
Regression in survival analysis : The Cox model

Motivation

Ai : Study , say ,
survival conditional on

caranates X
,

S(t)X =7 -

Cox model

The Lox proportical hazards
mod paramelizes the hazard function

CH
as

4(+ ()
= do(t)e

I

Where B is a rector of coefficients and CH = (XiCH
, FizCH, ---/ fipl)

are fixed or time-varying , predictable coveriates.



Remember :

A stahshim rold P = &Phinery.
Parametric worl p-SPo : et@3 @SR" for a positive

finite b.

Lox-model is semi-parametric because

-
Lo(t) is non paarctic , and

-
B is parametric.

Implications of the Lox model
:

Def : the hazard alio of two hazade diC and2)is
"HR's

The HR in aLox wall is
La

= eB((H -(t)
G

often assumed
that

suppose two rectors and satisfy Kvitzf
,
then the HR is eB.

Xyi =Yzi itj



Lecture 9

· Lex regression model
· Interpretation of regression coefficients , hezad relios
· Collapsibility.

Partial likelihood

Aim (intuitively ( get rid of dolt) and only
consider B.

Constructions

di(t) = Zi(t) do(t)eB) = LoCH (ZiCHeBiCH] Ct) is predictable.

N
.
CH=Nelt)

, toNCH
Est

Now, Xi(t) =1 . (t)rJilt)
,
where

~(i)=



Def Partial
liklikove

Consider event time T< Tz <Tz---. and let if be the inded of
the individual who has an event at Tj. The partial likelied is :

i-MelsTj I (
Result :

Let B be the value of that
Maximizes ((B) , called

the "Maximum partial likelihood Estimator"
.

In large samples : ~N(Bo , J. (Bo)") , =- elol
"partial information Matrix"

proof technique:

Show that U(B) = elog (13
Is a marbigale.



From a Cox model to survival :

↓=Net
Survial NoCt) ·

has intensity No Ct).

If is were known
,
we could

consider a Not "typer of estimate

#H ; B):dNOp
Breslow estimator :

Molt;B) = NoCuZilue
*Thus

/ #; -Folte,

St=-du)



Mood checking
Conside a canodd with fixed covariates.

X(t) = LoCH eB

- log (S((*) =Sd(sds:se
log(log(s(() = log 3Js(ds]+

log(log (S(*) - log(log (S() = B-B



Ex : Collapsibility

Suppose I have estimates of p(Ta"y + /Ver) and P(90)+ Vv)

for a covanate Vector V.

P(ta") +) - p( +a +) = [(( +a + (=v) - p(+a+ (v =u)]p+v)
z

Survival difference is collapsible. [P(V=) = 1.



Hazad ralio and collapsibility
At [0,13 , Zt[, b) baseline covanate. Z is gamma

distributed with mean
rio , <)70 Atto.

caplace transform : ((c) = #)e-3) forE
and variance 5 . Then,

h(+ (A=0,z) = zn(t) ((4) = El +da
G(t(A+, z) =wzd(t)

SCHA=) = L(A(t) ,

H(t)= /side. SCH := El + GH(t)3
2 (6(A=0) = - x(t)[ L(t(A=e)=+(4)

S(t(A=1) = ((rH(t) G (t(A = 1) = ra(t)
I + rH(y)

Suppose d
= 1

.

L(H(A = 1)
= r1 + H() = r

CHA =d) It rH(t)

far Flat all +io.


