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Life Table

» First described in 19568 by Cutler and Ederer, life-table analysis
provides a straight forward, easy-to-perform method of analyzing
survival.

» A life table presents the proportion surviving, The analysis accounts
for subjects who die (fail)] as well as subjects who are censored
(withdrawn).

» The life-table method competes with the Kaplan-Meier product-limit
method as a technique for survival analysis.

» The life-table method was developed first, but the Kaplan-Meier
method has been shown to be superior and with the advent of
computers is now the method of choice.

» However, for large samples, the life-table method is still popular in
that it provides a simple summary of a large set of data.



Life Table

» In Life table assumes that withdrawals occur randomly throughout the interval
and, if the sample size is large, will occur, on average, halfway between each
interval.

» It also assumes that the probability of survival at one interval, though conditional
on surviving previous intervals, is independent of the probability of survival at the
prior interval(s).

» The first assumption is easily fulfiled when the intervals are short. As the length of
the interval increases, however, this assumption becomes less likely.

» Life-table analysis can also be presented graphically as a survival curve that
plots fime versus cumulative survival.

» Aninvestigator may be interested in studying patients who can enter a study at
any point. The investigator may wish to orient the study around when a patient
dies rather than when a predetermined interval is completed. The Kaplan-Meier
product-limit method of survival analysis can be used in these cases.



Life Table

» A life table is constructed from a set of grouped or ungrouped
failure data.

» The columns of the table are created using a set of formulas.
» The rows of the table represent various time intervals.

Each time interval is represented by Ty < T < Tyyq O [Ty, Tr+1), Where t = 1,...,s. The interval is from T; up
to but not including T¢+1. The intervals are assumed to be fixed. The intervals do not have to be of equal
length, but it is often convenient to make them so.

The midpoint of the interval, T,,,;, is defined as halfway through the interval.

The width of the interval is b, where b, = T,,; — T;. The width of the last interval, b, is theoretically infinite, so
items requiring this value will be left blank.




Life Table

» Number Lost to Follow-Up

» The number lost to follow-up, |, is the number of individuals who
were loss o observation during this interval, so their survival
status iIs unknown.

» Number Withdrawn Alive

» The number withdrawn alive, .w;., is the number of individuals
who had not died (failed) by the end of the study.

» Number Dying

» The number dying, .d,., Is the humber of individuals who die (fail)
during the interval.



Life Table

» Number Entering the tth Interval

The number entering the t™ interval, ny, is computed as follows. In the first interval, it is the total sample size.
In the remaining intervals, it is computed using the formula

ST . _
”'f- - ﬂt_l - Et_-l - ]r"'l-'t_l {it_—_-l

» Number Exposed to Risk

The number exposed to risk, n;, is computed using the formula

ne = Ne—q — E(Et—l +We_g)

» This formula assumes that times to loss or withdrawal are distributed uniformly across
the interval.



Life Table

» Conditional Proportion Dying
>

» Conditional Proportion Surviving
>

>
» pr=1—q;



Life Table

>
>

>
>

» The variance of this estimate is itself estimated using the formula (Green Wood)

i 2vt-1  94j
[ V[S(T)] Y S(Tt) Ji=i (Tj—dj)rj

> is not used in generating the confidence intervals because it can produce
intervals outside 0 and 1.



Life Table

(Kalbfleisch and Prentice 2002, 10, 15). Greenwood’s formula for the asymptotic standard error of
Sy is
j

J
dp
s;j =95 E
J ] — ng(ng — di)

(Greenwood 1926:; Kalbfleisch and Prentice 2002, 17). s; is reported as the standard deviation of
survival but is not used in generating the confidence intervals because it can produce intervals outside
0 and 1. The “natural” units for the survivor function are log(—logS;). and the asymptotic standard
error of that quantity is

Sodi/{nk(nk — d)}
1> log{ (ng — dﬁc)/ﬂk}]g

Sj" —

(Kalbfleisch and Prentice 2002, 18). The corresponding confidence intervals are l‘:}'g,jmip(jtzl_C'”r 255),

The cumulative failure time is defined as Cj =1 — 5}, and thus the variance is the same as for

. , L eXP(E2] /0 S
S; and the confidence intervals are 1 — S; P(£21-a/25i)




e Using the same example

"6 6889 117

nNg = ”;—1 — E(lt—l + We_1)

Interval  total Deaths Lost Survival error [95% conf. int.]

1

— 2 —
=0.875 x (1 - — . (1)) = 0.606
— 2 —
=0.606 x (1 — 4_1/2(2)) = 0.202



i 2vt-1  4j
> V[S(T)] - S(Tt) j=1 (Tj—dj)rj

d, 1
T)] = S(T;)? x = 0.875% | —— | = 0.0137 = 0.117
VIS(Ty)] = S(Ty) = 0.875 <8 v 7) 0.0137 error = 0
V[S(T,)] = S(T,)? 42 S = 0.6062 x 2+ 1 ) o0317 = 0.178
20 =N\ S, | (h—dr) e 7 - T e
i 5 ds d, dy - . y y 10
V[S(T3)] - S(T3) ((Tg—d3)'r3 (Tz—dz)rz + (rl—dl)rl) iy 0.202 . (3)(1 + 6.5%4.5 + 8)(7) 3 0.0307

error=0.175



S] eXp(izl—a/z ><§})

b G :\/ Ydr/{ing(ng—dg)}
J S [In{(ng—dr) /i3]’

J 1/(8x7) el A

1= [Tingr ey = 10007 , (0.8758xP(1.96x1.0007) g g75exp(=1.96x1.0007)) (0 3870,0.9814)

~ _ [1/18X7}+2/{6.5X4.5} __ exp(1.96X0.4327 exp(—1.96X0.5858

s = \/[m{7 e = 0.5858 (0.606 ,0.606 ) (0.2062,0.8531)

5 = 1/{8><7}+2/{6-5><4-5}+2/{31’><;} — 05424 (Olzozexp(1.96><0.3655’ 0.2026%XP(~1.96x0.3655) () 0097,0.5755)
|in{7/8)+In{4.5/6.5}+In}]



total Deaths Lost Survival




Example of calculation Life Table

» Mcllimurray and Turkie (2) describe a clinical frial of 49
patients for the treatment of Dukes' C colorectal cancer.
The data for the two freatments, linoleic acid or control
are givé

Table 12.1 Survival in 49 patients with Dukes' C colorectal cancer
randomly assigned to either y linoleic acid or control treatment
Treatment | Survival time (months)

y linoleic acid
(n=25)

3+,6,6,6.6,8, 12+, 15+, 16+, 18+, 18+, 20, 22+, 24,

28+, 28+, 28+, 30, 30+, 33+, 42

Control (n=24)

» The + sign indicates censored data.
» We calculate Life Table for 12month interval.



Interval  total Deaths Lost Survival error [95% conf. int.]

0.8261 0.0790 0.6006 0.9309
0.5982 0.1126 0.3487 0.7783
0.4141 0.1334 0.1646 0.6501
0.4141 0.1334 0.1646 0.6501
S(Ty) = S(Ty) X P(t;) = 1 x (1 — 41 ) = ;z = 0.8261 S(T,) = S(T,_,)xp,
25 — 5 (4)
S(T,) = S(T,)x P(t,)=0.8261x (1 - L ) = 0.5982

3 pPe=1—gq;

S(Ts) = 0.5982 X (1 il ) = 0.4141

8——(3)

0
S(Ty) = 04141 x (1 — = 0.4141
3-5 (3)



Life Table

J

t—1
VIS(T] = S(Ty) ,-Z_N" =

- y) dq N y) g 7, 19
VIS(T] = S(T1)? X 2~ = 0.8261 (19><23) = 0.00625 error=1/0.00625
=0.0790

. 2 d, dq L. 2 4 4 .
VIS(Ty)] = S(T2) ((rz—dz)rz (rl—dl)rl) S (10.5><14.5 19><z3) = 0.01268

error=0.1126

VIS(Ty)] = VIS(TL)] = S(T)? (
= 0.0178 error=0.1334

ds d, d, ) B > ( 2 4 4 )
(1'3—d3)1‘3 (Tz—dz)rz + (rl—dl)rl — 0.4141 . 4.5X6.5 + 10.5%14.5 + 19x%x23




& :\/ Ydi/{ng(ng—dg)} S_exp(izl_a/zxsi}-)
J Yin{(ng—di) /md]? J

~ _ [ 4/123x19} _ exp(1.96x0.5008) exp(—1.96x0.5008)
S \/ 10237 —0-5008, (0.8261 ,0.8261 )

(0.6006,0.9309)

~ _ | 4/123x19}+4/{10.5X14.5} _ exp(1.96X0.3663 exp(—1.96X0.3663
S, = \/[ln{19/23}+ln{10.5/14.5}]2 = 0.3663 (0.5982 , 0.5982 )

(0.3487,0.7783)

= 0.3655 (0.4141exp(1.96><0.3655,

b, \/ 4/{23%19}+4/{10.5x14.5}+{2/4.5%6.5}

53 = [in{19/23}+In{10.5/14.5}+In{4.5/6.5}]2

0.5982exP(~1.96x0.3655) (0 1646,0.6501)



Life Table with 8month Interval

Interval total Deaths Lost Survival error [95% conf. int.]

S(Ty) = 1 e f/z oy 22—4 = 0.9167
=0.9167 x (1 = 7=-=) = 0.6194
=0.6194 x ( -— (2)3 — 0.6194
=0.6194 x ( 8_12(2)) = 0.5309
=0.5309 x (1 - = (3)) = 0.3792
=0.3792 x (1 - = (1)) = 0.3792



t—1
VIS = S(Ty) ]Z_l(n- e

. y) dq = y) 2 o
VIS = S(T)? X - = 091672 x (22X24) — 0.003183 error
— 1/0.00318=0.0564
- 2 d, dq e 2 6 2 -
V[S(T,)] = S(T,)? x ( — m_dl)dl) — 0.61942 x (125x18_5 22x24) — 0.003183 error

= +/0.003183=0.0564

. > dy ds d, d, il (1 | 0 6
> V[S(T4)] n S(T4) ((T4—d4)d4 (r3—ds)ds + (ry—dy)d, (rl—dl)dl) = 0.5309 (6)(7 i i 125%X18.5
+ =) =00151 ermor=v0.0151 = 0.1228
22X24
o 5 ds dy ds da dy i 7, (s
> VIS, ((Ts—ds)ds i (Ta—d4)dy i (r3—ds)ds s (rz—d2)d; 4 (Tl—dl)dl) = L (2'5X3'5

6 A
125%X18.5 22X24

=2y ) =0.0241 emor=v0.0241 = 0.1553



Interval total Deaths Lost Survival error  [95% conf. int.]

0O 8 25 2 2 09167 0.0564 0.7061 0.9785
8 16 2 6 &5 0.6194 0.1068 0.3791 0.7893
16 24 10 O 2 0.6194 0.1068 0.3791 0.7893
24 32 8 1 2 (GiS5ECRENEE I 27 S 0./339
32 40 5 1 3 O577Z28EREE N 087 0.6547
40 48 1 O 1 03792 0.1553 0.1087 0.6547

~ _ | Xdr/{ng(ng—dg)} exp(+Z1_q/2%S})
> S = S. 1-a/27°]
> \/Z[ln{(nk—dk)/nk}]z U

~ _ [ 2/(24x22} _ exp(1.96X0.7073) exp(—1.96X0.7073)
s = \/[lnm 7 =0.7073, (0.9167 ,0.8261 ) (0.7061,0.9785)

\ 4
)
I

= 0.3699 (0.6194°xP(1.96X0.3699 ') 194exp(~1.96x0.3699) (5 3791 0.7893)

4/{23x19}+6/{12.5%x18.5}
[in{19/23}+In{12.5/18.5}]?2

~ _ [4/{23x19}+6/{12.5x18.5}+1/{6x7} _ B 03654 B 0565
> R \/[ln{19/23}+ln{12.5/18.5}+zn{6/7}]2 = 0.3654(0.5309 , 0.2736 )

(0.2736,0.7339)

p o 4/{23%19}+6/{12.5%x18.5}+1/{6x7}+1/{2.5%3.5}
5 7 \J[Inf19/23}+In{12.5/18.5}+In{6/7}+In{2.5/3.5}|2

=0 3654(0.53096Xp(1.96><0.3654 0.2736exp(—1.96><0.3654)



SPSS

» Analysis/Survival Analysis/ Life table
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SPSS Out Put

0

Life Table®

Humber Mumber sumber Mumber of
Entering Withdrawing A ) Term
Interval Start Time Interval during Interval

7

a. The median survival time is 33.6291

Froportion
Terminating

Cumulative

Froportion

Froportion Surviving at
surviving End of Interval

82

Sto. Error of
Cumulative
Fropaortion
Surviving at
End of Interval
0564
1068
1068

1228




SPSS Out Put, Life Table Graph




STATA: [table time failuer, graph survival
intervals(8)




STATA Out Put, Lite Table Graph




Life Table

s Life Table method is very useful for a large sample, but
e estimated results will depend on the chosen interval
length. The larger the interval, the poorer the estimations.

Life-table analysis provides easy-to-understand and easily
performed analysis of data obtained at pre-determined
| Intervals.

" The Kaplan-Meier product-limit method uses exact survival
times rather than intervals to analyze survival.

~ You should apply Kaplan-Meier method if the sample |
y large.
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Question

» Differenc



