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Introduction

Introduction

Survival analysis aims to estimate the probability that an event (e.g.,
death) occurs after a given time.

Utilizing DNN has become an essential part of the survival analysis

A key challenge is handling censoring and balancing discrimination
with calibration.
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Introduction

Notation

T : event time, C : (right) censoring time

Y = ḿın {T ,C}: observed time

δ = I (T ≤ C ): censoring indicator

z : vector of covariates
F (· | z): conditional CDF (cumulative distribution function) of T

S (· | z) = 1− F (· | z): survival function
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Calibration

D-calibration (Distributional calibration)

How can we measure whether our estimated survival function is
calibrated or not?

Use the property of CDF
If T ∼ F , then F (T ) ∼ Unif[0, 1].
For T > C , we get F (T | z) ∼ Unif [F (C | z) , 1]

EY ,δ,z

[
I (F (Y | z) ≤ x)

{
δ + (1− δ) x−F (Y |z)

1−F (Y |z)

}]
= x , ∀x ∈ [0, 1]

A key is how to measure the difference between both sides of the
equation.
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Calibration

Kolmogorov-Smirnov metric

EY ,δ,z

[
I (F (Y | z) ≤ x)

{
δ + (1− δ)

x − F (Y | z)
1− F (Y | z)

}]
= x

Previous approaches used bin-based difference.

We adopt the Kolmogorov-Smirnov (KS) metric.

Let

F̃ (x) =
1

N

N

∑
i=1

I
(
F̂θ (Yi | z i ) ≤ x

) {
δi + (1− δi )

x − F̂θ (Yi | z i )

1− F̂θ (Yi | z i )

}
F̂θ: estimated CDF

KS-cal= sup
x∈[0,1]

|F̃ (x)− x |
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Calibration

Convergence of KS-cal

Theorem

Under the regularity conditions,
F̂θ = F if and only if sup

x∈[0,1]
|F̃ (x)− x | = op(1) as N → ∞.

Minimizing KS-cal guarantees the model is to be calibrated.

We propose KS-cal based Post-hoc calibration (KSP).
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KSP

KSP

No

surrogate loss
additional nonparametric estimator
quantile estimation
sampling procedure

Yes

intuitive and easy to implement
preserve time-dependent C-index
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Result

Result
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Conclusion

Conclusion

Stength

Capture local discrepancies more than quantile-based methods
Scalable

Weakness

Sensitive to discretized models
Less robust to tied times

Future research

Extend KSP to conditional calibration
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