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In clinical trials where the aim lies in observing the
occurrence of new events during the follow-up period,
the main focus is usually on the time elapsed until the
initial event occurs. If this initial event is non-fatal,
adopting this approach means that information from
subsequent incidents will be lost. However, when cap-
turing the effect of treatment on the total burden of
disease is of interest, it is recommended to include re-
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current events into analysis. Recurrent events are de-
fined as endpoints that occur after the initial event, as
determined by researchers. Examples include readmis-
sions, undergoing specific procedures, clinical worsen-
ing, and death during the follow-up period.

There are different statistical methods available
to analyze recurrent events in the context of clinical
trials.’? Those most widely currently used ones are

(Table 1):

a) The Lin Wei Yang Ying (LWYY) model. It is an
extension of the Cox model. It offers the advantage of
allowing events that are not independent to be mod-
eled, since it considers the grouping of events in high-
risk patients. It also allows modeling terminal events,
that is, those after which individuals are no longer at
risk (e.g. death). Its disadvantages include assuming
non-informative censoring between events (the absence
of survival information for one event is unrelated to
another) and assuming proportional hazard ratios for
the entire follow-up period.

b) The negative binomial model. It is an extension
of the Poisson model. Its advantage over it is that it re-
laxes some of its assumptions, such as having a fixed
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event rate during the follow-up period, and having the
same event rate in all individuals. It allows for estimat-
ing and comparing incidence rates. Similar to the LWYY
model, it enables the modeling of terminal events but
assumes non-informative censorship between events as
a disadvantage.

¢) Win Ratio. It is a method that allows includ-
ing recurring events by ranking the components of
the endpoint. It compares, through matching, each
patient in the intervention group with those in the
control group. In each control-intervention pair, the
incidence of the components of the endpoint is evalu-
ated in descending order of importance (e.g. 1*: death,
2" hospitalization, 3™ improvement on a quality of
life scale), and the result in each pair is categorized as
“win”, “loss” or “draw”. The Win Ratio is calculated
as the total number of wins over the total losses of the
intervention group. If value is greater than one, the re-
sult is in favor of the intervention. If the effect is to be
compared with that estimated by other measures, such
as relative risk or hazard ratio, it should be expressed
as 1/Win Ratio.

d) Joint Frailty Models. They allow estimating the
risk of recurrent events in the presence of a terminal
event, although they only estimate the hazard ratio of
non-fatal events. In other words, they do not allow ter-
minal events to be included in the combined endpoint.
They calculate the risk of experiencing recurrent events
considering the coexistence of the risk of the occurrence
of terminal event. In most clinical situations, patients at
high risk of non-fatal events are at greater risk of experi-
encing a fatal event.

e) Area under the curve (AUC). It is a restrict-
ed mean survival time extension. Its advantage lies in
its lack of statistical assumptions. Its disadvantage is
that a fixed monitoring period must be established, so
events that occur subsequently will not be taken into
account. The AUC estimates the time elapsed between
the event and the end date of monitoring ("lost time"),
for each event. Subsequently, these times are added
in each patient and averaged in each study group. It
can be presented in absolute form, as the difference
in time, or in relative form, as a ratio of time between
the intervention and control groups. The event-time
average equals the area under the cumulative incidence
curve of events. It should be considered that events
occurring late during follow-up contribute minimally
to its estimation.

Table 1. Statistical methods to analyze recurrent events

Method Event Measure

Lin Wei Yang Ying Non-terminal and terminal Hazard Ratio

Negative Binomial Non-terminal and terminal Rate Ratio
Win Ratio Non-terminal and terminal Win Ratio
(odds/win/loss)

Joint Frailty Models Non-terminal Hazard Ratio
Difference or

Rate Ratio

Area under the curve  Non-terminal and terminal

Gregson et al. recently published a review on the
methodology for analyzing recurrent events.! They
compare the results of applying the aforementioned
methods to data from different cardiovascular clin-
ical trials. For example, in the case of the EMPER-
OR-Preserved study, which was a study that random-
ized patients with heart failure and preserved ejection
fraction to receive empaglifozin (n=2,997) or placebo
(n=2,991) and whose primary endpoint was the inci-
dence of cardiovascular death or hospitalizations due
to heart failure, a total of 1,411 events were observed
(463 deaths and 948 hospitalizations due to heart fail-
ure).” Among these, 926 were first events, and 485
were recurrent events. As usually observed in clinical
settings, most patients experienced either one event or
none. Only a few had several events. It was observed
that the active treatment arm presented a lower num-
ber of events compared to the control arm. Table 2
presents the effect measures and their corresponding
confidence intervals for each of the methods described.
In this case, the results were similar. In other situa-
tions, depending on the nature of the events under
study and the assumptions of the models, the results
may differ.

Some considerations to take into account when
choosing an analysis method for studies aimed at eval-
uating the occurrence of events during follow-up:

* In patients without established disease, the main
goal of treatment is to prevent the onset of the disease.
Therefore, the analysis of time until the first event is
an appropriate option (e.g. Cox model).

* In patients with a chronic disease, the main goal
of treatment is to reduce the total number of events
during the follow-up period. Analyses that include re-
curring events are more useful.
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* In patients with advanced-stage disease, quality
of life is relevant. The Win Ratio allows quality of life
measures to be combined with the incidence of fatal
and non-fatal events.

Table 2. Comparison of effects estimated by different
methods of analysis of recurrent events in the EMPEROR-

Preserved study

Method Estimated Effect Cl95% p\Value
Lin Wei Yang Ying 0.79 0.68 - 0.92 0.003
Negative Binomial 0.78 0.66-0.93 0.004
1/Win Ratio 0.80 0.70 - 0.93 0.001
Joint Frailty Models 0.73 0.61-0.88 < 0.001
Area under the curve 0.76 0.66 - 0.88 0.002
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