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Fardplan

Jag koncentrerar mig pa Cox-modellen. Resonemanget
kan ofta generaliseras om sd onskas.

Cox-modellen vaxer naturligt fram ur lograngtestet.

For att poangerna skall ga fram repeteras Cox-
modellen.

Jag ser narmre pa tre metoder: Cox-Snell-, Schonfeld-
och Martingal-residualer.

Nagra vinkar om hur man rent praktiskt gor i R ges
ocksa.



P e

Tva exempel



“Artscan I: huvud-hals
Baseline: Larynx
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> coxph(Surv(t1me d0l) ~ site,data = artscanI)
call:

coxph(formula = surv(time, d0l) ~ site, data = artscanI)

coef exp(coef) se(coef) z p
siteHypopharinx 0.645 1.91 0.142 4.54 5.5e-06
siteoris 0.216 1.24 0.159 1.36 1.7e-01
siteoropharynx -0.615 0. 54 0.133 -4.63 3.7e-06

Likelihood ratio test=95.1 on 3 df, p=0 n= 750
> |
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Slutsats

Hypopharinx ar varst, sedan Oris, Larynx och,
lindrigast, Oropharynx

Slutsatsen bygger pa Coxregression.

Coxregression bygger pd antagandet om proportionella
hasarder (PH). Hur kontrollerar jag det antagandet?



Validering, niva O (artscan I)
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S(t) = exp (— jt/l(s) ds) = exp(—A(t))
0

—log(S(8)) = A(D)

At) =ridy(t) = A(t) =rAy(t) = — log(S(t)) = —rlog(Sy (1))
log(—log(S(t)) = log(r) + log(—log(Sy(t))

Om hazarderna ar proportionella sa ar
overlevnadskurvorna parallella pa
komplementar log-log-skala.



Validering, niva 1, kontrollera PH!
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Pagaende registerstudie

> coxph(Surv(time,d01)~alder+proI,data = XX )

Call:

coxph(formula = Surv(time, d01l) ~ alder + proIl, data = xxx )

coef exp(coef) se(coef) z p
alder 0.0258 1.03 0.00787 3.28 1.0e-03 , ,
proI 0.8328 2.30 0.17153 4.86 1.2e-06 Kontinuerliga!

Likelihood ratio test=66.3 on 2 df, p=3.89e-15 n=216 (18 observatii
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Kon tillfor ingenting

. )
alder 0.0254 ~1.03 0.00782 3. 244 1.2e- 03

proI 0.8192 2.27 0.17168 4.771 1.8e-06
sex @cm-1502 1.16 0.22706 0.661 5.1e-01

Likelihood ratio test=12.7 on 3 df, p=0.00529 n=216 (18



ategorisera pri
iIngenting

> # 1ngen med prol = 0 dog. pessa kan inte vara med
= CP0 = coxph(Surv(time,d01l)~alder+proI,data = Data,subset = proIl=0)
> ¢pl = coxph(surv(time,dol)~alder+factor(proxr),data = subset(pata,prox =0))
> anova(CP1,CFrO)
analysis of peviance Table
Cox model: response is Surv(time, d01)
vodel 1: ~ alder + factor(proz)
Model 2: ~ alder + prol
Joglik chisq of p(>|chi])
1 -407.23
2 -407.61 0.7437 1 0. 3885
>



survival proportion (Breslow estimates, %)
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Onskas: battre validering

Skall fungera aven da antalet mojliga kovariat-
kombinationer ar stort — eller nar nagra kovariater ar
kontinuerliga.

Skall ge en vink om var felet ligger.
Skall visa i vilken riktning man gar for att forbattra.



~nnan vi gar vidare: repetition av

Cox
A(t, x) = A,(t) exp(BTx) : hasard
H(t,x) = | Ot A(s)ds = exp(BTx) Hy(t): kumulerad hasard

S(t,x) = exp(—H (t, x)) =Sy (t)eXp(ﬁTxi): overlevnadsfkn
Men ldt oss borja med lograngtestet!
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““Kontrollerna tycks do tidigare — signifikant
tidigare?







~__legrangtestet av A {stand.) mot B (exp’.)/

(ignorera “ties”)

* Tank under nollhypotesen: Ingen systematisk
skillnad mellan patienter pa A och pa B

* Det ar precis som i "Spinn the bottle”: Vem som far en
handelse valjs sSlumpmassigt.




“Under nollhypotesen

m; pa A och n; pa B vid

SNUIT nummer i. X;
indikator for att A- o
handelse 1 = =

Risken att ndgon pa A = ::—_:—_:[j:

drabbas nasta gang: m; =7 = %E_:—:‘j—‘—”

/ (m; +n;) o _,—rl‘:‘; _\__,1_\—’_\—‘—\7

Se pa summan | . = = =i
m; - N =

Zi (xi = mi+lni) )

Notera: du kan stanna N

nar du vill o
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Dédsfall nummer
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~Om testet ar bra beror pa

mothypotesen (PH!)

Antag att personer pa A

systematiskt viktas upp:
v, m;

Om; + n;
(Exempel med 0 = 2)

Ekvivalent med den
vanliga formuleringen

Aa(t) = 045(1)




~—Mothypotes:
uppviktning av
kontroller:
”Proportional
hazards”

Indikatorn for A-
handelse har en
tendens att
overstiga
prediktionen
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Inte bara

Fordelning av teststatistikan

ett bra test
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Coxregression

Skatta 6, som har en
lattbegriplig tolkning. 9

0 kan lika garna skrivas ml
eP*i for en indikator-

variabel x;. 9 ml -I— nl

Generalisera:  och x;
kan lika garna vara

S
vektorer: @ = ef i



T|IIbaks till exemplen (coxph)'
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> coxph(Surv(t1me d0l) ~ site,data = artqcanl)
call:

coxph(formula = surv(time, d01) ~ site, data = artscanT)

coef exp(coef) se(coef) z p
siteHypopharinx 0.645 1.91 0.142 4.54 5.5e-06
siteoris 0.218 1.24 0.159 1.36 1.7e-01
siteoropharynx -0.615 0.54 0.133 -4.63 3.7e-06
Likelihood ratio test=95.1 on 3 df, p=0 n= 750
> coxph(Surv(time,d0l)~alder+prol,data = XXX )
call: .
coxph(formula = Surv(time, d01) ~ alder + proI, data = xx )

coef exp(coef) se(coef) z p
alder 0.0258 1.03 0.00787 3.28 1.0e-03 , ,
proI 0.8328 2.30 0.17153 4.86 1.2e-06 Kontinuerliga!

LikeTlihood ratio test=66.3 on 2 df, p=3.89e-15 n=216 (18 observati



Skattning av overlevnaden — givet

Cox

[ Coxregressionen struntar man oftast i baseline-
overlevnaden.

Det ar lite synd, eftersom man kan anvanda baseline-
overlevnaden for att skatta allas 6verlevnad S(¢t; x) =
8, (£)exP(B™)

Man kan faktiskt anvanda sin anpassade Coxmodell
for att skatta baselineoverlevnaden.
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Att skatta baselineoverlevnad

Vanlig Kaplan-Meier:
S(tp) =
(1 —7(t))x(1 —r(ty))Xx X (1 —r(ty))

Om Cox ar sann: Individ k motsvarar exp(—f7xy)
baselinepersoner.

Skattning av baselinerisk da individ i dor:
Ar exp(—f" x;)
: Zk under risk exp(_lngk)
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| praktiken

Skapa ett objekt av klass coxph (dvs. en Coxmodell)

CP = coxph(Surv(time, cens) ~ variabler, ....)

Utan Coxmodell anpassas overlevnadskurvor

survifit (Surv(time, cens) ~ variabler,....)

Har man en coxmodell, anvands survfit pa den:

surviit (CP, newdata = [de varden man vill hal], ...

Nota bene: Forutsatter PH-antagandet.

.)
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CP-
coxph (Surv{time,d0l) ~ site,datz = artacanl)

SE -
survELt ( survfit-objekt

Surv{time,dc0l) ~ zite,
data = artsacanl

)
SFAL5 = subszet (as.dava.frame (SF),cimec— 65 J245)
8urvs = aggregate (SFArs$surv, SFALS["=ite"], min)

e iR e e e 2
png(pa=te(". . /figurer/", filename, " png", sep=""))

plot(
3F,
xscale = 365.24, MetOden P:E-Ot
f““';“' anvands pa SF
ty - 1317,

col = 1:4,
xlab = "ir efter randomizering”,
vlab = "EM (3"

)
arid() Grid lines och
legend( .
mtoprignt®, forklarande text kan
levels (artscanI§sice), o .
try = o, man kosta pa sig
col = 1:4

)

text{rep(°,nrow(surv5)),survidx, past=(round (1 00%survidx), "i") ,c=x = 1.0)
dev.off ()
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L1 ) (Top Level) =

Console ~/Documents/projekt/huvudhals/P20110502artscanlll/uppdaterat/
>

> (sites =
- sort(unique(artscani$site)))
[1] Larynx Hypopharynx oOris oropharynx

Levels: Larynx Hypopharynx Oris Oropharynx
> SFcox = survfit(CP,newdata = data.ﬁrame(site = sites))
> -
linesc survfit pa coxph-objekt
SFCoX,
xscale = 365.24,
col = c("black”,"red"”,"green”, "blue™),

Tty = 2,
)1w=2 lines: fler linjer 1 samma
lot
Tegend( I)
"topright"”,
levels(artscanI$site),
Tty = 1:4,
col = 1:4

)
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~~Validering, niva >1: jfr uppskattningen
under Cox (”Breslow”)
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Cox-Snell-residualer

Varje individs overlevnadsfunktion kan uppskattas
under Cox-modellen (S, (t) exp(B'x i))

Vivet att F(X) ~ U(0,1),vilket ocksa galler for S(T) =
1—F(T)

"Inversmetoden” ger — log(S (T )) ~exp(1)

H(T) = —log S(X) ~exp(1)

Modellkontroll: Se om H(t;, x;),i = 1, ...,n ar
censurerade observationer av exp(1).



Tva trans-
forma-
tioner

Transformation till exponentialvariabler

© <
- ~—

E = -log(F(T)) =F(T)

= F[T)~ L{D,1)

3 2 1 0 00 10 20 30
-log(U) ~ exp(1) Overlevnadstid
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Cox-Snell-residualer

Har en viss elegans

Sexp

. M - Problem: Vart gdr vi om
. S et de visar avvikelse fran

W -
g [ T I I .—IH-I—+ — PH?

0.0 0.5 1.0 15 2.0 = - .
: Ar egentligen battre
og(Sexp) lampad for modeller

-J—=om utan censureringar
= eonemn Ar inte residualer i vanlig

I ! I I ! I ! mening

0.001 0.005 0.050 0.500



—Préva att |ata datorn tanka at dig!
(Take a walk on the safe side!)

= CP = coxph(sSurv(time,dol)~site,data = artscanl)
> cox. zph(cr)

rho chisq p
siteHypopharynx -0.0553 1.23 0.26764
sitedris -0.1775 12.84 |:n.0|:n(»34<:=
siteoropharynx -0.0723 2.13 0.14415
GLOBAL NA 13.23 0.00416

> CP = coxph(Surv(time,dDl)—alder+prol,data = recentStudy)
> Ccox.zph(cr)
rho chisq p
alder 0.121 1.761 0.181
prorx -0.106 0.845 0.1358
GLOBAL NA 1.985 0.371

Mothypotes: f(t) = [ +
Og(t) tor en valbar
funktion.

Lite av en black box: Nu
vet vi att nagot inte
stammer med PH-
antagandet i artscanl-
studien, men inte riktigt
vad.

Registerstudien har
klarat testet!



Experimentera i R

<P coxph[17]

H . WA
» cox.zph(CP)

S rho chisg p

SErayx jalder 0.121 1.791 0.181 =
prol -0,106 0,845 0,358 p—

Mies  lcLoaaL NA 1.985 0.371 —
> ZPH = cox.zph{cp) .
» ‘)101 (ZPH)
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?plot.cox.zph

fit.coxl121

ZPH = cox.zph(cP)

plot{zrPH)
Zplot. cox. zph

— ]

Description
Displays a graph of the scaled Schoenfeld residuals, along wath a smooth curve.
Usage

## 53 mechod for claaa 'cox.zph'
plot |x, resid=TRUE, =se=TRUE, df=4, namo=40, var, ...)

Arguments

x result of the cox. zph function.

r==1d 3 logical value. f TRUE the residuals are included on the plot. as wall as the smooth fit.
s a logical value, f TRUE, confidence bands at two standard errors will be added.

ar the degrees of freedom for the fitted natural spline, ar=2z leads 1o a linear fit.

nsme  numbar of points used to plot the fitted spline.

war  the sat of vaniables for which plots are desirad. By default, plots are produced in tum for 2ach vanabls of 3

maodal Selection of a single vanable allows other features to be added to the plot, e g . 3 honzontal line at zero
or a main title.

This has been superseded by a subscrpting method: see the example below.
<« addtional graphical arguments passed 1o the plet function.




Schonfeldresidualer

¢ Vilken ar den basta
gissningen av (t.ex.)
aldern pa nasta som dor?

* Jo, ett viktat medelvarde!

* Jamfor det verkliga
vardet med gissningen.

3

3

L .. : | 'Y
e ¥ & k

exp (b'*x1) SN » 'f mJexp (b' *x8)

® Normera!

L1
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Schonfeldresidualer

Givet allt som hant fore t; ar kovariatvardet vid t;
fordelat som

E e.BTxlk
X1k Slh D1 = ,BTX'k
L under riske '
P(Xy = Xir) = 5 o B % jk
Xir; Slhp; =
Jk J Ty
L under risk eB Lit
\
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GIOM matematiken! Summa

summarum.

Det gar att finna forvantat varde (lamnas som 6vning)

Jamforelsen mellan erhallet och forvantat varde ger
Schoenfeldresidualerna.

Emellertid kan man transformera
Schoenfeldresidualerna sa att de approximerar
tidsberoende koefficienter: scaled Schoenfeld
residuals.

Fas bara for dem som haft en handelse.



Artscan |

Artscan I: Scaled Schoenfeld residuals
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”"Recent study”

Beta(t) for alder

Betal(t) for prol

Recent Study: Scaled Schoenfeld residuals
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> CP = coxph |Surv(cims,d0l)~2ice, data = arczeanT)

>

> residuals (CE)

1
0.751595¢¢€7
7
-1.559233883
12
-0.678983729
13
0.970451519
25
0.330501573
31
-0.214337282
37
-1.558233883
43
-0.5262055E0
43
0.290538072
55
0.647174870
61
0.16€3092233

<

2
0.169434575
g
0.370083683
14
0.93491651388
20
-1.5589233E893
26
-1.2562284958
32
-1.2562284958
38
-0.4€0978820
44
-0.050024408
50
-0.21133513962
56
C.8g€723€547
62
-D.67E983729

3
-1.559233893
8
-0.678983729
15
0.50471857¢
21
0.98186789¢
27
0.199615122
33
0.236571655
39
-1.25622E8458
45
0.8977499389
51
0.521822989
57
-0.€78983728
63
-1.559233893

4
-1.559233893
10
0.321016271
16
-0.678983722
22
0.E668638€3
28
-0.86788EB372%9
34
0.482177580
40
0.940€81703
46
0.72510595¢2
52
0.2807313¢€1
S8
-2.3954926170
64
-0.87883E3725

e
0.3114920318
11
-0.67£283729
17
-0.126520985
23
0.8751432495
29
-0.155203453
325
-0.678583729
31
-0.678583729
37
0.783908720
53
0.5292937233
59
0.903591838
65
0.241026272

6
0.407733101
12
0.34£408620
18
0.757007185
24
-D.867E983729
30
0.022933084
36
0.75E049043
42
0.852205504
48
D.622213354
54
-2.395426170
60
0.501501560
66
0.652691307



?residuals.coxph

residuals coxph {survival}

Calculate Rasidualxs for a ‘coxph’ Fit

Description
Cacriates martnpals. d=viance. score or Schoerfeld reqaduals for 2 Cox propoetional hazards modsl

Usage

## S3 pechod for claga 'coxph’
residuals (objeots,

cypae=e ("marcingalae®, "devianca®, *score", "achoanfeld®,
’Mcai, "dfbetas”, "scaledsch®, "partial®),

collapae=FALSE, wWaighrtaos=FALSE, ...)
## ) pethod for class ‘coxph.null'
residuals (obiect,

cype=c ("parcingale”, "deviance®,"score”, "schoenfeld”),
collapae=FALSE, weighted=FALSE, ...)

Arguments

2B38CT  an object mheritng from class coxpn representing a fited Cox regression model Typicaly this is the cutput from the coxpn finction.

Tipe character string idicating the type of residoal desired. Possible values are "martingale®, "deviance®, "acore®, "schoenfeld"”, "dbeta”, "dfbeta=", and "scaledach®.

22113p28 yactor axdicating which rows to collapse (sum) over. [n tine-dependent models more than one row data can pertain to a single individual I there were 4 individnals represented b
2, 5,3, 4,4,4,4) could be used to obtain per subject rather than per observation residnals.

walghtes §reur and the model was fit with case weights, then the weighted residaak are retamed.

value



Martingalresidualer
Kumulativ hasard
* Det forvantade antalet dodar r,=0; — H (t;; x;)

for pat. i om vederborande
vid varje dod ersatts med en
identisk (Minnesbild fran Jan = =
Lankes kElI‘S i iiverlevnads—J S (t) = exp(—H (t))
analys).

* Vid uttradestidpunkten har
d; (noll eller ett) dodar
intraffat. Darfor bor det
forvantade vardet av r; vara 0.




Artscan |: Plotta resid. mot alder

survdataSmres = residuals (CP)

plot (survdataSage, survdata$mres)

scatter.smooth (
survdata$age,
survdataSmres

)

® En scatterplot smoother
hjalper en att se tendensen
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Sammanfattning

Att plotta kumulativa hasarder i varje stratum fungerar
bara i enkla fall

Med Cox-Snell-residualer kan man undersoka PH-
antagandet aven i mer komplicerade fall - men det ar
oklart hur man gar vidare.

Om man misstanker tidsberoende koefficienter, kan
man kontrollera detta med Schonfeldresidualer

Martingalresidualer ar de enda "akta residualerna”.



