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ABSTRACT
Hazards constitute key quantities for analyzing, interpreting, and understanding time-to-event data. Hazards and corresponding
effect measures, such as the hazard ratio from the Cox proportional hazards model, have a valid causal interpretation if the
hazard function is considered as a function in time rather than hazards at specific time points. In this comment, we would like
to add two points: (1) The hazard ratio is also a useful population-level estimand with a valid causal interpretation. (2) Empirical
evidence shows that problematic situations, which could occur in theory due to strong heterogeneity, are usually avoided in typical
randomized controlled trials.

The article by Beyersmann et al. (2025) takes up the current
discussion of whether hazards and the hazard ratio (HR) esti-
mated by the Cox proportional hazards model have a valid
causal interpretation. The features of survival data, censoring,
hazards, hazard functions, and HRs are explained and discussed.
Arguments are presented that a causal interpretation of hazards
is possible if the hazard function is considered as a function in
time rather than hazards at specific time points.

Examples from the framework of benefit assessment are dis-
cussed, leading to interesting insights into the issue of problem-
atic analyses of adverse events by means of naive contingency
tables in dossiers assessed by the Institute for Quality and
Efficiency in Health Care (Bender et al. 2016). New empirical
evidence is presented that similar misleading analyses andmisin-
terpretations of results are existing not only in submitted dossiers

in Germany but also in the international medical literature.
Additionally, theoretical explanations are provided showing the
importance of hazard functions for the estimation of causal effects
in the case of time-to-event data.

We congratulate Jan, Claudia, and Martin on this useful paper,
because it is very important for biostatistical practice to underline
that hazards and HRs are key quantities for time-to-event data
with censoring and to clarify inwhichway theyhave a valid causal
interpretation in randomized controlled trials (RCTs).

We like to add two related discussion points that Beyersmann
et al. (2025) mostly have avoided: (1) the issue of population-
level versus individual-level estimands and (2) empirical evidence
regarding the effect of strong heterogeneity, which could lead to
a collider effect in theory.
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The approval and benefit assessment of new drugs requires
conclusions on their performance at the population level. Bey-
ersmann et al. (2025) already noted at the end of the paper that
population-level hazards do not equal individual-level hazards in
general and that they applied the population-level view to avoid
further subtleties in the debate. We think that it is important
to underline that the HR is a useful population-level estimand,
which has a valid causal interpretation in RCTs as shown by Fay
and Li (2024). In causal inference, many statistical approaches
are based on individual contrasts of potential outcomes, and cor-
respondingly, averages of individual contrasts are used for effect
estimation.We like to add that such individual-level estimands do
not represent the natural estimand in RCTs with parallel group
design, because individual contrasts are not directly observable.
In trials with comparison of two groups, the natural estimand
is the population-level estimand, that is, the contrast of the
averages of the two groups. Difference-in-expectation estimands,
such as mean and risk differences, are both population-level and
individual-level estimands (Fay and Li 2024), but this is not the
case for the HR. Nevertheless, as shown by Fay and Li (2024),
if Cox models with more and more baseline covariates are used,
the population-level estimand approaches more and more to
an individual-level estimand. As already noted by Beyersmann
et al. (2025), the issue of population-level versus individual-
level estimands is subtle. In the case of approximately constant
treatment effects over time, there is no difference in practical
applications whether an estimated treatment effect is interpreted
in a population-level or individual-level view, because this has no
consequence in decision-making processes such as drug approval
or benefit assessment. In any case, the focus of drug approval
and benefit assessment is the population and not the individual
patient.

The collider effect arises when the treatment is highly effective
and when there are strong unobserved or, for other reasons,
not included prognostic factors that could influence time-to-
event endpoints. In this situation, the HR is estimated from
groups that increasingly differ in their (unobserved or omitted)
baseline characteristics over time. However, Strobel et al. (2023)
assessed the suspected collider effect in 27 large RCTs and found
no empirical evidence of a collider effect. In our view, this
observation can be interpreted as follows. Although a collider
effect can occur in theory in situations with strong heterogeneity,
this is of limited practical relevance because strong heterogeneity
usually does not occur in RCTs. Adequately conducted RCTs
commonly have clear inclusion and exclusion criteria, leading to
sufficient homogeneity, which avoids large biases from potential
collider effects.

In summary, we fully agree with Beyersmann et al. (2025) that
hazards constitute key quantities for time-to-event data and effect
measures such as the HR from Cox proportional hazards models
have a valid causal interpretation. In addition, the HR is also a
useful population-level estimand with a valid causal interpreta-
tion in RCTs with parallel group design. Situations, which could
be problematic in theory due to strong heterogeneity, do not occur
in typical RCTs. Therefore, the HR can be causally interpreted
in RCTs, and the suspected collider effect is usually of limited
practical relevance without consequence for decision-making.
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