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Abstract
In this paper we introduce how to analyze survival data via a SRC-Stat statistical package. This provides
classical survival analysis (e.g. Cox’s proportional hazards models for univariate survival data) as well as
advanced survival analysis such as shared and nested frailty models for multivariate survival data. We
illustrate the use of our package with practical data sets.
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# =AM SRC-StatE o83kl AEARE BA %k WS 2Nt AEEAL o o #
Ast At F8F, AR AE S thorst oA £REH = *2,‘%/\]7]'(surv1val time = time-to-
event) ZAt5.9] A0 ALHTE AEAZME ofF AR AFAIHeRE HE B ARA(A: HY A,
1A%, EAL, nhold 5)9] WAAIETR Y AIZE, e AT 714 (baseline) Al A (e: $=A1R)
FE AU £ (endpoint; AE £, Aoy} A 7R 9] AZke g AT AEEAY A
o] & Hr} dukslste] St ult]E R EsPE “AAEA|7H #SE AR E BASRE BAF ol & 4
et

AE2ARS 2 54 5 3his = Z(censoring)oltt. =] e L F7E= thdsiA| v, o
71 SRl 7}%} o] AREEH = 4o ST dt(random censoring) = FA$E UFE7|Z o
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Figure 1.1. Composition of survival analysis in SRC-Stat
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FEHolth AR o]y AXEL 20M7] 7S ZEETS AEEAHE AN LY, 53] A
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axd g txmdel e 534 olee AT & =&olie SRC-StatE F3f A)-C)ell tish
Ao e o ZollA 27hskaat gk

FAAor AR BAL & AAelA Aol & & W BA(F single event)sHe B9 £
AEAR ek BAHS F2 ohEch AW HIZoe o B et ofe] W A ez o
o} A= AFTHE (correlated) AEAFE (of: ALAIZH) BAo® W Falo] molA 1 9ty S AR
o] 71&(organ; =, A, # 5) D GAAE Fol7]H(center) oLt F ol B ST o] st
T (cluster) &2 FE dojAs HEALY AR AR A Yok & 5 Sk o] d

A3 FJee] AE(F, multiple or clustered event-time data)S thHEF AEX1E (multivariate sur-
vival data FE= correlated survival data)z} 2t} A2, 2k5 B4 A Alk(d: AR, ol ZA,
FTEADA)CR A I FEH] tha Bt FH 2o W A7t JyHI k. o]of thk tix
Aol BARFgog ZArFo] HeFEH (random effect)e] 3+ FE)Ql =& DE) (frailty; Vaupel 5,
1979)E slghsto] I g E o]AAS FAl 233 o ZadE Byo] H 2ol i FEA A
T =ojA 23 At} (Nielsen 5, 1992; Hougaard, 2000; Duchateau$} Janssen, 2008). 53], thd
F AL U T2 By HFL 3 FRS s A7 HaFHE olF & ATt (Andersen
5, 1997, Ha 5, 2001). 2o Qe 2] F2& A3 el Lelo] thsh DS So) AATO A dol
]% FWL% (marginal likelihood) & AR 4= QAWE o] HHH2 £33 ojg] FHEEA O A
It} (Vaidagl Xu, 2000). ©]& S53}7] 98] Leeg}l Nelder (1996)+ Aito] 815 A = T
%% (hierarchical likelihood; h-likelihood)& ThtAl Lwte}i 3 23 (hierarchical generalized linear
models; HGLMs) 9] F20l4 Agog /\7H3]'°ﬂ o‘ﬂ e HFEFR A ST TEHA F2
HAAE Algshe 3ol At (Lee 5, 2006). Ha 5 (2001)2 o]t A =& ZH|dE BFo =7
ettt mEtA 2 972 A= 2 LE ‘353-4 48 A8 gASE S ARSSith
2 A7) AN AT AT RS Figure 11014 AXT vheh 2ol 2A Al FokzAl 7HE2-vho]
of, H28ARY 1em mAAE Btk o] A £ £rel T4 AAL e Lk 2204
£ A2A AZRANCET AR Tholole] AEE FE R F29 MANTTIL 47451, 32N
£ oY AEARe BA0 % @A A8E T 9t xade 23 RANE oE ngoE 47
AL B2} 25 A7 isto] Eolslart i

o | L O O S
B 9712 &= v AEA1E (univariate survival data) 2412 93 thEZ Q] F 7HA H|R4E A&
AN (F, 7FES-tlolo] AEE BN FAHEYERY 24)& ATl 974 ASAEL
ANE FY ol FEEHAE Y27 S]] oleta 7 st

2.1. 7}=22-010]|0{ (Kaplan-Meier) HZ=&A

SRC-Stat SAM7| A& o] 83 71Eeh-njolo] Y=L 4] A2t B Ague] 5o thest 2o,

1) 71870d

7hEek-ulolo] gL 7} 7] (subject) o] FEA T I Y2RS5 HER)E FESE HESF
ol ¥hgott. AE&Y FHE-ntolo] FAF (T FH A F4 7 product limit estimator)> A&
Te AETe s %:5}04 A7 EAE T Aol #5HE Al e8] H=(jump)E #e
W FEAD Al I AEE0] 2 DA (step) Frolth. o7|M TR A gle BF o 3
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Figure 2.1. Kaplan and Meier survival analysis for comparing two groups for the Gehan data
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Figure 2.1¢8] #Z2] Al A= ¥ ALEE vas A% 72 AL o= 2

VA A 27 AEE Aole] AAA A 7R E AR ETE. 1 FElE S(t)” (Harrington}
Fleming, 1982)2 A1, p = 0°]W Z -9 7AX (E+ Mantel-Haenszel ZA), p = 10| GehanF 73
(Gehan, 1965), 283 p = 0.5°|¥ 75 Z2I-5IHA (E+ Tarone-Ware %) (Taroned} Ware,
1977)2 22} | ugiet.

6) 27HOutput)

Figure 2.19) % sheho] sl “A® £47 % “UEE 247¢ FAROLA Yehle 29 49
© oyt 2.

e time: AZo] FFH BEA (5 ymy)

o nrisk: Z- A|Ho| X9 @A} 5 (F nw)
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o surv: 7hEgh-ntojo] EEO] FAX

o std.err: FFEE-ulolo] A 7FO] BEL A}

e lower (upper): 7}E@-upojof FHeFe] 95% A7k B1akgh(4e3h)
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A (remission) 7] ZHE: F)& ofglel Zo] FZ3ATE 74 ‘= = SEZd(right cen-
soring)=< UERATE
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% SRC-Stat REPORT Bpot | = B X

g 27 24 HOF OOHE8Es 13T LEE

gehangsv* X Cox model

b0 e ap |2 se|mone ag

Method: HL(0.1)

id sutime status group
1 |6 ‘1 ‘1 ‘ Estimates from the mean model
El O PO O

2ACOX) 8|3 2Y £gw | x Estimate Std. Error tvalue p-value

group -15092 040% -36849 00002

id surtime v status v partial h-likelihoods
surtime
status -2h0 -Zhp -Zp_bvihg)

22 Hof L3t Z 8 (Covariate for Fixed Effect)
m ’ 1727592 1727582 172.7066

group

o AlCs

Surv(surtime, status) ~ group cAle mAIC rAIC

Hat 1747582 1747502 1727066

Figure 2.2. Results of fitting Cox’s PH models for the Gehan data
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o TAEI UF B AZAD] 3 AW eA TERSE 2T Y SYUSES A
A (HE 22 BA).

A 319] survival object ZA] o] = 7|22 0 2 Surv(time, status) "xE AR & 4 Q)

5) A3HOutput)

Figure 228 $30 gl A7) A9e the 3} gk FardolNE zalde o] gonz, of

o AAeE 22282 thdAL-%= (h-likelihood) = Breslow?] 2% (partial likelihood) 7} &t} thdk

A= BHE A St AL 3.1 A thFV]| & st

o Estimate: A% H Z AR JARSL A

e Std. Error: tj-23l= &4}

o t-value: t-F7 % (= Estimate/Std. Error)

o p-value: t-SAFe] 7285

e partial h-likelihoods: partial h-likelihoods®] A3}E A A st}

e —2h0: —2 x (partial h-likelihood2] A WA component?] Ff), T2 & of|A] partial h-likelihood 2]
A WA component:= Breslow?] partial likelihood®} < 3}c}.

e —2hp: —2 x (partial h-likelihood?] Zh)olA|qt, FAR oL = e Fo] oz —2hpE=
—2h0%} 2tk

o —2p, ,(hp): —2 x (adjusted partial h-likelihood®] k), FARFH A= Z = LE](log-frailty)
v7F 00122 —2py, (hp)= —2py(hp) 2t & Lttt

o AICs: A3gd o tall Al 712 £572] Akaike A B 7] & (AIC; Akaike information criteria)E A
Azttt 23 A8 (model selection)S & A9 189 RPE F 7P L AICES = 232 A
ast.

e cAIC = —2h0 + 2dfc: A= dfcE Zt+= conditional AIC, ZAR A& dfc = I|HARFTY M.

e mAIC = —2hp + 2dfm: A= dfm<S ZF= marginal AIC, SR A= cAICS} 5 A3}t

o rAIC = —2py , (hp) + 2dfr: A% dfrE& Z+E= restricted AIC, 2R oA dfr = 0.

o

oAl 2.2: o oAl 19] &R Hal] F2RYP S AT A= Figure 2.298] £50 2 4]
=o] k. o714 gell &E AL vt 2k
i) 22 &3 gE ¢ 3t} (p = 0.0002). THA BEE XN EF(z = 1)L H2Z(z = 0)°] )
3 B E] exp(—1.5092) = 0.2214], = 78% YJHo| F]3}A LA}
i) 4 (2.2)9] AP =] 95% A1FF7HE exp(—1.5092 + 1.96 * 0.4096) = (0.099, 0.493) ] T}

3. TYYLE|] 2. CiHS WEXZ

o] AoHEe F2ARYEES iz AEAEEA 0T FA3 2y Y] ¥ (frailty models)2] AFEH 2
A7 s S5 Vst dA 2 A7|A e F SR =z dE RYPo R, FF(shared)ZH LE B

A 3 Aol 7ssitt. A7 A = ZH LE 7 FoF
o], AEANEL A2 50|11, FEEUATRS &AM} 5 oln v]A K A (non-informative) ©]

ehar 7Hg et
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ZHLE] 2L ZF A (subject)t FF (cluster)?] FEo] ot Fxol Zn4ZA HHLAER
B (21)°] =L (failty) B F2AT shte] BFY ARRA AARFoRA, Rz ChHFPEA
& (multivariate or correlated survival-time data)e] 3FEA0 ARREH I ). 7|4 = dEE=
Z+ A A g $HELE JFTS v+ F= < H+= WHE I (unobserved random effect) S 2]
ujgit;. ZY e Ex= SAFoZ 234 (log-normal) £+ Zl(gamma)EZE A Aot &
| SR 2] BYPoA BE 2Oz dE (log-frailty) o] kel 0(F a1z dEe] #4lo]
0)Q Aol e =g & dE Eﬁé% o] &l A vtE AT 4+ = Sl

H =z DE wrb oA w), AEAZRY 2R AREL vt 2o ¥k

(tlu; z) = Xo(t) exp (xTﬁ) u, (3.1)
o714 No(t)= 1A 2] 7]X1(basehne AdEe2A, ple 2RFE] WEH 2 = (21,...,25) Y B
@Eel 09 W] ABBolch. ZAYS vt PURL FE RIRTELE AR S A B
T MIEY u =104, EEH%]E] 2y

i
[>
o
=
o,
Ao
Qh
il
o
)
(i
v
[
oy
=)
LKl

_—qu;f ZYJERYP e 2 e Fxol el 47 ARtz 2 AR EE 7] wiwel, =
JE woll el Fate] 10]a & Ql 5

BEE, S v~ N0,0)E 47 AR

3) oA =
ZH el 2F (3.1)°f gt optA = (Lee2} Nelder, 1996; Ha 5, 2001)2] A= 23} &tk

= h(B, Xo, ) = Lo + L,

714 Lo = log f(y,dlu; B, \) = 2T ZAYE w7k Fol A W BEH & FENS (y,0)9) 2A% 23
%= (conditional log-likelihood)©]3Z, ¢; = log f(v; )= 21 ZH LE v 21T olt}. thut y=
HASHE AEAToIY §= TEZD 75 Hehle AAIZolth AR \o(t) 9] o FHiE A8
Z27] il A B ge] 2L 3l AE AlAT O A S (profile h-likelihood) h* & A}
g3t} 53] h' & H A3} 9% (penalized partial likelihood; Therneau2} Grambsch, 2000) h, 2} 5
XA otk (Ha 5, 2001). webr] & =2 HAF hps H A $ % (partial h-likelihood) 2}
FErh Yol Ze|dE B (F A2 ES) o FES JH 24 9 AR (S 2FE H o
DASE) pow(hp) S AHEETE (Hal} Lee, 2003, 2005).

1) 22 A
2 Qe RYEAL A8 Z2 ) GAE A A thes ek

WA 1: Figure 3.19) 378 BAo)A] “422A” 22 F “zef Ye)
A
A

©7 2: Figure 3.12] 71Rel A “PEAY, “FEAw o B3 dejg 7, a2
Sl M FAFES Aol AR Ui FAYP I AFEIA] I FUP 02 2

7 g7,
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) [SRC-stal REPORT Bpot | = O X
Tg =7 =% GOE HOH g2 ER 133 =8

kidney.csv = X

gehan.csv *

HOE | gaax|azos| zene 2n

log-normal frailty model

Method: HLO,1)

id surtime status age sex disease
8 1 28 |1
16 1 28 |1

45 |2 Estimate Std. Error tvalue p-value

Estimates from the mean moael

age 00049 00121 04041 06861

7 | =
= sex 13304 04308 32082 00014
e 58 SENT seRy Estimates from the dispersion model
surtime Estimate Std. Ermmor
status
THE O L5 EHH Covariate for Fixed Effect) id 05345 0338

age

> age
sex partial h-likelihoods
sex

disease

HigrEajof oj 3t &8 Sf(Covariate for Random Effect) oho hp 2#p_bitp)
. b

id

3304017 3907712 3715404

o3y
AlCs
Surv(surtime, status) ~ age + sex + (L ] id)

CcAIC mAIC TAIC

3624571 3707008 3735404

Al Ak

Figure 3.1. Results of fitting lognormal shared frailty models for the kidney infection data

A 3: Figure 3.19] &= 3pdol|A] “AAP & Z8 3] 23E
Y e R ol 1 Y2 HL(O, 1) ot}

B2HE etk HEEE 24

e

=Zyde] B2 E 7tz XA F-$ Figure 3.19] AlE-&49 AHAAE “RandDist” ol A “Gamma” &
ZEfoF 3, B FANHE HAT A JdYAE] <Gl s gEEks AgroA 0 Ee
15, “sbzof gt ek A7 olA 1 T 28 AAT 4= drt. o) gt 0|84 432 Ha
(2012)& ®Z ujgich

ol

5) 712X

Figure 3.12] 220l gt 7| 2Aol A A2AZ, 25 ek 9 1A &) gt FHFL 2270] FA
w7} o, tha) R Aol Qo] ZalYe ol tjek 2] EatET).

o 232 31}e] survival object ZA] o] = 7| EA O F Surv(time, status)“x +(1]id)2 AR
g = ). 97)1A time AEA|ZFE, statuse censoring O RS, x= FHoIH ide Z- 7A2
21" 2} (identifier) o] T},

6) A El /\}ifol—

1

Figure 3.19] Al = ARALe] A2 o237 2}

e RandDist: Z#JE] 25 ARt FAHEZ(UZFE)S} AHEEE AT + Stk
o Hol uldt elZekx A HFES(mean parameters)E AT A17])7] 938 glEZeks 2ZAMY] A}
F=(order) A 0 =& 15 A A SFHHUZEE 0)

o ko) ot efZ ek X AR (dispersion) B4 (HE Z YE] BAHE AE A7) 9% 2lEE
2 ZA) A 1 EE 28 AAHYUZEE 1)
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e 53], 2O+ ZHLEHEFH A A$ HL(0,1)(Z mord = 0, dord = 1& ©]-§3} h-likelihood #H),
Zrl= g el 4$ HL(0,2)(Z mord = 0, dord = 2& ©]§3} h-likelihood WH)E F& AR&-3ic}.
3R 2 heavy censoringo] AU Z | LE|S] Eito] 2 A9 2347 2 e+ HL(1,1)E, 2

vh e Aol A HL(L,2)9) AHgS 3
o MR B4 04 ARE} B4 04979 A% Qi 2anE wtag
tro] Shte) oz 1A o)F 29
o MRS B4 27)%: zHDE ] B4k 2/HE A

ARTHCEE = 0.1). W e A By
NN F2RPe A A9, AR} B4 177 vag 2esw AR B4 27472

02% #4ad e},

7) 23 Output)

Figure 3.19] &0l i+ Zxbe] A9 th53} 2t}

e Estimates from the mean model: hazard partol A Z&H ARG FAX Y} 2 2HE A|lF3c)

e Estimate: Z3H Z | dEIRF S JART FAX]

e Std. Error: t)23= &2 4}

o t-value: {-57 % (= Estimate/Std. Error)

o p-value: t-FAZF Fo&E

e Estimates from the dispersion model: AFZpartojlA] Z#HdE] 2
CHEstimate: 23H zZ#|dE] 240 £43]; Std. Error: o]-33=

e partial h-likelihoods: partial h-likelihoods®] A3}Z A|A| ST}

e —2h0: —2 x (partial h-likelihood®] & WA| component2] 7k)

e —2hp: —2 x (partial h-likelihood®] %)

e —2p; (hp): —2 x (adjusted partial h-likelihood 2] ZF)

o —2s;,(hp): —2x* (adjusted partial h-likelihood®] %} + the second-order term)

o AICs: ATH 282 M| 714 £579] Akaike Information CriteriaS A A] 3tk

o cAIC = —2h0 + 2dfc: A% dfcE ZF= conditional AIC

e mAIC = —2p, (hp) + 2dfm: A= dfmE ZH= marginal AIC

e rAIC = —2py (hp) + 2dfr: A= dir S ZHE= restricted AIC

o714 dfee AR} MFEAE T A% 24E ARE, dime 5 (5 AT} 2R

)9 A, TR dire AE RS Agoleh, HL(O,2) i HL(1,2)E ol &3k gvjza|de ve

o] 7% mAICS} rAICe| Ao A 22F eREeks ZAPYE ol 83ttt ZadE 2ol gk 919 Al
742 AICES] AAIE A2 Ha 5 (2007, 2012)& 22 v},

OMl 3.1: &% ZHEHLE|RYP Tz McGilchristE} Aisbett (1991)°] 25 AAIR A7 ZHA|
ZHkidney infection time) At&5E V&AL o] AR = R 37| A (library(survival); data(kidney))ol
A AEE HeRE T 4 9t} 389 7+ 3} EHoH 1x} 9 22} ZFA A 7H(surtime) & ZA3Fl o oF
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24% SE=AtH(status))= 7FAtE B = wHE2 o] (age), A (sex; FAF ‘1, AR} ‘02 TY)
2 o] 3 (disease; GN, AN, PKD, other 2 47] H3)olt}t. F U3 Sxlol|A] F 719 ZAAIHES 7F
A2 B 487 ARG 052, O BYe 5] 5] BF A (shared) D20l EIHE Waka
£ ZHLEE AR 5 gtk Yoleh AEE A E RO e dE BYS AP A3 Figure
319 ©20] m2 Aeslo] qlck. olo] B3 HHL et 2k

(1) whelel Eak= fFolahAl A wh(p-3t = 0.6861), B a7 = ml$- o stth(p-2k =
o] zk= gt Hlsl 2 @ Eo] exp(—1.3804) = 0.2518) 2z 2| 5HA] 74 E 1:]-,
(i) Bazg de(& Hzaah)o B4 24X+E & = 0.5345(SE = 0.3384) 0] A2k, o]of th3t 724
H(ZF Ho : a = var(v) = 0)2 001419 HZFEF} F4bo] st FAF7H(boundary space) &
A=z s, = 7|23 &% Flo|AlF A ¥ (mixture chi-squares test)& AHE-St}h (Ha 5,
2011, 2012). o3 e feirle 2azadEele] 24te] 0d we] FARYPS o] AR o
o Ao ms dojA= —?—5%94 gl dosith. uetd F 2y (w52 d dE Ry FAR
)9 dln] A2 (deviance) —
F 5%0lA 71770l 717
2RYoA ] vu o)t
(iii) Figure 3.1 S+ Al 714 A
dE| 2ol MdEES & 071‘/}.

=

0

py.0 (hp) Q] Xpol= 377.4404 — 371.5404 = 5.9 > 2.710]2& §]%
HE ZHdE] E9= FolThS & 4 Atk o 7]A 377.4404= =

m{n

B

F212382] AICE (not shown) Bt} gtovz JF =g

n

3.2. A& Ty LUE| BH

HAF AE oA xS 2HIE th7)F QA (multi-center clinical trials)oll A Z+ 2P At

dEo] 5= A& (nested) A 72 37, F 79 zade &2 189D 5 Aok ol tE
2Ot A E(nested =+ multi-level) ZH DE] 23 (Yau, 2001; Ha 5, 2007)2 t}23} Zo] Ao

dr}.
A(t|v1, v2; ) = Ao(t) exp (wTﬁ + v + vz) , (3.2)

A7 v1 ~ N(0,01) B AEY 8= DE 0|1, vy ~ N(0,a2)EA AEo)A AEHA 3Ae] 21
2 YOI, 03} v A2 Holth. o Raol tak SRS FE 2 2AT A,
el 2 AlolHL 7| EALEe] 4] = Surv(time, status)“x +(1|center) + (1[id)2E A
QE} o 7] “center”= 7 AlE] AjHAtolaL “id” = ZF @Ak AEAE yUEhith A& ZH dER
¥ (32)e w5 ZdldE 2¥ (3.1)°l WzFazst sty o F7tEs FEjolr] wiiel, ol ik o
Ao Ee] 222 417 Bl Fssith (Ha 5, 2007).

OlMl 3.2: A& ZLE] B¥2 o5 3] Fleming®} Harrington (1991)9] 23] AAIE wHgd S0}
%4 (chronic granulomatous disease; CGD)Oﬂ 3k AL AA 7 e S TEisit). o] 2R 7}
AFANEL B 13719 AEolA 2HE £ 1282 CGDEAte] sl A XS AT Ao
ZA], CGDEAL t8l A3 ZdeS %O]%Eﬂ A oA] Zull E |2 (gamma interferon; rIFN-g) o]
BEHR7L JEAE RABRE Zo] Aot 7|4 AEAIZE ALLAAIZHTIME) o1, A7FEel
AOH oF 63‘7«] FZEHHDEL)¢] th. A59 F2E WA ATEW T3 A AURAANE

= A= oed 5 ok AR 7 %XFE 1370¢] Al shtell a5 o] Q7] w2l At 434
2 AE] & F(center effect) A= HIZE 5 ot mWetA o] A5 ZP3LE S F MY ZH LE
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TY 27 g4 HOEH GOEYMER I1HT CgY
s
HOE | w2 &4 | 12w [ Z2E 2y
0BS1 CENTER ID TIME DEL Treat INHERIT AGE HEIGHT WEIGHT STEROIDS PROPYLA/ REPORT il ‘ = El =
Q 66.7 o .
0 28 o log-normal frailty model
0 35 0
Method: HLO,L}
Estimates from the mean model
7|2
Estimate Std. Error t-value p-value
sy =2 wEAZ seun
Treat -10753 03358 -32018 00014
08s1 TIME - DEL -
CENTER Estimates from the dispersion model
o | IEE LjF BHE Covariate for Fixed Effect)
TIME > Estimate std. Error
DEL Treat
Trest HEtE Hof GjEt ZH S (Covariate for Random Effect) GENTER) 02=3 dii=32
INHERIT * | CENTER jul 0.9897 0.5027
AGE D
HEIGHT Ppartist h-likelihoods
WEIGHT asu
“2h 2*h ~2*p_bihy
STEROIDS Surv(TIME, DEL) ~ Treat = (L | CENTER) = (1| ID) 0 = SR
PROPYLAC 6037169 8501106 6923654
SEX
Hospl Aics
LONGI
ENUM cAIC mAIC TAIC
685.16 6985211 696.8654
Ak
Figure 3.2. Results of fitting nested frailty models for the CGD data
Table 3.1. Model selection among four models for CGD data
Model cAIC mAIC rAIC
M1l: 2 708.6 708.6 707.4
M2: AlE Zg 9E &7} 702.9 706.8 705.6
M3: A} = e a3 685.1 696.6 694.9
M4: Ae 9 22} 2 Je] Z 3} 685.2 698.5 696.9

29, & WA 7} (CENTER) 2} AMEf oA A28 AGSAE (D), 28]2 3hte] 33 (Treat;
ZAuRIESEE 1, placebot ‘022 FY)E 2] T 4 Atk Wit AR ZdE BFES AT
3 AT Figure 3.29] 3o E2 Q9kso] glon, I s|4L o33} 2o}

(i) Treat®] = vl-> o] 3Fth(p-gk = 0.0014). webx ZAuRRIES] 22 S ol wel 2 4
HEo| exp(—1.0753) = 0.3410) W5 RSt Zadich oA Topd FuilEs 22 CGD
Zkoll sl A ZAe e FelstA vk & 5 9l

(i) APz dES] 24 F44)

41 = 0.989(SE = 0.5027)0] AEIZLEe] B4 2H2] a =
0.0253 (SE = 0.1532) H.t} wj% =27] wfj&o]] MPBAaT= Hr) o] AH YL & 5= Ut}
(iii) ©] Atzol Hi3t AR RPNAL 93] 379 FARYS T £ 479 2P v 5 9
ok wetd MI(S229), M(ABAE Ede 0@ 2 Y), M3(AF RSN 0@ 2
a3t AN esk A3} Table 3.1004

H), MA(ARAE @ BRAEAE 2ej3 BR)FolA AEE 2RL 4
AN g 2o] Al 7K 7% BE AP AL AICE F 2P M3o|2E CGDARS 4
S M3EGS A4E Yoz A
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~
km

2 % F=2A

Z=Ro| A SRO-Stat EAI 7| AS o] &35ko] whdzr 2 o}
fetgict. 538 £ 7] x] = wlw F4lol7] wiE A
A= HI3H7171 912 ™ol Ak 24
oA 7P Z1RAHA BEHA F
A glole BRG] e 28 2 X A
o] ARgHtt. SHAT FARYPL PHek= 738 /M-S
(Lawless, 2003). 3@o|AE 2o B2 A7 AP e ohd
ZH9E 23 ARRHEE Atk AR Z
| A= MAZ o]BAHE B¥3} 3] =t} (Hougaard, 2000). FESE
¥ (non-PH)o| = 7] wjgol] F29 PHEF| thgt ahvte] dicte] 2 £& Qlth (Ha$t MacKenuzie,
)

X B ore
o N

fd
off

selde male wrf e AL Hok A8 9 Bl A5ar] dEel SelE ok ol 1A A
FEL 2 A0 25 28 A4 ATHT Ak

(i) A9 =z dEE Zh= 2 (Frailty models with correlated frailties; Ha &, 2011).

(it) Z#HLEY +7F 37 (Interval estimation for frailties; Ha 5, 2013).

E]
ZH LE] ZYoflA WA= (Variable selection in frailty models; Ha 5, 2014).
3

ZAA9Y =9 el 23 (Competing risks frailty models; Ha 5, 2015).

919} 2 BT madE maye H7AE AUFown F1Ee] B4 (SAS, R, SPSS, Stata
q (e}

3
5)919) Aoz o BeAoUAR A4Y gt 17 AERAe] IEE 28 4 92 dow
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