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ABSTRACT

Objective Treatment effects to binary endpoints using
time-to-event data in randomised controlled trials

are typically summarised by reporting HRs derived

with Cox proportional hazard models. Alternative and
complementary methods include summarising the
between-treatment differences on the metric time scale,
quantifying the effect as delay of the event (DoE). The aim
of this study was to reassess data from the PLATO study
expressing the effects as the time by which the main
outcomes are delayed or hastened due to treatment.
Methods PLATO was a randomised controlled double-
blind multicentre study (n=18,624), conducted between
2006 and 2008, which demonstrated superiority of

the antiplatelet treatment ticagrelor over clopidogrel in
reducing risk of several cardiovascular events. In the
present study, four of the main PLATO outcomes were
reassessed by calculating the time by which an event may
be delayed due to the treatment.

Results The effects of ticagrelor, as compared with
clopidogrel, consisted of a substantial delay of the
evaluated outcomes, ranging from 83 to 98 days over
400-day follow-up. The Delay of Events Curves showed
that the effects progressively increased over time, and the
significant findings were concordant with those presented
in the original PLATO study.

Conclusions This study confirmed evidence of a
beneficial effect of ticagrelor over clopidogrel, and
provided the magnitude of such effects in terms of
delayed event time. Investigating time-to-event data with
a percentile approach allows presenting treatment effects
from randomised controlled studies as absolute measures
of the time by which an event may be delayed due to the
treatment.

Trial registration number PLATO (www.clinicaltrials.gov;
NCT00391872); Results.

INTRODUCTION

Patients with acute coronary syndrome (ACS),
with or without ST-segment elevation, benefit
from antiplatelet therapy, which reduces the
risk of major cardiovascular adverse eventsand
premature cardiovascular death. In 2009, the
PLATO study demonstrated that ticagrelor, a
new reversibly binding and direct-acting oral
antagonist of the ADP receptor, significantly
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KEY MESSAGES

What is already known about this subject?
PLATO was a randomised controlled double-blind
multicentre study which demonstrated superiority of
the antiplatelet treatment ticagrelor over clopidogrel in
reducing risk of several cardiovascular events.

What does this study add?

Four of the main PLATO outcomes were reassessed by
calculating the time by which an event may be delayed
due to the treatment. Ticagrelor provides substantial
benefits by delaying the events in the range of 80—100
days.

How might this impact on clinical practice?
Findings from the current study may add substantial
information to the pharmaco-pathophysiological
understanding of how the treatment provides its effect
and how that relates to time on treatment.

reduces the risk of the composite of death
from vascular causes, myocardial infarction
(MI) or stroke as well as the risk of vascular
death, compared with clopidogrel in patients
with ACS." Ticagrelor has since then been
included as an antiplatelet treatment option
in the treatment guidelines.”™

The PLATO study was a state-of-the art
randomised controlled multicentre study
that investigated several binary outcomes
comparing a new treatment alternative to
the best available treatment clopidogrel.
The effect of ticagrelor over clopidogrel
was assessed using Cox proportional hazard
models, which is the typical statistical
approach  when  investigating  binary
endpoints using time-to-event data. Results
from such analyses, in agreement with the
CONSORT recommendations,” are conven-
tionally presented by displaying the survival
curves derived with the Kaplan-Meier
method, and by summarising the effect
measures in terms of absolute event rates as
well as HRs and 95% Cls. For example, in the
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original PLATO study, it was reported that the primary
endpoint of overall mortality occurred in 4.5% of study
subjects in the ticagrelor group, and in 5.9% in the clopi-
dogrel group over the follow-up period. The comparison
between the groups was presented by reporting an HR of
0.78 (95% CI 0.69 to 0.89).

Despite the well-established advantages of estimating
HRs with Cox regression, the solitary use of HRs to
present treatment effects does not come without some
limitations, which have been summarised in details.*""
Several authors have underlined the importance of
complementing regular statistical analyses with other
effect measures, possibly providing the time dimension
of the association of interest.”” One possibility is to eval-
uate the percentiles of the survival function presenting
results in terms of survival percentile differences.”"’ Such
measures of association can be obtained from the Kaplan-
Meier curve and express the delay in time by which
a specific proportion of cases is achieved by different
treatment groups.'’ One of the main advantages of such
measure is that any percentile can be estimated, which is
extremely useful in situations where the fraction of events
is low or the follow-up time is short.” The development
of multivariable statistical methods for survival percen-
tiles, such as Laplace regression,'' has extended the
potentials of investigations in which multivariable adjust-
ment is required or interactions need to be assessed.’
2 Presenting the effect of a covariate or treatment as a
gain (or loss) in disease-free time is further believed to
be an intuitive measure, easy to interpret for laymen.
Such a measure could, thus, be of value in clinical deci-
sion making when patients are to decide to initiate and
adhere to a proposed treatment.'” '

The overall aim of the present study is to investigate
the effects of ticagrelor in the PLATO study in terms of
delay of the event as compared with clopidogrel. The
study also has the aim to illustrate the advantages and
clinical relevance of a complementary estimation of
utility method to quantify treatment effects in terms of
delayed event time.

METHODS
PLATO (www.clinicaltrials.gov; NCT00391872; currently
in Results stage) was a randomised controlled double-
blind multicentre studyincluding 18 624 patients from 862
centres in 43 countries during 2006-2008. Details about
the design'’ and the main results' have been published
previously. This study uses the same study sample as the
original study, which included patients hospitalised for
ACS, with or without ST-segment elevation, with an onset
within the preceding 24hours. Patients were randomly
assigned to receive ticagrelor, 90 mg twice daily (n=9333),
or clopidogrel 75mg daily (n=9291) and were followed
for a 12-month study period.

Appropriate national and institutional regulatory
authorities and ethics committees approved the study
design of the original study and all participants provided

written informed consent. The present study was
approved by the PLATO Publications Committee.

The main outcomes

The following reported outcomes in PLATO are re-eval-
uated in the present study: (1) time to first occurrence
of the composite of death from vascular causes, MI
(excluding silent MI) or stroke; (2) time to first occur-
rence of MI (including silent MI); (3) cardiovascular
death/MI (including silent MI); (4) all-cause mortality/
MI and stroke; (5) total major bleeding, as defined in the
original PLATO study; and (6) non-CABG (coronary-ar-
tery bypass grafting) major bleeding events.

Statistical analysis

The effect of ticagrelor over clopidogrel was assessed in
terms of Delay of Events (DoE), differences in survival
time by which specific proportions of cases are achieved
by the two treatment groups.'’ DoE was estimated by
modelling survival percentiles with Laplace regression, a
statistical method for censored quantiles.” For all the six
investigated outcomes, the cumulative incidence curves
for the two treatment groups were estimated by taking
the complement of the survival curves calculated with
the Kaplan-Meier method. From the cumulative inci-
dence, it is possible to assess the highest percentile that
can be estimated, that is, the achieved fraction of cases
in the superior treatment. Estimation of survival percen-
tiles beyond the highest observed percentile would
require data extrapolation. Given a specific percentile
corresponding to a time point when an event would
occur taking the lesser efficient treatment, that is, clopi-
dogrel, the DoE expresses the benefit in terms of how
long the event is delayed due to the superior treatment
(ie, ticagrelor), that is, the increase in eventfree time.
When inevitable health outcomes, such as mortality for
all causes, are investigated, the DoE depicts a prolonged
survival time. A negative DoE would imply harm, that is,
that the event occurs earlier than in the compared group.

For all six scenarios, DoE and corresponding 95% CIs
were then estimated by simultaneously fitting unadjusted
Laplace regression on all the observed percentiles. The
treatment effect as measured by the survival percentile
difference was then plotted versus the survival percentile
in the control group. In our case, results were graphi-
cally reported by plotting the delay in survival time in the
ticagrelor group versus survival time in the clopidogrel
group. The percentile approach directly connects delay
times and percentiles, so that it is also possible to think
of the delay as a function of treatment time. The graph-
ical presentation that we provide depicts this relationship
by presenting DoEs as a function of survival time in the
group that has the lowest cumulative incidence at the end
of the treatment period.

All statistical analyses were performed with the
laplace function in R, currently incorporated in the ctgr
package.'® (The laplace function is still available upon
request at http://www.imm.ki.se /biostatistics/laplace/).
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Table 1 Baseline characteristics of the study sample,

according to treatment group

Variable

Ticagrelor n=9333 Clopidogrel n=9291

Age, years (median,

62.0 (54.0-71.0)

62.0 (54.0-71.0)

IQR)

Age >75years 1396 (15.0%) 1482 (16.0%)
Female 2655 (28.4%) 2633 (28.3%)
Weight (median, IQR) 80.0 (70.0-90.0) 80.0 (70.0-90.0)
Weight <60kg 652 (7.0%) 660 (7.1%)

BMI (median, IQR)
Race

27.4 (24.7-30.5)

27.3 (24.7-30.4)

White 8566 (91.8%) 8511 (91.6%)
Black 115 (1.2%) 114 (1.2%)
Asian 542 (5.8%) 554 (6.0%)
Other 109 (1.2%) 112 (1.2%)
Current smoker 2326 (24.9%) 3318 (35.7%)
Diabetes prevalence 2326 (24.9%) 2336 (25.1%)

BMI, body mass index.

RESULTS

The study population is the same as in the original PLATO
study where baseline characteristics were balanced in both
treatment arms (table 1). For a more detailed description
of baseline characteristics, including presence of cardio-
vascular risk factors, comorbidity and diagnostic findings,
the reader can refer to the original publication.’'

Figure 1 presents the cumulative incidence curves and
DoE graphs for the six investigated outcomes (panels
A-F), using the clopidogrel group as reference. To clarify
the meaning and interpretation of the DoE, results on
the first outcome are further represented in details in
Figure 2. When focusing on time to the composite of
death from vascular causes, MI (excluding silent MI) or
stroke (figures 1A, 2) the delay of event due to ticagrelor
as compared with clopidogrel at the fourth, sixth and
eighth percentiles is estimated at 4 (95% CI 0 to 9), 30
(95% CI 7 to 53) and 73 (95% CI 20 to 127) days. At the
end of l-year treatment, when the clopidogrel group is at
the 10th percentile, the delay of event was 83 days (10th
DoE=83 days; 95% CI 37 to 128). The Delay of eEvents at
the 10th percentile is illustrated by a horizontal line in
the Kaplan—-Meier graph. Within the clopidogrel group,
10% of the study subjects experienced outcome 1 within
223 days, and the same fraction of cases was observed 83
days later among subjects treated with ticagrelor. MI was
observed in 5% of the patients, and the delay of the event
was up to 84 days at the fifth percentile (fifth DoE=84
days; 95% CI 31 to 136) (figure 1B). Death from vascular
causes, MI and stroke was observed in 9% of the study
population, and the delay in the event associated with
the ticagrelor treatment was up to almost 100 days (ninth
DoE=98 days; 95% CI 50 to 146) (figure 1C). Similar
proportions and delay in survival were observed for the
composite endpoint of all-cause mortality, MI and stroke

(ninth DoE=94 days; 95% CI 49 to 139) (figure 1D). Total
bleeding and non-CABG-related major bleedings were
the only outcomes in which ticagrelor did not show bene-
ficial effects (figure 1E,F). The negative Delay of eEvents,
consistently observed over follow-up, was not statistically
significant for total bleeding (10th DoE=-29 days; 95% CI
88 to 30) but was statistically significant for non-CABG-re-
lated bleeding (fifth DoE=-95 days; 95% CI 170 to 30).

DISCUSSION

The main goal of this study was to re-evaluate data from
the high-quality PLATO clinical trial to quantify, in terms
of delayed survival, the beneficial effects of ticagrelor
treatment over clopidogrel. By evaluating the percentiles
of survival, we quantified the established information
of relative efficacy of the treatment in absolute terms
of delayed time to the adverse events. We observed that
ticagrelor provides substantial benefits by delaying the
events in the range of 80-100 days. Our results support
the hypothesis that additional measures to quantify the
treatment/outcome effect in terms of time improve the
understanding of the treatment effects over follow-up.

When evaluating time-to-event outcome, the common
way of summarising results, such as estimating HRs with
Cox proportional hazard regression, may be subject to
some limitations. First, the treatment effect is commonly
reported as a single HR, implicitly assuming a fixed effect
over the follow-up. However, since the HR may change
over time, information may be lost and results become
dependent on the time point of the analysis.” The vari-
ation of a treatment's effect may be of special concern
in studies where the occurrence of the outcome is
non-linear over time, such as the case of postsurgery and
postinfarction studies, where there typically is a high
initial risk of death/adverse events followed by a gradual
decrease/stabilisation over time. Methods to incorporate
time-varying effects in a Cox model, thus presenting HRs
as a function of time, have been developed, but these are
rarely used in regular practice, and presenting results
with a single HR solidly remains the most common way to
summarise the between-group difference in time-to-event
analysis. Moreover, the HR is a relative effect measure,
and despite its methodological justification a solitary HR
is not sufficient to support clinical decisions, as it is unin-
formative of the absolute risk. Studies have shown that
relative measures of effect, when presented to patients
and doctors, exaggerate understanding of the effect
compared with absolute measures.' "

Over the possible additional measures presented in the
literature, the evaluation of survival percentiles provides
various advantages that were documented in this study.
First, it is suitable in studies with low-risk events, as
researchers may focus the analysis at low percentiles
without any data extrapolation. Despite being a high-risk
patient group, the incidence rates in the PLATO trial
were rather low for the reported outcomes. In this study,
by focusing on survival percentiles, we could evaluate
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Figure 1

Cumulative incidence in clopidogrel and ticagrelor groups, and Delay of eEvents associated with ticagrelor use for

death from vascular causes/MI or stroke (A), Ml (B), death from vascular causes, MI, stroke (C), death from any cause, Ml or
stroke (D), total major bleeding (E) and non-CABG maijor bleeding (F). CABG, coronary-artery bypass grafting; MI, myocardial
infarction; TIA, transient ischaemic attack; CV, cardiovascular; SR, serious recurrent ischaemia; Rl, recurrent ischaemia.

differences in survival, for each outcome, only relying on
the observed fraction of cases. Another important quality
of the percentile approach is that it gives an estimate of
the magnitude of the effect, quantified in terms of time.
For instance, we observed maximum delays of the event
up to 83-98 days. These effects are substantial, given that

the follow-up-time was 360 days, and provide evidence of
the treatment benefits in a way that is not captured by
classical approaches. The DoE depicts the effect in an
absolute matter, which may be more comprehensible for
patients and laymen and, thus, of potential value in clin-
ical decision making. Appealing features of the percentile
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Figure 2 Cumulative incidence in clopidogrel and ticagrelor
groups, and Delay of eEvents associated with ticagrelor

use for death from vascular causes/myocardial infarction or

stroke.

approach also include the simple interpretation of the
graphical display, which complements the well-known
Kaplan—-Meier estimator. The curves in figure 1A-D intu-
itively display the beneficial effects of ticagrelor over
clopidogrel, effects that are consistent during the entire
follow-up. Such information could not be easily obtained
and conveyed when presenting the treatment effect using
a single HR.

Recent developments in the statistical literature for
censored quantile regression allow estimating survival
percentiles in a regression-based framework."' Among
the possible methods, the use of Laplace regression,
where coefficients obtained from the model are directly
interpreted in terms of Delay of eEvents associated with
the predictor of interest, provides important features.
Laplace directly focuses on the survival function by
estimating the percentiles of interest without requiring
any specific shape for the overall survival curve.'' The
model uses a distributional assumption on the errors
(asymmetric Laplace distribution). Nevertheless, the
model has shown good performances under different
scenarios.”’** A robust estimation via a gradient search
maximisation algorithm is used for its estimation.”'
Laplace provides all modelling advantages such as
multivariable adjustment’ or interaction assessment,'”
can be used with different time scales.”” Methods for
censored quantiles based on the Laplace distribution
are available as a user-friendly command in the Stata
statistical software (up to version 14),”” and in the ctqr
package in R, which can also incorporate truncated
data.'” Other conditional censored quantile methods
can be estimated in SAS with PROC QUANTLIFE (up
to version 9.3), and in R with the function ¢rg within the
package quantreg. The performances and advantages of
the methods have been presented, in recent years, by

different application on both real”* and simulated

data.””* While possibly all percentiles can be esti-
mated, one should avoid estimating percentiles beyond
the observed range that would require a consistent
amount of data extrapolation. Future methodological
research should extend the method and evaluate its
performances in relevant settings such as those situa-
tions where competing events are taken into account

By definition, the percentile approach reports
associations at specific percentiles. The individual
interpretation of a DoE graph is therefore conditional
on having experienced the event at specific time point.
The DoE curve, therefore, only applies to patients
who could have been included in the study and who
would have developed the event sometime during the
follow-up. More generally, this is the target group for
a preventive treatment—only patients who would have
an event when untreated may benefit from treatment.
In shared clinical decision making, reporting results in
terms of Delay of eEvents would allow communicating
to the patients: ‘You have an increased risk of having
(the event) in the next (time period). This curve gives
you an estimate of how much the event may be delayed
if you take the treatment for (time period).” The poten-
tial use of the DoE in shared clinical decision making,
nevertheless, remains to be further investigated.

This study also had the analytical purpose of comparing
if the statistical findings from the original PLATO study
would be concordant with statistical findings for the same
outcomes using the percentile approach. As expected,
findings from this study, while providing an absolute
measure of the magnitude of the effect, were consistent
with the original study results. As illustrated in table 2,
the significant findings of the effect as HRs in the original
PLATO were also significant in terms of DoE evaluated
at the highest reached percentile. The non-statistically
significant finding of more bleeding events in the tica-
grelor group in the original PLATO study (HR 1.04,
95% CI 0.95 to 1.13) corresponded to a non-statistically
significant negative DoE of -29 days (95% CI 88 to 30)
at the 10th percentile (panel E of the figure). Findings
from the current study may add substantial information
to the pharmaco-pathophysiological understanding of
how the treatment provides its effect and how that relates
to time on treatment. In general, novel approaches, such
as the evaluation of survival percentiles, should always
be complemented with the presentation of results from
classical approaches to provide a more comprehensive
understanding of the treatment effect.

CONCLUSION

This study confirmed evidence of beneficial effects of
ticagrelor over clopidogrel, and provided the magnitude
of such effects in terms of delayed event time. Through
this practical example in an important clinical trial, we
presented the advantages that the evaluation of addi-
tional measures of effect may accrue to the literature. In
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Table 2 Delay of Events associated with ticagrelor use, as compared with clopidogrel, in the PLATO study

Max observed
percentile
10th

5th
9th

Delay of events’
(days) (95% CI)f

83 (37 to 128)

Clopidogrel

Ticagrelor

p Value
<0.001
0.005

HR*(95% CI)*

group n/total (%)

1014/9291 (11.7)
593/9291 (6.9)

group n/total (%)

864/9333 (9.8)

Endpoint

0.84 (0.77 0 0.92)
0.84 (0.75 0 0.95)
0.88 (0.81 0 0.95)

1) Death from vascular causes/MI* or stroke®

2) MI

84 (31 to 136)
98 (50 to 146)

504/9333 (5.8)

<0.001

1456/9291 (16.7)

1290/9333 (14.6)

3) Death from vascular causes, MI¥, stroke, severe recurrent

ischaemia, recurrent ischaemia, TIA or other arterial thrombotic

event!

9th

95 (49 to 139)

<0.001
0.30

0.84 (0.77 t0 0.92)
1.04 (0.95 t01.13)

1065/9291 (12.3)

901/9333 (10.2)

4) Death from any cause, MI* or stroke

5) Total major bleeding®®

10th
5th

—29 (-88 to0 30)
—95 (=17 to -19)

929/9186 (11.2)
306/9186 (3.8)

961/9235 (11.6)

0.006

362/9235 (4.5) 1.31(1.08 to 1.60)

6) Non-CABG major bleeding.

*HRs from the original PLATO study are herein reported.

TDoEs were estimated by fitting Laplace regression models on the highest observed percentile.

FMI was defined in accordance with the universal definition proposed in 2007.

§Composite endpoint of death from either vascular causes, Ml or stroke.

fiComposite of first occurrence to either event.

§§Total major bleeding was defined as major life-threatening bleeding, fatal bleeding, intracranial bleeding, intrapericardial bleeding with cardiac tamponade, hypovolemic shock or severe

hypotension due to bleeding and requiring pressors or surgery, a decline in the haemoglobin level of 5.0 g/L or more.

CABG, coronary-artery bypass grafting; MI, myocardial infarction; TIA, transient ischaemic attack.

particular, investigating time-to-event data with a percen-
tile approach allows presenting treatment effects from
randomised controlled studies as absolute measures of
the time by which an event may be delayed due to the
treatment.
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