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This procedure estimates the survival function for time to occurrence of an event.
Some of the times may be “censored” in that the event does not occur during the
observation period, or contact is lost with participants (loss to follow-up).

If the subjects are divided into treatment groups, KM produces a survival
function for each treatment group (factor level) and a test of equality of the survival
functions across treatment groups. The survival functions across treatment groups
can also be compared while controlling for categories of a stratification variable.

Notation

The following notation is used throughout this chapter unless otherwise stated:

Number of levels (strata) for the stratification variable
Number of levels (treatment groups) for the factor variable

Estimation and SE for Survival Distribution

Suppose that for a given combination of the stratification and factor variables, a
random sample ofi individuals yields a sample witk distinct observed failure
times (uncensored). Lef <...<t, represent the observed life times afid be

the largest observation in the sample. (Note fhat t, if the largest observation

is uncensored.) Define

n; = Number of subjects who are at risk at timet;.
d; = Number of failures (deaths) at t;.
Ai = Number of censoringsin interval [t;, tj.q).
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Note that

Ng =n

N=n-d -4, i=01...,k-1
tg=0

teip =0

dg=0

Ag=0

The Kaplan-Meier estimate é(t) for the survival function is computed as

Note that

i) I(l—:—:), 1=1,2,.... k.

é(tg ) = 1I:l
S

é(tli)=0if ne =dy (T, =t and A, = 0), otherwise

<(. d
é(t;) = rl (1—n—|'), T 2t2t,
=1

é(tf ) é(t; ) are the survival functions shown in the table.
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The asymptotic standard error for é(tf) is computed as the square root of

var(§t/")) = [S('q ]2 Z

nl
1=1

Note: When ny =dy (T, =t, and A, =0), é(t;) =0 and var(é(t;)) =0

Estimation of Mean Survival Time and Standard Error

k-1 .
)t - t) if T, =t
=
[1 =
k-1 . )
Z S(ti+ )(ti+1 - ti ) + qt; )(TL - tk) otherwise
1=0

The variance of the mean survival timeis

2d

_ < &g
_; n(n —d)

g = Zlé(t|+)(t|+1 ‘tl)‘*é(tl:)(TL ~t)
d= idi

unless there are both censored and uncensored occurrences of the largest survival
time. In that case,



k-1
g = Z S(t|+ )(t|+1 -1)
=l
The standard error is the square root of the variance.

Plots

Survival Functions versus Time

The survival function S(t) is plotted against t.

Log Survival Functions versus Time

In(§(1)) is plotted against t

Cumulative Hazard Functions versus Time

~In(§(t)) isplotted against .

Estimation of Percentiles and Standard Error

100p percentile of the survival time, where p is between 0 and 1, is computed as

tp =inf{t (S(t) < p)}
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The asymptotic variance of t, is estimated by

var(é(tp )

va(t,) = ———-

(f(tp))z

where f(t,) iscomputed as

f(ty)= up+oos) = Stp-a0s)

tp-005 ~Up+005
where ug = sup{ti I(S(t) q)} :

Testing the Equality of the Survival Functions

Three statistics are computed to test the equality of survival distributions in the
presence of arbitrary right censorship. These statistics are the logrank (Mantel-
Cox), the modified Wilcoxon test statistic (Breslow), and an alternative test statistic
proposed by Tarone and Ware (1977). Using the regression model proposed by Cox
(1972), dl three test statistics have been modified for testing monotonic trend in
hazard functions.

Test Statistics

Let n(s) be the number of subjectsin stratum s. Let

NON

tl¥ <<t

3

be the observed failure times (responses) and

nl(is) = in stratum s the number of individualsin group | at risk just prior to ti(s)

dl(is) = number of deaths at ti(s) ingroup |
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and

g
di(S) = Z dl(iS)
=)




where
w'® =1 for log- rank test

w'® =n®® for Breslow test
w® = /n®® for Tarone Ware test
and
5 - {1 ifj =1
70 otherwise

Define

and

The test statistic for the equality of the g survival functionsis defined by

x>=uvu
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x? has an asymptotic chi-square distribution with (g-1) degrees of freedom.
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Test Statistic for Trend
Let
t=(ty, ... tq)

be avector with t; = trend weighting coefficient for group j . Form the vector

U(S) differsfrom Ug only in the last component.

Let V¥ be a gxg matrix with dlement V¥ for 1<, j<g. The test
statistic is defined by

The logrank, Breslow, and Tarone Ware tests may involve trend. Each of the test
statistics has a chi-square distribution with one degree of freedom.
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The default trend is defined as follows:

(~(9-1),....,-3-113...,(g-1) ifgiseven

(9-9) (9-9)

t=
[——,,,.,—LO,L...,TJ otherwise
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