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Introduction

• A collection of methods used to model time-
to-event data

• Linear regression?
– OLS assumptions fail – survival times are not 

normally distributed

• Logistic regression?
– OK in certain (limited) scenarios but censoring 

creates challenges



Data Structure
Participant ID Time 

(Years)
Event (1=event, 
0=censoring)

Covariate 1 
(categorical)

Covariate 2 
(continuous)

1 2.5 0 1 38

2 0.8 1 1 29

3 1.2 1 0 44

4 3 0 1 41

5 2.8 1 0 32

6 0.3 0 0 26

7 1.9 0 1 37

8 3.7 0 1 28

9 1 1 1 33

10 0.5 1 0 35



Distribution of Survival Times

Presenter Notes
Presentation Notes
Histogram can be useful to get a sense of the distribution of survival times.

CDF can show the probability of observing an event by time t.



Types of models

• Non-parametric
– Kaplan-Meier
– Nelson-Aalen

• Semi-parametric
– Cox 

• Parametric
– Accelerated failure time models (exponential, 

Weibull, etc)



Kaplan-Meier
• Product limit estimation: calculates probability 

of event at each time and multiplies 
successive probabilities

𝑆̂𝑆 𝑡𝑡 = �
𝑖𝑖:𝑡𝑡𝑖𝑖<𝑡𝑡

(
𝑛𝑛𝑖𝑖 − 𝑑𝑑𝑖𝑖
𝑛𝑛𝑖𝑖

)

• Probability of event for censored observations 
is distributed forward (i.e. to the right)

• Assumes censoring is independent of event 
times

Presenter Notes
Presentation Notes
Survival function is 1-CDF, i.e. the probability of surviving beyond time t

Each term in the product is the conditional probability of surviving beyond time t – unconditional probability is obtained by multiplying these together



Proc Lifetest

Dataset name

Variable with 
event/censoring 
times

Event indicator

Censoring code



LIFETEST Output



LIFETEST Plots

If exponential, should be approximately 
linear through the origin

If Weibull, should be approximately linear 
through the origin



Stratification

Presenter Notes
Presentation Notes
3 Chi-square tests

Log-rank uses weight of 1, i.e. differences at all times are weighted equally

Wilcoxon uses weights equal to the number at risk so earlier differences are weighted more heavily

Likelihood ratio test is a parametric test assuming exponential distribution (not non-parametric)



Checking Proportional Hazards

Lines should be 
parallel if 
proportional 
hazards 
assumption is valid



Cox Proportional Hazards Models

• Semi-parametric model – no assumptions 
about the shape of the baseline hazard

λ 𝑡𝑡 = λ0 𝑡𝑡 𝑒𝑒𝑥𝑥
𝑇𝑇𝛽𝛽

• Key assumptions:
– Independence of survival times
– Multiplicative relationship between covariates and 

the hazard
– Constant hazard over time

Presenter Notes
Presentation Notes
Baseline hazard cancels out
Covariate effects do not depend on time for fixed covariates




Proc Phreg

Covariates

Option to request survival plot

Event Time

Censoring Indicator

Dataset name

Requests 95% CI
for HR



Phreg Output



Phreg Survival Curve



Modifying Adjusted Survival 
Curves

Step 1: Create dataset with reference values

Reference Dataset

Output Dataset

Stratification Variable

Requests stratified plot



Modifying Adjusted Survival 
Curves



Interaction Terms

• Interactions are used to assess effect 
modification, i.e. does the effect of a variable 
on the outcome differ by levels of a second 
variable



Results



Assumption Checking – Functional 
Form

Method 1 – Martingale residuals

Presenter Notes
Presentation Notes
Martingale residuals are a measure of excess observed events, or difference between observed and expected number of events

Residuals from null model plotted against covariates can approximate the functional form

If linear associations are appropriate want to see no clear association between the residuals and the variable



Recipient Age



MELD



Assumption Checking – Functional 
Form

Method 1 – ASSESS statement

Presenter Notes
Presentation Notes
Uses cumulative martingale sums – again should randomly fluctuate around zero

Resample option compares the observed distribution of these cumulative sums against expected distribution under the null hypothesis that the model is correctly specified – if true the observed pattern should match the simulated patterns

If graph falls significantly beyond the boundaries of the simulated pattern functional form may be misspecified

Supremum test – not very sensitive



Recipient Age



MELD



Recipient Age – Non-linear

Linear Quadratic



Assumption Checking –
Proportional Hazards

• Interactions with time
• Schoenfeld residuals
• Assess statement



Interactions with Time



Schoenfeld Residuals

Presenter Notes
Presentation Notes
Flat lines around zero suggest PH assumption holds



Assess Statement



Dealing with non-proportional 
hazards

• Stratification
– Cannot estimate hazard ratio directly but can 

assess interactions

• Interactions with time
– Important to assess functional form of time

• Use shorter time intervals
– PH may hold for certain intervals of time



Extensions of Survival Analysis

• Time-dependent covariates
– E.g. time-varying lab values

• Recurrent events
– E.g. infection, hospitalization



Thank you! Questions?

Abigail.Smith@ArborResearch.org
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