PHAN TiCH SONG SOT (SURVIVAL ANALYSIS)

Phan tich séng sét (PTSS) hodc phan tich sy kién khi nha nghién ctru

mudn tim hiéu anh hwéng dén cac bién két cuc (bién phu thudc) mang tinh
thoi gian.
Khi so sanh 2 phwong phéap diéu tri cho cac bénh cé tan sé t& vong cao nhw
bénh AIDS, cac bénh ung thw... Néu mé hinh phan tich nhw phan tich hdi qui
logistic, chi d& y dén bién két cuc (sdng/chét ho&c khdi bénh/khéng khdi bénh)
ma khdng quan tam dén yéu tb thoi gian thi d6i khdng tim thay sy khac biét
gitra 2 phwong phap diéu tri vi ti I& t& vong gan nhw nhau, nhung thdi gian
dan dén tir vong & 2 nhém cé thé khac nhau. Mét vi du khac khi so sanh 2
loai khang sinh diéu tri bénh thwong han, ti 1& khdi bénh cta 2 loai khang sinh
c6 thé nhw nhau nhung thdi gian cét sét cia 2 nhdm cé thé khac nhau, vi
vay chuing ta phai s dung mé hinh PTSS thi méi thay sy khac biét nay. Nhuw
vay mé hinh nghién ctru méd ta két cuc 1a bién nhi phan (sbng/chét-hét sét/con
sbt) tuy quan trong nhuwng khéng chinh xac.

Mot wu diém clia PTSS la x&r ly dwoc céc truong hop dbi twong nghién
clu bd cudc gitra chivng (nhw méat diu theo doi, ngung diéu tri do tac dung
phu cla thudc hodc t&r vong do bénh ly khac...).

Trong md hinh phan tich nay cac déi twong con séng ké ca dbi twong bd
cudc dwoc goi la censored hodc sy kién chwa xay ra. Cac dbi twong tir vong
hoac hét sét (vi du trong nghién cu bénh thwong han) dwoc goi la events
hodc sw kién da két thuc.

Phép wéc tinh thwdng dwoc dung dé PTSS duoc goi la wée tinh Kaplan-
Meier. Phép wéc tinh nay gilp ta tinh dwoc xac suét séng sét tich Idy tai cac
mbc thdi gian khac nhau (sé minh hoa trong cac vi du sau). Néu muén so
sanh sw khac biét gitra 2 nhém diéu tri, dung kiém dinh log-rank bang céch so
sanh 2 ham xac suat tich Idy cta 2 nhém.

Sau day la 1 vi du minh hoa:

So sanh 2 phéac dd diéu tri (1 va 2) cho bénh nhan AIDS, méi nhém gém 30
bénh nhan dwoc theo ddi trong 2 nam, nha nghién clru mudn tim hiéu sy
khéc biét gitra 2 loai phéac d6 diéu tri thubc khang retrovirus (ARV) khac nhau.

Cé4c sb liéu thu thap trong bang 1.



Bang 1. Sé liéu 60 bénh nhan AIDS sau 2 ndm nghién ctu

MABN | NHOM | CANNANG | CD4 | THOIGIAN | KETCUC
BN1 1 45 30 3 1
BN2* 1 52 140 16 2
BN3 1 51 150 24 0
BN4 1 46 60 6 1
BN5 1 57 100 6 1
BN6 1 52 20 24 0
BN7 1 54 40 24 0
BN8 1 47 20 3 1
BN9 1 56 100 24 0
BN10 1 65 50 24 0
BN11 1 54 80 8 1
BN12 1 60 30 24 0
BN13 1 48 100 24 0
BN14 1 50 120 24 0
BN15 1 45 20 3 1
BN16 1 53 230 24 0
BN17 1 46 30 3 1
BN18 1 49 120 24 0
BN19 1 38 100 9 1
BN20 1 56 230 24 0
BN21 1 48 50 4 1
BN22 1 65 120 24 0
BN23 1 67 200 24 0
BN24 1 50 40 9 1
BN25 1 52 120 12 1
BN26 1 54 350 24 0
BN27 1 43 30 3 1
BN28 1 55 200 24 0
BN29 1 56 190 24 0
BN30 1 46 80 12 1
BN31 2 57 170 24 0
BN32** 2 55 180 17 2
BN33 2 44 100 15 1
BN34 2 52 40 8 1
BN35 2 58 160 24 0
BN36 2 49 250 24 0
BN37 2 56 110 14 1
BN38 2 65 230 24 0
BN39 2 67 180 24 0
BN40 2 54 40 14 1
BN41 2 55 50 10 1
BN42 2 54 60 24 0
BN43 2 50 300 24 0
BN44 2 51 60 22 1
BN45 2 46 120 24 0
BN46 2 47 200 24 0




BN47 2 48 230 24 0
BN48 2 50 180 24 0
BN49 2 53 150 24 0
BN50 2 57 100 24 0
BN51 2 56 110 24 0
BN52 2 58 120 24 0
BN53 2 60 160 24 0
BN54 2 46 120 24 0
BN55 2 48 200 24 0
BN56 2 52 230 24 0
BN57 2 55 130 24 0
BN58 2 46 140 18 1
BN59 2 56 150 24 0
BN60 2 53 160 24 0

S liéu gébm 6 cot:

Cot 1: ma bénh nhan [lwu y: bénh nhan s6é 2 (BN2*) bd cudc sau 16 thang
diéu tri, bénh nhan 32 (BN32**) chét sau 17 thang vi nhdi mau co tim, khéng
lién quan dén AIDS.

C6t (nhédm diéu tri) véi 2 loai phac db khac nhau 1 va 2.

C6t 3: Can nang bénh nhan (kg)

Cot 4: lwong té bao CD4/mm?®

Cot 5: thoi gian diéu tri (tinh bang thang)

Cot 6: két cuc gbm 0: sbéng (censored) 1: tir vong (events); 2: bd cudc
(censored)

*lwu y: bé cudc van coi nhw censored

1. Cach phan tich xac suét séng sét tich lily Kaplan-Meier trong SPSS
(phién ban 16.0).
Nhap sb liéu vao SPSS

Vao menu: Analyze>Survival> Kaplan-Meier... nhw hinh sau



== AIDS.sav [DataSet1] - SPSS Data Editor

File  Edit “iew Data Transform | &nalyze  Graphs  Uilties  Add-ons Windoww  Help
E’E El' L o e E‘Smﬁ-ﬁ Reports 4 %C@%
5 : MAEN Biis | Descriptive Statistics b
MABN | NHOM | @ PEeS " FHoGIAaN | KETCUC
1 BH1 Compare hMeans 4 3 1
7 BHI* General Linear Model b 16 2
3 BM3 Generalized Linear Models b 24 0
4 Er4 Mixed Models 4 E 1
5 | BrMS Correlate 4 B 1
G BME Regression 4 24 0
7 EMNT Loglinear b 24 0
a8 BME Meural Metworks r 3 1
| BMI Classify 4 24 0
10 BrHIO Diata Reduction ] 24 0
11 BT seale g g 1
12 BrM1Z2 Monparametric Tests r 24 0
13 BM13 Time Series 4 24 0
14 B4 Survival b | B Life Tables...
15 EM1S Mizzing Yalue Analysis... ﬁ Kaplan-hdeier ..
16 EM1G6 Multiple Response 4 ﬁl Cox Regression...
17 BH17 Complex Samples b | F o wer Time-Dep Cov...
18 EM1S Guality Contral b 24 0
19 BM19 ROC Curve. .. g

M& man hinh Kaplan Meier, nhap bién THOIGIAN vao 6 Time

Bién KETCUC vao 6 Status

Sau d6 nhén nut Define Event

Vao man hinh Define Event chon Single value bang 1 (la t& vong trong

nghién ctru nay)
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Nh&p Continue va nhap OK sé c6 két qué nhu sau:

Két qua:

= Kaplan-Meier

Case Processing Summary

Total M

Censored

M of Events

)

Percent

G0

20

40

GE.7%

Total N=60: 2 nhém c6 60 BN

N of Events=20: sb ca chét (sw kién xay ra)

Censored N=40 : gdm 38 ca con sbng va 2 ca bé cudc




Survival Table

Curmulative Proportion M of M of
Sundving at the Tirme Cumulative Remaining
Time Status Estimate Std. Error Events Cases

1 3.000 1 1 549
2 3.000 1 2 58
3 a.000 1 3 a7
4 3000 1 . . 4 Gl
5 a.000 1 A17 136 5 a4
6 4.000 1 800 039 B a4
7 G.000 1 . . 7 a3
8 f.000 1 BET 044 8 52
g g.0o0 1 . . 4 a1
10 a.0o0 1 833 048 10 a0
11 S.000 1 . . 11 49
12 9.000 1 200 052 12 43
13 10.000 1 7a3 053 13 47
14 12.000 1 . . 14 46
15 12.000 1 7580 RIS 15 45
16 14.000 1 . . 16 44
17 14.000 1 T17 058 17 43
18 15.000 1 7on 0549 18 42
19 16.000 2 18 41
20 17.000 2 . . 18 410
21 18.000 1 BE3 160 19 39
21 22000 1 FfA 161 20 38
23 24.000 1] 20 ar
24 24.000 0 20 36
25 24.000 1] 20 35
26 24.000 n 20 34
27 24.000 n 20 33
28 24.000 n 20 32
29 24.000 1] 20 31
30 24.000 1] 20 a0
31 24.000 1] 20 29

Bang phan tich sét sét (Life table) gébm 6 cot:

C6t 1 gébm 60 ca (trong bdng mé ta 31 ca dau tién)

Cot 2 (time): mbc thei gian theo thang

Cot 3 (Status) tinh trang BN 1: chét; 2: bd cudc; 0: con séng

Cot 4 bén trai (wéc lwong xac suéat sdng sét tich Idy) dwoc tinh nhw sau:

Tai mbc 3 thang (hang 5 & bang trén) da c6 5 BN chét vay xac suét chét la
5/60=0,083 va xac suét sdng sét tich iy la: 1- 0,083=0,917.

Tai mbc 4 thang (hang 6) thém 1 BN chét : xac suat chét 1a 1/55= 0,018 va

xac suét con séng: 1-0,018=0,982 va xac suét tich 0y tai mbc 4 thang la:



0,982 x 0,917= 0,900 (tinh x&c suét tich Iy bdng cach Iay xac suét con sbng
dén 3 thang nhan cho xac suét con séng dén 4 thang).

Twong tw tai méc 6 thang (hang 8) thém 2 BN chét: xac suat chét |a
2/54=0,037, xac suét sbéng: 1-0,037=0,963 va xac suét tich Idy tai mbc 6
thang: 0,963 x 0,900 = 0,867

Cudi cung tai thoi diém 22 thang cé tt cd 20 BN chét va xac suét tich Ity con
sbng tai thoi diém nay 1a 0,665 (66,5%)

C6t 4 bén phai la sai sb chuan (standard error)

Cot 5: Sb ca chét (sw kién xay ra) tich Iy

Cot 6: S6 ca con lai

2. Kiém dinh Log rank:

Bay gio néu mubn biét sy khac biét gitra 2 phac do diéu tri (1 va 2) dung kiém
dinh Log Rank

Thuc hién cac buéc y nhw trén, tuy nhién mudn so sanh 2 nhém do vay,
dung chuét nhédp bién NHOM (2 loai phac dd) tlr 6 bén trai chuyén vao 6

Factor nhw hinh sau:

ia Kaplan-Meier

[ Time:
loa MaEN | | & THoslan |
& CANMANG e
& co4 % kercucen |

| Define Event...

Factor:

E &5 HHOM |

|q %ta: |
Lakel Cazes by

Eh |

I Ok _“ Paste || Reset || Cancel H Helg |

Compate Factor ... |

|
| Save... |
| Options... |

Sau dé nh&p Compare Factor bén géc trén trai man hinh Kaplan-Meier



% o -Test Statistics
[IBresiowe [ ] Tarone-ware

|:| Linear trend for factor levels

(®) Pooled over strats () Pairwize over strata
D For each stratum l':} Pairwize for each stratum
[| Caontinue I [ Cancel ] | Help |
[ Ok I [ Paste I I Reset | | Cancel ] [ Help I

M& hdp thoai Compare Factor, sau d6 danh dau nhay v vao 6 Log rank nhw
hinh trén.

Nhap Continue, va cudi cling nhp OK sé cho két qua sau:

Case Processing Summary

censored
pH ok Total M I of Events [+ FPercent
1 a0 13 17 56.7%
2 a0 7 23 TE.T%
Crverall &]1] 20 40 GE.7%

Cot 1: Nhom (2 phac db diéu tri 1 va 2)

Co6t 2: mbdi nhédm c6 30 ca

Cot 3: sw kién xay ra (chét): nhdom 1 ¢6 13 ca, nhém 2 ¢ 7 ca

Cot 4: Sb ca con sbéng hodc bd cudc (censored): nhédm 1 ¢ 17 ca nhém 2 ¢
23 ca

Bang sbng sét ctia nhém 1 (cé 30 ca, chi minh hoa 20 ca dau tién):



Sunvival Table

Cumulative Proportion Suriving

atthe Time
M af M aof
Cumulative Remaining
HHOM Titme Status Estimate Std. Efror Ewents Cases
1 1 3.000 1 1 29
2 3.000 1 2 28
3 3.000 1 3 7
4 3.000 1 4 26
5 3.000 1 833 68 5 25
i 4.000 1 .aon 073 & 24
¥ £.000 1 7 23
8 £.000 1 733 a1 8 22
9 g.000 1 ron a4 g 21
10 9.000 1 10 20
11 §.000 1 633 nas 11 19
12 12.000 1 12 18
13 12.000 1 AET 040 13 17
14 16.000 2 13 16
14 24.000 0 13 15
16 24.000 0 13 14
17 24.000 0 13 13
18 24.000 0 13 12
19 24.000 0 13 11
20 24.000 0 13 10

Tai mdc 3 thang (cot time hang 5): ¢6 5 t&r vong (5/30=0,166) — ti & sdng

tich lGy: 1-0,166=0,833.

Tai mbc 4 thang (hang 6): c6 1 t&r vong (1/25=0,04) — ti 1& sbng tich Idy: (1-
0,04)x 0,833=0,800

Tai mbc 12 thang tbng cong cé 13 tlr vong va ti 1& sbng tich Iy la 0,567

Bang sbng sét ctia nhém 2 (ciing chi minh hoa 20 ca dau tién) :
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Tai mdc 1 thang (cot time): ¢6 1 t& vong (1/30=0,033) — ti l& sdng tich Idy: 1-
0,033=0,967.
Tai mbc 2 thang: ¢6 1 t&r vong (1/29=0,034) — ti 1& sbng tich I0y: (1-0,034)x
0,967=0,933

Tai mbc 8 thang tbng cdng cd 7 tir vong va ti 1& sbng tich Ity 14 0,764

Thoi gian séng sét trung binh cia 2 nhém dwgc md ta trong bang sau:

Means and Medians for Survival Time

Wean? Median
95% Caonfidence Interval 5% Confidence [nterval
NHOM Estimate | Sid. Error | Lower Bound | UpperBound | Estimate | Std. Error | Lower Bound | Upper Bound
1 16.300 1.656 13.054 19546
2 21756 833 201322 23.3849
Cuerall 19.027 892 17.083 20.970

a. Estimation is limited to the largest survival time ifitis censared.

Nhom 1: théi gian sdng sét trung binh (16,3 + 1,6 thang)

Nhom 2: théi gian sbng sét trung binh (21,7 + 0,8 thang)




Owverall Comparisons

Chi-Square df Sii.
Log Rank {Mantel-Cox 3.906 1 048

Test of equality of survival distributions for the different levels of RHOM.

Kiém dinh Log Rank: x°=3,906, bac tw do=1 va p=0,048
Nhw vay sw khéac biét gitka 2 phac do diéu tri cé y nghia théng k&, nhém 2 ¢

thoi gian séng sét trung binh Ién hon nhém 1.

Va néu vé biéu dd (plot) ham sbng sot ta thdy cé su khac biét gitra 2 nhém

(dwerng phia trén thudéc phac db 2 va dwdng phia duéi thudc phac db 1)

Survival Functions
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Néu ta chi drng tai day thi ta c6 1& hai l1ong vi két luan dwoc phac do diéu tri 2
c6 hiéu qua hon phac d6 diéu tri 1 véi p<0,05. Tuy nhién, theo cac nghién
ctu trwdc day cho thdy nhivng bénh nhan AIDS cé can ndng thap hoac tri sb
CD4 thép luc kh&i du diéu tri thi c6 nguy co tlr vong cao hon. Nhw vay truéc
khi két luan van dé can phai hiéu chinh can ndng va lwong CD4 hodc ndi
cach khac can phai phan tich da bién.



3. M6 hinh Cox (Cox’s proportional hazards model)

Mubn phan tich da bién ho&c hiéu chinh, ding md hinh héi qui Cox nhw

man hinh sau:

Vao menu: Analyze> Survival> Cox Regression

.
(L]

AIDS sav [DataSet1] - 5PS5 Data Editor

File  Edit “iew Data  Transform g'nalyze Graphs  UWilties  Add-onz Windoww  Help
E"Q E" h” EIE]E'E Reports ] %G@%
1 - MaBN = | Descriptive Statistics »
| MABN | NHOM | T " THOIGIAN | KETCUC
1 BM1 Compare Means b 5 1
2 BM2* zenetal Linear Model k 15 5
3 BRI Generalized Linear Models ¥ 24 0
4 B4 hixed Models b 1
g BmAE Cotrelate k 1
5 ENG Regression ] 74 0
7 BMF Loglinear 4 74 0
g BME Meural Metworks 4 3 1
=] [=]e] Classify [ 24 0
10 Br10 Data Reduction 4 24 0
11 Br11 Srale r g 1
12 Br1Z Monparametric Tests 4 74 0
13 BM13 Time Series 4 a4 a
14 BI14 Survival ¥ | B Lite Tables..
15 BH15 Mizzing YWalue Analysis... E] Kaplan-hdeier ..
16 BM1G huttiple Responze b ﬁl Cox Regression...
17 BN1T Camplex Samples ¥ | B Cov wi Time-Dep Cov...
18 BM18 Guality Cortrol b 74 0
19 Br19 RO Curve. . g 1

Chuyén céc bién tir 6 bén trai vao cac 6 bén phai nhw sau:

Bién thai gian vao 6 Time

Bién két cuc vao 6 Status

Ca 3 bién Nhém, Can ndng, CD4 vao 6 Covariates




vx: Cox Regression

E
% 2B p |£) THOIGLAN | Categorical...
% HHOM Status:

e chus 2| | | [ save..
@b CD4 : .
Define Evert .. Cptionz...
~Block 1 of 1
Preyious | Pet
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| =ath= |CD4 |

Method; IEI'ftEV "]
Strata:
(2] ] |
| ik || Paste H Reset ” Cancel ” Help ]

Nhap vao nut Define Event dé& chon két cuc bang 1 (ta chi quan tam dén ti

vong)

Categarical...
&4 MAEN L Thrueia,
& NHOM i Cox Repression: Define Event fo...
g N
f) ch4 Yalue(s) Indicating Evert Has Occurred =

() Range of values: | | thironcty | | 2

O List of values:

| Add
Change

| Bemowe |

E. Continue ” Cancel _H Help J e
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Nh&p nut Categorical & goc trén phai man hinh, nhap chon bién phan loai, ta
chi c6 1 bién phan loai 1&a nhém (NHOM), chuyén Nhom vao 6 Categorical

covariates nhw hinh sau:

&2 Cox Regression: Define Categorical Covariates

Covariates; Categorical Covaristes:
&5 D4 MHOM(INdicstor) |
@ CANMANG

Change Contrast -

Confrsst: | ndicatar Change

Reference Category: (3] Last () First

[ Continue i[ Cancel H Help l

Nhap continue. Vao tiép hop thoai Plots ngay duéi Categorical
Nhap dau nhay vao 6 Survival trong Plot type
Chuyén NHOM vao 6 Separate Lines for bén phai rdi nhap Continue



B Regression: Plots

4 Plot Type ;
d Survival [ 1Hazard [ ] Log minus log :
|:| One minus survival _E
Covariate Yalues Plotted at: _r
CDd(Mean)
CAMMANG Mean)
Separate Lines for:
| hHOM(Cat)
-Change Value
(®) hean () value |
Change |
l. Continue I I Cancel | | Help

Nhap tiép vao hép thoai Options, m& man hinh sau, danh d4u nhay vao 6 Cl
for exp(B) [c6 nghia exponential B v&i khodng tin cay 95%, dung dé tinh
Hazard risk twong tw nhw tinh odds ratio trong phan tich hdi qui logistic], nhap

Continue

vu2 Cox Regression: Options

Iz

~Model Statistics - Probahility for Stepwise

[
m‘ g5 = | =, || Entrys Removal

|:| Cotrelation of estimates

Dizplay model information

hlaimum terations:
(%) &t each step :
() At last en |:| Dizplay baseline function

[ Continue I I Cancel J I Help l

Cudi cung nhdp OK sé xuét hién két qua sau (lwu y & day chi gidi thich cac
bang chinh)



K Cox Regression

[DataSerl] E:%BENHVIEN\BAIVIETYIURVIVAL ANALYSISYAIDS.sSav

Case Processing Summary

[+ Percent

Cases available in Event 20 333%
analysis Censared 40 BE.7%

Total G0 100.0%
Cases dropped Cases with missing

values 0 0%

Cases with negative time i} 0%

Censored cases hefore

the earliest eventin a i} 0%

stratum

Tatal 0 0%
Total il 100.0%

a. Dependent Variable: THOIGIAN

Nhw vay sb ca con dé phan tich la 60 trong d6 c6 20 ca la events (sw kién da

xay ra, & day la t& vong) va 40 ca censored (con séng va bd cudc).

Variables in the Equation

95.0% Cl for Exp(E)

B SE Wald df Sin. ExpiBEl Lower Lpper

HHC -103 543 036 1 849 a0z 311 2612
CAMMANG - 196 053 13.867 1 Rilafi} 822 T a1
CD4 -.028 .0a7 15.870 1 000 473 959 086

Cac bién trong phuong trinh:

Cot 1 : c6 3 bién NHOM, CAN NANG, CD4

Cot 2: hé sb B cla bién can nang va bién CD4 déu am, cé nghia cang thap
cang tang nguy co ttr vong.

Cot 3: Sai s6 chuan SE clia hé s6 B

Cot 4 : Wald test twong tw chi binh phwong (2 test)

Cot 5: bac tw do (df)

Cot 6: y nghia thdng ké hoac tri sd p. K&t qua khéng khac biét gitka 2 nhém
diéu tri (p=0,849), c6 khac biét vé can ndng (p=0,000) va CD4 (p=0,000).

Cot 7: 1a Exponential (ham mdi e) clia hé sé B. vi du: Exp(-0.103)=0.902.



C6t nay twong tw Odds ratio trong phan tich hbi qui logistic con trong md
hinh Cox duwoc goi la hazard risk (i sé nguy co)

Cot 8,9: Khoang tin cay 95% culia ti sé nguy co.

Survival Function for patterns 1 -2
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1.0007
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Va cudi cung 1a biéu d& ham sbng sét tich Iy gitka 2 nhém (2 phac db diéu
tri) sau khi d& hiéu chinh can nidng va lwong té bao CD4 cho thay 2 dwdng
gan nhu nhau khéng c6 sw khdc biét gitra 2 nhém diéu tri véi p=0,849.
Chi c6 can nang thap va lwgng CD4 thdp lam tang nguy co tlr vong.

Nhw vay khéng nén vdi két luan cé sy khac biét hiéu qua diéu tri ciia 2 phac
dd trong phan tich don bién (kiém dinh Log rank) can tién hanh phan tich da

bién bang mé hinh Cox dé hiéu chinh cac yéu té nhiéu hodc cac hiép bién.

Toém lai: Phan tich séng sét (Survival analysis) dwa vao sw khac biét thoi gian
séng sét gitta 2 nhém hodc thoi gian dan dén suw kién xay ra (chét, ung thuw tai

phat, hét sét...). Phan tich nay xi ly dwoc khi déi tuong bé cuéc hodc mét dau



theo doi. Dung kiém dinh Log rank trong phén tich don bién va md hinh Cox

trong phan tich da bién (hiéu chinh céc yéu té nhiéu hodc céc hiép bién)

TS Nguyén Ngoc Rang, bsrang.blogspot.com
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