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Noise-tolerant Weakly Supervised Matrix Completion for Survival Analysis

CHEN Lei*** SHAO Kai' LIN Teng-Tao® CHEN Xing-Guo"?

Abstract Survival analysis aims to predict the time of an event of interest, which has been widely applied in sur-
vival status prediction of patients in clinical treatment. However, limited to the high cost of research and the influ-
ence of environments, the existing survival analysis methods inevitably suffer the over-fitting defects caused by high
dimensional small-sample-size and the noise sensitivity caused by complex environments. To address these chal-
lenges, we propose a novel noise-tolerant weakly supervised transductive matrix completion (WSTMC) model to
predict survival statuses of the censored instances and new instances. Specifically, we first formulate the original
survival analysis problem as a multitask matrix completion model. Then the MoG (mixture of Gaussians distribu-
tion) model is employed to fit the unknown complex noise, and thus alleviate the noise sensitivity. Meanwhile, we
design a novel multitask transductive feature selection mechanism to adaptively select the sharing discriminant fea-
tures across tasks. Furthermore, an efficient expectation-maximization-like optimization algorithm is designed to
solve the proposed WSTMC model. Finally, the experimental results conducted on 5 real microarray gene expres-
sion datasets verify that our proposed WSTMC model outperforms 18 widely-used competing methods.
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Fig.1 Illustration of formulating the survival analysis problem as a weakly supervised multi-task learning problem
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ﬁlz”ﬂxm%ﬂﬂ%Eﬁf‘f@ﬁihﬁ’kﬁ%zlﬂm L5 5
FRAE, M — 8 FE RS b FR AR SR U v 4 R A R R 2
BE, BEi R A s, N, BB R
& MTMC #2056 F S2 B R IE 5 A id 2 18] i izl
MR RN Zy = wa L IE )4k 30 A 7 2 3 =X
N B ARE%L (23), B

(ullz1. -5

(23)

amin L(E,m 0)+ BR(Zy,Y)+
1
ﬂ@—@m@
K
st. E=X—Zx, Zwk:L % >0

= (24)

Horp, woe R IR B AL METI &, K5, 4k
B jBAE RIRAAY (24) WAL ESIANITN 2 AE
55 BLAE AR ARG AL A1

. 1
in (MWl + 5112y - 25 WIE) (29

Horf, (W], TR LR AE T 48 W OR$5 4T 7
Ifm, M 27 3] 25 AE 55 2 18] A 3 2 A0 R AL s 5l
b, BATIE B BIX HR A R b £ 0 2 X —

SRR AE R B, 55— T TH BT RS (L EE I R
S A A R S DL R RS2 ) S5 T U E
HEFE.

A, AL IAE B RaA EAE I RE, E—
HE G NWR ) Toeplitz HifE S € REXE-D F:L)

1Zy S||Z 15 Ak 35 ) T 380k 55 S bR 8 B Zy 1)
HE KR
1 0 0 0
-1 1 0 0
0 -1 1 0
S= : : Co : (26)
0 0 0 - 1
0 0 0 1
NI, B 2 B R S R R 55 B L U

M4 (WSTMC) #7K

min

min (Wl - §L(Bm0) + 52y Y) +

2 7 2
AWl + 5112 = ZxWIE+ 12512

K
st E=X—Zx, Y m=1,m2>0

— (27)

3.3 itk

BT FT i 1) WSTMC #8531 5 K AU
ST L (B, 7, o) RIRAE, 2B KT (BEx-
perimental maximization, EM) f)5 &, Tt
FEBINBRE AR B hijy, € (0,1} (X hijs = 1) K
fEME = By 2 R TR G S A i e kA, A
1521 58 2 HHE I log LA BRI 2L

L(E,H,7,0)=1logP (E,H;w,0)=
Z Z logﬂg”k/\/ (Eij; 0, J%)h”k
o (28)
SR, RHT EM 755 #) BB SR T4 th 1) WST-
MC R, Nk, BA14 60 = (Z, W, E,n,0), &5l
o E PR HBRE AR by, BT v OX By R
INTE AT SEC R 2R (4, ) NI B RS k
AN BRI, BRI 8 kARSI R ):
E-step (K& rijk ).

il

ijk

Tijk = (29)

M=

Tijk
k

;H\:EF', 'Fz’jk = FkN(Xij — (ZX)ij|O’UI%)'
ROk, EREQ (0,60) I F:

Il
—
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Q@ﬂﬂ=&{?@ﬂﬂ&@@%%—
MWy, = ullZIl, — BR(Zy,Y) —
v 1
Hizvsi - 312y - ZeWIE} o

MR EM 70 AR, BN ok nr LIS A ek 2
Q (0,00 B XALI 7 kK S %0, 1)
gl+l) — argmeaxQ (9,9(”) (31)
B, RISR A B SR AR DTS, I
M-stepl (3K#% 7).
> Tijk
_ i
Tk
k 1,
M-step2 (KfE o2 ).
2
%Tuk (Xij - (Zx)ij)
> Tijk
3

M-step3 (OK#& Z, W ).

Tk

(32)

of = (33)

(2" w") =gy (4121, + 5R(25Y) +

a 2
SIIBO X = Zx) [l + AWy, +

1 0 34
iz - zewit+ Jizvsiz) Y

b, By = (CK rn/20D)! Ho RFETLRIW
IR AR A BT T 2 H 0 Bl A 4 1 B
(Block prox-linear, BPL)® SRR fift I/ (34). %
LR R D RAE TIEAUAL T IR & (1 3R
ANIEAIRE):

71 argmin (MIIZII*%R(ZY, Y+
0]
)Bo (X - Zx) I} +

1
1z - Zx Wil + JIzvsIE) (@)

W= argmin(311(25) - (Zx) W[4V (350
Bkl xf 725 7, iR B 1 A] i T 77 oK g
M-step3.1 (K#% Z ).
Z =Dy (Zi1 = 75V G (Z11)) (36)
Hp, 7L R IERIBEL K, VG (2) &
B G (2) IR, G(Z2)EXH

G(2)=BR(Zy.Y) + GIBO (X - Zx) |l{ +

1 2 2
§||Zy—ZXVVl—1||F+§HZYSHF (37)

ATAE W, FREARSE B 1 A] R oy AR A
M-step3.2 (CKfE W).
Wi =Ty, (Wiei =iy VM (Wi1)) - (38)

Hp, o, RRFIERMBE DK, VM (W) R
KRB M (W) IR, M (W) & A

M (W) = JIZe) — (Z VI (39)

T BB, B AR WSTMC L2 i
HA B e KA S T IR N 5 1.

L 1. PR AOSK i WSTMC BRI HAEE
BARUMHEE
N FHIERRE X ARSHEEE Y, UGBS o, B, v, A, 1,
c, K.
Wi, ZBMETNES WoPt, HRIE—T 5546 R Z°P
1: WA BTN & Wo 4 0 FEFE, HIAGACRIE—E
AR Zo 9 [ X, Y] 108k 1IEIARRE (RATTRIN 0).
: While not converged do
(E-Step for r):
BEH rije by 2 (29);
4: (M-step for m,0):
W T, o by 2N (32) ML (33);
5. (M-step for Z, W ):
B Z,W by 2\ (36) Ml (38);
. End While;
ST WPt W, ZOPt «— 7.

W N

~N O

3.4 BIEIEZREDH

KAE WSTMC BRI L 1 & — MRk
Bk, AL FE H E-step 1 M-step k. (R E
%1 AMEI IEARIRECN Nev, T8 55 #7 AT 50 E-
step S i BT TR P E E 44BN O (Kmd) ; 22T
E-step HIHE5 45 B 58 M-step F 7, o BT 75 B (7]
HIRFEYIN O (Kmd) ; BT r Mo tHE AR 85
K B BT B[R] 2 A B2 O (Kmd) 5 #2 F2k, 73
Hr M-step 1 Z, W I S R B PRAST5 EEE AR
T/ (35a) AT (35b), I E AN 45 4 15 SR A 19 4
] L) P9 SR AE PR IEAR IR BN Ngpr, A% T M-
step ¥ 10 (35a), K Z MW A B4R FE RO
(mdt +m (d+t)min{m, (d+t) }), XI T M-step M
AT R (35b), KW K A 52 2% B K
O(mdt +md?) . && Fnl A, B9 1 RO E) 5 4 B N
O(Nem(Kmd + Ngpp(m(d + t)min{m, (d + t)} + mdt+
md?))) . T AR W, 7 8 3 S PR ) o A 1
AEYERE d 3% K TAESSANEL ¢, BRI WSTMC
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S 47 %

) B3 I 1) 52 2% J5E mT DA ] 46 24 O( N Nier (m?d+
md?)) . FEARICE 4 TRy, ATHE T
WSTMC #& R AN A 6 Fi 7] J& 2 4E 55 22 21V
HIAEAF > TR, X 1K 6 Mokl SO (R P 4 A 4
LFSERERSWEHE 44T RE 45T, R 1AM T
WSTMC B HoAth 6 FfAH SR g i 18] 2% (Dl
ARSI, T B PR ) A2 2% JRE A BT RE AR R R AIE
YERE d RTHESA St ). AR LATLVE M, MET
ot 6 M ZALS5 2T, ASOHTHEH T WSTMC
B B d ey (R SR IRV R R R R, SR K
L, BB IR AT BOR W 1 R R RS AR, b L
HAEH 2 5 W 85— RS2 7 R — UL,
AL DA S0 A 24 3RAT A B SRR ) AL A 24 )
PRI PERE.

® 1 WSTMC Jz HAbAH AR f I ) 52 4% 52 LE AL
Table 1  Time complexity comparison of the proposed
WSTMC and the other related models
BiRY Lk
Multi-LASSO®? O (dtmy)
Multi- £, & 0 (dtmy)
MTLSA" O (Ndtmy)
MTLSA. V2 O (Ndtmy)
MTMCH O(Nmd min{m, d})
NLMC™! 0 (Nmdt)
WSTMC O (Ngm Npp(md? +m?2d))

T m FORHEAR (BRI EREA); me R INGREALL
d R FEARRHEAERL ¢ RN ESSH, N RRIE .

4 SCBE

FEARTT I, B ST S 6 AR S AV FE
SRJE I AT R ) SE 36 5 VR AN AR A7 3 B BB Y
f e T SR A R R IT S o A

KBRS

AR T 5 A A TF e A A7 73 W a4,
A4 FE: NSBCD (Norwegian/Stanford Breast
Cancer Data)””, DBCD (Dutch Breast Cancer
Data), Lung (Gene Expression Profiles of Lung
Adenocarcinoma)”, DLBCL (Diffuse Large B-
Cell Lymphoma)® 1 MCL (Mantle Cell Lymph-
oma) IR, IXLLEHREE 1T L4 il A http://user.
it.uu.se/~liuya 610/download.html I http://11-
mpp.nih.gov/MCL/ F#k. & 2 Bk [ ix Le 545 4
FIA O E B, Hd “#Instances” ¥ - BE 5 AT A
TSI (LRI S SRR N 2k S 45), “#Fea-
tures” §1| 27 M N B A b SEBI IRFAE L, © #Cen-
sored” F1| 27 Bt A v B & BN 2R SE 3, “#La-

4.1

bels” §1| 3 7~ AN BHs FE %8 B (AT 55 A5 (B B &l 4>
) IS 1) 1) B %, Hoh NSBCD F1 Lung #0454 LA
“« 57 {E M fa) fa] g 47 ; DBCD. MCL A1 DLB-
CL B LL " /E NI [l [a] g BeAr). teah, AT
2 B BT R FH I 508 2 2 72 R e 4 /NREAS 1) A8, FRAT)
TE “#Ratios” Fc 3¢ 1 &N EE 02 SL i 5 5 5F
TEBCZ IR B LR, 385 AN 2 RE AR AN S0 LR 450
I — ARG R s e /N REAS o) L 2 B AN A
e, 5 R 2 F DN B SR80 8 T = 4 /IR
ENIETE

* 2 SR HEE SRR

Table 2  Details of datasets used in this study

Dataset #Instances #Features #Censored #Labels #Ratios

NSBCD 115 549 77 188 0.2094
DBCD 295 4919 216 18 0.0599
Lung 86 7129 62 110 0.0120
DLBCL 240 7399 102 21 0.0137
MCL 92 8810 28 14 0.0104
4.2  Fhigtr

H T Hd £E h AEE I R Bl A% 4t Il AR R
M vF SRR EE A A7 ot A& A . RT3
MR (7], ACWIEH T C-index Al Weighted aver-
age AUC WAMBFR K IEAL A7 7 M itk g, Hod C-
index 5 bl 2 PPAil A5 84 AE B G AF 55 (0 844 0] 9
P88, 1M Weighted average AUC F8 45 M) yE 5 1A
BRLE AT S BT et Re. IR A
g LR

1) C-index: %38 b5 B 1E8 1S5 A [F FAF 1)
AR IR A 1P F0M AL AN S BRAEL 22 [R] R 22 e 43,
H R =X e HA R (TF,0;) F(T7,05) , KTy
FoRE o A S A R, O; RoREE 1 NSk
BRI S TA]. 15 5 L — B

c=Pr (T} > T;|0; > 0;) (40)

FRAE 52 S, ST 0] AL 000 A A7 ] a] A A5S80Sk 13t
C-index faFritH I T

c=$ZZI(T;>T;)

Si=1 j

(41)

Hrp,
num = Z ZI (0; > 0) (42)
Si=1 j
Horr) 1() TR R EL. X T 2 AR5 R A AR i
BRI, AT DA I B S 5 A (BABESE BUE Y
77 30) AT SR AR AR I TR) . T A e R A
TR, REARYE Li 50 B, ZAES BT C-
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index 7] LUt 4 5 it5
1
1

i=1T;>TF
Horb, 8RR i AN SRBIHE T A AR 55 BT A, Bl

J={1,-t}

2) Weighted average AUC: 1Z3ig¥x & 7E 144
R () BEAA A3 2 1 R, R DPAf A8 280 e 5 vHE A Tl i
SR [B] [R) RS B AR APIRAS . K 1 R
RAERIFRL, 0 A F A O AERIFRI, AN
BOR AT LA B0 AR5, BT S5 HE R LA 24
Tt Hy P15 BAkH, Weighted average AUC
FEbR A LLE LR

t i .
> AUCIRY
AUC g = = (45)

=1 ©

o, AUCY FRE i MES M AUC 1, ol R
55 i MESS B CRAAAIRES I Se B H .

4.3 SRTE

T W E BT R B WSTMC #8124
(7, By A iy, ¢, K ) A SR A2 XCEIE 1) 77 SRV
flisEme g5 K. HAASR UL, X T SEE ¥ i 150 /Y
AR, FRATRA b 428 XEIE, HoAth 1) 24k
BENRA 3 a8 IIE. N T AW, HAdx B
TE R A IR 138 X ik J7 50

H—J7 I, ARG b — AT MR A Rk SR A
WS, BT AR SO ) WSTMC B AR
Ui, XAGAERFENS . BRI, &2 M I AN E S
Bk FESRNG. ASCRA 1T DU A6 1 5 3)
W IR Rk PR AR S 20710 DL B
AU % 0 B S m RS T T AR i S 4. A
PSR, DU S0 e A AR B2 A7 AE — AN R JITHY BR 2
Y =CV_WSTMC (P) , HHFPecR" Xx— NS
B, ¢ R WSTMC AR T RHMmA NS
B 1 B AT A2 IR JE BRI TN 5 R AR, B
2 H T HRIX A R B B RAE LARR B () 2 8
) B 5, DU ST DR A AR TR e ek ) 45 SR A2 i
TR (Gaussian processes, GP) KA1 211
DRI, 7T DAEE T P sE i sk (S5 1 2 0l S A
IS PR AZ SCEGIE R TN 25 5 ) T 5 OB 2 20 ) ) B
BopAn. AR JE, EEEAUTH 3 MR, B LT
IEFRHE (GEACBN R R IREL, BFIES: 10 R v 1E
HICIEAT BIFETT).

FBR 1. R RMCRE R HOEFE L T —

BA 9870 WIS (B25);

HBR 2. AR A 1) 2 BT Al A K R ) T
TAE;

IR 3. K AT RSB il sk, IR
Brm i . EAREERR, AR AIEE P
(Probability of improvement) {F RKEE R EL, T2
ffiH EI (Expected improvement) {9 %4E R K
T — R S H. B PLRIR e ik
FHOGS 2 I T 25 SR A T+ e K 1R A AL, BB
IR T HE TR I RS TR R/
B, EI SRS W # #Re % 18 3, kRt — kb
TR AN 4 Ry 2 TR (R 96 R 0L e Ah, W7 22 s At
AAAER Z ik 35677 . AR SCRH T 3 3 A
%E (Automatic relevance determination, ARD) fE
e R A T 22 eR AR B B T RO IR
IFZERSH A B AR IR

4.4  SFEEiREBY

N T B UE BT B WSTMC #5281 R
AT S 18 B 24 FH I A A7 T B AL k4T 1
P, XSRS TTIH 9 N T 4 2K JT Cox HIEE
AL ZHOM A% B R 2 MR R R T 2 AR 551
Y. 3R 3 BRI 73X 18 Flt bl e A5 BY A B £2 11
WSTMC BRI AH G HRE f, 22 AR S 2R B AL
B SIHLH AR E PEATL L AR AL g AL ]
AR SS 2 SIS 5 AN TJTHTHEAT 7 HUE. Hkih,
XT Cox HAY, FRATERE 71448 Cox FAY, LASSO-
COX A EN-Cox AN Cox- £y 1 fHFT Cox-
Trace BHIET S HOEA, kBT 4 B TANH
A IR, Bl Weibull. Logistic. Log-logist-
ic fl Log-Gaussian. I4h, it 3 & A 47
TR, AHEEIE M & /D — 9 (Ordinary least
square, OLS) B A, Tobit B A RWRSS
(Regularized weighted residual sum-of-squares) %
MWL 3 T2 TF 2SR, EHF T Multi-LASSO
BEAL . Multi- £ BT MTMC #EA18, MTLSA/
MTLSA. V2" AR NLMCP™ R85 757 & 1)
#&, OLS #, Multi-LASSO A 28F1 Multi- £ $
RYSETe A A B O s g PR, e AT A B SR TR
RSEFIBEAT T AR, R i S
Frfa 2503 K 7 A WSTMC A5 A [R] (1) 32 36
R SR WG TS B0 B 7 1.

4.5 SIGZER

B4, KM C-index FRARK VPG EAF 7 BT AL A
BARBIAPERE. R 4 35 T AFITESE 5 R H L
Pt ESIe 4R X TR RS, JATHPHLE
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Table 3

Xt LA R PR R AIE LE 4R

Comparison of characteristics for the competing models

IR P A LA EE S B

i AR E e i BRI PR ZAES 2 IHLH

COX X X
LASSO-COX
EN-COX
Cox-l2,1
Cox-Trace
Logistic
Weibull
Log-gaussian
Log-logistic
OLS
Tobit
RWRSS
Multi-LASSO
Multi- l2,1
MTLSA
MTLSA. V2
NLMC
MTMC
WSTMC

<UX X X X X X X X X X X X X X xX X x
U< <. X X X X X X X X X X X X x x x

X X

<

AR S NN N N O N N N N U N N

<UX X 2. R0 2. X 2. X X X X X X X 20 2 <
U< 2. 20 2. 202 X X X X X X X X x x x

Bl C-index 1 2¢ B, LRI R4 0 &1
L bron 2R AR EE =R C-index {H. W& 4 7]
PLE 3|, WSTMC B8TEfT A Sl 4 3 IS 7 i
UFRIZE . HRAh, o3 b S EG 45 SRk v LR I HE 44 AT
“MERKZ BB T ZAEE5 IR ke,
TX R W3 Ik S50 1 AR AT 2 A Tl A A T %A
160 ) o PN A AR AS 1 2 AT 55 2 2] Il R, AT LA 2%
FIFHAT 55 2 18] 35 22 14 0 0 R AE SR B8 s ol v . [+
I, AT =S MTLSA Al MTLSA. V2 #5f
PEREI] AR T Multi-Lasso F1 Multi- 1o 1 , 1% J Bt H
RE B LE VI SR BRI A S () 2k S50 R 2 i 2k
S AR b R BRI A AR ) % S 4 F A
RICR B4, BRIk 4k, xF b WSTMC B DL K
MTMC FI NLMC B8 i T 5 79 o R b A i Y
To vk BT N IR B B AT 4% S S 0 R AR,
Re I I P A MR IX — S B ki, Bt DARICR G ¢ 22
TIRATHFT IR B, 5 4h, BATH AR, HEKRT
MTLSA F1 MTLSA.V2 #% WSTMC #8 5] A
TR v T 20 AT SR AL A B o0 A R AR BN R e
A TV Bk M 75 R A R B S, AT 3 — 25 B
I 7 T R

4, BATRH] Weighted average AUC f8#5
RVl A2 A7 3 BT A I A B AT 55 IR T 3 4 Rk
Be. £ 5 el TANFEITIRLE 5 M E S 4R s

IR2E R, FIREHL, X TR SR A, Sk B A
PR BN, FL A ET P 44 1 25 S A R R AN T kI 28
RHE/R. NGRS TLLE W, RATBLAIER T 78
DLBCL $#E 4 bR =41, 76 H A 3 i 4 H ok
LA T HAbT LE TV S5 3R 4 TR 5 IsRat 45 53,
BATAT LR B S50 2K B A AR LE AN PR FE AR
HRE A AT BT =44 HI 45 5. 1X 2% 0% F A0 500
I3 A TC I S PR AR R, i U DAL A
(R A3 A SR AR S B 1) . AL 2R, Cox- 1o 1 B
A MTLSA #iA MTMC FR AT WSTMC 74 #f
TEPA VRN 4B PR R RS L 7T =44, — 5, XIRIE
T 1o VEEURN B HE 2 S MU R T 22 A 4 /N FE
AR LA . B — T, AR T AR T
eI EEAF TR, ZATRS 227k, R H
R R T e 36 055 3 e e WL 1) 24T 55 % 2 7 ik e
AR LT i LR 2B A7 53 B 1) .

HRASEE

BE—4, N TR WSTMC #AIt MoG M5
FAENLH] ZAT 55 B HE SRR I BN DL A B 7 A2
SEENLH B0 A 20k, ATEILE T 3 F WSTMC
(9 AT B SR 5] N Mo G M 7 25 5 ML il 1)
WSTMC-nM HEAL, oK 5] N 2 AT 55 B HE X RRE L 5
L) WSTMC-nF B4R A 5] NI A g AL

4.6
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R4 PrERHE WSTMC BRI A HLAHE AR Coindex $8 7 LIITERELLER (bRifE2E)

Table 4  Comparison of the WSTMC and competing models using C-index (standard deviations)

NSBCD Lung DBCD DLBCL MCL

COX 0.4411 0.5158 0.5539 0.4553 0.5773
(0.0589) (0.1333) (0.1233) (0.0718) (0.0591)

0.5910 0.6698 0.6880 0.6344 0.6824
COX based LASSO-COX (0.1086) (0.0910) (0.0429) (0.0421) (0.0701)
0.6046 0.6652 0.7214 0.6488 0.6734
EN-COX

co (0.1000) (0.0702) (0.0306) (0.0394) (0.0733)

Cox- 1 0.7453 0.7470 0.7548 0.6499 0.7229
21 (0.0742) (0.0450) (0.0640) (0.0474) (0.0379)

CoxTrace 0.7550 0.7348 0.6946 0.6478 0.7127
(0.0737) (0.0431) (0.0576) (0.0387) (0.0902)

Losistic 0.3787 0.5714 0.4908 0.4840 0.4827
sishie (0.0195) (0.0596) (0.0872) (0.0496) (0.0682)

Weiball 0.3045 0.4287 0.4555 0.2507 0.4735
(0.1528) (0.1023) (0.1046) (0.0627) (0.0747)

Parametric models Lomsassion 0.4435 0.4122 0.4875 0.3167 0.2564
58NS (0.0539) (0.0754) (0.0553) (0.0914) (0.0715)

Los lonistic 0.2378 0.5924 0.5257 0.4246 0.4802
glogIst (0.0500) (0.0655) (0.0232) (0.1243) (0.0724)

OLS 0.6333 0.5743 0.5690 0.5024 0.5007
(0.1108) (0.0658) (0.0744) (0.1023) (0.1059)

Linear models ot 0.3733 0.4689 0.4869 0.4969 0.4591
(0.0214) (0.1358) (0.0762) (0.0527) (0.0322)

RWRSS 0.6766 0.6969 0.7216 0.6265 0.7118
(0.1277) (0.0430) (0.0446) (0.0657) (0.0737)

. 0.6117 0.4410 0.6256 0.6104 0.6539
Multi-LASSO (0.1493) (0.1655) (0.0749) (0.0512) (0.0140)

Multi 1 0.6100 0.5248 0.6899 0.6115 0.6912
21 (0.1700) (0.1130) (0.0720) (0.0512) (0.0602)

, 0.6858 0.6769 0.7515 0.6545 0.7079
MTLSA.V2 (0.0834) (0.0271) (0.0625) (0.0600) (0.0963)

0.6820 0.6327 0.7581 0.6527 0.7274

Tulti-task bas / =202 =tal=
Multi-task based MTLSA (0.0446) (0.0753) (0.0304) (0.0713) (0.1257)
NLMC 0.6827 0.6939 0.7563 0.6178 0.7232
(0.1415) (0.1500) (0.0565) (0.0702) (0.1035)

MG 0.7620 0.6958 0.4292 0.6611 0.7223
' (0.0576) (0.0217) (0.0660) (0.0491) (0.0284)

0.7970 0.8153 0.7705 0.6810 0.7336
WSTMC (0.0135) (0.0992) (0.0562) (0.0571) (0.0697)

) WSTMC-nT B8, H Ak, FRATE L EE

WSTMC #R H MoG M 5 285 L] 2 AT 55 B i
URFAE SR BN A2 I PP R e ML AT —Fok
G 1 S B 1) 70 A 7 o By b 1 (1) SEBR AR, 3 6 )
5T PP FEFR C-index 1 Weighted average
AUC L5 FiAHKEE MTMC. WSTMC-nM.
WSTMC-nT- WSTMC-nF LK WSTMC .
SIS AE R 1) M TS MTMC B8 =
Fh il AR A WSTMC-nM. WSTMC-nF #1 WST-
MC-nT 7EF PR $8 45 C-index F1 Weighted av-
erage AUC E#ERT—HI 4 AR T MTMC, X3 B
I\ MoG 1 5 A5 L 2 AT 55 B 2URF R IR %

ML DA K i) 7 A ML 2 A Bh T ik 48 MT-
MC BERLPERE Y 2) A EL T FIR 51N 3 AL i
WSTMC #iR j4ffE A WSTMC-nM. WSTMC-
nF 1 WSTMC-nT & F A Fa A5 C-index
Weighted average AUC [ RE 55T WSTMC,
BE— 2B IGAE T 3 ML I 51NAR TAE Z BRI L
IR AHA BN, T SEEE EREFEA T2 H 1
WSTMC BEAY 3 FaL ] 1) 5] N2 G BAT 200

5 RESTR

BT A A 73 A AT T W £ vt 24 /A A AT e
FEBURR )L, AR SCHR T S A I 7 2 55 M
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£ 5 FHRHE WSTMC BRI A LW AR AL /E Weighted average AUC 845 FIIPERELLES (bR 2)
Table 5 Comparison of the WSTMC and competing models using Weighted average AUC (standard deviations)

NSBCD Lung DBCD DLBCL MCL
Cox 0.4611 0.5464 0.5334 0.4480 0.4695
(0.1893) (0.1632) (0.1620) (0.1079) (0.1701)
0.5986 0.7499 0.7068 0.7104 0.7401
LASSO-COX (0.1589) (0.1780) (0.0292) (0.0533) (0.0166)
0.6479 0.7540 0.7494 0.7260 0.7350
. EN-COX 0.0618
COX based co (0.0970) (0.1398) (0.0189) (0.0618) (0.0025)
Cox- 1 0.7752 0.8079 0.7545 0.7157 0.8215
0X-
! (0.0450) (0.0462) (0.0365) (0.0795) (0.0737)
CoxTrace 0.6729 0.7074 0.7078 0.6768 0.7197
X (0.0883) (0.0455) (0.0465) (0.0903) (0.0209)
N 0.4597 0.6301 0.4840 0.5011 0.2086
Logistic
(0.1742) (0.0924) (0.1086) (0.0489) (0.0501)
. 0.4575 0.4379 0.4707 0.4320 0.3240
Weibull
(0.2622) (0.1018) (0.0809) (0.1080) (0.0484)
Parametric models
Lonsassian 0.4992 0.4182 0.4742 0.4270 0.4457
6-6AUSS (0.2378) (0.0680) (0.0763) (0.0977) (0.0161)
Los losistic 0.3304 0.5822 0.5302 0.4712 0.2083
glogIstic (0.1057) (0.1544) (0.0298) (0.0627) (0.0505)
OLS 0.6599 0.5677 0.5998 0.4934 0.5594
(0.1042) (0.1120) (0.1096) (0.1952) (0.1191)
Linear models Tobit 0.4567 0.4708 0.4668 0.5243 0.5074
s (0.1812) (0.1422) (0.1021) (0.0691) (0.0283)
RWRSS 0.7016 0.6821 0.6928 0.5622 0.7056
(0.1369) (0.0840) (0.0183) (0.0127) (0.1367)
. 0.6495 0.4410 0.6402 0.5876 0.6079
Multi-LASSO (0.1226) (0.1655) (0.0572) (0.1047) (0.0696)
- 0.6501 0.5589 0.7125 0.6001 0.6476
Multi- 1o 1
(0.1314) (0.1486) (0.0775) (0.0528) (0.0653)
0.6822 0.8076 0.7569 0.7405 0.7639
M . =20 =002
ITLSA.V2 (0.0576) (0.0559) (0.0645) (0.0719) (0.0651)
0.7032 0.7169 0.8003 0.7385 0.8095
Multi-task b M =S8 S
ulti-task based ITLSA (0.0427) (0.0964) (0.0425) (0.0638) (0.0367)
NLMC 0.5724 0.5842 0.6212 0.6130 0.7175
(0.0705) (0.0994) (0.0687) (0.0657) (0.0664)
MTMC 0.8206 0.6035 0.4334 0.6989 0.8255
(0.0929) (0.1422) (0.0506) (0.0351) (0.0729)
0.8662 0.8629 0.8007 0.7064 0.8430
WSTMC (0.0788) (0.0519) (0.0549) (0.0563) (0.0767)
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Table 6 Comparison of the ablation experiments using C-index and Weighted average AUC (standard deviations)

NSBCD Lung DBCD DLBCL MCL
TG 0.7620 0.6958 0.4292 0.6611 0.7223
(0.0576) (0.0217) (0.0660) (0.0491) (0.0284)
i , 0.7633 0.7053 0.6847 0.6661 0.7241
WSTMC-nM (0.0406) (0.1566) (0.0454) (0.0670) (0.1023)
0.7642 0.7345 0.7270 0.6659 0.7234
. p—

C-index WSTMC-nT (0.0650) (0.0767) (0.0422) (0.0529) (0.0729)
0.7664 0.7293 0.7123 0.6641 0.7273

TMC-nF
WSTMC-n (0.0164) (0.1086) (0.0586) (0.0497) (0.0934)
—— 0.7970 0.8153 0.7705 0.6810 0.7336

(0.0135) (0.0992) (0.0562) (0.0571) (0.0697)
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Table 6 Comparison of the ablation experiments using C-index and Weighted average AUC

(standard deviations) (continued)

NSBCD Lung DBCD DLBCL MCL
MTMC 0.8206 0.6035 0.4334 0.6989 0.8255
(0.0929) (0.1422) (0.0506) (0.0351) (0.0729)
0.8547 0.6674 0.6353 0.6994 0.8256
WSTMC-nM (0.0441) (0.0777) (0.0467) (0.0526) (0.1488)
0.8557 0.7676 0.6061 0.6998 0.8334
Tei /STMC-nT
Weighted average AUC WSTMC-n (0.0447) (0.0531) (0.0726) (0.0535) (0.1075)
0.8421 0.7420 0.6560 0.7053 0.8268
JSTMC-nF
WSTMC-n (0.0915) (0.0433) (0.0435) (0.0467) (0.0230)
0.8662 0.8629 0.8007 0.7064 0.8430
WSTMC (0.0788) (0.0519) (0.0549) (0.0563) (0.0767)
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