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Prediction of drug-disease associations based on attribute complement
TANG Ruize', XUAN Ping’
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[ Abstract] Predicting drug—disease associations can help reduce the cost of drug development. Previous approaches ignore the node
attribute complementation for the disease nodes with missing attributes based on topological information of heterogeneous network. In
this paper, we propose a novel prediction method to encode and integrate the semantics of multiple meta—paths and to construct the
topological embeddings of drug and disease nodes. By utilizing the topological relationships among nodes as the guide, the attributes
of drug nodes are aggregated to complement the attributes of disease nodes. In addition, we design a meta—-path—level attention
mechanism and a neighbour—level attention mechanism that fuse semantic information from multiple meta—paths and information
from node neighbours, respectively. In this paper, a five—fold cross—validation approach is adopted for evaluation. The experimental
results show that the new prediction model achieves higher prediction performance than other compared models.
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Fig. 1 Schematic of disease node attribute complement

PRy SR DA K AN ) 4> 5 4R S T TR
PERG I A ] W — T AR S 2
HORH BRSP4 B, PR, AR SO —
AR J S T ) BILI SR A 2T 1 AN [ 4 S Y
i, 11):

e = o ((hy); "W (h),) (11)

Hor, o ST R, W2 R R R

H— A TEREAE of, TR (12)

exp(el)
= e (12)
Z exp(efj)

LR FHITETE ) BLRA S5 55 d, ARE 926
TS JE P IAER S XN d, SEBL T Jm R4 &b
LR rEr X7 E X (13)

X; = 2 () (13)

TSGR T 223 AL, R AR E i 1k
w3 (14)

Vemean(Y Ta(s))  (14)
ki€ Vi,

25T S 5 3 Ry e v AR e AR TR Y
JE MBI Y AT R RN A, R BT
SRR M PR R R R X;f(p € {chem,doma,
annol) ., N TR FRIE 2209, [RIAHER
R 2 0 JE PR R e M e R EE ) w B 25 05 V7
BHLI 5% AN 4, 42 B vy, A vy, Hoh
Vo, = VL MRS v, 2y A R
i vy, R E R ST R AN A TR AR F

(39 5V, BV R E R (15) -
X =mean(y, Y, a,(S),)  (15)

i€ Vieepn vE

g T i 0 S B Y 0 T 0
S T 2 ) K 7 5
JE AN I BHR loss!, 20 (16) .
LS A&, -G)): (e

‘ Vdrmp ‘ i€Viop

i 3 Ja PR AN AL, X CL A A 245 s R A
AP T RURPEREAT LS R B TR T A
P R B IR X 3 X(17) .

S
X" = (17)

1.8 m&ESMIN

L JE R LT AR B p A2 - T
JRYEHE M X, Ko 25 o, MR R R N
(X;™) ., IR & BBYERAR A (X)) o AT
TR FE AR P A 1 AR T 7 JEL oA e 29 R[] ) 2
5 ERMER H 11 BREETRG 58 r, - d R
VMR RIR ¢, AR 2 E 25 A L
RN r, RGNS d, 1 OCHRAR4)
2 XWERSHH
2.1 iFMMERR

AR A LA A8 IR UE 1 R PP A 3 T b 4
TR P MR R BT ) I R AU 1 B
FEA JERENL Y 2y 5 A, Horh 4 TR, 75—

loss” =



170 B o /5 M5 MM

ERRES

FHFI, K T R ISR 31 1) 245 ) — 5 98 A 5 P AR
KRABIREA , BEHLIERE 1E BRE AR 550 1
BUIREA T TN, Tl A% ) RAGIREA SHEA T

AL TR bR 48 Z i B AR RRIE (ROC) 4k,
ROC &R F Ry AR (AUC) K5 W0 43 [al i £k (PR ih
£2) PR & FHUTHI AR (AUPR) . ELBHZ (TPR) I
R FHZ(FPR) 5,2 (18) F=(19) .

TP

TPR = (18)
TP + FN
FP
FPR = (19)
TN + TP

Horp ) TP(TN) 275 IER O Y 1E 1] (S i]) A
AREL,FP(FN) 3om 5502 B0 A9 1E 1) ( 2Pk ) REAR
B, ORI E 24 ROC MLk, iz L) TPR h9\
ABFR, FPR AR Ak b, Hofl 28T O 09 1 BLR R K
AUCHH , IR BRL R MR . AUC B S AR e
I M RERL F5

et B A ] 32 PP A AL A 2% 2 R PE R Y
BLFEHR . RS0 R 7R BN A T A AR Hp LS D AR
AR, 20 (20) 5 1 A3 81 R FKR 76 T A JE Bl B AR
(RREAS FR g IE AR R IE IR AR A R 5K (21)

. TP
Precision = ——— (20)
TP + FP
TP
Recall = (21)
TP + FN

BRI LA Precision A . Recall ARG
M2, nr DLW R s AR R A P g An 2R ax Sk h £k
b T2 b FA R IR 2w R A AR AR 1Y) P g T A
FAR , 2R EE A f I R R PE g 22

FPR

(a) ROC curves

22 S5HMAENIER

T VA 3 T JE A A TR AR AR (1 1 RE K AR
SR BT 6 R ek A G 2 195 ik DG HK T
Wy J o i 47 8, 4 GFPred, CBPred,
SCMFDD ., LRSSL .MbiRW F1 HGBL, kT fifi lL# 45
SR B R ), A SCR R AL RN BT A L3 I A A AR )
SRR R T AR R A O 4 O B RN L
P m A RE R A5 B SCEk iR Bt RIS
ik E

TE TS SRR UE 1, AR SCXF 763 2t AT T
WAL, PR T & A W71 AUC F1 AUPR ; 52 4%
FITA 763 Fh25¥0SF-14 AUC (8 AUPR) 1E N
gE ORETINAR A ROC #h<k 5 PR < aniA 2
JIin o FEITA Jriderp, T T 1 b 4 i) 0000 A5 76 B
o 1 EAERTERE, U0 T H A XS LU A RS 5 GFPred 7E1E
RE L HEA 58— N A il I 2 vhz 2] RIS 259
CBR) TSR HINER RS R E W A 2R
Fa I 245 () 45 8 1T DL 3 T30 4 BB s CBPred 5 1& T 17
MR Z B B ARAE S, e R L HEA S = R
LRSSL HI MBiRW () AUC %45 W] . 2% 5 , {H LRSSL
) AUPR W1 00 7, SO R RTE R T 28259
)RR AL, T A A 8 T — T 2 A 0 A Bl
SCMFDD 1 HGBI yPERER 22, H AUC F1 AUP JLF-
A 2500, 3 42 PR A 79 25 0 A R 22 245 ) 1Y) A
IPE, 5 EaR T AR b, 56T o b 4 A T A5 75
P RESE m EE R 2R R B B AR AR T2
YIRS T S Z R Fh S M R | IR ST ax i
FME B A T B AL X 1 S T kb 4

0.2 0.4 0.6 0.8 1.0

Recall

(b) PR curves

B2 AEWMNEEL ROC M5 PR ik (5HE)
Fig. 2 ROC curves and PR curves of different prediction methods
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