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BIRFRREE. DAVBRBOFRFAUICER

« ZEL.AA (Jenssen et al. 2002; Sabatier et al. 2011)

« 1)>/\g (Diffuse large-B-cell ymphoma)
(Lossos et al. 2004; Binder and Schumacher 2008;
Alizadeh 2011)

o A A
(Beer et al. 2002; Chen et al. 2007; Shedden et al. 2008)

« NENA

(Popple et al. 2012, Ganz fried et al. 2013; Waldron et al 2014)

CNOEFZMRTIE, EFEHEEN

(Cox[|]F. Kaplan-MeierB$R. AT SR 5E)
BERL, PEFPHTT/IEEE )
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D=Time
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+ FREF:

- R R AR (C LS F
- 1o - death
D
0 BET
< t=5years 2

* t=0fF & (FRIFF =) TEoExk
1) PERIT FRHORLGELY)

Pl=p'Z
Pl<c (

. Prognostic Index (7~ HI+51H)

Z=(FE#H. 27— BEBOHAX.

EinFIFER)

=) ; Pl>c (&), c = cut - off value

2) t-HF4

S 7EREER S(t|2) = Pr(D > t| 2)

BE. CoxETILTFRAXER/E: S(t|Z2) =S(t|0)*F2)



 BRTEFHET—4 e

t : time-to-death or censoring 4 (9=1)

5 1 if death e
" |0 if censoring t, (5,=0) A

X; = (Xigs s %), POSSIDlY p>n

240—7 v 7 #ifE
428 EE) AGTEHE 25 T
o

tj Xil Xi 2 Xi3 Xi4 Xi127 Xi ,128 I R AR
Time-to-event Censoring AP3S1  APMAP  ARHGAP28 CXCL12  .ooeoooeevovon ase? Bacas CUNEATI D
T—A
1650 0 -0.52 112 -0.37 130 o, 0354 1015 (1615 18 548)
- ) - )

R Joint.Cox package
30 1 -0.18 -0.69 -0.93 1.28 i 0026 038 (Ganzfrid et al. 2013

Emura 2016, CRAN)

1800 1 -1.08 0.70 -0.29 -0.529 ... -0.50 -1.09 4

CXCL12 M1 EfGitEmMd 5& . FET-) RIH1. 245 (Ganzfried et al. 2013; Emura et al. 2015)



c X ;EBRTEEFREE

« NHF—FEH
h(t|X)=Pr(t<D<t+dt|D>t,x)/dt
D : time-to-death

e Coxtbf5ll/\tTF—FTETJL (Cox 1972, JRSSB)

h(t|x)=h,(t)exp(p'x), peR", p>n

BeRP: maximize Ln([}):f[

=1

.%Bﬁﬁlg*ﬁﬁi g
exp(B'x;)
Zt, < exp(B’x;)

p>n DEE, BeRP IT—EBICEELLHL (EREHD)
(Witten & Tibshirani 2010, SMMR)




= RTT (p>n) DEFRE T —FDENTIE

* Lassoik (Cox[EIFED L, HE/NETE)
Tibshirani (1997 Stat Med), Gui & Li (2005 Bioinformatics)
o Yy EIIFE (CoxEIIRD L, HE/INHETE)
Verveij & van Howelingen(1994 Stat Med), Zhao et al. (2011 PONE)
« BEECox[AlIFEICKAEHBR(RLEMGTTIE)
Jenssen et al. (2002 Nature Med), Chen et al. (2007 NEJM)
« BESCoxMlIFEICLEHERHZE = (Compound covariate)

Tukey (1993 Controlled CT), Wang et al. (2005 Lancet)
Matsui (2006, BMC Bioinformatics), Simon et al (2011 Boinformatics),
Matsui et al (2012 Clin Can Res), Emura et al (2012 PONE),
\'1 Emura & Chen (2016 SMMR), Emura et al. 2017 SMMR),

« #E &8/ (Compound shrinkage) ;%
Emura et al (2012 PONE)
o ZMO1th (PC, supervised PC, partial lease square, Boosting etc.)
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FEO—EMHxREGIATELEE) |

() LAB)f[{ZeXp('“), ] ~A1BI

IERi exp(B Xl)
A>0 [MBIMDEAVERDD
o )y mEIF: =2 Tuning parameter

e lasso: =1
T PR (& o % ZE 5
B(2) tase HO): V)= logL, () =0




BHZEECoxBIF(1D21DMEEFIE)

HEBCoxETIL h(t]X;)=h,(t)exp(B;x;)

e X; = Jth gene expression

e X, Is ignored foreveryk = j

[ERFREDAEMR ;
;] BEHOEEFRERRENMEBAMIBMLI-EED,
*E;(-‘TUZO B h(tlxj :1)
P(5) =11y o

X/ EEOERTFORBREMEBLIBINT SHE.

THEEFEHEZEODEGEFORBELT(L
(BlPathwayR D D E (& F)

QiRBREOER,; BEEOEGFIMLDERFICEALE

DELT=EZFE (Main effect)

B
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B 7 & Cox

JRICEDEHLER

Stepl: EZE =CoxE

. PﬁE <0.05 (e.g., Chen et al. 2007, NEJM)
- P{E < 0.001 (Simon 2003, book)
PlEIX FEME T/EL4S. Bl

R RE

H1j :,Bj =0
= | EEDEEGEFZER

TILE | BEHOEGEFICHTIID
hy; (D) exp(B;x;), ]

Step2: Wald f&5E H,:B;=0 vs.
|,3 /Sd{ﬂ >z,

Tuning parameter & B2 FR

s BAALEDYORN)T—3s
(Matsui 2006 BMC Bioinformatics)
P{iE<0.075(27genes) ¥ Ex1iE =>

* FDR (Witten & Tibs. 2010 SMMR)

-a0 -88 -B86 -84 -82
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FEeRIETE (ZEE=LEEENEEGALE)
B(a) = argmax{ alog L, (B) + (1—a) log L°(B) |

/J:b = tt a
a l-a
§ > = Cox[BlIm D
: m 45 4 O iR 22 S
B(0) ;
=i B: U(B)=—:logL,(B)=0
Cox[a]F op

-
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ADDFEZTHIERIIZLEER
(T—3HEHT)

1. 53 ECompound covariate (CC)HEE
|3_(,6’1 ..... ,B) where ,B = univariate Cox regression estimators

2. & %8/ Compound shrinkage(CS)H#f 7E

ﬁ(é) . alog L1 (B) +(1—a)log L0 (B) <R compound.Cox package
(Emura et al, 2017, CRAN)

3. )Y Ridge estimator

B(4): logL;(B)- (/1/2)_2_1:,3 &R penalized package

4. Lasso estimator (Goeman et al., 2016, CRAN)

A~ A p
B(4): logL, (B)—i_Zl)Iﬂ,- | & R penalized package
=

* 4 or A is obtained by cross-validation (Verveij & Houwelingen 1993 Stat.Med.)
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Data: n=125D M A EZHE (Chen et al., 2007 NEJM)

N

n=63, p=97/
Training set
[ compound covariate

compound shrinkage
Ridge

Lasso

Predict

=)

Good prognosis

B'x; <c (Good prognosis) ; B'x; >c (Poor prognosis),

wherec is the median of {p'x.,i=1,....n}
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Survival probability

Survival probability

Survival curves for Poor vs. Good prognosis groups in

05 06 07 08 09 1.0

05 06 07 08 09 10

n=62 testing data; p-value for Log-rank test

Compound covariate

P—value = 0.076
N T T T T
0] 10 20 30 40
Months

Ridge regression

P—value = 0.923

Months

Survival probability

Survival probability

05 06 07 08 09 10

05 06 07 08 09 10

Compound shrinkage

P—value = 0.179

o 10 20 30 40

Months

Lasso

P—value = 0.715

T T T T
o 10 20 30 40

Months

13



FYUBEGERN L EF TR

B FRHAEOATODTFABAOITIRRAHY
(Waldron et al.2014)

LMD RERE

(1MNBEDFEERFLEDES (EEHLT=2FA)

(2) ENRIF R D FI| FE
(FRIRAAZTEEIL IBERIZFRETYTT—k

(3)IPDART7F Y R (BEERT—43)
(HEEE=EDLTEEDR L., FHETILO—ARIL)

(4)AEASFF -2 LEELEHFETIL

BETC]EEEIDRFFET JL (Joint model)
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Table 1. A meta-analytic data combining the four independent studies of ovarian

cancer patients of Ganzfried et al. [34].

zwgiﬁﬂ- 2 (s2LVEE S Y)

The nuw obse/ved events (event rates)

The number
ata set® Sample size Relapse Death Censoring
4DDHE . ) of genes
OD}QTTIJDZ (é‘u :1) (5.1 :1) (5u :O)
E17260 N, =84 59 (70%) 38 (45%) 46 (55%) 18,548
E30161 N, =58 48 (83%) 36 (62%) 22 (38%) 18,524
SE9891 N, =260 185 (71%) 113 (43%) 147 (57%) 18,524
[CGA N, =510 252 (49%) 278 (55%) 232 (45%) 12,211
4 J—
Total - 544 (60%) 465 (51%) 447 (49%) Common=11,756

912

B RTREFRBT—4

Notes: The data are extracted from the curatedOvarianData R Bioconductor package
of Ganzfried et al. [34];

Table 1 from Emura et al. (2017 SMMR) "



B RFET JL (Joint frailty Model, Rondeau et al. 2016 SMMR)
AT FIADTR LI T b=Frailty

i(tju; ) =ur(t)exp(7,CCy ) (for time to relapse X;)
A (t{u; ) =u Ay () exp( B2, 5 +7,CC,5 ) (for time to death D;)

FEREF=MRESZYAX

Z,;;=the residual tumour size at surgery (<lcmvs. > 1lcm)

= R JT1E & K+ =Compound covariate (CC):

® CC,, =(0.249*CXCL12)+(0.235*TIMP2)+(0.222*PDPN)+-+-+(-0.152*MMP12),

Involving 158 genes (P-value < 0.001 for time-to-relapse)

CC,; =(0.237*NCOA3)+(0.223*TEAD1)+(0.263*YWHAB)++*-+(-0.157*KCNH4),

invlioving 128 genes (P-value < 0.001 for time-to-death).
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ST D ERY T Bl (Dynamic prediction of death)

D = Time - to - death
D & w=5vyears>

Relapse

= fifiT at t=0

X; time-to - relapse

¢« X (t. t+W)O)§EtE§$ (van Houwelingen and Putter 2013)
F(t,t+w|X,Z)=Pr(D<t+w|D>t,X,Z)

« X & D@Faﬁ@*ﬁFaa’éCopula’G:E?)Mt (Emura et al. 2015)
Pr(X >x,D>ylu)=C,[ Sy (X]u), Sp(y[u)]

C,(v,w)=(v?+w?’-1)""  6>0



T—REEBNT:ETILOHTIED

Lt ) =ur)exp(,CCyy) ( for time torelapse X; )
i (tu ) =u A, () exp( B2, 5 +7,CChi ) (for time todeath D;, )

Pr( X >x, Dy > y[u;)=C,[ Sy (x]u;), Sp(y|u;) ]

Results obtained from R joint.Cox package (Emura, 2016 on CRAN)

S parameterestimate 95301

Relapse exp( 7, ) 1.48 1.37-1.59
Death exp( /5, ) 1.18 1.03-1.35

exp( 7, ) 1.56 1.44-1.70

Copula o 1.90 1.49-2.42

r=601(0+2) 0.49 0.32-0.65



BELAILDFH| (fiTi& 5008 )
F({t, t+w|H(,X),Z2)=Pr(D<t+w|D>t,H(t, x), Z2)

yE . e J=—
T °- - BUYRVERETF

) . HREZBFCAZX>1cm I
$ e S00BETEELL e
=z S Patient 1 (CC1=1, CC2=1, Z=1, X=1)
S =I
2 o
Lg ™ Patient 2 (CC1=-1, CC2=-1, Z=0, X=t)
o o

« BURTEEGF
o : - MEEBTAIX<1cm
) t - SO0HZETIHELL

I I I [ [ I I
200 1000 1500 2000 2300 3000 3200

t+w (days)
Figure from Emura et al. (2017 SMMR)



Probability of deathin (t, t+w ) -Iﬁl- rl- %

BELANILDFE|(fiT# 10008)
Ft.t+wlH({tX).Z2)=Pr(D<t+w|D>t,H(t,x). Z2)

S MECIPECURIEMEE( O+1=2.90 ) il
Patient 2 (CC1=-1, CC2=-1,7-0, X=600) .4~
° ﬁé?;}%iﬁ!i_lcm ' Patient 1 (CC1=1, CC2=1, Z=1, X>t)
o |+ HEEBHY({ike00B )L T BURVEERT
C’ - MEEBEYAIX>1cm
. fEEAL
= ®
{
[ [ | [ | [ [
500 1000 1500 2000 2500 3000 3500

t+w (days)
Figure from Emura et al. (2017 SMMR)
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