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Time-to-Event Analysis
Juliana Tolles, MD, MHS; Roger J. Lewis, MD, PhD

Time-to-event analysis, also called survival analysis, was used
in the study by Nissen et al1 published in this issue of JAMA
to compare the risk of major adverse cardiovascular events
(MACE) in a noninferiority trial of a combination of naltrexone and
bupropion vs placebo for overweight or obese patients with car-

diovascular risk factors. The
authors used a type of time-to-
event analysis called Cox pro-
portional hazards modeling to

compare the risk of MACE in the 2 groups, concluding that the use
of naltrexone-bupropion increased the risk of MACE per unit time
by no more than a factor of 2.

Use of the Method
Why Is Time-to-Event Analysis Used?
One way to evaluate how a medical treatment affects patients’ risk
of an adverse outcome is to analyze the time intervals between the
initiation of treatment and the occurrence of such events. That
information can be used to calculate the hazard for each treatment
group in a clinical trial. The hazard is the probability that the
adverse event will occur in a defined time interval. For example,
Nissen et al1 could measure the number of patients who experience
MACE while taking naltrexone-bupropion during week 8 of the
study and calculate the risk that an individual patient will experi-
ence MACE during week 8, assuming that the patient has not had
MACE before week 8. This concept of a discrete hazard rate can be
extended to a hazard function, which is generally a continuous
curve that describes how the hazard changes over time. The haz-
ard function shows the risk at each point in time and is expressed
as a rate or number of events per unit of time.2

Calculating the hazard function using time-to-event observa-
tions is challenging because the event of interest is usually not
observed in all patients. Thus, the time to the event occurrence for
some patients is invisible—or censored—and there is no way to
know if the event will occur in the near future, the distant future, or
never. Censoring may occur because the patient is lost to follow-up
or did not experience the event of interest before the end of the
study period. In Nissen et al,1 only 243 patients experienced MACE
before the termination of the study, resulting in 8662 censored
observations, meaning there were 8662 patients for whom it is not
known when they experienced MACE, if ever. Common nonpara-
metric statistical tests, such as the Wilcoxon rank sum test, could
be used to compare the time intervals seen in the 2 groups if the
analysis was limited to only the 243 patients who had observed
events; however, when censored data are excluded from analysis,
the information contained in the experience of the other 8662
patients is lost. While it is unknown when in the future, if ever,
these patients will experience an event, the knowledge that these
patients did not experience MACE during their participation in the
trial is informative. The information contained in censored observa-
tions varies: patients whose data are censored early, such as a
patient who is lost to follow-up in the first weeks of a study, con-

tribute less information than those who are observed for a long
time before censoring. However, all observations provide some
information, and to avoid bias, methods of analysis that can accom-
modate censoring are used for time-to-event studies.

Kaplan-Meier plots and the Cox proportional hazards model
are examples of methods for analyzing time-to-event data that
account for censored observations. A Kaplan-Meier curve plots the
fraction of “surviving” patients (those who have not experienced an
event) against time for each treatment group. The height of the
Kaplan-Meier curve at the end of each time interval is determined
by taking the fraction or proportion of patients who remained
event-free at the end of the prior time interval and multiplying that
proportion by the fraction of patients who survive the current time
interval without experiencing an event. The value of the Kaplan-
Meier curve at the end of the current time interval then becomes
the starting value for the next time interval. This iterative and
cumulative multiplication process begins with the first time interval
and continues in a stepwise manner along the Kaplan-Meier curve;
the Kaplan-Meier curve is thus sometimes called the “product limit
estimate” of the survival curve. Censoring is properly taken into
account because only patients still being followed up at the begin-
ning of each time interval are considered in determining the frac-
tion “surviving” at the end of that time interval.3 Figures 2A and 2B
in Nissen et al1 plot the cumulative incidence of MACE in each
group vs time, an “upside-down” version of Kaplan-Meier, which
provides similar information.

While a Kaplan-Meier plot elegantly represents differences be-
tween different groups’ survival curves over time, it gives little in-
dication of their statistical significance. The statistical significance
of observed differences can be tested with a log-rank test.3 This test,
however, does not account for confounding variables, such as dif-
ferences in patient demographics between groups.

The Cox proportional hazards model both addresses the prob-
lem of censoring and allows adjustment for multiple prognostic
independent variables, or confounders such as age and sex. The
model assumes a “baseline” hazard function exists for individuals
whose independent predictor variables are all equal to their refer-
ence value. The baseline hazard function is not explicitly defined
but is allowed to take any shape. The output of a Cox proportional
hazards model is a hazard ratio for each independent predictor
variable, which defines how much the hazard is multiplied for each
unit change in the variable of interest as compared with the base-
line hazard function. Hazard ratios can be calculated for all inde-
pendent variables, both confounders and intervention variables.

What Are the Limitations of the Proportional Hazards Model?
The Cox proportional hazards model relies on 2 important assump-
tions. The first is that data censoring is independent of outcome of
interest. If the placebo patients in the trial by Nissen et al1 were
both less likely to experience MACE and less likely to follow up with
trial investigators because they did not experience weight loss, the
probability of censoring and the risk of MACE would be correlated,
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threatening the validity of the analysis. The second assumption is
that the hazard functions, representing the risk of an event over
time, are proportional to each other for all patient groups. In other
words, the hazard functions all have the same shape and differ only
in overall magnitude; the effect of each independent predictor or
confounder is on the overall magnitude of the hazard function. In
this trial, it is reasonable to assume that the baseline hazard func-
tion for MACE in patients taking placebo looks like a line with a
positive slope: age likely increases the hazard of a cardiovascular
event. The assumption of proportional hazards means that the haz-
ard function of MACE in patients taking naltrexone-bupropion is
assumed to be the baseline hazard multiplied by an unknown, con-
stant value. This assumption would be violated if, for example,
patients taking the drug experience an early increase in risk of
MACE after initiating treatment as a result of adverse effects but
then experience decreased risk over the long-term as they lose
weight. In that scenario, the treatment group hazard function
would be shaped like a peak with a long tail and would not be pro-
portional to the baseline hazard function.

How Should Time-to-Event Findings Be Interpreted
in This Particular Study?
The trial was designed as a noninferiority study and statistically
powered to assess the null hypothesis that the hazard ratio of
naltrexone-bupropion to placebo for MACE is greater than 2.0 at
the 25% interim analysis point. Using a Cox proportional hazard
model with randomized treatment as a predictor, the estimated
hazard ratio was 0.59 (95% CI, 0.39-0.90). It can therefore be con-
cluded that the hazard ratio of MACE associated with the active
treatment was less than 2.0. Although it might be tempting to con-
clude that the hazard ratio is smaller (eg, less than 1.0), the hypoth-
esis testing structure of the noninferiority trial only allowed a rigor-
ous conclusion to be drawn about the hypothesis that the hazard
ratio was less than 2.0.

Caveats to Consider When Looking at Results
From a Time-to-Event Analysis
Nissen et al1 used a Cox proportional hazards model to estimate the
hazard ratio associated with naltrexone-bupropion compared with
placebo for MACE in overweight or obese patients with cardiovas-

cular risk factors. This trial likely meets the assumptions of the Cox
proportional hazards model: the censoring is likely to be indepen-
dent of hazard, and the hazard functions for all groups are likely to
be roughly proportional. Readers should interpret with caution any
time-to-event analysis in which the probability of being lost to
follow-up or the duration of observation is likely to be correlated
with the risk of experiencing an event. Readers should also be cau-
tious in accepting Cox proportional hazards models in which the
hazard function of a treatment group is unlikely to be proportional
to the baseline hazard. If 2 survival curves cross at any point, such
as seen in the far right of Figure 2B in the article by Nissen et al,1 this
might suggest that the hazard ratio between the 2 groups has
reversed and the proportionality assumption has been violated
(Figure). There are also several diagnostic tests that researchers
can use to verify the proportionality assumption, including using
Kaplan-Meier curves, testing the significance of time-dependent
covariates, and plotting Schoenfeld residuals.4 Selection of an
appropriate verification method depends on the types of covari-
ates used in the Cox proportional hazards model.
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Figure. Time to MACE in the Final End-of-Study Analysis
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Hazard ratio, 0.95 (99.7% CI, 0.65-1.38)

The survival curves cross in this figure from Nissen et al,1 suggesting that the
proportionality assumption may have been violated. MACE indicates major
adverse cardiovascular events.
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