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Sample size calcula on in a con rmatory diagnos c
accuracy study

sensi vity and speci city are co-primary endpoints
↓

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

Sample size calcula on
Individual sample size calcula on for sensi vity (nse) and
speci city (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 conven onal sample size calcula on

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 sensi vity (nse) and speci city (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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Op mal sample size calcula on

Goal: op mal 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 condi on:

Powerse · Powersp
!
= Poweroverall

(1− βse) · (1− βsp)
!
= Poweroverall

βsp =
1− βse − Poweroverall

1− βse
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Blinded rees ma on 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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Simula on study
scenarios

, replica ons

Frac on for rees ma on ψ . , . , . , . , .
True prevalence πtrue . , . , . , .
Assumed prevalence πass. πtrue - . , πtrue + .
Minimum sensi vity θse0 . , . , .
Minimum speci city θsp0 . , . , .
Under H0 : θ0 = θ1
Signi cance level α . (two-sided, per endpoint)
Sensi vity exp. test θse1 . , . , .
Speci city exp. test θsp1 . , . , .
Under H1 : θ0 ̸= θ1
Overall power 1− β .
θse1 θse0 + . , θse0 + . , θse0 + .
θsp1 θsp0 + . , θsp0 + . , θsp0 + .



Maria Stark

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

πtrue = 0.2 πtrue = 0.4 πtrue = 0.6 πtrue = 0.8
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Scenarios: πtrue = 0.4, θse0 = 0.8, θsp0 = 0.8, θsp1 = 0.95

ψ = 0.1 ψ = 0.3 ψ = 0.5 ψ = 0.9
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Conclusion

Op mal sample size calcula on to avoid an overpowered study
Type I error rate is not in ated in the adap ve design
Op mal power in the adap ve design, xed design is over- or
underpowered
Op mal size of the internal pilot study with one- me
rees ma on: ψ = 50%

Further steps
Applica on of the op mal sample size calcula on to the
unpaired and paired design
Applica on of the internal pilot study to the unpaired and
paired design
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