Ce_nSOru'r\j and Lfe Table Es+imates
— U)I‘H/\ C,Qngorepl a(cd"-‘(.) l.+ 'S cCemmon 1O

use ﬂonpar«mej'r\'c or semipqra.me:f?fc
wloa[e,\s) FdL"H/\PJ‘ Haan qua_me_-}'ru'c_ models
llke +he Weibd]] or &Pon&ﬁ'm(.

Reasons for Censorinag

- Some ndividuals are S'Hn alive at
the end of +he dat collecton . These
Su\b_ied's are uf;rﬁ— cemsoregl_,

- T we Ihave s taqqered e_n'h";L) we
measure |ifetimes -E:-:m Hie point of
P_Vt‘h"y e +he S'Juafy) so t+Hhe censor‘fnj
+wme may differ amonj fna[}v;'czlua_’s

(r‘amatom censerin )

- We may have |oss +o "Fb“OLU-—LL'E (e-j.)
PQ‘he/V\.-,' MmMovés Q.WQV ov S+OFS com"nj

to tHe C,[fnfc.)_

— We w\d-7 I/wwe, J@L‘H« ‘F\rom auﬂo‘H«e-f
C‘_oLuSQ) &n __Compe.ﬁnj v*fsli (e.j.) a_

Can cer PQ.'HC_PCIL c“&S m a Car QCCl‘de—’d).



E—X“W‘Pl& 1 C_onsioler' the ‘FD”ouJu‘Vlj jr‘ouLFe_A
OlOL. | N 'Hﬂ?. ‘Gbr‘m O‘p X ln'-CE. "‘q‘gle:

Here n(t) = # aljve and under observation
’ act l:se_jinnl‘nj o-p ;'y|+,ej-v¢l[
d(-t): #d‘/""j clur‘fnj interva|
W (’t) = 3 CQMSOI"QA or wf‘f‘l‘\dquwn

. durinj
frter Va.l
Time Tuterval n(t) .i_(-_t.l w(t)

[O/ l) R0 12 2
[1,2) 66 3 .
[2,3) sY e s
[3,4) 29 > 1
[4,5) 30 ! 2
[5,6) 27 % 7
[6,7) 13 3 5
L7,8) 10 3 7

- The rv. T s the +me unhl deatl
- Consider QS‘f‘iMde""\j He Lf-—yea.r Sqrvivaf

Fr‘o‘oa.‘ol-llﬁ'b) S+ ("f)
Naive estimate A:



Naive eshmate B

"'ES'HW\OC"E_ A wou,ld L)e_ C_orreg__"' l‘p d.”
wi‘l'l«clra.win3 mdividuals ‘Q—C'f ‘I'Lle S'hu(y

iS an

“This is not V‘eﬂdly true so

Estimate B would ke correct i all
wi‘Hr\alra.wivxi individuals left +he sho(\/

-—

- This 1S net reg.lly “h‘ue) SO o
an




The Life-Table Estimate of ST (‘t)
- Note ST(‘P):

- We need +v estmate My (i-l)} for
l‘=\)“')L‘t) %S;nj Hie date.
Possible Apfroa.c—lmes +> Estimate m(t}

@}\sSume, 'Hae in+e.r-va.|’s CeV\Soreal SuLJ'ec_‘l‘S
exited the study ot He end of +le
mterval. Then we would estimate m(-t)

ID\/I

@ASSW"‘Q He interval g censored suLJ'ed'S
exited +he S'l'uol‘{ at the beqinning
of Hie interva| . Then we bu;u.lal -
esthmate m(‘t) |oy:

- MoS‘l’ \nk?.l‘/) neither @ nov @ ref lect

reality.



@ComprOM"se,: Estimate m () by

-let's Hll in He Hirst 4 rews of our
| 1fe table using aurrroqc_l\ @:

Time n(t) dB) w(®) M) 1-m@) TTA-~E)
[e,)) 80 12 2

[L2) 66 8 o
[22) 5S4 10 5
31 2% 5 4

- So our |ife-fable estimate 5 {H)=
Exercise : Sl«:w Hrat u.sinj aLHoroa.cl\ ®)
we obtain St (4) =

E xercise : Show that u.Sinj A.FPPOOLC‘_L\ @)
we obtain S (4) =

- We know S an dial

S an O'P S-r (Lf))

b\-d’ -H\e,\-{ are_ r\a'l" as bQﬂl as ewur ”F\OLE\/?."

mates. N |
- eb:)S: wiﬁs define Se(t) as the estimator

L,\Sini Q?FY‘DCLC—LL @




Sam?lfrrtﬁ Distributon of g.r ({;)
- Clwly) g-r('t) IS« random variahle
since i+ (s o Hfunchon of samp le data.

- ][+ Can loe SL\own ‘Hr\acl’ -En- a 'Fr'xe_ei
t, g-l-('t) 1S QFFroxima_'l“elY

wi‘H« mean auqal o0 Var)ance

which 1s C_onSiS'l‘e.n'Hy esﬁmad‘eal loy

'Tl‘\iS 1S ulld Greenwooal's -%rm.u.ldt..

...Ay\ a_FProXim«.‘l'C la..f‘j?,—Sqw\P[e |OO(|_°<) n/o
conbidence interval for STU:) s Hius®

“Code on the course wek paqe
?.vudolers &S\/ C_dt.l (‘_u_(ad'l'ar\ O"F -|—Lese
iuam‘}‘i‘h'QS.



EXOLMF\P_ L An QPFrox]MﬂC('e 99 = €L
‘For ST ("|') L&

"'w“'H'\ C)SZ C.on-p\'ole.nce)

The Karl«n-Me_ie,r Estimator

i SuPFoSe. 'H\ad' inS‘l‘en.ol o'p Iaa.vfnﬂ jrou.rec‘
dota (as with +he | fe ‘I‘Alole)) we Know
the exact survival times (or censoring
Himes).

~ This is like ma.kin3 He interval widths
So SmoL“ 'Hﬂﬁ.'l' ho more ‘Hﬂ‘ln one
observahon —Fq”S n amy interval.

-kae ““m‘l‘f" D'C -H‘e lfFe_—-'l-xble €S+imad'0f‘
of S+ (t\) as interval-width = O) 'S
called  H.e Kqqun-Meier
(Pf‘ooluc,+— |{mi'|') eshmator.




Example 1 Consider the following
SiW‘Ple data set with n= 6 Fa:h'en'l-s,
The censor.'n3 ndicator 15 “1" i‘P +he
observation is o death Hme and O
l"p '+ 1S a cenSOrir\3 +me .

Tme (2.5 55 g5 95 .5 m©”.5
Cens.ITnd.| | | 0 | 0 |

— We will estimate e mor‘fuli‘f-y recte
at fme T as

Time m () |— m (t) S (+)




- The K-M estimator s a

with jumps at the death Hmes (the

function is defined 4o be rij"‘+'c°“ﬁ““°us).'
Plot:

-When we have wmeore cla.."l'&, "HAI‘S more
closely resembles a  continuous
survival function.

General Pormulas for K-M Estimator

OJ\A CL -

Note +Haat i Tz .‘:CL) we observe
-I{ T >C{, we only o\oserve

)



= Gu Lo eaikh SLLL;J‘QC.'l—) we agc'l'uq”7 observe

-Defive the indicator

- Hence our data are pairs

'De"p""e 'Hf\& hu.m'ne,l!‘ O'\c l'r\c“Vl‘ALL&ls
at risk a4+ Hme T L7 V\('t).

~So n{) is the numhber of subjects
who have V\ﬁi‘H«QJ‘ clleal novr Leen
C(’.V\Sor‘e,cl lo\/ +me t.

- Then Hie KM eshmater ik ST(":) 1St

-—T\\is ‘Formula works I'C —I—Le,r-e arée
no "HQA survival +mes tn the SMM[—’lQ.

- F_D\" C.Dn"h‘V\U-ous A‘d—&) "Hfle Proloklo;‘l.'l_y O'P

}ies 15 y but Hes can occur in

reoJf‘Py Since data are jfveh in rounded form.




""I‘G cl(‘t) 1S "HAQ humloef o-p oloserv’ecl
A-QA,‘HI\S n the sa.mr:[e at +ime ‘t} +Hen
c:l(‘t) will a..luuao,s be BT ;(‘
Hiere are no ties.

_But we could have d(+) B

‘{3 +es are Fossilola.
_ Then He K-M esthmateor 1S

where A(u) is the set of all death
+mes u Hiat are less +han er equal

o t.

—A consistent estimator of
var [KM(‘t)] s the limit of Greenwood's

“Formulau "

- Por a 'F'ler\ ‘t’ t can bhe shown Haat
KM(‘EB 1 q.rrrox{ma.+e,l\7 norma.l for
lwﬁe— SchPles.



-Se a loo (1-%)% CI fr S.(®) s:

“We can find and Plof KM(t)) and
y i} % CIS) utsl‘nj +He ‘sur‘v-ci-t' function
in the ‘survival' 'Po\c,km3e n R.

...See -l—Le CeuUurse weL P"‘je -Q,- exqmrfes.
Ex‘”"[’le 2: The built-in 'cancer’ dada
Se;\' I 'H«Q 'Surviw&" F¢¢k&3& In R jives
S\Arvival a.nal thSorfnj +Himes ('"'\ A“YS)
Lor 228 advanced fu.nj cancer Fach‘en‘l‘s_
~We £find the K-M eshmate of the
survival ‘GAHC,'HOV\ (qna{ Pon‘n'l‘qu‘Se
Is% CIs) u.sin3 R.

- Es-h‘mad‘c Hee one-year Surviv&l P"‘DL‘LL”W.




- Estimate Hie ‘iwD-—\,e_aLr survival Proko.lofff"y.

mem‘;\e 3. The builoin 'standord 2!
data seft jivc;s survival and CQ'\Sora’nj
Fimes (fn c:lm,s) 'Fbr‘ 194 hear T ‘l'r‘omsFlmd'
FOC\"I'QA'\‘S ;

'—ES'Hmad‘e +l«e One-\jw Su.rvfuq' FroLq_LilH'y.

-ES'HW\&JW— He ‘\'l’\"eﬂ-—ye.ar sur viva

Fro\b a_lol ‘1+7 .



