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Topics covered M)

You will able to understand,

» Survival analysis

» Measure Time and Event

» Censoring

» Survival and Hazard Functions
» Models and Hypothesis Testing
» Calculation and Example

» Interpretation
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 Measuring the occurrence of an outcome

e Understanding and analyzing time to event
occurrence

(e.g. Heart attack, death etc.)
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Survival Analysis Is a branch of statistics which deals with
analysis of time duration to until one or more events happen,
such as death in biological organisms and failure in
mechanical systems.

» Survival analysis models factors that influence the time to an event.
Or time to “failure”

» Shouldn’t use linear regression

1. Non-normally distributed outcome
2. Censoring
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» Censored - Exact failure time is unknown within a certain interval.

» Censoring —No information available for time to outcome event.

1. Right censoring
I.  Subject leaves the study before an event occurs
Ii. Study ends before the event has occurred.

2. Left censoring
I. Event of interest has already occurred before enrolment.

This is very rarely encountered.
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Time-to-event

Time-to-event measures the time from a particular starting time (e.g., time
Initiated the treatment) to a particular endpoint of interest (e.g., attaining certain

functional abilities)

Lost to follow up (Censored)

Subjects

Mo event till end of study (Censored)

Study begins Time (years) Stu l:‘l]' ends
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Survival Function V)

Let T denote the survival time
S(t) = P(surviving longer than time t)

= P(T >1t)
The function S(t) is also known as the cumulative survival function. 0< S(t) <1

§(t):number of patients surviving longer than t

total number of patients in the study
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Hazard Function and Ratio 686:1':1553.

» The hazard function h(t) of survival time T gives the conditional failure rate

» The hazard function is also known as the instantaneous failure rate, force of
mortality, and age-specific failure rate

» The hazard function gives the risk of failure per unit time during the aging process

< =
Mo~ tim PEST<t+AUT >0
At—0 At
Hazard from density and survival : A(t) = %
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» proc lifetest
Non-parametric methods(Life table and KM Plot etc)

»Proc Phreg

Cox proportional hazards regression (Hazard Rate)

Still very popular survival analysis method
Model : h(t) = ho(t)exp(B1X+Bo)
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Proportional Cox model V)

Difference between hazard/rate ratio and odds ratio/risk
ratio:

»Hazard ratio: ratio of rates-Cox regression
»~Odds/risk ratio: ratio of proportions-Logistic regression

All are measures of relative risk!
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Estimating the Hazard and Survival function égcti'ﬂiffﬂ.

»Nonparametric (Lifetest-odds ratio) - Survival function (cumulative
hazard)

» Regression method (Phreg-Hazard Rate) - Hazard function h(t)
oHazard function gives instantaneous rate of failure at time t
oHazard function should be strictly nonnegative

= Another reason we shouldn’t use linear regression
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Time to first acute IPF exacerbation (days)

Time to death (days) (overall study period)
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Sample template: Survival Analysis (N

Proportional hazard model for <time to first acute IPF exacerbation (days) over
52 weeks> with baseline KL-6 cut-off <700 U/mL>

- KL-6 = cut-off KL-6 == cut-off
Placebo Study Drug Flacebo Study Drug

Nureber of analysed patients oot proed o oo
Failure [N (%] oo { oex) waot { o) oo o) oo 200x)
Censored [N (¥)] woae | 300x) oo (o) o o) oo xex)
Comparison of treatment vs. placebo [1]

Hazard ratio %300 X

95% Confidence interval (o0 xed {3300, %300
Treatment by subgroup interaction [2]

p-value *.J000
FitStatistics with covariates [2]

2LOGL 100030

AIC 3000E 300

SBC 0000308
GlobalTests - Chi-souare (p-value) [2]

Likelihood ratio | oocsct (330000

Score oeeaet (%0000

Wald o (xaooo)

[1] Basedona Cox’s regression model with terms for treatment, gender, age and height.
[4] Based ona Cox’s regression model with terms for treatment, gender, age, height, subgroup, and treatment-by-subgroup interaction term.
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Placebo

EPT EPTPR AGE SEXDC HTSTD BM TREAT
Time to . :
Censoring | Age Height
Fd::] Tarera| [y Gender decode [em] BM TREAT

373 150 63 Male 174 B4KLE<ct Study Drug
153 150 69 Female 170 B4KLB<ct Study Drug
373 150 62 Male 180 B4KLGB<ct Placebo
373 150 61 Male 185 B4KLE<ct Placebo
373 150 53 Female 172 B4KLB<ct Placebo
372 150 67 Male 174 B4KLB<ct Study Drug
373 150 72[EEE 170 B4KLB<ct Study Drug
373 150 84 Male 168 B4KLE<ct Study Drug
365 150 80 Female 172 B4KLB<ct Placebo
373 150 83 Male 174 B4KLB<ct Placebo
373 150 64 Male 165 B4KLE<ct Placebo
373 150 68 Male 185 B4KLE<ct Study Drug
3 150 Male 181 B4KLE<ct Study Drug
373 150 64 Female 166 B4KLE<ct Placebo
373 150 53 Female 170 B4KLB<ct Study Drug
344 0 72 Male 182 B4KLE<ct Placebo
3 150 81 Female 149 B4KLE<ct study Drug
373 150 75 Female 162 B4KLB<ct Study Drug
373 150 59 Male 167 B4KLE<ct Study Drug
373 150 62 Male 172 B4KLE<ct Placebo
373 150 B0 Male 172 B4KLB<ct



(¢)p)

(1

CHILTE

RN

The following statements are available in PROC PHREG. Items within < > are optional.

PROC PHREG <options> ;

ASSESS keyword </options> ;

BASEL INE <OUT=SAS-data-set> <COVARIATES=SAS-data-set> <keyword=name
...keyword=name > </options> ;

BAYES <options> ;

BY variables ;

CLASS variable <(options)> <...variable <(options)> > </options> ;

CONTRAST <’label’> effect values <,..., effect values> </options> ;

FREQ variable ;

HAZARDRAT 10 <’label’> variable </options> ;

ID variables ;

MODEL response <*censor(list)> = variables </options> ;

OUTPUT <OUT=SAS-data-set> <keyword=name ...keyword=name > </options> ;
programming statements ;

STRATA variable <(list)> <...variable <(list)>> < /option> ;

<label:>TEST equationl <,..., equationk >< /options> ;

WE IGHT variable </option>;
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* Cox Model for Hazard ratio values and 1ts CI ;
PROC PHREG DATA=kI6AIl ;
BY bm ;
CLASS treat(REF="Placebo") sexdc / PARAM=REF ORDER=i1nternal ;
MODEL ept*eptpr(150) = treat sexdc age htstd / RL ALPHA=0.05 ;
HAZARDRATIO "HR™"™ treat ;
ODS OUTPUT ParameterEstimate = hrci ;
RUN;

* Cox Model for interaction P value and F statistics ;
PROC PHREG DATA=kI6AlIl COVOUT OUTEST = conv ;
CLASS treat(REF="Placebo") sexdc bm / PARAM=REF ORDER=internal ;
MODEL ept*eptpr(150)=treat bm treat*bm sexdc age htstd/RL ALPHA=0.05 ;
HAZARDRATIO treat / AT (bm = ALL);
ODS OUTPUT FitStatistics = stats ;
ODS OUTPUT GlobalTests = global ;
ODS OUTPUT Type3= type ;
RUN;

17 Proprietary & Confidential. © 2016 Chiltern



(<° CHILTER
'~hr sesigned Around You*

ABNING: Convergence was not attained in 25 iterations.

OTE: The above message was for the following BY group:
BM=B4KLb<{ct

OTE: Convergence criterion (GCONY=1E-8) =satisfied.

OTE: The above message was for the following BY group:
BHM=B4KLG >=ct

OTE: The data set WOBK.HBRCI| has 8 observations and 12 variables.

dodEf FF Fommm End of 1I1tIEeS.50UrCE=—=——=—==——=
IMNTC : FIKMCIIINE §F Taoan 1 1% ~end

o
ALF R FE OIS L % I ™Yirl nr sl LS RRELY =

YOTE: Convergence criterion [(GCONV=1E-8) satisfied.

iOUTE: The data set WUHK.T1TPE has b observations and 4 wvariables.
OTE: The data set WORK .GLOBAL has 3 observations and 4 variables.
OTE: The data set WOBK.STATS has 3 obszervations and 3 Eariables.
OTE: The data set WORK .COMV has ¥ observations and 11 variables.
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FitStatistics

. L2 Tul N Witk

Lriterion Cowvanates | Covariates

-2 LOG L F0.133 61.517

alc F0.133 F3.817

SBC F0.133 #3.133

GlobalTest

Test Chi-5quare | DF Ehi-PSrq::.JarE
Lik efibiood P atio a615%% 6 01964
Score 7037 B 03196
wWald 7991 B 04472

Type 3
"Wald Pr

EFEECT L Chi-5quare | Chisg
1 TREAT 1 09028 03420
2 =10 1 01060 07447
3 TREATEM 1 00007 - 093239
4 SExDC 1 24196 0.0644
] AGE 1 28195 0.033
b HTSTD 1 29037 0.0482

Parameter Estimate

95% Lower | 95% Upper
Confidence | Confidence
Hazard Lirrut far Lirnut Far
Ratio Hazard Hazard
Hatio Hatio
0.a00 0.000 .
2244 0,395 12709
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v For BM <
HR=0.000 : Means non significant
v' For BM >
HR=2.25: Means 2.25 (More than double) higher incidence of event

Theoretical Situation
If HR =1 ?
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Email - Ranjit.Limbore@chiltern.com
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https://en.wikipedia.org/wiki/Survival analysis

http://statweb.stanford.edu/~olshen/hrp262spring01/spring01Handouts/Phil do
c.pdf

https://support.sas.com/documentation/cdl/en/statuq/63033/HTML/default/phre
g toc.htm

http://www.amstat.org/chapters/northeasternillinois/pastevents/presentations/su
mmer05 Ibrahim J.pdf
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Thank you !
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