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not only valid for time - to - death date

but for all types of time -
to - event data
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Outline of presentation

I Properties of time-to-event data,

I Kaplan-Meier curves,

I Log-rank test

I Cox proportional hazard regression models

and interpretation of hazards ratios
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Example of time-to-event data:

Time to relapse for melanoma patients

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Status at last follow up

Alive: No melanoma

Alive: Melanoma

Dead: Not melanoma

Dead: Melanoma

Times of diagnostic and reccurence

Time of diagnostic

Time of last negative check if recurrence

Time of observed recurrence

F

E

C

B

A

D

3 types of censoring:

I Right censoring: event did not occur before time of last follow-up,

I Left censoring: event occurred before a certain time,

I Interval censoring: event occurred during a specific interval of time.
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Quantities/Functions of interest in survival analyses

Let T denote the time-to-event of interest with

I 0 < T < 1,

I T ⇠ fT (t).

Then, the survival function, S(t), is defined as the probability of surviving

until point t, i.e.,
S(t) = Prob(T > t)

Source: Moore (2006)
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Quantities/Functions of interest in survival analyses

Let T denote the time-to-event of interest with

I 0 < T < 1,

I T ⇠ fT (t).

Then, the hazard function, h(t), is defined as the probability of

instantaneous death at time t, i.e.,

h(t) =
fT (t)

S(t)

Source: Moore (2016)
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Quantities/Functions of interest in survival analyses

Let T denote the time-to-event of interest with

I 0 < T < 1,

I T ⇠ fT (t).

Then, the mean and median survival times, defined as the

µ = E[T ]

median(T ) = time t such that S(t) = 0.5

Source: Moore (2016)
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Kaplan-Meier non-parametric survival function estimator

Product over the failure times of the conditional probabilities of surviving

to the next failure time. Formally:

bS(t) =
Y

i: tit

(1� bqi) =
Y

i: tit

✓
1� di

ni

◆

where

I di denotes the number of people who failed at that time,

I ni denotes the number of subject at risk at time ti.
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Log-rank test to compare survival curves

Hypotheses of interest:

I H0: S1(t) = S2(t) for all time points t,
I H1: S1(t) 6= S2(t) for some time t.

“It is constructed by computing the observed and expected number of

events in one of the groups at each observed event time and then adding

these to obtain an overall summary” (Wikipedia).

I Non-parametric test,

I Assumes that censoring is non-informative.
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Cox proportional hazard model

hi(t|xi) = ex
>
i � h0(t),

where:

I hi(t|xi) is the hazard at time t for the ith individual
with covariates xi = [x1, ...xp]>,

I h0(t) is the baseline hazard at time t, i.e., the instantaneous

probability of event for participants with x>
i � = 0,

I The ratio
hi(t|xi)
h0(t)

= ex
>
i �

is called the hazard ratio. It
quantifies how much more individual with covariates

Xi = x1, ...xp is likely to experience the event of interest

(death) as compared to the ”baseline” individual.
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Cox model: Proportional hazard assumption

Source: Lunt (2018)
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Modelling of time of first recurrence of melanoma - MIA: eb�

I 1952 patients observed between 1998 and 2016, observed recurrence for 37% of the patients, 13% left

censoring, 24% interval censoring, 63% right censoring

I h0(t) corresponds to instantaneous risk to have a melanoma recurrence at time t for men of average age with

a diagnosed melanoma of small size (<1mm) located on the head/neck

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Hazard ratio

Decreased risk Increased risk

Age (10 years)

Gender

Gender:Age

Location

Thickness

Head and Neck

Arm

Leg

Trunk

[0, 1[ mm.

[1, 2[ mm.

[2, 4[ mm.

[4,1[ mm.

Male

Female

-

Male

Female
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