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Survival analysis

e XX : censored Data (upper/lower limit)
e [(E=: lifetime Data

e https://scikit-survival.readthedocs.io

Let 7' denote a continuous non-negative random variable
corresponding to a patient’s survival time. The survival function S(t)

returns the probability of survival beyond time ¢ and is defined as

S(t) = P(T > t).




KAPLAN-MEIER PRODUCT-LIMIT ESTIMATOR

o ——— S() = P(T > 1) = | xdF(x) .
=PT>0)+PT=1) |$HERH -

=1—F@t)+ P(T=t1t). = | S(x)dx .
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X1y < Xy < < Xy :
) (n) — 1_[ PIT 2 x;4+4)| T 2 x] ,
)

Set xy=0.Fori=0,1,2,...,n— 1,let =0
Pi=P[T 2 X34 | T 2 x] =Jl:.[1Pi'
i=0

The P, values are estimated as follows. For i > 1, if x, is not a If, on the other hand, x;, is a censored value, it is known that
censored value, there are n — i + 1 “true” values {x;} at least

a6lres 28 %o OfSvhich GALY Gne (s itsel) i not of lsast a8 all the true values in the set {x,} which are at least as large as
(i) () ’ : ' $
large as X, 1. In this case, estimate P, by X, are also at least as large as x;, 1,. Hence, here estimate P; by

Po=1—1n—i+1). 5) Pi=1. (6)
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A likelihood function describing a given data set can be defined using the above formulations. Consider a detected point falling in
a bin (z;, z; + Az). The probability that this occurs is determined by the probability density and is

Py(z) =~ f(z)Az . (10)

If an object is right censored at z;, so that the true location of the point is somewhere between z; and oo, the contribution from this
point can be written in terms of the survival function

ZJ
If there are m detected observations, and n censored observations, the likelihood function is expressed by
L= Hf(zx) ' H S(zj){Az}'" s
D C

where [ | denotes the product over the m detected points, and [ ¢ denotes the product over the n censored points. Since (Az)™ does
not contribute to the maximum, the likelihood can be rescaled to be

L=T]fG ] S (12)

Taking the logarithm, we get the log likelihood function

| = 2 log f(z)) + ; log S(z,) . (13)



