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Improving Trial Power Through Use of Prognosis-Adjusted
End Points

Fiona B. Young, BSc; Kennedy R. Lees, MD, FRCP; Christopher J. Weir, PhD; for the GAIN
International Trial Steering Committee and Investigators

Background and Purpose—The stroke patient population is heterogeneous, leading to wide variation in outcome caused
by differences in age, initial severity, and presence of concomitant disease. Setting an identical recovery target for all
patients in intervention trials may conceal individually important therapeutic treatment effects. Instead, a variable end
point that takes severity or likely prognosis into account may be more informative.

Methods—We used data from the Glycine Antagonist in Neuroprotection (GAIN) International trial to assess statistical
power of various primary end points for intervention trials. We selected prognosis-adjusted cut points based on Barthel
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The simulated clinical trials were used to estimate the difference
between groups for each given treatment level in terms of an odds
ratio. Treatment level could be defined as the difference in baseline
NIHSS score that we had artificially generated (0, 1, 2, or 3 points).
We then examined the 3-month outcomes of the patients and
estimated differences between the active treatment and placebo
groups for each end point. Bootstrap CIs 12 for the odds ratios were
constructed using 1000 replications. We calculated the statistical
power of each end point and its 95% CI using standard formulae. 13

We could then compare end points on the basis of this estimate of
statistical power. We also calculated any potential reduction in
sample size that we could introduce without reduction of power,
assuming that we used the revised end point instead of a fixed end
point that incorporated BI�95 or RS�1.

Results
Barthel Index End Points
From stepwise ordinal logistic regression, we found baseline
NIHSS, age, presence of diabetes, the gaze component of the
NIHSS, and the worst leg NIHSS motor score to be the best
predictors of outcome at 90 days (we labeled this model BI1).
We called our simple robust BI model that included only
baseline NIHSS and age, BI2.

Compared with using the Oxford classification to assign
cut points to patients, only model BI2 increased the statistical
power (Table 2). We found no further improvement in power
through increasing the model complexity.

Rankin Scale End Points
From stepwise regression, we found baseline NIHSS, age,
and worst leg score to be closely related to RS outcome. We
called this model RS1, and a further model that included only
baseline NIHSS and age was termed RS2.

On average, the RS patient specific end points had higher
statistical power than the BI end points (Table 3). Subgroup-
ing the patients by Oxford category delivered the lowest
statistical power, whereas subgrouping by NIHSS produced
the highest power. When we used a model instead of
subgroups, we found that we achieved good power through
the simple approach of RS2 that controlled only for age and
baseline NIHSS.
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could be reduced by 43% (95% CI: 41%, 45%) if the model
BI2 was used instead of the BI �95 dichotomized end point.
Using the BI2 model end point rather than the Oxford
category end point would allow an effective sample size
reduction of 50% (95% CI: 48%, 52%). For the RS end
points, using the RS2 model to assign cut points could reduce
the sample size by 34% (95% CI: 32%, 36%) compared with
the RS�1 dichotomy. If the NIHSS subgroup end point was
used instead of the RS�1 dichotomy, the sample size could
be reduced by 24% (95% CI: 22%, 28%). Using the Oxford
category to subgroup patients could result in reductions in
sample size of 14% (95% CI: 11%, 17%).

Discussion
We have shown that prognosis-adjusted end points may be
preferable to fixed end points. The prognosis-adjustment
approach can be enhanced by assigning cut points based on
individually estimated patient prognosis rather than categori-
zation into subgroups. Our simple model-based approach to
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