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Abstract

Background: A variety of measures of survival benefit are available to an investigator comparing outcomes across the various arms of a
drug development trial. In this article, we systematically review the most common measures of comparative survival used in published studies.
Materials: We distinguish between relative and absolute survival differences, and measures of instantaneous and cumulative risk. We

consider settings in which the end point is overall survival as well as those in which disease-specific end points are of primary interest.
Results: We note that different measures capture different aspects of benefit, and some may be more reliable than others or more

representative of clinically relevant benefit.
Conclusions: Rather than simply using procedures that have become standard, analyses should identify the most clinically relevant

measures of effect and apply procedures that reliably estimate these. r 2015 Elsevier Inc. All rights reserved.
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Introduction

In certain cases, we may wish to evaluate a cancer treatment
in a clinical trial in which the primary end point is the time to
an event of interest. In cancer clinical trials, the primary
interest is often time to death, but in some settings, we may be
interested in cause-specific death or cancer progression.

Time to an event as an end point raises many issues that
have been topics of extensive methodological research.
A key issue is that we invariably have incomplete follow-
up or competing events that preclude the end point of
interest. Some observations are therefore incomplete or
right censored, where the qualifier “right” highlights that the
missing information occurs on the right-hand side of the
event timeline.

Because of censoring, we have different ways to
summarize a set of observations and make comparisons

between treatment groups. We do not use means and
variances because unbiased estimates of these quantities
are generally impossible to obtain when there is censoring.
Instead, we examine 2 different types of measures.

The first type of measure is the instantaneous risk of the
event at any point in time. This is referred to as the
“hazard.” The second is a cumulative quantity, the chance
of the event happening by any given point in time. We most
frequently use the complement of this cumulative risk,
namely the chance that the event has not happened by a
given point in time, also called the “survival.” Most
statistical inference procedures used in drug development
are based on these measures. Statistical tests include the log-
rank test and the Cox regression analysis, which compare
hazards. Survival is arguably easier to interpret, and most
clinically relevant estimates of the effect of treatments, such
as the number needed to treat (NNT), are based on survival.

In this article, we examine these measures and explain
their limitations. We do not provide theoretical details or
formulas for how the different metrics are calculated; the
reader is assumed to have basic familiarity with the concepts
of censoring, survival curves, Kaplan-Meier estimates, and
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Cox regression. We will focus on concepts, interpretation, and
limitations, illustrating these with examples from simulated
datasets and published studies. We partition our review into
2 parts. The first part addresses analysis of all-cause mortality,
and the second part addresses analysis of disease-specific
mortality, progression, and other nonmortality end points. In
each part, we separately discuss comparisons of hazards and
of survival.

Comparisons of all-cause mortality

Comparing hazards—Relative comparisons of
instantaneous risk

Many clinical trials are conducted primarily to evaluate
the effect of a treatment on all-cause mortality. Comparison
between treatment groups is typically conducted using the
log-rank test or Cox regression analysis. These procedures
effectively compare hazards between treatment groups,
testing the hypothesis that the hazard of death is the same
in each group. The analyses are designed to detect differ-
ences between groups, assuming the treatment group hazard
is a constant multiple of the control group hazard. Although
this multiple is assumed to be constant over time, these
analyses make no assumptions about how the control group
hazard changes over time.

The results are typically expressed as the ratio of these
2 hazards, presenting a relative perspective on the compar-
ison of risks. And this ratio is typically a single number,
implying that the pattern of risk over time is similar in both
the groups but the level of risk may be different.

Summarizing the effect of a treatment using a hazard
ratio that is constant over time may not be appropriate for
long-term follow-up or if there is a delay in the treatment
effect. For example, in the European Randomized Study
of Screening for Prostate Cancer [1], the relative risk
for prostate cancer–related death changed over time, from

0.85 (1–9 y) to 0.62 (10 and 11 y), because of the delayed
effects of screening on the risk of this end point.

Although tests of hazards are most commonly used to
evaluate evidence of treatment efficacy, estimates of sur-
vival are most commonly used to quantify clinical effects.
For this purpose, interest focuses on differences in survival
rather than on hazards.

Comparing survival—Absolute comparisons of cumulative
risk

Fig. 1 shows 2 groups in a hypothetical randomized trial
with a 12-month follow-up period. In each panel, the
relative risk associated with treatment is 0.80, i.e., at any
point in time, patients in the treatment group have a 20%
lower risk of death than patients in the control group. The
12-month survival in the control group is 40% in the first
panel and 80% in the second panel.

In both panels, the survival curves diverge and the
difference between them increases over time. Even though
the ratio of hazards is constant over time, the difference in
survival continues to increase over time. Thus, survival
differences can be highly sensitive to the duration of follow-
up. In addition, the magnitude of the survival differences
depends on the baseline level of survival in the control
group. This is demonstrated in Fig. 1, which shows a much
greater difference in survival after 12 months in the first
panel than seen in the second panel. This is because there
are more deaths in the control group without treatment in
the first panel, and consequently there are more lives that
can be saved by treatment.

The dependence of survival differences on baseline
survival becomes critically important when computing a
key measure of treatment benefit, the NNT to save 1 life.
Consider the first panel in Fig. 1. In the control group, 40 of
100 patients are alive at the end of follow-up; in the
treatment group, 48 of 100 patients are alive at the end of
follow-up. Therefore, there are 8 lives saved per 100 cases

Fig. 1. Overall survival in a hypothetical randomized trial. (A) Treatment lowers the hazard of death by 40% and 12-month survival in the control group is
40%. (B) Treatment lowers the hazard of death by 40% and 12-month survival in the control group is 80%. (C) Median survival in the 2 treatment groups is
similar but survival times in the treatment group are longer at the 25th percentile.
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