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Sample size calculaࢢon in a conCrmatory diagnosࢢc
accuracy study

sensiࢢvity and speciCcity are co-primary endpoints
↓

Intersecࢢon-Union Test:
H0global : H0se : θse0 = θse1 ∪ H0sp : θsp0 = θsp1

Sample size calculaࢢon
Individual sample size calculaࢢon for sensiࢢvity (nse) and
speciCcity (nsp)
Total sample size N in dependence of the prevalence π:
Nse = nse/π and Nsp = nsp/(1− π)

⇒ N = max(Nse, Nsp)
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The convenࢢonal sample size calculaࢢon

Example: θse0 = 0.75, θse1 = 0.81, θsp0 = 0.6, θsp1 = 0.66,
π = 0.2, α = 0.05, βse = βsp = 0.1

Individual sample size for sensiࢢvity (nse) and speciCcity (nsp):

nse =

[
zα/2

√
V0(θ̂se1 )+zβse

√
VA(θ̂se1 )

]2

(θse0−θse1 )
2 = 508

nsp =

[
zα/2

√
V0(θ̂sp1 )+zβsp

√
VA(θ̂sp1 )

]2

(θsp0−θsp1 )
2 = 683

Total sample size N in dependence of the prevalence π:
Nse = nse/π = 508/0.2 = 2540
Nsp = nsp/(1− π) = 683/(1− 0.2) = 853.75

⇒ N = max(Nse, Nsp) = 2540
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Powerse = Powersp = 0.9

⇒ Powerse · Powersp ≥ Poweroverall = 0.81
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Opࢢmal sample size calculaࢢon

Goal: opࢢmal division of the overall power to both endpoints

Nse
!
= Nsp

nse/π
!
= nsp/(1− π)[

zα/2
√
V0(θ̂se1) + zβse

√
VA(θ̂se1)

]2
(θse0 − θse1)

2 · π
!
=

[
zα/2

√
V0(θ̂sp1) + zβsp

√
VA(θ̂sp1)

]2
(θsp0 − θsp1)

2 · (1− π)

Under the condiࢢon:

Powerse · Powersp
!
= Poweroverall

(1− βse) · (1− βsp)
!
= Poweroverall

βsp =
1− βse − Poweroverall

1− βse
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Blinded reesࢢmaࢢon of the prevalence
Initial sample size calculation with assumed prevalence

Fixed design

Recruitment of the
calculated sample size

Adaptive design with blinded
reestimation of prevalence

1) Recruitment of patients until the 
predetermined size of internal pilot study

2) Reestimation of the prevalence and of 
the sample size

3) Recruitment of further patients until final 
sample size is reached
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Simulaࢢon study
ŵŸżŵ scenarios

Ŵųų,ųųų replicaࢢons

Fracࢢon for reesࢢmaࢢon ψ ų.ųŵ, ų.Ŵ, ų.Ŷ, ų.Ÿ, ų.ż
True prevalence πtrue ų.ŵ, ų.ŷ, ų.Ź, ų.Ż
Assumed prevalence πass. πtrue - ų.Ŵ, πtrue + ų.Ŵ
Minimum sensiࢢvity θse0 ų.Ź, ų.ź, ų.Ż
Minimum speciCcity θsp0 ų.Ź, ų.ź, ų.Ż
Under H0 : θ0 = θ1
SigniCcance level α ų.ųŸ (two-sided, per endpoint)
Sensiࢢvity exp. test θse1 ų.Ź, ų.ź, ų.Ż
SpeciCcity exp. test θsp1 ų.Ź, ų.ź, ų.Ż
Under H1 : θ0 ̸= θ1
Overall power 1− β ų.Ż
θse1 θse0 + ų.ųŸ, θse0 + ų.Ŵ, θse0 + ų.ŴŸ
θsp1 θsp0 + ų.ųŸ, θsp0 + ų.Ŵ, θsp0 + ų.ŴŸ
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Scenarios: θse0 = 0.6, θsp0 = 0.6, θsp1 = 0.7, ψ = 0.5

πtrue = 0.2 πtrue = 0.4 πtrue = 0.6 πtrue = 0.8
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Scenarios: θse0 = 0.6, θsp0 = 0.6, θsp1 = 0.7, ψ = 0.5
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Scenarios: πtrue = 0.4, θse0 = 0.8, θsp0 = 0.8, θsp1 = 0.95
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Conclusion

Opࢢmal sample size calculaࢢon to avoid an overpowered study
Type I error rate is not inYated in the adapࢢve design
Opࢢmal power in the adapࢢve design, Cxed design is over- or
underpowered
Opࢢmal size of the internal pilot study with one-ࢢme
reesࢢmaࢢon: ψ = 50%

Further steps
Applicaࢢon of the opࢢmal sample size calculaࢢon to the
unpaired and paired design
Applicaࢢon of the internal pilot study to the unpaired and
paired design
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