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Treatment

A long time…
A shorter time!
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Background
• Surrogates are reliable markers
which can be observed sooner or
easier than a primary outcome
• Gene expression is a dynamic
process where information in DNA is
transformed into proteins
• Changes in gene expression can be
observed soon after vaccination
• Existing methods for identifying
surrogates do not work with p > n

Idea of Method
Non-parametric, univariate test to...
1. Screen 1000s of genes
one-by-one to find surrogate
candidates

2. Combine candidates into single
strong predictor and validate on
independent data

Application
Goal : identify genes who explain

the antibody response to Ebola
vaccination

• 12 candidate genes from 25,165
found in screening stage!
• Combined expression of these
genes validated on independent data!

Cor = 0.81
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The Maths

Screening
For each gene Sj , ∀j = 1, ..., P

• A ∈ {0, 1} - treatment

• Y a, Sa
j - primary endpoint and surrogate

candidate when A = a

• UY = P(Y 1 > Y 0) + 1
2P(Y 1 = Y 0)

– treatment effect on Y

• USj
= P(S1

j > S0
j ) + 1

2P(S1
j = S0

j )

– treatment effect on Sj

• δj = UY − USj

• H0 : δj ≥ ϵ vs H1 : δj < ϵ

– i.e. is gene Sj sufficiently good at
detecting a treatment effect?

• p-value is pj = P (Z < δ̂j) where Z ∼
N(ϵ, σ̂δj

), σ̂δj
is estimated s.d.

• p-values adjusted for number of tests P

Validation
For all genes Sj with adjusted pj < 0.05

• form new surrogate as a weighted sum

– γ =
∑

j

S̄j

δ̂j

• validate γ with screening test

• i.e. test H0 : UY − Uγ ≥ ϵ

Screening algorithm 
to find small number of 

candidate genes

1000s of mRNA counts 
from vaccinated individuals 

Validation 
Can the new surrogate replace 

the primary outcome?


