The vari-
ables included in hdPS were selected according to standard procedures,
on the tightness of their association with outcomes, using logistic re-
gression [13,19] The variables included in the hdPS are provided in the
Supplementary Materials (Appendix 4).

Patients were matched 1:1 for gender, age at index date, type of
index ACS (unstable angina, ST-elevated myocardial infarction
(STEMI), non-ST elevated myocardial infarction (NSTEMI)) and hdPS,
using greedy nearest neighbour matching. Goodness of match was as-
sessed by the hdPS distributions in unmatched and matched popula-
tions (Supplementary Fig. S1) and by standardized mean differences in
unmatched and matched populations (Supplementary Figs. S2 and S3)
[20].

The unmatched (crude) population descriptions for all patients
considered for the study (including other antiplatelet agents) are shown
in Supplementary Table S1.

Main baseline characteristics in matched populations are shown in
Table 2.

Event rates were computed in matched populations using Kaplan
Meier methods. Rates were computed during exposure, as defined
above. Patients were censored for each individual outcome at first oc-
currence, at death, upon cessation of exposure or at end of study period.
There was no missing data, and no loss to follow-up within the study
population. Main outcomes in crude populations are shown in
Supplementary Table S2.

The main statistical analysis relied on Cox proportional hazards
ratios comparisons of hdPS-matched cohorts. Hazard ratios for events in
matched populations are shown in Figs. 1–3.

The generalizability of the results in the matched population to the
entire treated populations was tested using adjusted Cox proportional

hazards or Fine and Gray models with the same variables used for
matching (among which age, gender, type of ACS, and hdPS). The forest
plots for these different adjustments are shown in Supplementary Figs.
S5 and S6.

Hazard ratios were also analysed according to the type of initial ACS
(all ACS, Unstable angina, STEMI and NSTEMI) (Supplementary Fig.
S7).

Statistical analysis was conducted by Bordeaux PharmacoEpi, a re-
search platform of University of Bordeaux, using SAS® software (SAS
Institute, Version 9.4, North Carolina, USA).

The authors had full access to all the data used in this analysis.

2.6.1. Study authorization and registration
This study was authorized by the National Commission on

Informatics and Liberties (CNIL) on 9 October 2014, Number 1739312.
No individual patient information or consent was required.

This study was registered with the European Union Post-
Authorization Studies registry (EUPAS) under N° EUPAS5987 at www.
encepp.eu.

3. Results

In 2013, 76,844 patients had an ICD10 hospital diagnostic code for
ACS and an ICU stay during index hospitalisation; 54,097 were in-
cluded in the study population with 19,796 (36.6%) on clopidogrel,
13,916 (25.7%) on ticagrelor, and 8242 (15.2%) on prasugrel (Table 1).
Ticagrelor patients were younger than clopidogrel but older than pra-
sugrel. Over 90% of prasugrel users had had a percutaneous coronary
intervention, consistent with stent thrombosis prevention
(Supplementary Table S1). Most patients had their first outpatient APA
dispensing on the day of hospital discharge. The one-year cumulative
incidence of discontinuation or switch of the initial APA was 37.3%
(95% CI [36.5–38.1]) for ticagrelor, 35.7% [35.0–36.3] for clopidogrel,
and 29.2% [28.2–30.2] for prasugrel. There is no knowledge of the
reasons for stopping or switching drugs. The crude one-year cumulative
risks for outcomes overall and per initial diagnosis group are in
Supplementary Table S2. As expected, the older (mean age 74)

Table 1
Study populations.

Study population, n

Selection criteria 76,844
First hospitalisation with I20.0 or I21 primary diagnosis
Between 1st January, 2013 and 31 December, 2013
Without history of ACS (I20.0, I21-24) in the 30 days before
In a teaching/regional hospital, other public or private hospital
With or without at least one day in an intensive care unit
With at least one day in an intensive care unit

Exclusion criteria 22,747
Index hospitalisation duration= 0 day and alive at discharge 748
Uncertain identification (several twins or beneficiaries) 68
Less than 18 years at index date 6
Less than 365 days of history in SNIIRAM before index date 2095
Death during index hospitalisation 3911
Alive at discharge and without any reimbursed healthcare in the 365 days after index date 1888
Rehabilitation centre in the 30 days after index date 14,031

Study populations: initial APA 54,097
Clopidogrel (±ASA) 19,796
Ticagrelor (±ASA) 13,916
Prasugrel (±ASA) 8242
ASA alone 7068
No APA (no dispensation within 30 days after discharge) 5026
Other: other APA or association of several APA (±ASA) 49

Matched populations
Ticagrelor vs. clopidogrel (per group) 9224
Ticagrelor vs. prasugrel (per group) 6752
Clopidogrel vs. prasugrel (per group) 4676

APA: antiplatelet agent; ASA: aspirin.
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clopidogrel patients had more ACS, stroke, deaths and major bleeding
than patients on ticagrelor (mean age 63) or prasugrel (mean age 58).

9224 ticagrelor patients (71% of all ticagrelor patients) were mat-
ched to 9224 clopidogrel patients (47%), 6752 each for ticagrelor
(49%) and prasugrel (82%), and 4676 each for prasugrel (34%) vs.
clopidogrel (24%) (Table 2). Distributions of hdPS in unmatched and
matched populations are shown in Supplementary Fig. S1 for the
comparisons with ticagrelor and in Supplementary Fig. S2 for clopi-
dogrel vs. prasugrel. Standardized mean differences are shown in
Table 2 for the main parameters, and in Supplementary Figs. S3 and S4
for all 500 parameters for the two comparisons with ticagrelor. None
exceeded 1% [20].

Patients exposed to ticagrelor had a significantly lower relative risk
of the composite outcome (Hazard ratio 0.88, 95%CI [0.79–0.99]) and
all-cause death (0.73 [0.59–0.90]) than matched patients exposed to
clopidogrel. There was no difference in ACS, stroke or major bleeding
(Fig. 1).

There was no difference between patients on ticagrelor vs. matched
patients on prasugrel for any of the outcomes (Fig. 2).

There was no significant difference between matched patients on
prasugrel vs. clopidogrel for any of the outcomes (Fig. 3). Point esti-
mates were lower with prasugrel, and similar to those observed with
ticagrelor vs. clopidogrel, but confidence intervals were wider because
of the small matched population.

Results were similar with adjusted analyses, for ticagrelor vs. clo-
pidogrel (Supplementary Fig. S5), or vs. prasugrel (Supplementary Fig.
S6) and for each initial diagnosis category (Supplementary Fig. S7)
Considering the small overlap of the populations of clopidogrel vs.
prasugrel, we did not analyse adjusted models on the whole population.

Events were more common during the first three months of follow-
up (Supplementary Fig. S8).

4. Discussion

The objective of SPACE-AA was to study the one-year effectiveness
and safety of ticagrelor in France, compared to clopidogrel or prasugrel
in the secondary prevention of coronary events. Most of the patients
had PCI, and the vast majority had full quadritherapy for secondary
prevention, as described in other studies [15,17,21]. We did not con-
sider the in-hospital use of and outcomes associated with APA at the
time of the initial ACS. Our objective was to study the real-life per-
formance of ticagrelor compared to clopidogrel over one year after
discharge from the hospital as recommended [22], with reference to the
pivotal trial, PLATO [3], and to the Swedeheart registry [3,23,24], and
to compare ticagrelor and prasugrel. In a post-hoc analysis we also
compared clopidogrel and prasugrel, even though they were used in
very different populations with little overlap.

The usage patterns of the APA in SPACE-AA were consistent with
guidelines and marketing authorizations. Prasugrel was prescribed al-
most exclusively after PCI in younger, predominantly male patients,
and clopidogrel in older patients. Ticagrelor was used in a wider array
of patients, which allowed us to find sizable matched populations of
patients vs. prasugrel and clopidogrel. To this intent, we selected 500
variables among the several thousand variables available in the data-
base that were considered to develop the hdPS, using standard high-
dimensional propensity score methods [25]. We also used a modified
Charlson score which is highly predictive of fatal outcomes [18], and
the variables associated with death or ACS recurrence in similar pa-
tients in a previous study [16].

In these highly matched patients, we found that the use of ticagrelor
was associated with fewer all-cause deaths and composite events than
clopidogrel. There was no significant difference in the recurrence of
ACS, nor in stroke, or major bleeding. A lower death rate with tica-
grelor, with no difference in rates of ACS recurrence, may point to a
competing risk effect, whereby lower death rates may result in more
ACS survivors with ticagrelor. These results are consistent with theTa
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post-hospitalisation period in the PLATO trial [3,4], despite slightly
different baseline population profiles. In PLATO, the hazard ratio for
all-cause death was 0.81 [0.68–0.95] compared to 0.73 [0.59–0.90]
here. All-cause death rate was 5.0% in PLATO compared to 6.1% here.

We had already found a higher death rate in our post-MI patients than
in patients in the Pegasus-TIMI54 study [16]. Similarly, stroke was less
common in SPACE-AA (0.9%) than in PLATO (1.2%), findings showed
in long-term post-infarction outcome studies [16,26]. SWEDEHEART is

Fig. 1. Forest plots of hazard ratios with 95% CI, ticagrelor vs. clopidogrel in the hdPS-matched populations.

Fig. 2. Forest plots of hazard ratios with 95% CI, ticagrelor vs. prasugrel in the hdPS-matched populations.
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an observational study in the Swedish MI registry, which did not resort
to hdPS matching but to standard adjustment techniques [27]. In ad-
dition, for about half the time of SWEDEHEART only clopidogrel was
available, so the effects of ticagrelor might have also been confounded
by changes over time in outcomes [28], possibly explaining 12% death
rates for clopidogrel compared to 6% for ticagrelor. In SWEDEHEART,
adjusted HR for death was 0.83 [0.78–0.93], but the difference in MI
recurrence did not quite reach significance (0.89 [0.78–1.01] compared
to 0.92 [0.80; 1.06] in SPACE-AA). In SWEDEHEART, there was a
higher risk of bleeding in ticagrelor patients (HR 1.20 [1.04–1.40]),
which was found neither in PLATO (0.99 [0.89–1.10]) nor in SPACE-AA
(1.02 [0.82–1.26]). As in SWEDEHEART and PLATO, about half of the
events in SPACE-AA occurred in the first weeks of follow-up, within 3
months of the initial event.

There are few direct comparisons of ticagrelor vs. prasugrel
[3,5–10,29–31]. We found no difference between event rates in mat-
ched patients on ticagrelor or prasugrel, concerning death or any other
outcome. Our confidence intervals are narrow and fall within or near
the usual equivalence bands except for stroke, of which there were so
few that it was next to impossible to have a precise estimate, replicating
previous findings [16]. The comparison of prasugrel with clopidogrel
found no significant differences. Even though all point estimates were
in favour of prasugrel over clopidogrel, the number of events was too
small to provide enough power or precision to reach significance. The
patients prescribed prasugrel or clopidogrel were so different that few
patients could be matched and compared, and therefore, the applic-
ability of this comparison should not be more than tentative.

4.1. Limitations and strengths

This study has the limits and strengths of claims databases studies:
The main strength of database studies, in addition to size and re-

presentativeness, is that the data in the SNIIRAM claims database are
acquired prospectively, continuously, automatically and independently

of this or any other study. Patients are followed lifelong, whatever their
social or professional situation or age, and there are no loss to follow-
up.

However, there are well-known limits: there is limited clinical in-
formation [12].

Patient outcomes are determined from hospital discharge summa-
ries. These are not the individually adjudicated outcomes of clinical
trials. The codes used for acute coronary syndromes or stroke have been
verified [14,32] and used in other studies in the same database
[15,16,21]. Coding in the hospitals is subject to routine quality control
and regular audits by local, regional and national stakeholders [33].
Errors in the diagnostic codes for selection, matching and outcome
might reduce precision, but would not create bias unless there was
systematic preferential attribution of a diagnostic code based on ex-
posure to a given drug. Death data comes from the national death
registry, and although cause of death is not reported, all-cause death
can be considered a robust outcome. It was the one most affected by
ticagrelor vs. clopidogrel.

Unmeasured confounders may result in residual confounding, which
could explain some of the results, especially since the differences, even
if of similar magnitude to those found in the clinical trial, may be
thought small, with NNT to observe one fewer death> 200, or> 100
for the combined criterion. On the other hand, there is a clear contrast
between the matched and the crud results (Supplementary Table S5).
The crude HR for the composite was 0.51 [0.47–0.55] and for death
0.25 [0.21–0.29].

Though a confounder may not be directly measured, other variables
may be associated with the unmeasured factors: this is the basis for
hdPS [13]. There are proxies for unmeasured risk factors such as
smoking or body mass index. Chronic obstructive lung disease is highly
correlated with the chronic heaving smoking, and was a major risk
factor for repeat ACS in post-MI patients [16]. Type 2 diabetes, pre-
sumably also a proxy for BMI, was another such risk factor for recur-
rence of ACS [16] To be a confounder, a factor must be associated with

Fig. 3. Forest plots of hazard ratios with 95% CI, clopidogrel vs. prasugrel in the hdPS-matched populations.
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the outcome and exposure, i.e., the choice of the drug must depend on
this confounder. This may be the case for PCI and prasugrel, but PCI is
captured and was adjusted or matched for. Smoking or poly-medication
may be a reason to choose ticagrelor rather than clopidogrel, because of
the risk of interactions with clopidogrel. This would result in putting
higher-risk patients on ticagrelor, which is not what we found. We also
included poly-medication in the hdPS.

Matching by hdPS selects patients who are very similar on a large
number of variables. This can be seen by the distribution of the pro-
pensity scores before and after matching (Supplementary Fig. S1), or
the standardized mean differences before and after matching
(Supplementary Fig. S3). The generalizability of the results obtained in
the matched populations to the whole population is ascertained by
computation of hazard ratios using whole population analyses, adjusted
on the same criteria as the matching. Because there is an overlap in the
propensity scores over the whole range of the score (Supplementary Fig.
S1), there were no excluded or extrapolated patients. This was not true
for clopidogrel vs. prasugrel, where the overlap was small
(Supplementary Fig. S2) and fewer than half the patients of the smaller
population were matched. The large number of variables used for hdPS
raises the risk of overfitting and collinearity. Overfitting was avoided by
adjusting the number of variables considered in the hdPS to the number
of patients. Collinearity is systematically tested and taken into account,
as is the proportionality of hazard, testing for time interactions. All
these verifications are automated and built into the statistical analysis
routines.

Exposures are determined from dispensing, which provides the
name of the drug preparation, strength and number of tablets dis-
pensed. Exposure is derived from dispensing, with a 30-day grace
period after the theoretical end of the dispensed supply to take into
account possible drug hoarding. Dispensing is not necessarily exposure,
but is one step closer to actual exposure than prescription. It also en-
sures that at the very least the patient had access to the drug, and avoids
recollection bias. The issue of compliance, i.e., the link between buying,
or being given the drug, and actually using it is a constant problem in
drug-related clinical research, including clinical trials. Having taken
possession of the drug is a reasonable proxy for exposure, especially if
the dispensing is regularly repeated, as is the case here.

Comparisons are tentative since the attribution of treatment was not
randomized. We describe event rates in patient populations exposed to
the different drugs, populations which were identical over a wide range
of variables.

The representativeness of our study populations is certain, since
SNDS includes over 98% of the French population.

4.2. Conclusion

This nation-wide hdPS matched cohort study confirmed that in si-
milar patients ticagrelor was associated with fewer deaths or composite
endpoints than clopidogrel, and that there was no difference with
prasugrel, nor between prasugrel and clopidogrel, in France, at that
time.

Study registration

www.ENCEPP.eu, EUPAS registration number: EUPAS 5987.
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