Phan tich sw kién:
Pong bien phu thudc theo th&i gian

Mark Stevenson

Faculty of Veterinary and Agricultural Sciences
The University of Melbourne, Parkville Victoria 3010 Australia

mark.stevensonl@unimelb.edu.au

Faculty of Veterinary and Agricultural Sciences

THE UNIVERSITY OF The University of Melbourne O "p
ME LB OURNE OIE Collaborating Centre I f

Diagnostic Test Validation Science



mailto:mark.stevenson1@unimelb.edu.au

NoOi dung

e @Gidithiéu

e MO hinh Piecewise Cox

« Dit liéu cay ghép tim cta PH Stanford

et THE UNIVERSITY OF

Y. MELBOURNE




Gidi thiéu

« Kiém dinh gid dinh mdi nguy theo ty |é

1. V& biéu do log[—logS(t)] theo thdi gian cho moi tang dit liéu cla
bién sb giai thich: Néu gia dinh CPH c6 hiéu lyc, cdc dwong biéu dé
sé la cac dwong song song

2. Gidi thiéu thuat ngit twong tac phu thudc theo theoi gian doi véi
bién s6 giai thich: Néu gia dinh CPH cé hiéu luc, thuat ngir twong tac
sé& khéng cd y nghia [chi tiét trong phan saul]

3. V& biéu dé so du theo thoi gian: Néu gia dinh CPH cd hiéu lyc, s6
du Schoenfeld s& phan tan xung quanh gia tri 0 va cé dd doc bang 0
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Giol thleu Nhitng gi ching ta dang dé cap & day la khi
anh hudng clia déng bién thay déi theo thoi
gian

e Cac phuwong phap xu Iy vé@i moi nguy khéng theo ty 1é

-1 Phan tang
2 Dong bién phu thudc theo thm gian

* Chung ta xt ly nhw thé nao khi bién sé gidi thich thay doi
theo thoi gian?

— Céac phuong phap |3p lai trén mot doi twong

— Thay déi déi tuwong xtr ly
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MO hinh Piecewise Cox

* Bién s giai thich thay déi theo thaoi gian

— Giai doan ton tai déi v&i moi ca thé dwoc chia thanh chudi ‘sinh ton’
ngan theo thoi gian bat dau va két thuc, trong cac gia tri dong bién
duy tri cé dinh

— St dung dit liéu addict va gia sit mot liéu methadone duwoc giam
50% sau 365 ngay tham gia chuong trinh

id start stop status clinic prison dose

1 0 365 0 1 0 50
1 365 428 1 1 0 25
2 0 275 1 1 1 55
3 0 262 1 1 0 55
2 0 183 1 1 0 30
5 0 259 1 1 1 65
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MO hinh Piecewise Cox

* Phuwong phap ti€p cadn nay duoc goi la ham mai nguy theo ty
|é twng buwédc hoac piecewise Cox model

e Trong moi khoang

— POi twgng duoc theo ddi hodc chét trong khoang thai gian diéu tri
(duwgc m3 hoéa la theo ddi hoac chét)

— Ddi twong sdng sét qua moi khoang thdi gian duoc theo ddi tai thoi
diém két thuc khoang thai gian
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id start stop status clinic Prison dose

1 0 365 0 1 0 50
1 365 428 1 1 0 25
2 0 275 1 1 1 55
3 0 262 1 1 0 55
4 0 183 1 1 0 30
5 0 259 1 1 1 65



MO hinh Piecewise Cox

* MG@Gi quan tdm la cac quan sat khi dwoc sap xép theo cach nay
cé méi ‘twong quan’ (chi ra rang can cé giai phap déi véi moi
tuvong quan nay)

— Khéng van d8, vi kha ndng mot phan duoc tinh dwa cho maoi ca tir

vong hodc sy kién theo thoi gian, bao gdm téng sé quan sat hién hitu
hodc nguy co tai ngay cu thé xay ra sy kién

— Do khoang thoi gian cho moi ca thé cu thé khong bi trung 13p, kha
ndng say ra nhiéu nhat sé 1a chi mot quan sat cho moi ca thé
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Dit liéu cay ghép tim cua Pai hoc Stanford

* Nghién clru cay ghép tim ctia DH Stanford

— Cau hoi: bénh nhan duoc cay ghép tim trong sém co thé séng lau
hon nhirng ngudi khéong duoc cay ghép hay khéng?

Tai liéu tham khao: Crowley J and Hu M (1977) Covariance analysis of
heart transplant data. Journal of the American Statistical Association
78: 277 - 281.
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library(survival) ; setwd("D:\\TEMP") ; Entered the program on day 0 and died, day 0

dat <- read.table("heart.csv'", header = |Enteredthe nrosram on dav 0 and died

head (dat) ; Tham gia chuong trinh vao ngay 0, d¢i 1 ngay

id start stop event age year

va sau do duoc ciy ghép. T&r vong sau 16 ngay.

| 0___50 1 —17.155373 0.1232033 0 |
| 0 6 1 3.835729 0.2546201 |
[""'6""T""'6"'ET?57657'6T?@557T5"""""""""""1
116 1 6.297057 0.2655715
0 0 =-7.737166 0.4900753
6 1 -7.737166 0.4900753
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id: S& dinh danh bénh nhan.

start: sb ngay tu khi b3t diu tham gia chuong trinh.

stop: sb ngay tu khi tham gia dén khi xay ra su kién.
event: 0 = dugc theo déi, 1 = tu vong.

age: tudi theo ndm tru 48.

year: ngay chidp thudn tham gia chuong trinh (s6 ndm tinh tu
1/10/1967) .

surgery: 0 = chua tung phdu thudt, 1 = da tung phdu thult.
transplant: 0 = khdéng cdy ghép, 1 = cdy ghép.




Dit liéu cay ghép tim cua Pai hoc Stanford

* Phuong phap 1: phan nhém theo tinh trang cay ghép
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heart.cph0l <- coxph(Surv(start, stop, event) ~ age + surgery +
strata (transplant), data = dat, method = "breslow'");
summary (heart.cphO1) ;

Call:
coxph (formula = Surv(start, stop, event) ~ age + surgery +
strata (transplant), data = dat, method = "breslow")
n= 172 X o e it - ,
Phau thuat tim trudc khi chap thuan tham gia
coef exp(coet) selcoel) chuong trinh lam giam nguy co t&r vong hang
age V.32l L0332 v.uldl 228 ngay xuéng 0.45 (95% Cl 0.23 — 0.94).
surgery -0.7678 0.464 0.3619 -2.12
exp (coef) exp(-coef) lower .95 upper .95
age 1.033 0.968 1.005 1.062
surgery 0.464 2.155 0.228 0.943
Rsquare= 0.062 (max possible= 0.953 )
Likelihood ratio test= 10.9 on 2 df, p=0.00422
Wald test = 9.85 on 2 df, p=0.00725
Score (logrank) test = 10.2 on 2 df, p=0.0061




Dit liéu cay ghép tim cua Pai hoc Stanford

* Phuwong phap 2: tinh trang cay ghép la déng bién phu thudc
thoi gian (age/tudi va surgery/phau thuat 1a bién sé giai thich)
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options (contrasts = c("contr.treatment", "contr.poly")):
heart.cph02 <- coxph(Surv(start, stop, event) ~ (age + surgery) *
transplant, data = dat, method = "breslow")

summary (heart.cph02) ;

coef exp(coef) se(coef) Z P
age 0.0138 1.014 0.0181 0.763 0.45
surgery —0.5457 0.579 0.6109 -0.893 0.37
transplant 0.1181 1.125 0.3277 0.360 0.72
age:transplant 0.0348 1.035 0.0273 1.276 0.20
surgery:transplant -0.2916 0.747 or———————"——==

Dai véi cac bénh nhan duoc ciy ghép, phau
thudt tim truwdce khi chip thuan tham gia

f -coef : )
exp (coel) exp (-coef) chuwong trinh [am giam nguy co ti vong theo

age L.oL4 V. 986 ngay xuéng 0.75 (95% Cl 0.17 — 3.30).
surgery 0.579 1.726

transplant 1.125 0.889 —_— —
age:transplant 1.035 0.966 0.982 1.09

surgery:transplant

Rsquare= 0.07 (max possible= 0.969 )

Likelihood ratio test= 12.4 on 5 df, p=0.0291
Wald test = 11.6 on 5 df, p=0.0402
Score (logrank) test = 12.0 on 5 df, p=0.0345




Dit liéu cay ghép tim cua Pai hoc Stanford

 Phuwong phap 3: tinh trang tinh trang cay ghép la déng bién
phu thudc thoi gian (age/tudi va year/nam la bién so giai
thich)
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heart.cph03 <- coxph(Surv(start, stop, event) ~ (age + year) *
transplant, data = dat, method = "breslow") ;
summary (heart.cph03) ;

coef exp(coef) se(coef) Z P
age 0.0155 1.016 0.0173 0.895 0.3700
year -0.2735 0.761 0.1058 -2.585 0.0097
transplant -0.5884 0.555 0.5427 -1.084 0.2800
age:transplant 0.0339 1.034 0.0279 1.211 0.2300
vear:transplant 0.2013 1.223 0.1425 1.413 0.1600

exp (coef) exp(-coef) lower .95 upper .95

age 1.016 0.985 0.982 1.051
year 0.761 1.315 0.618 0.936
transplant 0.555 1.801 0.192 1.609
age:transplant 1.034 0.967 0.979 1.093
yvear:transplant 1.223 0.818 0.925 1.617
Rsquare= 0.083 (max possible= 0.969 )

Likelihood ratio test= 14.8 on 5 df, p=0.0111

Wald test = 13.8 on 5 df, p=0.0172

Score (logrank) test = 14.0 on 5 df, p=0.0153




Bién sé Coefficient (SE) P Ty s6 nguy co’ (95%)
Age/Tudi 0.0155 (0.0173) 0.37 1.02 (0.98 — 1.05)
Year/Nam -0.2735 (0.1058) <0.01 0.76 (0.62 — 0.94)
Transplant/Cay ghép -0.5884 (0.5427) 0.28 0.55(0.19 - 1.61)
Age x transplant 0.0339 (0.0279) 0.23 1.03 (0.98 - 1.09) @
Year x transplant 0.2013 (0.1425) 0.16 1.22 (0.92 - 1.62)

a Gii thich: So v&i tham chiéu (b&nh nhan khéng cay ghép), bénh nhan dwoc cly ghép cé nguy co tir vong theo

m&i nam tudi tang 1&n la 1.02 (95% CI1 0.98 — 1.09).



Bién sé Coefficient (SE) P Ty s6 nguy co’ (95%)

Age/Tudi 0.0155 (0.0173) 0.37 1.02 (0.98 — 1.05)
Year/Nam -0.2735 (0.1058) <0.01 0.76 (0.62 — 0.94)
Transplant/Cay ghép -0.5884 (0.5427) 0.28 0.55(0.19 - 1.61)
Age x transplant 0.0339 (0.0279) 0.23 1.03 (0.98 - 1.09) @
Year x transplant 0.2013 (0.1425) 0.16 1.22 (0.92 - 1.62)

a Gii thich: So v&i tham chiéu (b&nh nhan khéng cay ghép), bénh nhan dwoc cly ghép cé nguy co tir vong theo
m&i nam tudi tang 1&n la 1.02 (95% CI1 0.98 — 1.09).

Mot don vi tudi ting Ién tai thoi diém bat dau tham gia
chuong trinh lam tang nguy co t& vong 1én 1.02 lan.
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Bién sé Coefficient (SE) P Ty s6 nguy co’ (95%)

Age/Tudi 0.0155 (0.0173) 0.37 1.02 (0.98 — 1.05)
Year/Nam -0.2735 (0.1058) <0.01 0.76 (0.62 — 0.94)
Transplant/Cay ghép -0.5884 (0.5427) 0.28 0.55(0.19 - 1.61)
Age x transplant 0.0339 (0.0279) 0.23 1.03 (0.98 - 1.09) @
Year x transplant 0.2013 (0.1425) 0.16 1.22 (0.92 - 1.62)

a Gii thich: So v&i tham chiéu (b&nh nhan khéng cay ghép), bénh nhan dwoc cly ghép cé nguy co tir vong theo
m&i nam tudi tang 1&n la 1.02 (95% CI1 0.98 — 1.09).

Nguy co tl&r vong gidm néu bénh nhan chip thuin tham gia
chuong trinh sém. Cé sy gia tang 1 ‘chat lwvgng’ bénh nhan
theo thoi gian.
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Bién sé Coefficient (SE) P Ty s6 nguy co’ (95%)

Age/Tudi 0.0155 (0.0173) 0.37 1.02 (0.98 — 1.05)
Year/Nam -0.2735 (0.1058) <0.01 0.76 (0.62 — 0.94)
Transplant/Cay ghép -0.5884 (0.5427) 0.28 0.55 (0.19 — 1.61)
Age x transplant 0.0339 (0.0279) 0.23 1.03 (0.98 - 1.09) @
Year x transplant 0.2013 (0.1425) 0.16 1.22 (0.92 - 1.62)

a Gii thich: So v&i tham chiéu (b&nh nhan khéng cay ghép), bénh nhan dwoc cly ghép cé nguy co tir vong theo
m&i nam tudi tang 1&n la 1.02 (95% CI1 0.98 — 1.09).

Trong sudt giai doan nghién ctru, cay ghép coé hiéu qua co lgi
dai véi sw duy tri cudc sdng.
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Bién sé Coefficient (SE) P Ty s6 nguy co’ (95%)

Age/Tudi 0.0155 (0.0173) 0.37 1.02 (0.98 — 1.05)
Year/Nam -0.2735 (0.1058) <0.01 0.76 (0.62 — 0.94)
Transplant/Cay ghép -0.5884 (0.5427) 0.28 0.55(0.19 - 1.61)
Age x transplant 0.0339 (0.0279) 0.23 1.03 (0.98 — 1.09)
Year x transplant 0.2013 (0.1425) 0.16 1.22 (0.92 - 1.62)

a Gii thich: So v&i tham chiéu (b&nh nhan khéng cay ghép), bénh nhan dwoc cly ghép cé nguy co tir vong theo
m&i nam tudi tang 1&n la 1.02 (95% CI1 0.98 — 1.09).

Pa&i vdi bénh nhan dwoc ciy ghép, sv gia ting moi don vi
tudi tai thoi diém chap thudn tham gia chwong trinh ¢ méi
lién quan lam gia tdng nguy co t& vong
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Bién sé Coefficient (SE) P Ty s6 nguy co’ (95%)

Age/Tudi 0.0155 (0.0173) 0.37 1.02 (0.98 — 1.05)
Year/Nam -0.2735 (0.1058) <0.01 0.76 (0.62 — 0.94)
Transplant/Cay ghép -0.5884 (0.5427) 0.28 0.55(0.19 - 1.61)
Age x transplant 0.0339 (0.0279) 0.23 1.03 (0.98 - 1.09) @
Year x transplant 0.2013 (0.1425) 0.16 1.22 (0.92 — 1.62)

a Gii thich: So v&i tham chiéu (b&nh nhan khéng cay ghép), bénh nhan dwoc cly ghép cé nguy co tir vong theo
m&i nam tudi tang 1&n la 1.02 (95% CI1 0.98 — 1.09).

Tuy nhién, khoang th&i gian dé chap thuan cay ghép kéo dai
lam tdng nguy co tl vong. Sy sdng clia bénh nhan dugc cay
ghép khdng dwoc cai thién theo ty |é tuong &ng vadi chat
lwvgng bénh nhan.
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Dit liéu cay ghép tim cua Pai hoc Stanford

e V& biéu d6 theo th&i gian ddi véi nhirtng ngudi:
— 50 tuéi khi chap thuan tham gia chuong trinh
— C6 phau thuat tim trudc do

— Trong danh sach doi cay ghép trong 6 thang
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age30.dat <- data.frame(start = 0, stop = 183, age
0, surgery = 1, transplant = 0)
age50.dat <- data.frame(start = 0, stop
0, surgery = 1, transplant = 0)

head (age50.dat)

30 - 48, year

183, age = 50 - 48, year

start stop event age year surgery transplant
0 183 1 2 0 1 0

surv30 <- survfit(heart.cph03, newdata = age30.dat, individual
FALSE, se = FALSE)

surv50 <- survfit (heart.cph03, newdata = age50.dat, individual =
FALSE, se = FALSE)




plot (surv30, 1lwd =1, 1lty = 1, xlim = ¢(0, 200), xlab = '"Days'")
lines (surv50, 1lwd =1, 1lty = 2, type = "s", col = "red")

legend (x = "topright", legend = c("30 years of age, prior surgery"
"50 years of age, prior surgery"), col = c("black", "red"), 1lwd =
c(l,1), 1ty = c(1,2), bty = "n")




Stanford heart transplant data (Crowley and Hu 1977). Biéu d6 dw doan theo thi gian doi véi bénh
nhan & dé tudi 30 tai thdi diem tham gia chwong trinh cay ghép va bénh nhan & do tudi 50 tai thoi diém
tham gia chuwong trinh.
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— —— 30 years of age, prior surgery
--- 50 years of age, prior surgery
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