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Introduction

A composite endpoint is generally defined as
an outcome combining several endpoints of inter-
est within a single variable in order to achieve a
higher overall event rate [5].
We propose a composite endpoint of either
death, or progression (only if death is not ob-
served), measured from randomization, to be
used as a surrogate for OS in clinical trials. The
main advantage is that a higher proportion of
events will be related to the true endpoint of inter-
est (OS), as compared to other commonly used
surrogates (e.g., DFS).

Methodology

Although meaningful, the proposed composite
endpoint has to be a validated surrogate in the
disease setting of interest. In the current project,
we conduct a survival analysis to examine the
clinical benefit captured by the true endpoint of
interest (OS) and the proposed composite end-
point, in a dataset with 5099 breast cancer pa-
tients randomized either to trastuzumab or obser-
vation (8 years median follow-up). We have also
compared DFS with the proposed composite end-
point in terms of clinical benefit and surrogacy to
OS.

Kaplan-Meier survival curves are produced for
each of the three endpoints and a comparison
among treatment arms is performed using the
log-rank test with the following hypotheses and
test statistic:
•H0: No difference in survival between treatment
arms.

•H1: The survival difference between treatment
arms is statistically significant.
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2
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2

E2
, (1)

where O1, O2 and E1, E2 are the total number of
observed and expected events in each treatment
arm, respectively.
Multivariate Cox proportional-hazards (PH) mod-
els were deployed to investigate the impact of
other independent variables to the survival func-
tion. The hazard h(t) is defined as the probability
of dying at a given time, assuming that the pa-
tients have survived until that time [4].

h(t, Z) = h0(t) exp
β1Z1+β2Z2+...βpZp, (2)

where Z1, ..., Zp are the covariates of interest and
h0(t) is the baseline hazard function.
We then assess the surrogacy at trial-level
(R2

trial) and individual-level (R2
ind, data not pre-

sented), using the information theory [2] [3].

At the trial-level, a two-stage approach will be
used [3]. In stage 1, the following trial-specific
Cox proportional hazard models are fitted:

Sij(t) = Si0(t) exp
αiZij, (3)

Tij(t) = Ti0(t) exp
βiZij, (4)

where Si0(t) and Ti0(t) are the trial-specific base-
line hazard functions, Zij is the treatment indica-
tor for subject j in trial i, and αi, βi are the trial-
specific treatment effects on S and T, respec-
tively. Next, the second stage of the analysis is
conducted:

β̂i = λ0 + λ1α̂i + εi, (5)
where the parameter estimates for βi and αi are
based on the full model that was fitted in stage
1. The classical coefficient of determination of
the fitted stage 2 model provides an estimate of
R2
trial.

At the individual-level, the surrogate endpoint S
is redefined as a time-dependent covariate S(t),
taking value 0 until the surrogate endpoint occurs
and 1 thereafter [1].

Results

The composite endpoint encompasses as events
deaths and relapses (only when death is not ob-
served). Here, 40% in each arm are relapses.

Trastuzumab has a clear survival benefit over
observation for both endpoints (p<0.0001) and
the respective hazard ratio for the composite is
0.76 (95% CI: 0.69, 0.85).

Fig. 1: Kaplan-Meier plot of the composite endpoint.

Cox proportional-hazards models were em-
ployed to investigate the impact of other indepen-
dent variables to the composite endpoint and OS.
Except from treatment arm, the clinically relevant
estrogen receptor status and nodal status were
found to be statistical significant for both end-
points explored (data not shown).

The benefit of therapy has been adequately con-
firmed for both endpoints of interest. For the sur-
rogacy assessment, the recruiting centers (ex-
cluding those with less than 3 patients per arm)
were used for trial-level surrogacy. The result-
ing treatment effects on the composite was only
moderately correlated with treatments effects on
OS R2

trial=0.46 (95% CI: 0.36, 0.56).

Future steps

•Assess the impact of crossover to the treatment
benefit of the composite endpoint and OS.

•Explore individual-level surrogacy measures
and adjust for significant predictors, to possibly
increase the trial-level surrogacy.

•Evaluate the applicability and usefullness of the
proposed composite endpoint to different treat-
ment settings or various simulated scenaria.
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Results

Trastuzumab has a clear survival benefit
over observation for OS, DFS and the com-
posite endpoint (log-rank for all p<0.0001).

Fig. 1: Kaplan-Meier plot of overall survival.

Fig. 2: Kaplan-Meier plot of the composite endpoint.

In multivariate Cox PH models, except from treatment arm,
the clinically relevant ER status and nodal status were found
to be statistical significant for OS, while for both surrogate
endpoints, menopausal status was also found significant.

For the surrogacy assessment, the recruiting centers were
used for the trial-level surrogacy. The resulting treatment ef-
fects on the composite was only moderately correlated with
treatments effects on OS but the variance of the estimate
was very large R2

trial=0.56 (s.e.=0.29). When excluding the
three smaller centers, R2

trial is increased to 0.66 (s.e.=0.39).

[5][1][2][3][4]

Future steps

•Assess the impact of crossover to the treat-
ment benefit of the composite endpoint and
OS.

•Explore individual-level surrogacy measures
and adjust for significant predictors, to pos-
sibly increase the trial-level surrogacy.

•Evaluate the applicability and usefullness of
the proposed composite endpoint to differ-
ent treatment settings or various simulated
scenaria (e.g. different percentage of simi-
larity between OS and the composite).
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