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Introduction and Motivation

The amount of potential covariates collected in clinical trials is continu-
ously growing. However, the sample size of phase I/1l studies strongly
Limits thelir use In practice.

Focusing on the estimation of the treatment effect, we tried to answer a
few questions starting with:

How to adjust for many (too many) covariates?”

"What is the optimum number of covariates to include in a clinical trial?”’

Generative model of the data
The response model writes

Y=pu+~vL+U
where Z is the treatment variable and U ~ N(O, ¢2) is the error term

(1)

he random variable U may in turn be expressed as a linear function of
the covariates X, namely
U=38"X+¢ (2)

where X = (Xy,...,Xp)" is a vector of p covariates and the error term ¢ is
assumed to be normally distributed N (0O, ¢2), independently of X

We also define v, as the proportion of the variance of U explained by the

covarlates:
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where R2, is the estimated multiple coefficient of determination of the
regression of Z on the p covariates X.
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Benefits of including covariates
Conditional on z and X, a gain in the statistical precision of the estimated

treatment effect is obtained if
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If we assume that the covariates have independent and identical normal
distribution, the expectation of this ratio and the inequality become
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AS a consequence, the p covariates included in the model improve the
statistical precision of the estimator of ~ If

D

or (8)

Vp > p < (n— 3)vp.

n— 3

Optimal number of covariates

Using the previous results, the optimal numlber of covariates can deter-
mined with

 (n—3)
argmin 1—v
M n-p-3) P
where v, Is the population coefficient of determination of the regression
with respect to the p most important covariates.

(9)

In particular, v, can be estimated from historical data of study in the same
iIndication.
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Composite covarlates

The main problem with the use of covariates Is the associated oss In
degrees of freedom.

Assuming that historical data exists, we can go further and estimate the
vector of covariates weights, 3, directly from historical data.

The previous model simplifies as
Y =7+ W +¢. (10)

where W = f(X) as a composition of the p individual covariates, a com-
posite covariate.

Simulation studies

Using simulations, we tested the composite covariate approach and its
benefit

Fig 1. Relative efficiency with respect to the estimation of the treatment
effect without covariates.
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(a) Mean relative efficiency of the p covariates
and its expected value, (n — 3)(1 — vp) /(N — 3 — p).

(b) Mean relative efficiency of the composite covariate.

(c) Expected relative efficiency of an ideal composite covariate
assuming vy = 1.

Conclusions

We showed how the variance of the estimated treatment effect evolves
depending on the number of patients, covariates, and the variance ex-
plained by those covariates.

Then, using historical data, it's possible to estimate in advance the op-
timal number of covariates to maximize the expected precision of the
treatment effect estimate.

We also showed how composite covariates could be used specifically to
optimize the precision of the treatment effect estimation.

Using a composite covariate allows trading some explained variance to
avold the loss In degrees of freedom. The associated gain is particularly
relevant when the sample size is small and the number of covariates is
large.
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