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AHR of Kalbfleisch and Prentice (1981)

• −𝑑𝑆(𝑡)

• 𝑆𝛼 𝑡 = 𝑆0
𝛼(𝑡)𝑆1

𝛼(𝑡)

• 𝛼 = 1

• −  𝑑𝑆 𝑡 𝑑 𝑡 = 𝑆0 𝑡 𝑆1 𝑡 ℎ(𝑡) −𝑑𝑆 𝑡 = 𝑓 𝑡 = ℎ 𝑡 𝑆(𝑡)

• 𝐴𝐻𝑅𝑂𝐶

AHROC =
−∫ [ℎ0 𝑡 /ℎ(𝑡)] 𝑑𝑆(𝑡)

−∫ [ℎ1 𝑡 /ℎ(𝑡)] 𝑑𝑆(𝑡)
= ⋯ =

P T0 < T1

1 − P(T0 < T1)
= OC



What does it mean?

• 𝛼 = 1

•

• 𝑃(𝑇0 < 𝑇1)



Under proportional hazards…

•

• 𝜃 𝑡 =
ℎ1 𝑡

ℎ0 𝑡
= 𝜃 𝑆1 𝑡 = 𝑆0 𝑡 𝜃

• 𝑐 = 𝑃 𝑇1 < 𝑇0 = ∫ 𝑓1 𝑡 𝑆0(𝑡)

•
𝑐

1−𝑐
=

𝑃 𝑇1<𝑇0

𝑃 𝑇0<𝑇1
=

∫ 𝑓1 𝑡 𝑆0 𝑡

∫ 𝑓0 𝑡 𝑆1 𝑡
=

∫ 𝜃ℎ0 𝑡 𝑆0 𝑡 𝜃+1

∫ ℎ0 𝑡 𝑆0 𝑡 𝜃+1 = 𝜃
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To estimate a ratio or to test a difference
– the same thing?

𝑇

𝑇 =  

𝑗

𝑤𝑗

𝑑0𝑗 𝑛1𝑗 − 𝑑1𝑗

𝑛𝑗
−  

𝑗

𝑤𝑗

𝑑1𝑗 𝑛0𝑗 − 𝑑0𝑗

𝑛𝑗
= 𝐴 − 𝐵

𝑤𝑗 = 1 𝑇𝑀

𝑅𝑅𝑀𝐻 = 𝐴/𝐵



To estimate a ratio or to test a difference
– the same thing?

• 𝑅𝑅𝑀𝐻 = 𝐴/𝐵

𝑇𝑀 = 𝐴 − 𝐵

•

• 𝑤𝑗 =  𝑆 𝑡𝑗 𝑤𝑗 = 𝑛𝑗

𝑇 = 𝐴 − 𝐵

𝑅𝑅 = 𝐴/𝐵

𝐴𝐻𝑅𝑂𝐶 = 𝑂𝐶



Censoring

•

•  𝐺(𝑡) 𝑡

•

𝐺−1 𝑡 =
𝑁(0)𝑆 𝑡

𝑁 𝑡
=

expected N at risk

observed N at risk
𝑁(𝑡) 𝑡

• 𝑤 𝑡 = 𝑆 𝑡 𝐺−1 𝑡



The pragmatic approach of Schemper et al 2009

•

𝐴𝐻𝑅𝑂𝐶

•

 𝑆 𝑡  𝐺−1 𝑡

•

 𝑆 𝑡

𝑆0 𝑡 𝑓1 𝑡 + 𝑆1 𝑡 𝑓0 𝑡 /[𝑓0 𝑡 + 𝑓1 𝑡 ]

• 𝐴𝐻𝑅𝑂𝐶

𝐴𝐻𝑅𝑂𝐶



Two folklores – Mantel-Haenszel and Cox
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Bioinformatics
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CABG vs. PCI revisited
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CABG vs. PCI revisited, including IPTW weights



Weight functions for the case
‚stopped at 2 years, exponential censoring‘

•

•

𝑆(𝑡)

𝐺−1(𝑡)



CABG vs. PCI revisited, including IPTW weights

𝑷𝒓(𝑻𝑪𝑨𝑩𝑮 < 𝑻𝑷𝑪𝑰)

Pr(𝑇𝐶𝐴𝐵𝐺 < 𝑇𝑃𝐶𝐼)
Pr 𝑇𝐶𝐴𝐵𝐺 < 𝑇𝑃𝐶𝐼 = 𝐴𝐻𝑅/(1 + 𝐴𝐻𝑅)



Limitation
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Conclusions (1)

• 𝐴𝐻𝑅𝑂𝐶

• Pr(𝑇0 < 𝑇1)

•

•

•

•



Conclusions (2)

•

• concordance regression

• Pr(𝑇0 < 𝑇1) Pr(𝑇𝑥+1 < 𝑇𝑥)

•

Pr(𝑇𝑥1
< 𝑇𝑥2

|𝑥1 > 𝑥2)
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