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Sagkalim Analizleri

« Sagkalim verilerini analiz etmek iizere kullanilan istatistiksel
yontemlerdir.

e Sagkalim verileri, yanit degiskeni bir olay meydana gelene
kadar gecen siire olan verilerdir.

« Genellikle kohort ya da klinik deneme calisma diizenlerinde
gerceklesir.

 Saglik alan1 disinda endiistride de yaygin kullanimi vardir.

Copyright © 2018 Turcosa Analytics Ltd Co www.turcosa.com.tr



| (\ COCUK NEFROLOJi DERNEG TU RCO S A
o (€)) & 14-15 NiSAN 2018, ANKARA

[STATISTIKSEL COZUMLEMELER

Sagkalim Analizleri

Yanit degiskeni: Olay gerceklesene kadar gecen siire

e (Calismanin baslangici Siire > Olay
« Siire: Ilgilenilen olay gerceklesene kadar gecen siire (y1l, ay, giin, Vs.)

- Olay: Oliim, hastalik, iyilesme, remisyon veya ilgilenilen herhangi bir

olay. (0: sansiir, 1: basarisizlik)
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Sagkalim Analizleri

* Genel sagkalim: Ex olana kadar gecen siire
« Hastaliksiz sagkalim: Hastaliga yakalanana kadar gecen siire

« Renal sagkahm: Bobrek fonksiyonunu kaybedene kadar gecen siire
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Ornekler
Losemi hastalarinda remisyona kadar gegen siire

Kemik iligi nakli alan 16semi hastalarinda ex olana kadar gegen siire

Kemoterapi alan meme kanseri hastalarinda ex olana kadar gecen siire

Otolog kok hiicre nakli yapilan lenfoma hastalarinda niiks olana kadar gegen siire
Bireylerde kalp hastaliklar1 tanis1 alana kadar gecen siire

60+ bireylerde ex olana kadar gecen siire

ADPKD tanis1 alan hastalarinda diyalize kadar gecgen siire

Sartli tahliye ile serbest kalan mahkumlarda tekrar tutuklanana kadar gecen siire
Boeing firmasinda turbofan motorlar1 bozulana kadar gegen siire

Zirkonyum materyali kullanilan dis implantlarinda, implantin dmriiniin dolmasina
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Sansurlu veri

« Sagkalim siiresi kesin olarak bilinmeyen gézlemlerin verileridir.

Leukemia patients in remission:

I FI— ———————————— X
Study Study
start end
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Hangi durumlarda sansiirlu veri?
* (Calisma stiresi i¢erisinde hastanin 1lgili olay1 (6liim, 1yilesme,
remisyon) yasamamasi (administrative censoring)

* (Calisma siiresi i¢erisinde hastanin takipten kaybolmas1 (lost-to-
follow-up)

* Hastanin baska bir olay yasamasi ve takibin imkansiz olmasi
(withdrawing)
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Sansurlu veri

Weeks —»
2 4 6 8 1 l} 12
| l l | | Survival Failed (1);
A T=5 X : Person time censored (0)
: A 5 1
= |
B il : Study end B 12 0
T=35 | <C 35 0>
C ——— Withdrawn !
: D 8 0
T=28 | E 6 0
D Study end
' F 3.5 1
T i F_ > >
E Lost |
|
_ |
. =35 X!
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Sagdan Sansiirlu veri

Weeks —p
2 4 6 8 10 12

|

|

|
A X |

EStudy end
B AN

| (RIGHT
C Withdrawn4T{ CENSORED
D " /

1 Study end
E Lost¥

|

|
F —X|
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Sagkalim Analizlerinin Amaclar

« Belirli bir grup hasta icin olay meydana gelene kadar gecen siireyi
kestirmek.
e Orn; MI hastalar1 i¢in ikinci kalp krizine kadar gecen siirenin
kestirilmesi.

e Iki ya da daha fazla grubun sagkahm siirelerinin karsilastirilmasi.
* Orn; bir randomize klinik denmede MI hastalari icin tedavi ve placebo
gruplarinin karsilastirilmasi

* Risk faktorlerinin sagkalim siiresi iizerindeki etkisinin belirlenmesi

 Orn; MI hastalarinin kilosu, insiilin direnci veya kolestrol diizeyi
sagkalim siirelerini etkiler mi?
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Neden Sagkalim Analizleri?

1. Neden t-testi veya dogrusal regresyon kullanarak gruplar
arasinda sagkalim siireler1 acgisindan fark olup olmadigini
test etmiyoruz?

* Sansuru yok sayar

2. Neden relatif risk/odds oran1 veya lojistik regresyonu
kullanarak gruplardaki olaylarin oranini karsilastirmiyoruz?
 Zamani yok sayar
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Sagkalim Analizlerinde Veri Yapisi

En az iki degiskene ihtiyag var;

 Siire: t; = ilgilenilen olay gerceklesene kadar gecen
sure

* Sansiir: ¢; =1 t; aninda olay gerceklesmisse; ¢; =0 t;
aninda olay gerceklesmemisse
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Sagkalim Fonksiyonu
S(t)=1—-P(T<t)

l
el

En az t suresi kadar
yasama olasiligi

ORNEK: Eger t=100 yil ise, S(t=100) = en az 100 yil yasama
olasiligi
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Hazard Fonksiyonu

\ En az t suiresi kadar

yasama olasiligi

En az t stresi kadar yasamis bir kisinin t anindaki
anlik 6lUm risKki
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Sagkalim Grafigi

Kaplan Meier Plot

1.00
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Hazard Grafigi

Hazard Plot

+
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Sagkalim vs Hazard

Not failing h(?)
S(9) Failing

S(t) h(t)

Kleinbaum DG., and Klein M. Survival analysis, A Self
Learning Text. Thied Ed. Springer, 2012.
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KAPLAN - MEIER YONTEMI
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Kaplan-Meier Yontemi yasam surelerine iliskin, verileri zaman

araliklarina  bélmeden vyasam ve o6lum fonksiyonlarini

hesaplamayi saglayan bir ydontemdir.

Kaplan-Meier yonteminde sadece olumler uUzerinden yasam
olasiligi hesaplanir. Yasam olasiligi ise 6lim olayinin gerceklestigi
ana iliskin olarak hesaplanir. Kaplan-Meier yonteminde kesin

olum tarihi kullanildigi icin, nokta yasam olasiligi bulunur.
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Yasam Fonksiyonunun Hesaplanmasi
N birimin gdzlenen yasam sureleri t,<t,<t;<.... <ty bi¢iminde
siralanmis olsun. N bireyin yasam fonksiyonu;
N-i+1-0;
i<t N-i+l

seklinde hesaplanir.

5 {1 eger t; olim zamani ise
i —_

0 egert; canh izleme zamam ise (kaybolan, tamamlanmamis, censored)
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Ortalama Yasam Siiresi (Mean Survival Time)

Izlenen n birimin ortalama yasam stuiresini belirtir. Ornegin izlenen
hastalardan olenlerin sayisi D tane ve bunlarin 6lim zamanlari da
t,<t,<t;<...<tyolarak siraya dizilmis olsun.

Bu dizide ortalama yasam suresi tahmini (u);

D-1
b=t + E:IY(ti)(tiH - ;)
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Bazi durumlarda ayni hastaliga yakalanan bireyler iki ya da daha
fazla gruba ayrilarak her gruba farkli bir tedavi yontemi
uygulanabilir. Farkli yontemlerle tedavi edilen hastalar icin birden
fazla yasam fonksiyonu hesaplanabilir. Bu yasam fonksiyonlarinin
birbirleriyle olan farkhliklari test edilebilir. Farkli gruplara gore
elde edilen yasam fonksiyonlarinin karsilastirilmasini yapmak icin

vaygin olarak kullanilan dort test yontemi vardir.
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1) Mantel-Cox Testi

2) Log-Rank Testi
3) Breslow-Wilcoxon Testi

4) Tarone-Ware Testi
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Ornek: 1.1.1990 ile 31.12.1998 vyillari arasinda Akciger Ca

tanisi ile ameliyat ya da kemoterapi ile tedavi edilen hastalarin

1500 gunlik izlem sarelerine iliskin veriler verilmistir.

dr (durum): 1=ex, O=censored, kayip
td (tedavi) : 1=tedaviyi reddeden hastalar
2=ilag verilen hastalar

3= ilag verilen ve ameliyat edilen hastalar
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sira glin dr td sira giin dr td sira glin Dr td sira giin dr td
1 378 1 1 26 187 1 1 51 24 1 1 76 293 0 2
2 486 1 1 27 908 1 3 32 74 1 1 77 329 1 2
3 575 0 2 28 74 0 3 53 202 0 2 78 1142 1 3
4 75 1 1 29 185 0 1 34 (515} 0 2 79 2306 o 3
5 431 1 2 30 30 1 1 55 239 0 3 B0 114 1 1
6 1237 1 2 31 278 1 2 56 4 1 1 gl 903 1 3
7 316 0 1 32 1390 1 3 57 225 0 1 g2 76 1 1
g 744 1 2 33 382 0 2 58 665 1 1 g3 390 1 2
8 1236 1 3 34 536 1 2 59 310 1 3 B4 35 1 3
10 76 1 1 35 178 1 1 &0 100 1 2 85 62 1 2
11 753 1 1 36 38 1 2 61 205 1 2 g6 669 1 2
12 441 0 2 37 210 1 3 g2 556 1 1 87 185 1 2
13 106 1 1 38 299 o 2 &3 179 0 3 88 236 1 2
14 G603 1 2 35 258 1 1 64 72 1 1 89 777 1 2
15 309 0 1 40 15 1 1 &5 589 1 3 S0 93 o 1
16 947 1 2 41 190 1 2 66 119 o 3 91 174 1 2
17 75 1 1 42 bl o 1 &7 B8 1 3 92 1041 1 2
18 275 0 3 43 180 1 1 68 134 0 1 93 1391 1 3
15 278 1 3 44 153 1 1 &9 727 1 3 9S4 344 o 1
20 96 1 1 45 139 1 1 70 121 1 1 85 G0 1 1
21 169 1 2 46 286 1 2 71 206 1 1 96 4 1 1
22 308 0 2 47 423 1 2 72 461 1 2 87 296 0 1
23 826 1 2 48 bl 1 2 73 91 1 1 98 312 1 3
24 49 0 2 49 6 1 1 74 A0 0 1 89 47 1 1
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Graphs  Ukilikies

Reports

Descripkive Statistics
Tables

Compare Means
izeneral Linear Model
iaeneralized Linear Models
Mixed Models
iZorrelate
Fegression

Loglinear

Classify

Drata Reduction
Scale

Monparamekric Tesks
Time Series

Suryival

Multiple Response
Missing Value Analysis. ..
Complex Samples
Quality Control

ROC Curve, ..

Window  Help

% @

var | var

Life Tables...

Kaplan-Meiet, ..

Zox Regression, ..
Cox w) Time-Dep Cov,..
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Il Kaplan-Meier E|
— Time: 0K
|<{€.‘>si_ire
Paste
_ Status: —_—
|durum[1] Reset
| Cancel
Factor: Help
| (oA
_ Strata:
Label Cases by:

]

Compare Factor... | Save... | Options...
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x
Yalue[s] Indicating Event Has Occurred T
* Single value: 1
—— Cancel
" Range of values: through I
" List of values: Help
Add
Change
Eemove
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Kaplan-Meier: Options

Statistics
Continue

v Survival table[s]

v Mean and median survival Cancel

| Quartiles

Help

Plots
v Survival

| One minus survival

| Log survival
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Kaplan-Meier: Compare Factor Levels

Test Statistics Continue

v Log rank . Breslow | Tarone-Ware
Cancel

Help

* Pooled over strata

" For each stratum
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Case Processing Summarny

Censored
tedavi Total M M of Events [ Fercent
tedavivi ret 44 a2 12 27 3%
ac 36 27 H 25 0%
ilac+amelivat 200 14 B 30, 0%
Crverall 100 73 2T 2T 0%
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Cumulative Proportion  of M oaf
Surviving atthe Time Cumulative Remaining
tedavi Time Status Estimate Std. Error Events Zases

tedawviyi ret 1 3,000 ex 9T T oz 1 473
2 4,000 ax 955 0321 2 42
3 6,000 Bx 832 a3s 3 41
4 15,000 e 809 043 4 40
L] 30,000 Bx 886 o448 5 349
] 40,000 censared . . i a8
T 46,000 e 863 sz G 3T
a 47,000 e 840 a6 T 36
=] EO,000 Bx 816 Nilage] a8 35
10 61,000 censored . . ] 4
11 2,000 e s hed JOGE2 =] 33
12 F4,000 e BB 64 10 32
13 5,000 Bx . . 11 ek
14 5,000 e 720 69 12 20
15 6,000 e . . 13 29
16 6,000 ax BT 2 T2 14 28
17 84,000 e 648 T3 15 27
18 91,000 e 624 T4 16 26
19 93,000 censored . . 16 25
20 96,000 ax 599 ATE 17 24
21 Ha,.000 censarad . . 17 23
22 106,000 e av3 ATy 18 22
23 114,000 e 547 ATy 19 21
24 121,000 Bx a2 ara 20 20
29 134,000 censared . . 20 149
26 139,000 ax 494 a7g 21 18
27 153,000 e A BB a7g 22 17
28 178,000 Bx 439 Nikae] 23 16
249 180,000 e 411 a7a 24 15
20 185,000 censored . . 24 14
31 187,000 e 382 aTs 25 13
32 206,000 Bx 353 arTa 26 12
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ilarg

el B2 R AL ST S

[ia]

38,000
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e
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ilag+armeliyat

oo - S0 M = L Rk —

el — =% =& = i ki o)
L o o I = B o b I S R O R |

35,000
kg,000
74,000
119,000
179,000
210,000
236,000
239,000
275,000
278,000
310,000
312,000
584,000
727,000
903,000
908,000
1142000
1236,000
1390,000
13491,000

B
B
censored
censored
censored
B
censored
censored
censored
B
B
BX
B
B
B
BX
B
B
B
BX

H40
900

840

764
87
B11
234
458
382
205
224
1483
AT7E
0aa
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0g7

0&5

08
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tedavi

Mean?

Median

Estimate

Std. Errar

95% Confidence Interal

95% Confidence Interval

Lowyer Bound | Upper Baund Estimate Std. Error | Lowwer Bound | Upper Baund
tedaviyi ret 260,631 43162 176,032 345 229 139,000 42 096 ah 4497 221,408
ilag a03,740 B0,426 385,306 B22174 431,000 824,248 265,873 96127
ilag+amelivat 719,226 124,391 475,420 863,033 T2y.000 346,782 47,3048 1406, 692
overall 453,424 44 499 366,211 540,648 312,000 b3,227 178,275 4445 7245
2. Estimatian is limited ta the largest survival time i it is censared.
Chverall Comparisons
Chi-Square df Sig.
Log Rank (Mantel-Cox) 21,204 2 .0an

Test of equality of survival distributions far the different levels of
tedawi.
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IPH\

Survival Fuanctions

- tedawi
1.0
T
]:: Mtedaviyi ret
1 I ilag
\ - Tilagtameliyat
0,89 + tedavivi ret-
1 censored
ilag -censored
~ ilagtamelivat-
e T cenEDred Y
an,s-
by
H I
[F5] | S—
En 4 '*j
0,27 ‘ L |
0,0

T I T T I T
0,00 °50,00 500,00 750,00 1000,00 1250,00
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COX REGRESYON YONTEMI
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Bir izlem arastirmasinda incelenen bagimh degisken (Yasam

Suresi), bir hastaliga yakalanan bireylerin 6lim zamanlarina
kadar gecen izlem sireleri (6lGm) ise; aciklayici degiskenler, bu
degisken lzerinde etkide bulunan faktor degiskenler (Yas, cins,
tedavi tirt vb) olur. Tamamlanmamis izlem verilerinde,
bagimli degisken ile bagimsiz degiskenler (prognostic factors,
covariates) arasindaki neden-sonuc bagintisini ortaya koymak
icin yararlanilan regresyon yontemine Cox regresyon yontemi

adi verilir.
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Regresyon analizinde sonuc¢ degisken ile aciklayici degiskenler
arasindaki neden-sonuc iliskisi kurulurken bu degiskenlerin uymasi
gereken kosullar vardir. Yasamsal verilerde bircok bagimli degisken
normal dagilmakta, bagimsiz degiskenler birbirleri ile korelasyon
gostermektedir. Bu nedenle yasamsal verilerin neden sonuc
iliskilerini incelerken coklu regresyon analizi uygulanamamaktadir.
Yasamsal verilerin nedensellik analizlerinde Cox Regresyon

Yontemi’nden yararlanilir.
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Cox yonteminde, bir riske maruz kalan kisinin izlendigi T zaman
suresinin herhangi bir t, zamaninda, o&lumle karsilasacagi
varsaylilir. Bireylerin t, zamanindaki yasam sureleri, logaritmik

olarak azalan bir fonksiyona sahip olur.

Eger Z kadar degisken, yasam suresinin loglinear bir fonksiyonu
olarak, loglinear modellerle incelemeye alinabiliyorsa, Cox'un
Propotional Hazard Regression yonteminden yararlanarak her bir

prognostik degiskenin yasam siresi Gzerine etkisi incelenebilir.
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Z. bagimsiz degiskenler vektdru z ve yasam suresi t olsun. Bir
bireyin Z ortak degiskenlerine goére 6lim fonksiyonu h(t; z)
olarak alinabilir. Buna gore orantisal 6lim modeli (Proportional
hazard model, bir baska anlatimla z aciklayici degiskenlere gore

regresyon modeli);

h(t;2) = hy (t) exp(B'z)
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Tek degiskenli Cox regresyon modeli;

h(t) =[hg ()] x ePX

Coklu Cox regresyon modeli,

(0= [ng (P 31-Pe¥s - 0r )
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Ornekte yer alan 100 goézlemin yasam slirelerine hastalarin
vaslarinin etkileri arastirilmaktadir. 100 hastanin yaslari sirasi ile

asagidaki gibidir.

45 38 42 68 54 38 45 41 37 69 51 60
62 47 58 40 66 56 35 59 55 57 49 70
53 58 46 67 54 70 47 36 45 42 57 70
54 49 55 50 57 53 48 62 58 46 41 40
50 59 60 58 54 59 52 59 53 39 46 43
43 41 58 55 46 45 57 58 45 50 51 47
50 48 70 51 52 34 54 56 38 60 60 59

64 39 56 48 49 54 49 38 37 48 60 57
AR 53 49 50
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Cox Regression: Options
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Cox Regression: Plots
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Y

Variahles in the Equation

895 0% Cl for ExpiB)
SE Wald df Si. ExpiB) Lower Upper
tedavi 7.443 7 024
tedavi1) - 629 284 4 894 1 027 533 3045 931
tedavi2) -, 044 393 5,840 1 JO16 387 174 B3k
WasS 120 020 38,735 1 ,0on 1127 1,084 1,173

Tedavi (1): ilac

Tedavi (2): Ilac + Ameliyat

Yorum : ilac tedavisi alanlar, tedaviyi reddeden hastalara gore
sagkalim olasiliklari 1.88 (1/0.533) kat fazladir.

llac tedavisi + ameliyat olan hastalarin sagkalim olasiliklari tedaviyi
reddeden hastalara gore 2.58 (1/0.387) kat fazladir.
Hastanin vyasi bir birim arttikca sagkalim olasilig

1.127 kat

0. _ _01___
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ARTICLE INFO ABSTRACT

Ke 3 Survival analysis methods are often used in cancer studies. It has been shown that the combination of clinical data
Survival analysis with genomics increases the predictive performance of survival analysis methods. But, this leads to a high-
Genomics dimensional data problem. Fortunately, new methods have been developed in the last decade to overcome this
z"l"s;:sf‘m problem. However, there is a strong need for easily accessible, user-friendly and interactive tool to perform
Qxfn:fn e survival analysis in the presence of ics data. We ped an op and freely available web-based

tool for survival analysis methods that can deal with high-dimensional data. This tool includes classical methods,
such as Kaplan-Meier, Cox proportional hazards regression, and advanced methods, such as penalized Cox
regression and Random Survival Forests. It also offers an optimal cutoff determination method based on maxi-
mizing several test statistics. The tool has a simple and interactive interface, and it can handle high dimensional
data through feature selection and ensemble methods. To dichotomize gene expressions, geneSurv can identify
optimal cutoff points. Users can upload their microarray, RNA-Seq, chip-Seq, proteomics, metabolomics or clinical
data as a nxp dimensional data matrix, where n refers to samples and p refers to genes. This tool is available free at
www.biosoft.hacettepe.edu.tr/geneSurv. All source code is available at https://github.com/selcukorkmaz/
geneSurv under the GPL-3 license.

Feature selection

Korkmaz S, et al. "geneSurv: An interactive web-based tool for survival analysis in
genomics research." Computers in biology and medicine 89 (2017): 487-496.
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