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An important issue in clinical practice is to accurately predict the prognosis of patients
in order to aid clinical decision-making. Biological markers, for example, recurrences in
cancer patients, often serve as time-dependent information in the need of clinical
intervention and the usefulness of the prediction of future risk. We consider several landmark
Cox-type models at a sequence of landmark times to incorporate the time-dependent marker
information for dynamic prediction of future survival probabilities. In particular, a piecewise
function of the time to a marker included in the Cox-type model at each landmark time may
be more adaptable to use the time-dependent marker information for predicting future
survival probabilities. In simulation study, we consider three different correlation structures
between the marker and survival times to assess the performance of dynamic prediction
based on different landmark Cox-type models. Finally, we use colon cancer and dementia
data to explore the dynamic prediction abilities under these landmark Cox-type models.

Key words: Dynamic prediction, landmark model, multi-state model
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hu(t‘M*(u)):hOU(t)exp(,Blum*(u)) (3-4)
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[ mﬂ( ( ))+—hwU(t I( " (u) = 1))}exp{/ﬁ-rn*(u).TM}
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1—exp(—exp(-2.5)t),m"(t)=0

mO)- {1exp[<eXp(2-5)(Tm +exp(4)t-exp (BT, ) | m (1) =1
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BB ERARFREPF DL R LMI VA # A 3 2 8T 2 Bk A5
A N I A AT FARBEEBERPRLFIFESRELE
BT o HF 4o~ EAPF T (LM2):E (FFERI1E > #3078 B R 55 F A I

MM Bam = E8 GRS R RnFm &N A FIERPFRET  $20 4

ki EEFRELR R + & LM3 ~ LSMI1 ~ LSM2 i% 4 SEipl#E5¢ » 3
BV A

Q). bHFEPFRREUE2 I 4EFRT » A - BFLARE > BLiap
FEAR e § @l 12 28 %W v (Ty) Sl it 5 31
o BFEEINE o MR E B A ARG I RN
Plrilog(Ty) A1 A K » B G AARBRE » T3 =t 3 2 Xy o
(2). @ &4t iFppE P B u S E IR T o d AN % A pcER RN 1T L FERIBE
REFHAFTRAR I NS P FAEART L BRI R EARE
S5& 0 FIrEHE F(DEAE N AREBFFE 1128 F/F2
BPHREIRL mAER A AR Al I 4 ERRG - B %
43 S5&ELF - BRE 003 NSRS .
1P B 4-6 B % IR BT, B (T4 B RIS » T2 3 4ot fd i 49 -3
BIMA WA FaF REL IR RERRWET FHRPFFEU =2 35
FEd RE o FIRLM2 IERIRR G E W RN T AR ERT T
VBRSO A LRT LB RS AW I IRRT LY B LM2

PR EENE T o A RBEF A B R T LERER Y LM2 12 2 LSMI SRR o

22

doi:10.6342/NTU201903431



)

FGT G BRI ELER(B) 4-7 DB 4-10) > #F HEEZR A3 im0 AMINL N LM2 2 2
LSMI £ B B & 4517 » iR 4-10 ¥ U A5 00 3 50352 LRg 0 x 95
£ % U A (bias)! 2 % B (variance) = » &7 g e d BHS RHL B E L

e S O R R o

L=
o — True. MO
© True M1
= — LM1-MO
— LM1-M1
g LM2-MO
— LM2-M1
< | — LM3-M0
< —  LM3-M1
~ LSM1-MO
o 7 LSM1-M1
—— LSM2-M0
S - | | | | | | _ e

Predict window

W] 4-6 : BAFHPF R Bhu =4 0 T AR TER B Y RBIEY &)
(eg. LMI-MO £ 7 A PB4 EH > AFIHBBTLBRIR K 10 #5533
WA o TrueMO0 257 7 3 R 'UFRT » FAFFR4 EH AT 2 F%
BAKRI0EFEBFLEL 8 AW > FEHEBFATE

r(u+w,u)= P(TD > u+W‘u,M*(u)) » ¢ w & 5T FER % B (predict window))

23

doi:10.6342/NTU201903431



o — M1
o — M2
— M3
g LSM1
= LSM2
C=
v
L]
= |
(]
e
(o]

| I | I I | I
2.0 2.3 3.0 3.9 4.0 4.5 2.0

Landmark Time
Wl 4-7: HEPFRU: 21 57T ITAEAFERSEL FEBF AUCER

(&Y B)

&
O — LM1
— LM2

o — M3
= LS
© LSM2
{'\! —]

&

M g
{’\! —
[ ]
T b 84
™~ \"x:.
= f=o=g-g
o T

Landmark Time

W 4-8: FicPRFBUL 21 5&T > T BHNIER S EL FEBF Brier 4 &

(¥ )

24

doi:10.6342/NTU201903431



[}
o — LM
— M2

3 — M3
° LSM1
© LSM2
[ I

W o

)]

=
[ -
o
i - = - - _-,:,-ﬂ=:..._‘_
O | o-gmgmg=8=-0-8=8=272_5-58T8=5__._5
'] Q=g=0=9° "g=8 =g " 2=Sf=w
[an]
[ -
o

Landmark Time

W 49 RREFFRUZ 2ISET » AFIFRITERRI AR ERS

ERRFEBFO LEHEYB)

o
a — LM1
— LM2
- LM3
o LSM1
S LSM2
Ll
(1))
= -
o i
a .-
B =43
o /a_u, #H
- Q -:;H_ﬂ—u=8
o = =
<9 cgag=¢
= s=fcfimgma™™
o e =g
[

Landmark Time

W 4-10 AFEFFRUZ 21 5ET » 2 FI AT ELRET BHGRERS

ERFRBFEY L (HEKEYB)

25

doi:10.6342/NTU201903431



® (Clayton Copula

A4 1000 2k A #cs 1000 ch4 R UFAL > HUF G5 23% 0 E EitE

o

5000 = $% » #c 5000 *7 2 & FE K TFH o ¥ B & Kendall’s tau 3 0.6 4 %2 0.8
T oo BA|TER A o T3 T A Kendall’stau 5 0.6 0 FHHcPEFEREL LS 4 £ T 5 12
ZAERIERI A R FE NS AR 0 e LM R4 O e pE A gk

EDBEn T o HAFRDTFPIF TG B RGP % o @ be M HRGEFF R Y LM2

BTIER O RRIEEFARB E o Fpt 2 LM3 ~ LSMI ~ LSM2 #2558 8 7 fieig o

e

PR Ty 3 5 log(Ty)™ % iﬂ,;ﬁ d BRI fxahk o] o FER VUK

Mg d » P AR N2 dhis- KREEEFRFRRFxds ] » T ip4&

—\

Bef xRl AR eniE 0 B pRE 0 RIG SRS TR R RS
P B ATy B THp B B RT™ s AT 3T - T4 BFIrg:syn
Boo &% R AT o R 4-11 F 1 LM2 2 2 LSMI FEiR 4 % RURITE B 0

BIEG RS G (B 4-12 2B 4-15) KB 4-15F P RS D 0 & HN S IR

pau|

B 0} 327 A L A (blas)! 2 % B (variance) < 0 & T 10 g dlied BN R £

BEARTE M i e L B R R

=
— True.M0
True.M1
LM1-MO
LM1-M1
LM2-MO
LM2-M1
LM3-MO
LM3-M1
LSM1-MO
LSM1-M1
LSM2-MO
— LSM2-MM1

0.0

Predict window
Bl 4-11 © 2 kp B Bhu = 4 > T B35 ABLICS (h3E R 3 75 & 5 H](Clayton

Copula)
26

doi:10.6342/NTU201903431



(e.g. LMI-MO # 7% 43P FBE4 Ew » AF 2 FRBITERIARL0 & 5575
WAEH cTrueM0 27 27 F RRUFRT > FEEFFRIED AT S E3ET
BARI0EGFWFLE2L 0 AW FLHFWFLTS

m(u+w,u)=P(Ty >u+w|u,M"(u)) » £ ¢ w 7 TR % ¥ (predict window))

1.0

— LM1
— LM2
— LM3
LSM1
n LSM2

— a_a_a_a_g-s=g=8=3=3=3=a=8=a
a—0o—

AUC

03 04 05 06 07 08 09

| | | 1 | | 1
2.0 25 3.0 3.5 4.0 45 5.0

Landmark Time

Wl 4-12 : FHprBus: 23 587 > T B RRISER 3HEPF AUC 4

. (Clayton Copula)
— LM1
N — LM2
< — LM3
~ LSM1
o — LSM2
(=]
'E g — ) - —g =g e 5 = = -0
o o "_"‘_“-"‘_ﬁ-s-d—“-g‘_-s
(18]
2 -
o
2 -
I I I I I I I
20 2.5 3.0 3.5 40 45 50

Landmark Time
Bl 4-13 : P Bbus 23 5 &7 > T RN TER 5 E #5585 Brier &

#(Clayton Copula)

27

doi:10.6342/NTU201903431



[an]
o | — LM1
— LM2
8 | — LM3
o LSMA
LSM2
[{n)
[ R—
Ll ]
73]
= Ry
[ R—
o
od
Q —
RS EEE R Bt e e et
o =g =g=H =08 =g=0 =g =0 =0=mg=8=—4§
Q —
= T T T T T T T
20 25 3.0 35 40 45 50

Landmark Time

W 4-14: 2P FRUS 21 57T > AFIHRETF LR RT AHIERS

# 18475 %352 £ (Clayton Copula)

© | — LM1
o — LM2
— LM3
T
o T LSMA1
LSM2
=~ |
o
0
= g -
™
o
— _o=g@=g=f%=g=g=8=8=vT9—0
l= - a=a
a=0=g=—g=g=8=8—0—2 —0=g=g
o | 0—9—90—90—9—0—0—0—0—g—0—g—90_8=-8=8§
o
T

| | | | | |
20 2.9 3.0 3.5 4.0 4.5 5.0

Landmark Time

Wl 4-15: PP FRUz 21587 > AFIHETF BRI BEIFERS

£ 15 %358 K353 £ (Clayton Copula)

28

doi:10.6342/NTU201903431



7% RUAHT

B EYRF Y

A-
lmﬂ

¢
|7

Abg e B AR W A- A A Hm T AT

%

&

CEFOBRRIERRE AT RA PR SRR LT T b

-

W
ey
em

At
FAFMABRBEE AL AR P IRFECFILRRBTRETHR RS
¢ NCCTG (North Central Cancer Treatment Group) 524 4 | § 2 7 F % 4 -

SRR R ET LR RS BAGFE

F_k

L 388§ p R R B Ot AR E YL 2 i g e

2. rip2 MRESFC BAMTET AEH DTS S

3. FALEAFLTAEREEE P CTE A 2 AR R R
¥ 5(5-FU) -

A SEPEARREE BILAR o G EA R K R R S
FR

5. ARG HE RIS L B R E R R L AR

,féfﬂ_,f%‘ziif?‘;‘]&&...i%ﬁ v @ F - BE R AT S P R R hF o I
FlF TR R A KB R B L E R R C F LH
RA RGPS R REFFADEY A hd B DHpL RS
BRI PURHNFRTREFLL LA o PETHT ARG

survidm (Luis. et al., 2019) % i ¢ £ {# -

29

doi:10.6342/NTU201903431



W 5104533 RTRSHER

AT DIREA AT A
T A

timel ErFTIF AR/ RV R

eventl FARF LXK Up a0 AF2H% 11 RH)

Stime BT RE AR/ R
event e E“?R”la‘%%%-&&(o PER L)

PEFHE g0 929 i BeNFR 0 B Y 506 o A H 0 A 506 (v
P 452 A A g b= o {NE A RE B R RPERT,Z 257 4
L 06E ¢ B L LI3E TS EA EHY L 21 E > A Tk
1.64 & o 5= BTz 25 F A ndicg 5 221 & ~ ¢ @ s 541 & 757 A
PHK) R 648 F 0 @ Tk 45T & o TRV REBFE S BFFLR
Kendall’s tau 4p B 2 #ci 0.8 0 -2 @ 2/3 FHLIF L IR EHE » H L RIRET
LB Fi2(7 3-fold ehd R B3 o A FHH AP FRA 2345 ET 5 1Y
FbabriE e T AR TR T BRI BRI BT R RE
W2 - I FE BN R RIE TR B 4 U Kaplan-Meier i 7% & SUR] L
SR A  THE ALEEERFETIERA LR T EE I 55 MBI E AUC ~

Brier » #ic ~ 357 Z =G ehE ) o

30

doi:10.6342/NTU201903431



1.0

0.8

0.0

KM-MO
KM-M1
LM1-MO
LM1-M1
LM2-MO
LM2-M1
LM3-MO
LM3-M1
LSM1-MO
LSM1-M1
LSM2-MO
LSM2-M1

Bl 52 $FEPFRRRuU=2&T NI BHFERECERBRARTEFTEBSF

g W AR

(.g. KM-MO # 77 - HpcpF P L2 & p o A8 2 3k

FEE AR LMI-MO £ 7 AR R 2 E ) o AR 2 s

¢ LMI 03 i 7 3 R i R SR )

i# ¥ % 2. Kaplan-Meier

i+ %4 3-1

-
_

00

0 1 2 3 4 5

I
3]

I
7

KM-MO
KM-M1
LM1-MO
LM1-M1
LM2-MO
LM2-M1
LM3-MO
LM3-M1
LSM1-MO
LSM1-M1
LSM2-MO
LSM2-M1

W 53 BAERBu=3ET > NI BHEBEATRBELL 6E ST

g0 ARF

31

doi:10.6342/NTU201903431



1.0

0.0

I
0

1

2

KM-MO
KM-M1
LM1-MO
LM1-M1
LM2-MO
LM2-M1
LM3-MO
LM3-M1
LSM1-MO
LSM1-M1
LSM2-MO
LSM2-M1

Bl 5-4: FEFFRU=4FET > NI BRFERECFERIBRA RS E 3B B F

g W AR

1.0

08

0.0

I
0

.1

2

I
3

I
4

I
il

KM-MO
KM-M1
LM1-MO
LM1-MA1
LM2-MO
LM2-M1
LM3-MO
LM3-M1
LSM1-MO
LSM1-M1
LSM2-MO
LSM2-M1

W 5-5: FAPFRFBu=5E7» U BEFEBETFRBRARIESFTZSSF

g S W SRE

32

doi:10.6342/NTU201903431



o)
h — LM1
— LM2
LM3
2 LSM1
— LSM2
T —— _ -
[ = ___EI a
w _|
o a
_'___.__,_—-—O_'_—_—_'_—_—_ a
a
< |
]
T T I I T I I
2.0 25 3.0 35 40 45 50

Landmark Time

Bl 56 BAREBU=23 457 » T BEABXTERIA K 2 & 8
W& AUC £ 2

&
o — M1
— LM2
& LM3
o LSM1
o — LSM2
o | 8
%a
2 le °
o = -
a
[Fg]
C:! —
]
(]
C:! —
]

| I I | | | I
2.0 2.5 3.0 3.5 4.0 4.5 2.0

Landmark Time

Bl 57 BAREEBU=2-3-4~57 » 2T BRABHSFRIA K2 E 55
# % Brier & #& 4 71

33

doi:10.6342/NTU201903431



— LM1
— LM2
7 LM3
LSM1
— LSM2

MSE

— o a a o
I I I I | | I

20 2.5 3.0 3.5 4.0 4.5 2.0

000 002 004 006 008 010

Landmark Time

W 5-8: HAEEBU=2-3-4 57 AAFBF » T EHEBHES TR A
o4 EHEPIIEYLEAR

— LM1
— LM2
1 LM3

LSM1
— LSM2

MSE
000 005 010 015 020 025

I I
10.0 10.5 11.0 11.5 12.0 12.5 1

Landmark Time

W 5-9: $APEBU=2-3 457> s AF B % 5 T AIHABRNFRIA
f4EEEBFHYLAR

34

doi:10.6342/NTU201903431



Bt o

d B 5-22BS5S58% 7 UHFmR - LM3 115 LSM2 a5E R 5 & d

BN EEAS R B R SRR A RGN TR G ST BTEE e A
R AL » AUC(R] 5-6)% R+ » LSMI 12 % LSM2 4 JLP B fu 2 40 4% e
BV A 0 Vo B P ARGRT P AR Y S ERARRIF]IF 0 R ARG A
R kdg o R4k 00 £ & ¥ Tt AUC 4 iR £ > Brier 4 #(®) 5-7)% W >
IM3 dpgt B oV AR & » FR 5> (Bl 5-8 - Bl 5-9)% LSM2 1 2
LM3 pgss B 058 LR B 4 > FIptsRa gt LY 0 LM3 2 2 LSM2

B HCF R T IR R IR R o

¥ - § PAQUID & §

fraca B - g HERERT EEFPHRE T ETE G LT 1a
B - RERERLEOS R - e BERTT P RARELF LA A
§FRTA G - L RS TIOREEE L QL4580 TR A PR G K
il o i LR DR B F I L F R KR o F B L L iy
R TEERE S B

# % 11 PAQUID (Personnes Ag'ees QUID)F 7 ¢ 2 T 77 %E T4l A
# 2 PAQUID % - + 2 eif AR A g » ML LR BHERT & 0% h#
(Gironde) 2 % f % ;2 (Dordogne)¥ % % 75 & At ¥ %ﬁ“v} RS LU S R Al Sl
R A E AT AT ALI35-8510013 151720 #F (5 %
LRy > B 10K 420 EF o« F7 B f6 R E R 3,777 A 3 R
POS AR P enE E AT o NP A B HIUTRE L B 0 LA FER S - 1
g FRMHFEEE IR ARELEEP § 2 R(DSM-IR) -
B CFFEPIR Y PR RE TR 2 ETIE B (NINCDS-ADRDA) - 7 5 1 & p &
oo - ARIFI L BR AR FAF FAFERAAR T

35

doi:10.6342/NTU201903431



- BRIZSEWEAPM AT Y 12

Ficdk s % ¢ 01,000 % B> F

R KBRS N RARNER TS o P AT

% R % ¢ SmoothHazard (Touraine et al.,

2014)% % 1@ o
2 1000 £ FHLP > K iR AR EARESG 186 AT HAD T

724 i o F P

= 21 = He163 =p)

-2 106

g )\Pi e A //\Li{‘ ﬂ”‘?’t‘f/g%}i@%—'ﬁ 23
BrCFFTRBARBELIP S

s AP LR R G T SREE A T

TR T
2T R
B 4
Ty u
: e
ﬁ;g” R
W 5-10 : PAQUID 7= § 7B i5 ]

R L T TR

2 S T
Dementia |IFA 7R A L FHRAN T i EH2E0: F 11 &)
Death I ERREEe = (0 A 1)
e i BTy PEenE &
WA R BB RARERR > R H R
1 XY ELL L AP U A B2 B AR LS e AT
TR ARL DR

36

doi:10.6342/NTU201903431



WY AP AMRDBEIRHARERE  R&ERIPRT

: BrenE B 0 G BT S R R P 1 Bop B 2 1 A
R e - T S SN GRS A IS
- P ARES TR o

) A BE o kbr - BER A BRP BT %

EEELFR -
% 5-2: PAQUID FH 84 &

BEFTHEY o Ty s VERL TRXECFL ESLI Y - AIER
NEP AR ESTTE R | TR G A S5-1 ¢ FHerer 25 A ki
115 & ~S0F A (=8cs 542 # ~75 7 A =i 1251 & » T3 g5 7.31
E#oaTpd T TBEE T ERI| e ERTTENFRF | £.5 5 4 5-

¢ogficte 25 A e 617 E ~SOF A indc s 1145 & ~T75F A ks
17.01 # » T35E % 5 1098 & o Ty, ¥ Tp2 Kendall’s tau 4p i 2 #ic 3 0.58 o

A MR A AR R 5 10~ 11~ 12~ 13 7 > 12 T f8 P g5 TR R
ARFHEWF AL Au=10-11-12-137 » FL TR ¢ RLE L P 5
A Bk A B F 89106~ 106~ 140 £ o #-H ¢ 2/3 FRFLIRFTHRE -
Heps pRETAE > #i27 3-fold eh R % # (cross validation) o @ #3% 34
doo kY BTy PR A S o 48] 5 (04] 5 (4,6] ~ (6,101 % (10,u] > 3 K
log(Ty)* a4 » & @304 » BpE T4 & 5 @ Kaplan-Meier 5 75 & 0B L 5

B TRIL AP RT o TR R kRS2 R amER R

37

doi:10.6342/NTU201903431



KM-MO

KM-M1

LMA1-MO
LM1-M1
LM2-MO
LM2-M1
LM3-MO
LM3-M1
LSM1-MO
LSM1-M1
LSM2-MO
| | | | | LSM2-M1

0.0

W 5-11: FapFFRu=10&7T > N7 BHFEERSFRIBRIA K10 &2 5%
BHF B Ed AW

(e.g. KM-MO # 7+ ftFjicps P 8L 10 # p w A% 2 #£38% 2 B % 2 Kaplan-Meier
T W S0 LMI-MO 4 77t P A B 10 & B A 4 A 2 B R A 301

¢ LMI 03 i 7 3 R i R SR )

o
—

KM-MO
KM-M1
LM1-MO
LM1-M1
LM2-MO
LM2-M1
LM3-MO
LM3-M1
LSM1-M0
LSM1-M1
LSM2-M0
| | | | | LSM2-M1

0 2 4 6 8 10
W 5-12: B RRu=1187 > T BRHREBESTERBRIARIEFZE
WF g itd AW

0.8

04

02
]

0.0

38

doi:10.6342/NTU201903431



1.0

08

04

02

0.0

KM-MO
KM-M1
LM1-MO
LM1-M1
LM2-MO
LM2-M1
LM3-MO
LM3-M1
LSM1-MO
LSM1-M1
LSM2-MO
LSM2-M1

W 5-13: HapFBu=1287 > 17 BHEEFENTFRBRA RS ERE

&y B d RE

1.0

08

04

02

0.0

KM-MO
KM-M1
LM1-MO
LM1-M1
LM2-MO
LM2-11
LM3-MO
LM3-M1
LSM1-MO
LSM1-M1
LSM2-MO
LSM2-M1

W 5-14: BHEPFBRU=1387T » N7 BRFERESTFRBRART &%

& s B AE

39

doi:10.6342/NTU201903431



. — LM1
o — M2

LM3
- LSM1
= — LSM2
©w« | a
C:] ot

04

I I I I I I I
10.0 10.5 11.0 11.5 12.0 12.5 13.0

Landmark Time

W 5-15: A FRu=10>11>12+137 » 2T fEEHAEBRHNTFRIA X 4
EFEBF AUC 241

[Ty ]

Y I

o — M1
— LM2

& LM3

o LSM1

o — LSM2

2

[}

° -

3

o ] a

(=]

C:! —

(=]

I I I I I I I
10.0 10.5 11.0 1.5 120 12.5 13.0

Landmark Time

B 5-16: #aprFsu=10~11-12-137 » U7 BEEABESTFRIX X 4
E B E X Brier A #4 1

40

doi:10.6342/NTU201903431



MSE
000 002 004 0068 008 010

— LM

— LM2
LM3
LSMA

— LSMZ2

o
Sl ———— ] =)

I I I I I I I
10.0 10.5 1.0 1.5 12.0 125 13.0

Landmark Time

W 5-17 BB RRu=10~11~12137 > AR X T EPHARER S »
TR SIER AR 4 E R BFIO L4R

o
™
o

L
A
(e ]

MSE
005 010

0.00

— LM

— LM2
LM3
LSMA1

— LSM2

a_‘_‘_‘_‘_‘_|_‘_\.l—._._______ i"_’__________,_.—ﬂ

I I I I I I I
10.0 10.5 1.0 11.5 12.0 12.5 13.0

Landmark Time

W 518 AR Bbu = 10 11+ 12~ 137 + A3 P A RE RS » T
BEERESTERA R4 ESZBFIOY 140

d B 5-11 2 Bl 5-14 2%+ g m > LM3 7% LSM2 %

oo d '}’?Eiﬁ/”\'ﬁ;f\:"v’[—ul ‘3:@:?%?/{’ Lbiﬁé’)‘}ﬁ‘\‘?ﬁlﬁ l?/r”bk‘% i

R FlA

eap (| YR

ERTR R

A
=

T3

%3]

oo BiTRER AR > AUC(R 5-15)% 1 » LSMI1 22 LSM2 4 B & >

Bt d 2 A RIES Y S E BRI o FRR AL A R

SEE o F AUC 4 A3 A HCS PlgL > Brier A ()

516)2 7 > A BAB R R L R A 4 FiEiES L(F 517 B 5-18)E2

41

doi:10.6342/NTU201903431



LSM2 2 LM3 4pgt B s o8 2T i > FIptn i gt £ 749 W LM3 12
LSM2 & #5538 i 7 3l B rr endp Pl g % -

DA AR A 2k A AT T AR AR A

TERLENTEARERRG B oL f o DA RESEAE LRI
AP EE S X0 I NN A SUR -5 SN S

‘4

¥

~

X Hwma Ry

A ALM3 2E LSM2 P 7 flfpst o B ER A7 217
A HT L AR Ry ¥ A B RIE A BB AT 20 g(x) S Bk R AL
EREMHEERE > T A BB kg R g() S liche P RGER T LR B -
WG o =B ERINA A2 gt AUC ~ Brier » $cid 2 397 £ ¥8 34 gk
BN FER £ R 0 e AUC 122 Brier A s ST FH AR 21 B4 45 £
LB RGe: @ FARRTERR)REFLGRLIMPAZES > Fpt 2 ¥
HiEI0S L MH M R 0 LR e - NSRBI L 20 s

Pl B3 R RS T L e

T
‘Pﬁ’

& BAERRRL > HAATEES

AT AR E A BREREARE WA 4 R BRI (Ty) &

T M 0 0 FaE L IERIFIF 0 302 Cox ot BT A PR 2 IR F] S

Lo

BIFRAKRGTIBYF - pen % 7§02 AUC ~ Brier ~ #)1 % 53 1 3% #p)
VR e A AREE RN ATERIA A Yt o X BB R TR o e R R T
- R T EE T T N

s 17t 0 TR (T, Tp) = 87 BB E 5 0 B s Bt o st 18

AR F R D FGER N §T e s b FARIPE A F ARG

42

doi:10.6342/NTU201903431



FER L ROIER A o F S AR g () S B B N s Sk B A
KA T e NS R o SR FEARY o AR R R
B i ek A 49 R Y Y log(TM)xEx. e s o B e e 4Rm %E'_E'J%I-

4 Sl F = B FIRRIEAS S MG R (Ty) S0 B i® 5 3458 g
o AR BERLES S HorAR R e S o gt b B B H R F R
Sr¥fe 2 HRGET P BRI E PG E AT A 2 R T 2 B AT R

FER > AT TR0 AR ARRT BRG AR kY o 22 0 K R

ER kTR RR o AR R R PRI PR B gl
EEIRFHAIY A AL FTHREFAH > AL TREAX LRI

R0 4 hk e TV 0t ok v B2 FRERIE Bt A R T
RS E it > ERSHBIFLF G TR o LB IR

BOE g g BTN B A KPR T 2 A S 2 B

&
L
NS
S
P
=g R
R \r
)«m
\13

RERAEE T S '2:;}7%»

43

doi:10.6342/NTU201903431



B2 R4

Cortese, G., Gerds, T. A., and Anderson, P. K. (2013). Comparing predictions among
competing risks models with time-dependent covariates. Statistics in Medicine,
32, 3089-3101.

Dancourt, V., Quantin, C., Abrahamowicz, M., Binquet, C., Alioum, A. and Faivre, J.
(2004). Modeling recurrence in colorectal cancer. Journal of Clinical
Epidemiology, 57, 243-251.

Dartigues, D-F., Gagnon, M., Barberger-Gateau, P., Letenneur, L., Commenges, D.,
Sauvel, C., Michel, P. and Salamon, R. (1992). The paquid epidemiological
program on brain ageing. Neuroepidemiology, 14-18.

Etzioni, R., Pepe, M., Longton, G., Hu, C. and Goodman, G., (1999) Incorporating
the time dimension in receiver operating characteristic curves: A case study of
prostate cancer. Medical Decision Making, 19, 242-251.

Graf, E., Schmoor, C., Sauerbrei, W. and Schumacher, M. (1999). Assessment and
comparison of prognostic classification schemes for survival data. Statistics in
Medicine, 18, 2529-25435.

Hanley, J. A. and McNeil, B., (1982) The meaning and use of the area under a
receiver operating characteristic (ROC) curve. Radiology, 143, 29-36.

Heagerty, P. J., and Zheng, Y. (2005) Survival Model Predictive Accuracy and ROC

Curves. Biometrics, 61, 92-105.

44

doi:10.6342/NTU201903431



Hilden, J., Habbema, J. D. F. and Bjerregard, B. (1978). The measurement of
performance in probabilistic diagnosis III: methods based on continuous
functions of the diagnostic probabilities. Methods of Information in Medicine,
17, 238-246.

Lakhal, L., Rivest, L. P., and Abdous, B. (2008). Estimating survival and association
in a semicompeting risks model. Biometrics, 64, 180-188.

Laurie, JA., Moertel, CG., Fleming, TR., Wieand, HS., Leigh, JE., Rubin, J.,
McCormack, GW., Gerstner, JB., Krook, JE. and Malliard, J. (1989). Surgical
adjuvant therapy of large-bowel carcinoma: An evaluation of levamisole and the
combination of levamisole and fluorouracil: The North Central Cancer
Treatment Group and the Mayo Clinic. Journal of Clinical Oncology, 7:1447-
1456.

Linnet, K. (1989). Assessing diagnostic tests by a strictly proper scoring rule.
Statistics in Medicine, 8, 609-618.

Mauguen, A., Rachet, B., Mathoulin-Pelissier, S., Macgrogan, G., Laurent, A., and
Rondeau, V. (2013). Dynamic prediction of risk of death using history of cancer
recurrences in joint frailty models. Statistics in Medicine, 32, 5366-5380.

Meira-Machado, L., and Sestelo, M. (2019). Estimation in the progressive illness-
death model: A nonexhaustive review. Biometrical Journal, 61, 245-263.

Neri, A., Marrelli, D., Rossi, S., De Stefano, A., Mariani, F., De Marco, G., Caruso,
S., Corso, G., Cioppa, T., Pinto, E. and Roviello, F. (2007). Breast cancer local
recurrence: Risk factors and prognostic relevance of early time to recurrence.

World Journal of Surgery, 31, 36-45.

45

doi:10.6342/NTU201903431



Peng, W-C. (2010). Estimation of Conditional Survival probabilities using marker
time as predictors. Division of Biostatistics, Graduate Institute of Epidemiology
College of Public Health, National Taiwan University Master Thesis.

Porta, N., Calle, M. L., Malats, N., and Gomez, G. (2012). A dynamic model for the
risk of bladder cancer progression. Statistics in Medicine, 31, 287-300.

Rizopoulos, D. (2011). Dynamic predictions and prospective accuracy in joint models
for longitudinal and time-to-event data. Biometrics, 67, 8§19-829.

Rizopoulos, D., Murawska, M., Andrinopoulou, E-R., Molenberghs, G., Takkenberg,
J. J. and Lesaffre, E. (2017). Dynamic predictions with time-dependent
covariates in survival analysis using joint modeling and landmarking.
Biometrical Journal, 59, 1261-1276.

Suresh, K., Jeremy, M.G.T., Daniel, E.S., Daignault, S. and Tsodikov, A. (2017).
Comparison of joint modeling and landmarking for dynamic prediction under an
illness-death model. Biometrical Journal, 59, 1277-1300.

Slate, E. H. and Turnbull, B. W. (2000). Statistical models for longitudinal biomarkers
of disease onset. Statistical in Medicine, 19, 617-637.

Spiegelhalter, D. J. (1986). Probabilistic prediction in patient management and
clinical trials. Statistics in Medicine, 5, 421-433.

Su, D-H. (2016). Statistical analysis for dynamic survival prediction involving marker
processes. Division of Biostatistics, Graduate Institute of Epidemiology College
of Public Health, National Taiwan University Doctoral Dissertation.

Taylor, J. M. G., Yu, M. and Sander, H. (2005). Individualized Predictions of Disease
Progression Following Radiation Therapy for Prostate Cancer. Journal of

Clinical Oncology, 23, 816-825.

46

doi:10.6342/NTU201903431



Taylor, J. M. G., Park, Y., Ankerst, D. P., Proust-Lima, C., Williams, S., Kestin, L.,
Bae, K., Pickles, T. and Sandler, H. (2013). Real-time individual predictions of
prostate cancer recurrence using joint models. Biometrics, 69, 206-213.

Whitmore, G. A., Crowder, M. J. and Lawless, J. F. (1998). Failure inference from a
marker process based on a bivariate Wiener model. Lifetime Data Analysis 4,
229-251.

Yang, C-Y. (2009). Predicting survival with disease progression as a time-dependent
covariate in proportional hazards model. Division of Biostatistics, Graduate
Institute of Epidemiology College of Public Health, National Taiwan University

Master Thesis.

a7

doi:10.6342/NTU201903431



# Kendall’stau 2 0.6 > FHcpF R Bu=2-3~5F » FERA K 10 & 350 B E LIETLBR

® PFRF ikif 4 Cox #5%

Landmark Time =2

1.0

— True MO
© — True.M1
o — LM1-MO
© — LM1-M1
e LM2-MO
— LM2-M1
— LM3-M0
— LM3-M1

LSM1-MO
7 — LSM1-M1
— LSM2-MO
— — LSM2-M1

02

0.0

Predict window

Blft-1 0 EEpF R RE2 & T IRpl A & 10 #3575 4 AUE

i

Landmark Time =3

Landmark Time =5

(= Q]
- — True MO - — True.M0
® — True.M1 © — True.M1
o — LM1-MO S — LM1-MO
— LM1-M1 — LM1-M1
- LM2-MO g LM2-MO
— LM2-M1 — LM2-M1
< — LM3-M0 < — LM3-M0
e — LM3-M1 = — LM3-M1
LSM1-MO o LSM1-MO
7 — LSM1-M1 S 7 — LSM1-M1
— LSM2-M0 — LSM2-M0
2 | | | | | — LSM2-M1 = | | | | | | — LSM2-M1

Predict window

Blrg-2: EEpF e 3 2 TIERA R 10 & 354 SUE

48

Predict window

Blf-3 AR EE S & T IER A Kk 10 & 375 4 SUE

d0i:10.6342/N'TU201903431



AUC Plot (Window = 2, Time-Dependent Cox) Brier Plot (Window = 2, Time-Dependent Cox)

— M1 _
S 1 — w2 3 —
— LM3 P
LSM1 —
~ | LSM1
o LSM2 & LSM2
o
w | —0—g—8
O —p—g—o=19 .
2 B a-—o—a—n—o—o—o—""o o—e=n % § o
w
° ©
2 -
“
o 7 © ;—\-.—\__,_.u—e—u—o—O'n_‘-‘-“-‘:H;'
[22] g )
g
T T T T T T T T T T T T T T
2.0 25 30 35 40 45 50 20 25 30 35 40 45 50
Landmark Time Landmark Time
Bl *-4 0 & FacBsb N TEp 2 & 18 AUC 43R Bl ¥g-5 0 & FHcEEHC;N FER 2 & {2 Brier » #c# IR
B A 542 12 B (Window: 3 B % FF, FAL4 23 5%
MSE Plot (Window = 2, Time-Dependent Cox for M = 0) MSE Plot (Window = 2 , Time-Dependent Cox for M = 1)
= o
e R S — w1
18] —_ LM3 — LM2
s LSM1 S o
S LSM1
. LSM2 LSM2
— o
W = w =
w
= w
. -
= o
S 8
(] &
° o..-"—u’u"‘a”::a/i_u"‘a—g—ﬂ..._a...-CI__a,g
g | - g | §=8=8=8=gl,_8-0" a8 s=8=3=3}§
e T T T T T T T = T T T T T T T
2.0 25 30 35 4.0 45 50 20 25 30 35 40 45 50
Landmark Time Landmark Time
Blrg-6 @ & FARB N ERIAF A RRFTERZ 288 385> 4 Blsg-7 0 2 A R FARBFER 2B FEBIFE L

49

doi:10.6342/NTU201903431



AUC

MSE

Blfif-10 © 3 R B R A B 2 AT 2 B R

04 05 08 07 0.8

03

002 004 008 008 010

0.00

AUC Plot (Window = 8, Time-Dependent Cox)

L1
LM2
LM3
LSM1
LSM2

a—og—g—0=—0—0—p—0=0
a o_a_q_g—ﬂ—o

T T T T T T T
20 25 30 35 40 45 50

Landmark Time

Blff-8 ¢ & B TRR 8 £ 15 AUC 4 3R

MSE Plot (Window = 8 , Time-Dependent Cox for M = 0)

LMA1
Lm2
LM3
LSM1
LSM2

T T T T T T T
20 2.5 3.0 35 40 45 50

Landmark Time

8 15 T i 4 I 32

¥

50

5

H-11 -

MSE

Brier

002 004 008 008 010

0.00

021 022 023 024 025

0.20

Brier Plot (Window = 8 , Time-Dependent Cox)

LM
LM2
LM3
LSM1
LSM2

T T T T T T
20 25 3.0 35 40 45

Landmark Time

5.0

Bl*-9 ¢ & P icEh ;N TR R 8 & {4 Brier 4~ #kc £ R

MSE Plot (Window = 8 , Time-Dependent Cox for M =1)

— LM1
— LM2
— LM3
LSM1
LSM2
T T - T - T — T T T
20 25 30 35 40 45 5.0
Landmark Time
ERAEEER e B A ERE R B A EL AR

doi:10.6342/NTU201903431



AUC Plot (Window =10, Time-Dependent Cox) Brier Plot (Window = 10, Time-Dependent Cox)

— LM —_— M1
S — M2 & — w2
— M3 = — LM3
- LSM1 - LSM1
= LSM2 o LSM2
o
«w
[ST= .
2 a—a—a—O_g—a—ﬂ—ﬂ—a_o_a_ﬂ_a_ﬂ_o_o % g N
w | - | = 8= "8 epg - 8
[=] @ = = -
2 -
= —
= w
© ; i
i
T T T T T T T T T T T T T T
20 25 30 35 40 45 50 20 25 3.0 35 4.0 45 5.0
Landmark Time Landmark Time
Bl'e-12 ¢ & g o TR 10 E 8 AUC 43R Bl *-13 ¢ & b8 55 0p] 10 & {8 Brier 4 #ic# R
MSE Plot (Window = 10, Time-Dependent Cox for M = 0) MSE Plot (Window = 10 , Time-Dependent Cox for M = 1)
=g (e ]
D o S | — LM
o — W3 — LM2
= LSM1 8 e
< =3 LSM1
° LSM2 LSM?2
=g g
Ll e L o
7]
2 . g
S - S
o
8 5
(]
8 — a=a - 8 A g=g= == =pgm=F= § =g g=g
< T T T T T T T o T T T T T T T
20 25 30 35 40 45 50 20 25 30 35 40 45 50
Landmark Time Landmark Time
Bl-14 0 2 BB TR AT A T B R 10 8 2 3 a s 4 Bl-15 0 & PpcB B  fEple AT E B R 10 8 2 aap s 4

51

doi:10.6342/NTU201903431



® ¥ic¥ i (Log Normal)

Landmark Time =2 Landmark Time =3 Landmark Time =5
(=2 S Q|
— True.MO - — True.MO - — True.MO
© — True.M1 © — True.M1 ® — True.M1
=T — LM1-MO o 7 — LM1-MO o 7 — LM1-MO
— LM1-M1 — LM1-M1 — LM1-M1
S~ LM2-M0 S LM2-MO g LM2-MO
- LM2-M1 — LM2-M1 — LM2-M1
< | — LM3-MO < | — LM3-MO ~ | — LM3-MO
e — LM3-M1 e — LM3-M1 e — LM3-M1
~ LSM1-MO ~ LSM1-MO o~ LSM1-MO
o 7 — LSM1-M1 o 7 — LSM1-M1 o 7 — LSM1-M1
o — LSM2-M0 — LSM2-M0 o — LSM2-M0
J— =] J— J—
e 1 1 1 1 1 1 LEM2MT o 1 1 1 1 1 T LM e T 1 1 1 1 T LM
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
Predict window Predict window Predict window

Blfg-16 0 s gE2 £ TIERIA K 10 £ 554 SUB BI'-17 0 REPF AL 3 & T IR K 10 £ 3 E 0 AE Blft-18 ¢ Hsapr P EE 5 & TARR A K 10 & 554 ME

52

d0i:10.6342/N'TU201903431



AUC Plot (Window = 2, LogNormal) Brier Plot (Window = 2, LogNormal)

w
. — w1 S 7 — w1
o 7 — LmMm2 — LM2
— M3 — LM3
| LSM1 LSM1
o LSM2 =] LSM2
o™ 4
L) 2
o @4 . —g=s=io—0
2 ° g—0—0—8—0—p=0=0—p0—g—0—"978=9~0=0 % i u_\-—;-“:“"--;—\:___
a © |
o
= —
(=]
© e
< T T T T T T T e T T T T T T T
20 25 30 35 40 45 5.0 20 25 30 35 40 45 5.0
Landmark Time Landmark Time
Blf-19 ¢ & Paghi 3g R 2 & {6 AUC £ 3R Bl *-20 ¢ & bV SR R] 2 & {8 Brier 4 #ick
MSE Plot (Window = 2, LogNormal for M = 0) MSE Plot (Window = 2, LogNormal for M = 1)
o &
S — EN LM
— M2 — M2
@ — M3 — LM3
- n
o LSM1 - 4 LSM1
LSM2 o LSM2
w
(:)_ —
w w o
3 TR
[=] p \a
o O g—8-=9, -]
s g g / 7
o ~ -k
___ -1 §=—2=0—g—0-—3
s 4 g—8= =8= g 2 z—a—:.—c.-G=g=s—=.-u'=3=a_°_°_8"'0"3
e T T T T T T T = T T T T T T T
20 25 3.0 3.5 40 4.5 5.0 20 25 3.0 35 40 4.5 5.0
Landmark Time Landmark Time
BIM-21 0 2 BB SR AR A R F R R 2 2 S AP S 4 BIM-22 0 2 PACBERES TR AT R R R 2 2 S AP S E 4

53

doi:10.6342/NTU201903431



AJC

MSE

BIMH-25 0 % P ACBEHC ERI A AR F P B R 8 E ()

04 05 08 07 08B

03

AUC Plot (Window = 8 , LogNormal)

— LM
T — LM2

— LM3
LSM1
LSM2

g_o_n_u—o—o—o—o—ﬂ—o—o—ﬂ—ﬂ—ﬂ—a_o

T T T T T T T
20 25 30 35 40 45 50

Landmark Time

Bl*f-23 0 & P AcBEHCIER 8 £ 12 AUC 2

002 004 006 008 010

0.00

MSE Plot (Window = 8, LogNormal for M = 0)

— LM
— LM2
— LM3
LSM1
LSM2

Landmark Time

54

Brier

MSE

Blf-26 © & ABRRC TRR B 2 HRR

0.22 0.24 0.26

0.20

Brier Plot (Window = 8, LogNormal)

- LM
— LmM2
— LM3

LSM1
7 LSM2

il
i
I
)

T T T T T T T
2.0 25 3.0 35 4.0 45 5.0

Landmark Time

Bl*-24 ¢ & P Ehii;N FEp] 8 & {8 Brier 4 #ick

0.05 0.10 015 0.20

0.00

MSE Plot (Window = 8 , LogNormal for M = 1)

- LM1
— LM2
— LM3
_ LSM1
LSM2

[FH]
I

Landmark Time

doi:10.6342/NTU201903431

SRR T



AJC

B 4-29 :

bR HCERRC TR A

AUC Plot (Window =10, LogNormal)

o — LM
o — LM2
— LM3
~ | LSM1
i LSM2
] o_o_a_o_a_a_o_a_o—o—d—a-o-o—ﬂ—ﬂ
w |
(=]
Lt —
(=]
I I I I I I I
20 25 3.0 35 4.0 45 50
Landmark Time
Bl "-27 ¢ & % A ER ROV TER] 10 & {5 AUC 4 3|
MSE Plot (Window = 10, LogNormal for M = 0)
=
= — M1
— LM2
3 — LM3
= LSM1
LSM2
8
] (]
w
= =
o
(e}
8 |
(e}
(] - - =g =0=18 Q=8
L - =gd=8E=g=8=-8=8-=0 =
e T T T T T

Landmark Time

FAEEFERE

s 10 B i aiFes L

55

430 :

Brier Plot (Window =10, LogNormal)

N — LM
@ | — LM2
o — LM3
i LSM1
LSM2
& - ==
o o
aj —
o
(\! —
o
g
= T T T T T T T
20 25 30 35 40 45 50
Landmark Time
BI*-28 @ & ;N FER 10 £ 8 Brier 4 #c& R
MSE Plot (Window = 10 , LogNormal for M = 1)
(o]
o -
o — LM
— LM2
o — LM3
— o LSM1
e LSM2
L (=]
w - 4
= (=]
w
(:)_ —
(o]
(=] = - a8
o | @=dsd=gd=so=0=aQ¥ a=8a= =8
e 1 1 1 1 1 1 1
20 25 3.0 35 40 45 50
Landmark Time
LI RN ER e A RRTEE R R 10 R AWM S E L

doi:10.6342/NTU201903431



® C(Clayton Copula

Landmark Time=2

10

— True MO
— True.M1
— LM1-MO
— LM1-M1

LM2-MO
— LM2-M1
— LM3-MO0
— LM3-M1

LSM1-MO
— LSM1-M1
— LSM2-M0
— LSM2-M1

00

Predict window

Blig-31 : EhprmeL 2 & TIERIA K 10 £ 55 AH

Landmark Time =3

Landmark Time =5

(= Q]
- — True.MO - — True.M0
w© — True.M1 © — True M1
o 7 — LM1-MO o 7 — LM1-MO
- LM1-M1 — LM1-M1
— LM2-MO g LM2-M0
- LM2-M1 - LM2-M1
| — LM3-MO H — LM3-M0O
— LM3-M1 — LM3-M1
o LSM1-MO o LSM1-MD
a | — LSM1-M1 (=T — LSM1-M1
— LSM2-M0 — LSM2-M0
g = I ‘ I I I — LSM2-M1 g - : : : I I : — LSM2-M1

Predict window

Blfg-32 0 R EL 3 & TIERIA K 10 £ 55 AH

56

Predict window

B33 0 Hahpr A eL 5 & T SRR A & 10 £ 5308 ¥ S

d0i:10.6342/N'TU201903431



AUC

MSE

B 4-36 -

AUC Plot (Window = 2, Clayton Copula)

o
- — LM
— LM2
o | — LM3
- LSM1
LSM2
© |
o g_g—€=a=s=g=g=g=g=g=s=e=g=g=ﬂ=a
«©« —
o
< |
(=]
™ —
o
T I T T I I I
20 25 30 35 40 45 50
Landmark Time
BI*-34 0 & FpcE i TR 2 & 12 AUC £ 3R
MSE Plot (Window = 2, Clayton Copula for M = 0)
(=]
o | — LM1
— LM2
o | — M3
o LSM1
LSM2
(<]
CJ_ —
(o]
3
(o]
o
(]
S | emgmpmamamcmg—g=0—G=Gmg=0 =g =0—2
e T T T T T T T
20 25 30 35 40 45 50

Landmark Time

PRGBS ER AT ARGEERE 2 AL GE

s £

Brier Plot (Window = 2, Clayton Copula)

& 4
o — LM
— LM2
9 — M3
o LSM1
LSM2
2|
. o
o
m
9_ J et —fmi = = =d=d=g=g=0=g=u=e—q
o
w
=
(o]
8 4
< T T T T T T T
20 2.5 3.0 3.5 4.0 45 5.0
Landmark Time
BI*-35 @ & AR FER 2 & {4 Brier 4 #ck R
MSE Plot (Window = 2, Clayton Copula for M = 1)
© — LM
o 7 — LM2
— LM3
pia LSM1
LSM2
s —
[=)
7}
= 24
o
(o]
] ;_G_u_°_°\°—°_°—o—o—a—a
o | g=9=89=p=f=gmeme—g—g—c—c—9_2=2=2
2 a a S—f==
T T T T T T T
20 25 30 35 40 45 50
Landmark Time

BI-37 0 & # B ARl e AR P B R 2 £ (0 T

)
Ak
3
1

57

doi:10.6342/NTU201903431



AUC Plot (Window = 8, Clayton Copula) Brier Plot (Window = 8, Clayton Copula)
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AUC Plot (Window = 8 , LogNormal) Brier Plot (Window = 8 , LogNormal)
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AUC Plot (Window = 2, Clayton Copula) Brier Plot (Window = 2, Clayton Copula)

&
S — o — M1
LM1 — M
— LM2 o
—_ M3 ™~ — LM3
[Te] o
= LSM1 LSM1
LSM2 ﬁ | LSM2
S 2~ 5 ©
=T T amim=0mg=0==8=8=8=8=8=8=8=8=§ o 9_ Elal I e —a .
= TTemg-E-8mang=T=g
w | 0 =
o a
o
o | g
= T T T T T T T © T T T T T T T
20 2.5 30 35 40 45 50 20 25 3.0 35 40 45 50
Landmark Time Landmark Time
Bl'-90 - & PR IR 2 # 18 AUC £ 3 Bl't-91 - & P gL SRR 2 # 18 Brier & #ick I
MSE Plot (Window = 2, Clayton Copula for M = 0) MSE Plot (Window = 2, Clayton Copula for M = 1)
<+ ]
o — LM1 © | — LM1
—_— LM2 o —_— LM2
@ — LM3 w — M3
o 7 LSMA o LSM1
LSM2 < LSM2
o
w
§ 24 g 5]
B=g=g= = o o—9—a
S=d=§=8xg=gz=;z= . a—0""
B T . o s b -8
; N _H—-H:8=H;é D Q--Q"'o-' ’u"“
- | e a,‘-'_"
o -‘_a_g
= o | 870 smg=g=0T0T°T%"" I
e T I I I I T | e | I I I T | |
20 25 30 35 40 45 5.0 20 25 30 35 40 45 50
Landmark Time Landmark Time
Bl-92 0 & HHcBEBN IR AR AT BB R 2 E R AP IES 4 Bl-93 0 & BB BN IR AT R R R 2 E L AP IS 4L

71

doi:10.6342/NTU201903431



AUC

)

AUC Plot (Window = 5, Clayton Copula)
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AUC Plot (Window = 8 , Clayton Copula) Brier Plot (Window = 8 , Clayton Copula)
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