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Phan tich sy Kié€n
(event history hay survival analysis)

Qua ba chuong trudc, ching ta da 1am quen v&i cac mo hinh thong ké cho cac
bién phy thudc lién tuc (nhu &p sudt mau) va bién bac thtr (nhu c6/khong, bénh hay
khong bénh). Trong nghién ctru khoa hoc, va dac biét 1a y hoc va ki thuat, c6 khi nha
nghién ctru mudn tim hiéu anh huong dén cac bién phu thudc mang tinh thoi gian. Nha
kinh té hoc John Maynard Keynes timg néi mot cau c6 lién quan dén cha dé ma toi s& mo
ta trong chuong ndy nhu sau: “Vé lau vé dai tat ca chung ta déu chét, cai khac nhau 1a
chét s6m hay chét muén ma thoi.” Thanh ra, & ddy viéc theo ddi hay mo ta mot bién bac
thi nhu séng hay chét tuy quan trong, nhung ... khong chinh xac. Cai bién s6 quan trong
hon va chinh xac hon 1 thoi gian dan dén viéc sy kién xay ra.

Trong cac nghién ctru y hoc, ké ca nghién cru 1am sang, cic nha nghién ciru
thuong theo ddi bénh nhan trong mdt thoi gian, cd khi Ién dén vai muoi naim. Bién cb
xdy ra trong thoi gian do nhu c6 bénh hay khong co bénh, song hay chét, v.v... la nhiing
bién cb co y nghia 1am sang nhét dinh, nhung thoi gian dan dén bénh nhan mac bénh hay
chet con quan trong hon cho viéc danh gia anh hudong ctia mot thuat diéu tri hay mot yéu
t6 nguy co. Nhung thoi gian nay khac nhau giira cac bénh nhan. Chang han nhu thoi
diém tr lac diéu tri ung thu dén thoi diém bénh nhan chét rat khac nhau gilra cac bénh
nhan, va d¢ khac biét d6 co thé tiry thudc vao cac yéu té nhu do tudi, gidi tinh, tinh trang
bénh, va cic yéu t6 ma co khi chung ta khong/chua do ludng duge nhu twong tac giira
cac gen.

M& hinh chinh dé thé hién méi lién hé gitra thoi gian din dén bénh (hay khong
bénh) va cac yéu td nguy co (risk factors) 1a m6 hinh c6 tén la “survival analysis” (co thé
tam dich 1a phdn tich song sét). Cum tir “survival analysis” xudt phat tir nghién ctru
trong bao hiém, va gidi nghién ctru y khoa tir d6 dung cum tir cho bd mén ciia minh.
Nhung nhu ndi trén, song/chét khong phai 13 bién duy nhét, vi trong thuc té chung ta
cling c6 nhitng bién nhu c6 bénh hay khong bénh, xdy ra hay khong xay ra, va do do,
trong gidi tam li hoc, nguoi ta ding cum tir “event history analysis” (phan tich bién cd)
ma toi thdy c6 vé thich hop hon 13 phdn tich song sét. Ngoai ra, trong cac bd mon ki
thuat, nguoi ta dung mot cum tir khic, reliability analysis (phan tich do tin cdy), dé chi
cho khai niém survival analysis. Tuy nhién, trong chuong nay t6i s€ dung cum tur phdn
tich bién cé.

13.1 Md hinh phan tich sé liéu mang tinh thi gian
Vidu 1. Thoi gian din dén ngung sit dung IUD. Mot nghién ctru vé hiéu qua

clia mot y cu ngira thai trén 18 phu nir, tudi tir 18 dén 35. Mot s6 phu nit ngung sir dung
y cu vi bi chay mau. Con s6 khac thi tiép tuc st dung. Bang so li¢u sau day la thoi gian



(tinh bing tuan) ké tir lc bt dau sir dung y cu dén khi chdy méu (tirc ngung sir dung)
hay dén khi két thuc nghién ctru (tirc van con str dung dén khi cham dat nghién ctu).

Bing 13.1 Thoi gian din dén ngung sir dung hay tiép tuc sir dung y cu IUD

Mai s0 bénh | Thoi gian Tinh trang Cau hoi dat ra la m6 ta thoi gian
nhan (tuan) (ngung=1 hay | ngung st dung y cu. Thuat ngt “moé ta” &
tiép tuc=0) day c6 nghia 1a u6c tinh s trung vi thoi
1 18 0 gian dan dén ngung sir dung, hay xéac suét
2 10 1 ma phu nit ngung st dung vao mot thoi
3 13 0 diém nao d6. Tinh trang tiép tuc su dung co
4 30 1 khi goi 1a “survival” (tc “song sot”).
5 19 1
6 23 0 Dé giai quyét van dé trén, dbi nhimg
7 38 0 phu nir di ngung st dung van dé udc tinh
3 54 0 thoi gian khong phai 1a kh6. Nhung van dé
9 36 1 quan trong trong dir liéu mang tinh thoi gian
10 107 ] nay 12 mot sé phu nit vin con tiép tuc sir
11 104 0 dung, boi vi ching ta khong biét ho con sir
B 97 1 dung bao lau nira, trong khi p?ghiét.l cuu phai
3 107 0 “dong s0” theo mot thoi diém 'dm‘h trudc.
14 56 0 Nhiing truong h(,)p. do6 dugc goi bang mot
5 59 1 thuat ngr khé hiéu la “censored” hay
“survival” (tirc con song, hay con ti€p tuc st
12 17057 (1) dung, hay bién cb chua xay ra).
18 93 1

_ Goi T'la thoi gian con tiép tuc str dung (c6 khi goi 1a survival time). T1a mot bién
ngau nhién, véi ham mat do (probability density distribution) f{¢), va ham phan phdi tich
lily (cumulative distribution) la:

=£wf(s)ds

Pay 1a xac sudt ma mot c4 nhan ngung st dung (hay kinh qua bién cd) tai thoi diém ¢.
Ham bo sung S(f) = 1 — F(¢) thuong duoc goi 1a ham “séng sot” (survival function).

S6 ligu thoi gian T thudng duge md phong bang hai ham xac suat: ham séng sot
va ham nguy co (hazard function). Ham sdng s6t nhu dinh nghia trén 1 xac sudt mot ca
nhan con “sdng sot” (hay trong vi du trén, con st dung y cu) dén mot thoi diém r. Ham
nguy co, thudng duge viét bang ki hiéu h(1) hay A(z) 1a xac sudt ma c nhan dé ngung sir
dung (hay xay ra bién cd) ngay tai thoi diém .

h(t)zlAiL%Pr[(tgT<;:At)\T2t] :{;8




sao cho A(f) ot la xéac suat mot ca nhén ngung str dung trong khoang thoi gian ngin & voi
diéu kién ca nhan d6 sdng dén thoi diém z. Tir mdi lién hé:

Pr(song sot dén 1+87) = Pr(séng sot dén 7) . Pr(sdng sot dén 8¢ | sdng dén 7)

chiing ta co:

1-F(t+6t)=(1-F(t))x(1-h(t)ot)

Tur d6, chung ta co6:

StF (1) =(1-F (t)) ()5t

Thanh ra, ham nguy co la:

Va ham nguy co tich liy:

T dinh nghia ham nguy co —h(7) = , chiing ta c6 thé viét:

A(t) = —log(l—F(t))

Mot s6 ham nguy co c6 thé tng dung dé mé ta thoi gian ndy. Ham don gian nhat 1a mot
hang s6, dan dén mot mo hinh Poisson (thugc nhém céac luat phan phoi mit):

F(t)=2e" (t>0)
Do d6:

Thanh ra:

Nhing i thuyét trén day thoat ddu méi xem qua c6 vé tuong dbi réc roi, nhung
v6i s6 lidu thyc té thi s& d& theo ddi hon. Bay gi0 chung ta quay lai voi s liéu tir Vi du
1. Dé tién viéc theo ddi va tinh toan, chung ta can phai sap x&p lai dir liéu trén theo thu
tu thoi gian, bat ké do 1a thoi gian ngung st dung hay con tiép tuc sir dung:

10 13* 18* 19 23* 30 36 38* 54*
56* 59 75 93 97 104* 107 107* 107*



Trong diy sb liéu trén dau “*7 la dé danh dau thoi gian censored (tirc con tiép tuc sur
dung IUD). Céch don gian nhat la chia thoi gian tir 10 tuan (ngan nhat) dén 107 tuan (lau
nhat) thanh nhiéu khoang thoi gian nhu trong bang phan tich sau day:

Bang 13.2. Uéc tinh x4c suit tich lity cho m&i khoéng thoi gian

Moc Khoang | S6phunit | S6phu | Xac suat Xac Xac
thot thoi gian lac bat nir ngung st | suit con suét
gian (¢) (tudn) dau thoi | ngung sir | dung A(f) | sir dung | tich liy

diém (n,) | dung (d,) 2 S(%)
1 0-9 18 0 0.0000 1.0000 | 1.0000
2 1018 18 1 0.0555 0.9445 | 0.9445
3 19-29 15 1 0.0667 0.9333 | 0.8815
4 30-35 13 1 0.0769 0.9231 | 0.8137
5 36 —58 12 1 0.0833 0.9167 | 0.7459
6 59 -74 8 1 0.1250 0.8750 | 0.6526
7 75-92 7 1 0.1428 0.8572 | 0.5594
8 93 -96 6 1 0.1667 0.8333 | 0.4662
9 97 -106 5 1 0.2000 0.8000 | 0.3729
10 107 — 3 1 0.3333 0.6667 | 0.2486

Trong bang tinh toan trén, chung ta co:

Cot thir nhat 1a mdc thoi gian (tam ki hiéu 1a 7). Cot ndy khong c6 y nghia gi,
ngoai trir st dung dé 1am chi sé;

Cot thtr 2 1a khoang thoi gian (duration) tinh bang tuan. Nhu dé cép trén, ching
ta chia thoi gian thanh nhiéu khoang dé tinh toan, chang han nhu tir 0 dén 9 tuén,
10 dén 18 tuan, v.v... Cha ¥ ring trong thuc té, chiing ta khong c6 sd liéu cho thoi
gian tir 0 dén 9 tuan, nhung khoang thoi gian ndy dit ra dé 1am cai méc khoi dau
dé tién cho viéc udc tinh sau nay. Day chi la nhitng phén chia tuong dbi tuy tién
va chi c6 tinh cach minh hoa; trong thyuc té may tinh c6 thé 1am viéc d6 cho ching
ta;

Cot thu 3 1a s6 dbi twong nghién ciru 7, (hay cu thé hon 1a s6 phu nir trong nghién
ctru nay) bdt dau mot khoang thoi gian. Chang han nhu khoang thoi gian 0-9, tai
thoi diém bét dau 0, co 18 phu nit (hay ciing c6 thé hiéu rang s phu nir duoc theo
ddi/quan sét it nhat 0 tuan 1a 18 ngudi).

Trong khoang thoi gian 1018, ngay tai thoi diém bat dau 10, ching ta co 18 phu
nit; nhung trong khoang thdi gian 19-29, ngay tai thoi diém bat dau 19, ching ta
c6 15 phu nir (cu thé 13: 19 23% 30 36 38% 54* 56* 59 75 93 97 104* 107
107* 107%*); van van.



N6i cach khéc, cot nay thé hién s dbi twong véi thoi gian quan sat toi thidu 1a 7.
Do do, trong khoang thoi gian 97 — 106, chiing ta c6 5 phu nit véi thoi gian theo
doi tir 97 tuan tré 1€n (97 104* 107 107* 107%).

e (ot thir 4 trinh bay sé phu nit ngung st dung y cu d, (hay bién cb xay ra) trong
mot khodng thoi gian. Chang han nhu trong khoang thoi gian 10—18 tuan, c6 mot
phu nit ngung str dung(tai 10 tuan); trong khoang thoi gian 19 — 29 tudn ciing c6
mdt trudng hop ngung sir dung (tai 19 tuan), v.v...

e (ot thir 5 1a x4c sudt nguy co /(f) trong mot khoang thoi gian. Mot cach don
gian, h(f) duoc wdc tinh bang cach 13y d, chia cho n,. Vi du trong khoang thoi
gian 10-18 ¢6 1 phu nir ngung st dung (trong s6 18 phu ni¥), va xac suit nguy co
1a 1/18 = 0.0555. Xéc suat nay dugc udc tinh cho timg khoang thoi gian.

e Cot thi 6 12 x4c suat con sir dung cho mot khoang thoi gian, tire lay 1 trir cho A(f)
trong cot thtr 5. Xac sudt nay khong cung cap nhiéu thoéng tin, nhung chi duoc
trinh bay dé dé theo ddi tinh toan trong cot ké tiép.

e Cot thtr 7 1a x4c suét tich Ity con s dung y cu S(#) (hay cumulative survival
probability). Day 14 cot s6 liéu quan trong nhat cho phén tich. Vi tinh chat “tich
lity”, cho nén cach wéc tinh duoc nhén tir hai hay nhiéu xéc suat.

Trong khoang thoi gian 0-9, x4c suat tich lily chinh 1 xac suét con sir dung trong
cot 6, (vi khong c6 ai ngung sur dung).

Trong khoang thoi gian 10-18, xac suat tich lily dugc ude tinh bang cach lay xéac
suit con st dung trong thoi gian 0-9 nhan cho xac sudt con sir dung trong thoi
gian 10-18, ttrc 1a: 1.000 x 0.9445 = 0.9445. Y nghia ciia udc tinh nay 1a: xc suét
con sir dung cho dén thoi gian 9 tuan 13 94.45%.

Tuong tu, trong khoang thoi gian 19-29 tuan, xc sudt tich liy con st dung duoc
tinh bang cach Iy xac sudt tich lity con sir dung dén tuan 10-18 nhan cho x4c suét
con sir dung trong khoang thoi gian 19-29: 0.9445 x 0.9333 = 0.8815. Tuc la,
xéc sudt con str dung dén tuan 29 13 88.15%.

t=1 l’lt

k - r
Noi chung, cong thuc ude tinh S(¢) 1a S(t) = H[n‘ 9 J Cha y dau mi “*”

trén S(¢) 12 dé nhic nho rang d6 1a wéc s6. Néu goi xac sut con sir dung trong
khoang thoi gian ¢ 1a p, (tac cdt 6), thi S(¢) cling c6 thé tinh bang cong thirc:

k
=11~
=1

Phép udc tinh dugc moé td trén thuong dugc goi la woc tinh Kaplan-Meier
(Kaplan-Meier estimates), hay thinh thoang cling dugc goi 1a product-limit estimate.



13.2 Wérc tinh Kaplan-Meier bang R

Tét ca cac tinh toan trén, tit nhién, cd thé duge tién hanh béng R. Trong R c6
mot package tén 1a survival (do Terry Therneau va Thomas Lumley phét trién) c6 thé
tmg dung dé phén tich bién c6. Trong phan sau ddy t6i s& huéng dan cach sir dung
package nay.

Quay lai v6i Vi du 1, viéce dau tién ma chung ta can lam la nhap dir liéu vao R.
Nhung trude hét, chung ta phai nhdp package survival vao moi truong lam viéc:

> library(survival)

Ké dén, ching ta tao ra hai bién sé: bién thir nhat gém thoi gian (hay goi la weeks cho
truong hop ndy), va bién thir hai 14 chi sé cho biét d6i tuong ngung st dung y cu (cho gia
tri 1) hay con tiép tuc s dung (cho gia tri 0) va dat tén bién nay 1a status. Sau do
nhép hai bién vao mot dataframe (va goila data) dé tién viéc phan tich.

> weeks <- ¢(10, 13, 18, 19, 23, 30, 36, 38, 54,

56, 59, 75, 93, 97, 104, 107, 107, 107)
> status <- ¢(1, 0, 0, 1, O, 1, 1,0, 0, O, 1, 1, 1, 1, 0, 1, 0, 0)
> data <- data.frame (duration, status)

Bay gio, chung ta di sin sang phan tich. Dé udc tinh Kaplan-Meier, chiing ta s& sir dung
hai ham Surv va survfit trong package survival. Ham Surv dung dé tao ra
mot bién s0 hop (combined variable) voi thoi gian va tinh trang. Vi dy, trong 1énh sau
day:

> survtime <- Surv(weeks, status==1)

> survtime
[1] 10 13+ 18+ 19 23+ 30 36 38+ 54+ 56+ 59 75 93 97
[15] 104+ 107 107+ 107+

ching ta s& c6 survtime la mot bién véi thoi gian va dau “+” (chi con song sot, hay
censored observation, hay trong trudong hop nay 1a con str dung y cu). Bién sb nay chi co

gid tri va y nghia cho phén tich ctua R, chir trong thyc té, c6 18 chiing ta khong can no.

Con ham survfit ciing kha don gian, ching ta chi can cung cip hai thong sb: thoi
gian va chi s6 nhu vi du sau day:

> survfit (Surv (weeks, status==1))
Hay néu di c6 object survtime thi chung ta chi don gian “goi”:

> survfit (survtime)
Call: survfit (formula = survtime)

n events median 0.95LCL 0.95UCL



18 9 93 59 Inf

Két qua trén day chang c6 gi hap dan, vi n cung cap nhiing thong tin ma chiin ta da biét:
¢ 9 bién ¢ (ngung st dung y cu) trong sé 18 ddi twong. Thoi gian (median - trung vi)
ngung st dung 14 93 tudn, véi khoang tin cdy 95% tir 59 tudn dén vo cuc (Inf =
infinity). D& c6 thém két qua chung ta can phai dua két qua phan tich vao mot
object chang han nhu kp va dung ham summary dé biét thém chi tiét:

> kp <- survfit (Surv (weeks, status==1))

> summary (kp)

Call: survfit (formula = Surv(weeks, status == 1))

time n.risk n.event survival std.err lower 95% CI upper 95% CI

10 18 1 0.944 0.0540 0.844 1.000
19 15 1 0.881 0.0790 0.739 1.000
30 13 1 0.814 0.0978 0.643 1.000
36 12 1 0.746 0.1107 0.558 0.998
59 8 1 0.653 0.1303 0.441 0.965
75 7 1 0.559 0.1412 0.341 0.917
93 6 1 0.466 0.1452 0.253 0.858
97 5 1 0.373 0.1430 0.176 0.791
107 3 1 0.249 0.1392 0.083 0.745

Mot phén cua két qua nay (cot time, n.risk, n.event, survival)
chiing ta da tinh toan “thu cong” trong bang trén. Tuy nhién R con cung cap cho chung
ta sai sO chuan (standard error) cua S(¢) va khoang tin cay 95%.

Khoang tin cdy 95% duoc uéc tinh tir cong thire S(¢)+1.96x se[ﬁ’(z‘)], ma trong
k
. . d
do, se[ $(1)]=$ 4
0, se[ (t)} (1)x IZ:; (=4

cong thire Greenwood (hay Greenwood'’s formula). Chung ta ¢ thé thé hién két qua trén
bang mot bicu d6 bang ham plot nhu sau:

Cong thuc sai s6 chuan nay con dugc goi la

> plot (kp,
xlab="Time (weeks)",
ylab="Cumulative survival probability")
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Trong biéu dd trén, truc hoanh 1a thoi gian (tinh bang tuan) va truc tung 13 xac suét tich
lily con sir dung y cu. Dudng chinh giita chinh 1 xac suét tich liiy S (¢), hai dudng chdm
la khoang tin cdy 95% cua S(¢). Qua két qua phan tich nay, ching ta c6 thé phat biéu
rang xac suét sit dung y cu dén tudn 107 1a khoang 25% va khoang tin cdy tir 8% dén
74.5%. Khoang tin cay kha rong cho bic¢t udc s6 c6 dd dao dong cao, don gian vi sO
lugng doi tuong nghién ctru con tuong doi thap.

13.3 So sanh hai ham xac suét tich liiy: kiém dinh log-rank
(log-rank test)

Phan tich trén chi ap dung cho mét nhom dbi _tuong, va myc dich chinh la udc
tinh S(7) cho ting khoang thoi gian. Trong thuc t&, nhidu nghién ctru ¢6 muc dich so sanh
S(7) gitra hai hay nhiéu nhom khac nhau. Chang han nhu trong cic nghién ctiru lam sang,
nhat 1 nghién ctru chita tr ung thu, cac nha nghién ctru thuong so sanh thoi gian song sot
gitra hai nhom bénh nhan dé danh gia muac do hiéu nghiém ctia mot thuat diéu tri.

Vi du 2. Mot nghién ctru trén 48 bénh nhén véi bénh mun gidp (herpes) ¢ bd
phan sinh duc nham xét nghiém hiéu qua ciia mot loai véc- Xm moi (tam goi bang ma
danh gd2). Bénh nhan dugc chia thanh 2 nhém mot cach ngau nhién: nhém 1 dugc diéu
tri bang gd2 (gébm 25 ngudi), va 23 ngudi con lai trong nhém hai nhan gia duoc
(placebo). Tinh trang bénh dlmc theo doi trong vong 12 thang. Bang sé liéu sau day
trlnh bay thoi gian (tinh bang tuan va g01 tat la tlme) dén khi bénh tai phat. Ngoai ra,
mdi bénh nhan con cung cip s liéu vé sd 1an bi nhiém trong vong 12 thang trudc khi
tham gia cong trinh nghién ctu (episodes). Theo kinh nghi¢ém lam sang, episodes
c6 lién hé mat thiét dén xac sudt bi nhidém (va chung ta s& quay lai v6i cach phan tich bién
s6 ndy mot mot phan sau). Cau hoi dit ra 1a gd2 ¢ hiéu nghiém lam giam nguy co bénh
tai phat hay khong.



Bang 13.1. Thoi gian dén nhiém trang ¢ bénh nhin véi bénh mun gidp cho nhém
gd2 va gia dwge

d episodes time infected id episodes time infected
1 12 8 1 2 9 15 1
3 10 12 0 4 10 44 0
6 7 52 0 5 12 2 0
7 10 28 1 9 7 8 1
8 6 44 1 11 7 12 1
10 8 14 1 13 7 52 0
12 8 3 1 16 7 21 1
14 9 52 1 17 11 19 1
15 11 35 1 19 16 6 1
18 13 6 1 21 16 10 1
20 7 12 1 22 6 15 0
23 13 7 0 25 15 4 1
24 9 52 0 27 9 9 0
26 12 52 0 29 10 27 1
28 13 36 1 30 17 1 1
31 8 52 0 32 8 12 1
33 10 9 1 35 8 20 1
34 16 11 0 37 8 32 0
36 6 52 0 38 8 15 1
39 14 15 1 41 14 5 1
40 13 13 1 43 13 35 1
42 13 21 1 45 9 28 1
44 16 24 0 47 15 6 1
46 13 52 0
48 9 28 1

Chu thich: trong bién infected (nhiém), 1 c6 nghia la bi nhiém, va 0 1a khong bi nhiém.

Trong truong hop trén ching ta c6 hai nhdm dé so sanh. Mot cach phan tich don
gian 1a woc tinh S(7) cho ting nhom va ting khoang thoi gian, 16i so sanh hai nhém béng
mdt kiém dinh thong ké thich hop. Song, phuong phap phén tich nay c6 nhuoc diém la
n6 khéng cung cap cho chung ta mot “birc tranh” chung cua tat ca cac khoang thoi gian.
Ngoai ra, van d& so sanh giita hai nhém trong nhiéu khoang thoi gian khac nhau lam cho
két qua rat kho dién dich.

Pé khic phuc hai nhuoc diém so sanh trén, mot phuwong phap phén tich duoc phat
trién co tén 1a log-rank test (kiém dinh log-rank). Day 1a mot phuong phap phén tich phi
thong s6 dé kiém dinh gia thiét rang hai nhom c6 cing S(f). Phuong phap nay ciing chia
thot gian ra thanh k& khoang thoi gian, ¢, 1, t3, ..., &, ma khoang thoi gian¢; (=1, 2, 3...,
k) phan anh thoi diém j khi mot hay nhiéu déi tugng ctia hai nhém cong lai. Goi d;; 1a s6
bénh nhan trong nhém i (i=1, 2) bi bénh trong khoang thoi gian ¢, Goi d ;= d, ; +d,, la

tong s6 bénh nhan mac bénh va dat n, =n,; +n,, la tong sd bénh nhén cia hai nhom

trong khodng thoi gian #. Véij=1, 2,3..., k, ching ta c6 thé wéc tinh:

nljdj .
e, =——~ va e, =
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nzjdj
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(6 day, ¢, e,; 1a s0 bénh nhén trong nhom 1 va 2 ma ching ta tién doén la s&€ mac bénh

néu c6 cung xac sudt mac bénh trong ca hai nhom (tirc xac suat trung binh), v; la phuong

sai). Ngoai ra, ching ta c6 thé udc tinh tong so bénh nhan mac bénh cho nhém 1 va 2:
k k
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Va tong s6 bénh nhan mac bénh néu c6 cung chung xac suat mac bénh cho ca hai nhom:

Elziv. va V=

J
J=1

V.

k
J
j=

Goi T; 1a mot bién ngau nhién phan anh thoi gian tir khi dugc diéu tri dén khi mic bénh
cho nhém 7, va goi S, (¢)=Pr(T, >t), kiém dinh log-rank dugc dinh nghia nhu sau:

2
}(2 _ (01 _El)
14
Néu y* > y7, (trong dé, y;, 1a tri so Chi binh phuong véi d6 ¥ nghia thong ké 0=0.95),

ching ta c6 bang chung dé két luan rang do khac biét vé S(t) gitra hai nhom c6 ¥ nghia
thong ké.

13.4 Kiém dinh log-rank bang R

Vi du 2 (tiép tuc). Ching ta quay lai v6i vi du 2 va sé sir dung R dé tinh toan
kiém dinh log-rank. Trudc hét, chung ta phai nhap cac dir li€u can thiét bang cac 1énh
thong thuong nhu sau:

> grouvp <- ¢(1, 1, 1, 1, 1, 1, 1,1, 1, 1, 1, 1, 1, 1, 1,

1,11, 1,1, 1, 1,1, 1, 1,
2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2,
2, 2, 2, 2, 2, 2, 2, 2)

> episode <- c¢(12, 10, 7, 10, 6, 8, 8, 9, 11, 13, 7, 13, 9,
12, 13, 8, 10, 16, 6, 14, 13, 13, 16, 13, 9,
9, 10, 12, 7, 7, 71, 7, 11, 16, 16, 6, 15,
9, 10, 17, 8, 8, 8, 8, 14, 13, 9, 15)

> time <- c¢(8, 12, 52, 28, 44, 14, 3, 52, 35, 6, 12, 7, 52,
52, 36, 52, 9, 11, 52,15, 13, 21,24, 52,28,
15,44, 2, 8,12,52,21,19, ¢,10,15, 4, 9,27, 1,



12,20,32,15, 5,35,28, 6)

> infected <- ¢(1, 0, O, 1, 1, 1, 1, 1, 1, 1, 1, O, 0, O, 1,
o, 1, 0, 0, 1, 1, 1, 0, 0, 1,
1, OI OI ll ll OI ll ll ll ll OI 1/ OI 1/ 1/
1, 1, 0, 1, 1, 1, 1, 1)

> data <- data.frame (group, episode, time, infected)

(a) Ching ta tng dung ham survfit dé udc tinh xac suét tich lily S(f) cho timg nhom
bénh nhan va cho két qua vao doi tugng kp.by.group nhu sau (cha y cach cung cap
thong s6 ~ group):

> library(survival)

> kp.by.group <- survfit (Surv(time, infected==1) ~ group)
> summary (kp.by.group)
Call: survfit(formula = Surv(time, infected == 1) ~ group)
group=1
time n.risk n.event survival std.err lower 95% CI upper 95% CI
3 25 1 0.960 0.0392 0.886 1.000
6 24 1 0.920 0.0543 0.820 1.000
8 22 1 0.878 0.0660 0.758 1.000
9 21 1 0.836 0.0749 0.702 0.997
12 19 1 0.792 0.0829 0.645 0.973
13 17 1 0.746 0.0902 0.588 0.945
14 16 1 0.699 0.0958 0.534 0.915
15 15 1 0.653 0.1001 0.483 0.882
21 14 1 0.606 0.1033 0.434 0.846
28 12 2 0.505 0.1080 0.332 0.768
35 10 1 0.454 0.1083 0.285 0.725
36 9 1 0.404 0.1074 0.240 0.680
44 8 1 0.353 0.1052 0.197 0.633
52 7 1 0.303 0.1016 0.157 0.584
group=2
time n.risk n.event survival std.err lower 95% CI upper 95% CI
1 23 1 0.957 0.0425 0.8767 1.000
4 21 1 0.911 0.0601 0.8004 1.000
5 20 1 0.865 0.0723 0.7346 1.000
6 19 2 0.774 0.0889 0.6183 0.970
8 17 1 0.729 0.0946 0.5650 0.940
10 15 1 0.680 0.1000 0.5099 0.907
12 14 2 0.583 0.1067 0.4072 0.835
15 12 2 0.486 0.1088 0.3132 0.754
19 9 1 0.432 0.1093 0.2630 0.709
20 8 1 0.378 0.1082 0.2156 0.662
21 7 1 0.324 0.1053 0.1712 0.613
27 6 1 0.270 0.1007 0.1300 0.561
28 5 1 0.216 0.0939 0.0921 0.506
35 3 1 0.144 0.0859 0.0447 0.463

Va vé& biéu dd Kaplan-Meier cho timg nhom nhu sau:

> plot (kp.by.group,



xlab="Time",
ylab="Cum. survival probability",

col=c (“black”, “red”))
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Qua biéu do trén, ching ta c6 th¢ thiy kha 15 1a nhom dugc diéu trj bang gd2 (dudng
mau den phia trén) c6 xac suat nhiém (hay bénh tai phat) thap hon nhom gia duoc (duong
mau do, phia du6i). Nhung phan tich trén khong cung cap tri s6 p dé chiing ta phat biéu
két luan.

(b) Bé ¢6 tri s6 p, ching ta can phai sir dung ham survdi £ £ nhu sau:

> survdiff (Surv(time, infected==1) ~ group)
Call:
survdiff (formula = Surv(time, infected == 1) ~ group)

N Observed Expected (O-E)"2/E (O-E)"2/V
group=1 25 15 20.0 1.26 3.65
group=2 23 17 12.0 2.11 3.65

Chisg= 3.7 on 1 degrees of freedom, p= 0.056

Két qua phén tich log-rank cho tri s6 p=0.056. Vi p > 0.05, chiing ta van chua c6 bang
chung thuyét phuc dé két luan rang gd2 qua that c6 hi¢u nghi€ém gidm nguy co tai phat
bénh.

13.5 M6 hinh Cox (hay Cox’s proportional hazards model)

Kiém dinh log-rank 1a phuong phap cho phep chung ta so sanh S(7) gitra hai hay
nhiéu nhom. Nhung trong thuc té, S(7) hay ham nguy co A(t) c6 thé khong chi khac nhau
gitta cdc nhém, ma con chiu sy chi ph01 cua cac yéu t6 khac. VAn dé dit ra 1a lam sao
wdc tinh mirc dd anh hudng cua cic yéu té nguy co (risk factors) dén A(r). Chang han



nhu trong nghién ctru trén, s6 1an bénh nhan tung bi nhiém (bién episode) dugc xem la
c¢6 anh huong dén nguy co bénh tai phat. Do d6, van dé dit ra 1a néu ching ta xem xét va
diéu chinh cho anh hudng cua episode thi mirc d6 khac biét vé& S(7) gitta hai nhom c6
that sy ton tai hay khong?

Vao khoang gitra thap nién 1970s, David R. Cox, gido su théng ké hoc thuoc DPai
hoc Imperial College (London, Anh) phét trién mot phuwong phap phan tich dya vao mé
hinh hoi qui (regression) dé tra 151 cau hoi trén (D.R. Cox, Regression models and life
tables (with discussion), Journal of the Royal Statistical Society series B, 1972; 74:187-
220). Phuong phap phan tich d6, sau nay dugc goi 1a M6 hinh Cox. M6 hinh Cox dugc
danh gia 1a mot trong nhitng phat trién quan trong nhat cua khoa hoc néi chung (khong
chi khoa hoc théng ké) trong thé ki 20! Khong thé ké hét bao nhiéu s6 1an trich din bai
bao cua David Cox, vi bai bdo gay anh hudng cho toan bd hoat dong nghién ctru khoa
hoc.

Vi mo ta chi tiét mo6 hinh Cox nam ngoai pham vi cua chuong sach nay, nén toi
chi phat hoa vai nét chinh dé ban doc c6 thé nam van dé. Goi x;, x2, X3, ... X, 1a p yéu to
nguy co. x c6 theé 1a cac bién lién tuc hay khong lién tuc. M6 hinh Cox phat biéu rang:

h (t) — /»L(t)eﬂlx] +hxy+ Byxs .4 Byx,

h(t) dugc dinh nghia nhu phﬁn trén (tcc ham nguy co), £ (G=1,2,3, ..., p) lahé s6 anh
huong lién quan dén x;, va A(f) 1a ham sb nguy co néu cac yéu to nguy co x khong ton tai
(con goi la baseline hazard function). Vi mtre d6 anh huong cia mot yeu to nguy co x;
thuong dugce thé hién bang ti s6 nguy co (hazard ratio, HR, cling twong ty nhu odds ratio
trong phan tich héi qui logistic), hé s exp(/%) chinh 1a HR cho khi x; ting mét don vi.

Ham coxph trong package R c6 thé duoc Gmg dung dé wdc tinh hé sé B. Trong
1€nh sau day:

> analysis <- coxph (Surv(time, infected==1) ~ group)

Trong Iénh trén, chiung ta mubn kiém dinh anh hudng ctia hai nhom diéu tri dén ham
nguy co h(t) va két qua dugc chua trong doi tugng analysis. DE tom lugc
analysis, ching ta stt dung ham summary:

> summary (analysis)

Call:
coxph (formula = Surv(time, infected == 1) ~ group)
n= 48
coef exp(coef) se(coef) z P
group 0.684 1.98 0.363 1.88 0.06
exp (coef) exp(-coef) lower .95 upper .95
group 1.98 0.505 0.973 4.04

Rsquare= 0.071 (max possible= 0.986 )



Likelihood ratio test

3.55 on 1 df,

Wald test = 3.55 on 1 df,
Score (logrank) test = 3.67 on 1 df,

Nén nhé nhém diéu tri duoc cho ma s 1, va nhom gia duoc ¢6 mi s6 2. Do do,
két qua phan tich trén cho biét khi group tang 1 don vi thi A(¢) ting 1.98 1an (v6i khoang
tin cay 95% dao dong tir 0.97 dén 4.04). Noi cach khac, nguy co bénh tai phat trong
nhém gia dugc cao hon nhém diéu tri gd2 gan 2 1an. Tuy nhién vi khoang tin cdy 95%
bao gém ca 1 va tri s6 p = 0.06, cho nén ching ta van khong thé két luan ring muc do

anh huong nay cé y nghia théng ké.

Nhung ching ta cAn phai xem xét (va diéu chinh) cho anh huéng cia qué trinh
bénh trong qua khir dugc do ludng bang bién s6 episode. B¢ tién hanh phan tich nay,

p=0.0597
p=0.0596
p=0.0553

chiing ta cho thém episode vao ham coxph nhu sau:

> analysis <- coxph(Surv(time, infected==1) ~ group + episode)
> summary (analysis)
Call:
coxph (formula = Surv(time, infected ==
n= 48

coef exp(coef) se(coef) z P
group 0.874 2.40 0.3712 2.35 0.0190
episode 0.172 1.19 0.0648 2.66 0.0079

exp (coef) exp(-coef) lower .95 upper .95
group 2.40 0.417 1.16 4.96
episode 1.19 0.842 1.05 1.35
Rsquare= 0.196 (max possible= 0.986 )
Likelihood ratio test= 10.5 on 2 df, p=0.00537
Wald test = 10.4 on 2 df, p=0.00555
Score (logrank) test = 10.6 on 2 df, p=0.00489

Két qua phan tich trén cho chung ta mot dién dich khac va c6 1& chinh xac hon.

MO hinh A(7) bay gio la:

h (t | group, episode) = /1(t)e

) ~ group + episode)

Néu episode tam thoi giit ¢6 dinh, ti s6 A(7) giita hai nhom la:

h(t|group=2)

h(t | group = 1)

Tuong tu, néu group tam thoi gilr ¢d dinh, khi episode taing mot don vi, ti ) nguy co

s& tang 1.14 lan.

— 0874 9 40

0.874( group)+0.172(episode)



Noi cach khac, mdi lan mac bénh trong quéa khir (tirc episode ting 1 don vi)
lam tang nguy co tai phat bénh 19% (véi khoang tin cay 95% dao dong tir 5% dén 35%).
Nhom gia duoc ¢6 nguy co bénh tai phat ting gap 2.4 1an so v6i nhém diéu tri bang gd2
(va khoang tin ciy 95% c6 thé tir 1.2 dén gan 5 1an). Ca hai yéu t& (nhom diéu tri) va
episode déu co y nghia thong ké, vi tri s6 p<0.05.

Nhung episode 1a mot bién lién tuc. Van dé dit ra 1 sau khi diéu chinh cho
episode thi ham S(¢) cho timg nhom sé& ra sao? Cach khac quan nhat 13 gia dinh ca hai
nhém gd2 va gia duoc c6 cung s 1an episode (nhu sb trung binh ching han), va ham
S(#) cho timg nhom co thé ude tinh bang:

> Cox.model <- survfit (coxph (Surv(time, infected==1)~episode+strata (group)))
> plot (Cox.model,

xlab="Time",

ylab="Cumulative survival probability",

col=c(“black”, “red”))

hay don gian hon:

> plot (survifit (coxph (Surv(time, infected==1)~episode+strata (group))),
xlab="Time",
ylab="Cumulative survival probability",
col=c (“black”, “red”))
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13.6 Xay dwng mé hinh Cox bang Bayesian Model Average
(BMA)

Cuing nhu truong hop cua phén tich h01 qu1 tuyen tinh da bién va phén tich hoi qui
logistic da bién, van dé tim mot mo hinh * ‘61 wu” dé tién doan bién cb trong trong diéu
kién c6 nhiéu bién doc lap 1a mot van dé nan giai. Phan 16n sach gido khoa thong ké hoc



trinh bay ba phuong an chinh dé tim mot mo hinh t6i wu: forward algorithm, backward
algorithm, va tiéu chuan AIC.

Vé6i phuong an forward algorithm, chung ta khoi dau tim bién doc 1ap x c6 anh
hudng 16n dén bién phu thudc y, roi tung budc thém cac bien doc 1ap khac x cho dén khi
mo hinh khong con cai tién thém nira.

Vé6i phuong an backward algorithm, chiing ta khdi dau bang cach xem xét tat ca
bién doc lap x trong dir 1li€u c6 thé cé anh hudng 16n dén bién phu thude y, ro1 tirng budce
loai bo tung bién doc 1ap x cho dén khi mo hinh chi con lai nhiing bién c6 y nghia thong
ké.

Hai phuong an trén (forward va backward algorithm) dua vao phan du (residual)
va tri s6 P dé xét mot mo hinh t6i wu. Mot phuong an thir ba 1a dua vao tiéu chuan
Aikaike Information Criterion (AIC) ma t6i da trinh bay trong chuong trudc. Pé hiéu
phuong phap xay dung mo hinh dwa vao AIC 61 s& ldy mot vi du thye té nhu sau. Gia du
ching ta muén di tir tinh A dén tinh B qua huyén C, va mdi tuyen dudng ching ta c6 3
lua chon: béng xe hoi, bang dudng thuy, va bang xe gan may. Tat nhién, di xe hoi dit
tién hon di xe gan mdy, Mat khac, di duong thuy tuy it ton kém nhung chdm hon di bang
xe hoi hay xe gin may. Néu co tat ca 6 phuong an di, van dé ditra 1a chung ta mudn tim
mdt phuong an di sao cho it ton kém nhét, nhung tiéu ra mot thoi gian ngan nhat! Tuong
tu, phuong phap xay dung mé hinh dua vao tiéu chuan AIC 13 di tim mot mo hinh sao
cho it thong s6 nhéat nhung c6 kha ning tién doan bién phu thudc day du nhat.

Nhung ca ba phuong an trén co van dé 1a md hinh “tdi uw’ ’ nhat dugc xem 1a mo
hinh sau cung, va tat ca suy luan khoa hoc deu dua vao udc sd ctia mé hinh d6. Trong
thuc té, bat ctt md hinh nao (ke ca mo hinh “tbi ww’ ’) cling c6 do bat dinh cta nd, va khi
chung ta c6 thém sb liéu, mé hinh téi vu chua chic 1a mé hinh sau cung, va do d6 suy
luan co thé sai 1am. Mot cach tot hon va cé trién vong hon dé xem xét dén yéu td bat
dinh nay l1a Bayesian Model Average (BMA).

Vi phan tich BMA, thay vi chung ta hoi yéu t6 doc 18p x anh huong dén bién phu
thuc co ¥ nghia théng ké hay khong, ching ta hoi: xac suét ma bién doc 1ap x co anh
huong dén y 1 bao nhiéu. Dé tra 16i cau hoi d6 BMA xem xét tit ca cic mo hinh c6 kha
ning giai thich y, va xem trong cac mé hinh do, bién x xuét hién bao nhiéu lan.

Vi du 3. Trong vi du sau day, ching ta s¢ mo phong mot nghién ctru véi 5 bién
ddc 1ap x1, x2, x3, x4, va xs. Ngoai trir x;, 4 bién kia dugc md phong theo luat phan phéi
chuan. Bién y 1a thoi gian va kém theo bién tir vong (death). Trong 5 bién x nay, chi
6 bién x; ¢6 lién hé véi xac suat tir vong béng mdi lién hé exp (3*x1 + 1), con cac
bién x2, x3, x4, va x5 dugc mo phong toan doc lap véi nguy co tir vong. Chung ta s& st
dung phuong phap xiy dung mé hinh theo tiéu chuan AIC va BMA dé so sanh.

# Nhap package survival va BMA dé phan tich
> library(survival)
> library (BMA)



# Tao ra 5 bién sé déc lap
> x1 <= (1:50)/2 - 3

> x2 <- rnorm(50)

> x3 <- rnorm(50)

> x4 <- rnorm(50)

> x5 <- rnorm(50)

3+

M6 phéong mbéi lién hé risk=exp (beta*xl + 1)
model <- exp(3*x1l + 1)

\

3+

Tao ra bién sé phu thuéc y
y <- rexp (50, rate = model)

\

# Tao ra bién sy kién theo luat phan phéi mii, ti 1& 0.3
> censored <- rexp (50, rate=0.3)

> ycencored <- pmin(y, censored)

> death <- as.numeric(y <= censored)

# Cho tit ca bién sbé vao data frame tén simdata

> simdata <- data.frame(y, death, x1,x2,x3,x4,x5)

# Phan tich bidng mé hinh Cox

> cox <- coxph (Surv(y, death) ~ ., data=simdata)
> summary (cox)
Call:
coxph (formula = Surv(y, death) ~ ., data = simdata)
n= 50

coef exp(coef) se(coef) z P
x1l 3.2325 25.344 0.568 5.6908 1.3e-08
x2 -0.0319 0.969 0.331 -0.0963 9.2e-01
x3 0.3112 1.365 0.327 0.9518 3.4e-01
x4 0.1364 1.146 0.297 0.4600 6.5e-01
x5 0.4898 1.632 0.313 1.5643 1.2e-01

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

x1 25.344 0.0395 8.325 77.16

x2 0.969 1.0324 0.506 1.85

x3 1.365 0.7326 0.719 2.59

x4 1.146 0.8725 0.641 2.05

x5 1.632 0.6127 0.883 3.01
Rsquare= 0.992 (max possible= 0.997 )

Likelihood ratio test= 241 on 5 df, p=0

Wald test = 33.3 on 5 df, pP=3.36e-06
Score (logrank) test = 107 on 5 df, p=0

Két qua trén cho thdy bién x1,x3 va x5 c6 anh hudng co ¥ nghia thong ké dén bién v.
Tat nhién, day 1am mot két qua sai vi ching ta biét rang chi c6 x1 1a cd ¥ nghia thong ké
ma thoi. Bay gio chiing ta thir 4p dung cach xdy dung mo hinh dua vao ti€u chuan AIC:

# Tim mé hinh dya vao tiéu chuén AIC

> searchAIC <- step(cox, direction="both”)

> summary (searchAIC)

Call:

coxph (formula = Surv(y, death) ~ x1 + x5, data = simdata)



n= 50

coef exp(coef) se(coef) z P
x1 3.126 22.79 0.529 5.91 3.4e-09
x5 0.429 1.54 0.297 1.45 1.5e-01

exp (coef)
x1 22.79
x5 1.54

exp (-coef)
0.0439
0.6510

lower .95 upper .95
8.080 64.27
0.858 2.75

Rsquare= 0.992
Likelihood ratio test= 240
Wald test = 35.3
Score (logrank) test = 104

(max possible= 0.997 )

on 2 df, pr=0
on 2 df,
on 2 df, p=0

p=2.18e-08

Két qua nay cho thdy x1 va x5 1a hai yéu t6 doc 1ap c6 anh huong c6 ¥ nghia thong ké
dén bién y. Mot 1an nita, két qua nay sai! Bay gid chung ta s& 4p dung phép tinh BMA:

#tim mé hinh bdng phép tinh BMA

> time <- simdataSy

> death <- simdataS$death

> xvars <- simdatal[,c(3,4,5,6,7)]

> bma <- bic.surv(xvars, time, death)

> summary (bma)

> imageplot.bma (bma)

Call:

bic.surv.data.frame(x = xvars, surv.t = time, cens death)

8 models were selected

Best 5 models (cumulative posterior probability 0.8911 ):
p!=0 EV SD model 1 model 2 model 3 model 4

x1 100.0 3.0360 0.509 2.98048 3.12625 3.03900 2.98288

X2 9.6 0.0008 0.096 . . .

x3 14.6 0.0410 0.155 . . 0.27046 .

x4 10.0 0.0063 0.092 . . 0.02497

x5 31.0 0.1349 0.261 . 0.42920

nVar 1 2 2 2

BIC -233.774 -232.126 -230.713 -229.933

post prob 0.458 0.201 0.099 0.067

model 5
2.98098
0.02136

2
-229.930
0.067

Két qua phan tich BMA cho thay mé hinh téi wu 1a mé hinh 1 chi c6 mét bién c6 y nghia
théng ké: d6 1a bién x1. Xac suat ma yéu td ndy co anh huong dén nguy co tir vong 1a
100%. Pay chinh 1a két qua ma chung ta ki vong, boi vi chung ta ¢ mé phong chi ¢ x1
c6 anh huong dén y ma théi. Mo hinh 2 ¢6 hai bién x1 va x5 (tirc ciing chinh 14 mé hinh
ma tiéu chuan AIC xac dinh), nhung m6 hinh nay chi ¢ x4c suat 0.201 ma thdi. Cac mo
hinh 3(x1 va x3), md hinh 4 (x1 va x4) va md hinh 5 (x1 va x2) ciling c6 kha nang
nhung xéac sudt qua thap (dudi 0.1) cho nén ching ta khong thé chap nhan duoc. Biéu dd

sau day thé hién cac két qua trén:



Models selected by BMA

Model #

Biéu db trén trinh bay 8 mo hinh, va trong tit ca 8 mo hinh, bién x1 xuat hién mot cac
nhat quan (xac suat 100%). Con cac bién khac c6 anh hudng nhung khong nhat quan.
Qua so sanh giita hai phuong phép xdy dung mé hinh rd rang cho thdy cach phan tich
BMA cung cép cho chiing ta mé hinh phu hop dang tin cdy nhat va c6 vé phu hop véi
thuc té nhat.

Trén day 1 nhitng phuong phap phan tich bién cb thong dung nhat trong khoa hoc
thyc nghiém véi mo hinh Cox va kiém dinh log-rank. M6 hinh Cox c6 thé khai trién
thanh nhirng mo hinh phure tap va tinh vi hon cho cac nghién ctru phuc tap khac voi nhiéu
bién va tuong tac glua cac yéu t6 nguy co. Tai liéu hudng dan cach st dung package
survival cé thé giup ban doc tim hiéu sdu hon. Tai liéu nay cé tai trang web
www.cran.R-project.org.



