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Collaborative filtering based on graph neural network for drug-disease association prediction
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Information, Ministry of Agriculture and Rural Affairs of the People's Republic of China, Shanghai 201306, China

Abstract: Development of new drugs takes a long time and is high-cost. Hence it's critical to have efficient and precise
methods for predicting new indications for drugs. A drug-disease association prediction method based on graph neural
collaborative filtering is proposed in an attempt to obtain information in drug-disease treatment relationships and combine
with drug similarities for obtaining better prediction performance. The proposed method firstly capture collaborative signals
in drug-disease treatment relationships through graph neural network to refine drug embeddings, then use the drug
embeddings to calculate the similarities in drug-disease treatment relationships between drugs, and finally combines with the
similarities in drug chemical structures, proteins, and side effects to predict drug repurposing. Compared with the existing
collaborative filtering methods on the same data set, the proposed method achieves a higher prediction accuracy (0.664 8).
The proposed strategy to obtain potential information in drug-disease treatment relationships and combine with similarities
for drug-disease association prediction is effective and helps to discover new indications for drugs and provides assistance in
drug development.
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Figure 1 Method design
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Figure 3 Variations of accuracy rate and recall rate with the output list size (K) under the constant neighbor size (N)
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Figure 4 Variations of accuracy rate and recall rate with the neighbor size (V) under the constant output list size (K)
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Figure 6 Comparison of method performance

256 IR PRI ST AL (1 2 5 2 1E A
TN ZSH-BERR TRTT G & B FHT 0 254 -5 A
HAREH R WARA W28, ANMUFR 2R A 254
AR E R, W8 Tl RSy ) o [R]85 H]
B S B = T IR 25 )-SR R IIE B . T i —
RUEAS SO L AT SR, 283 ) H Clinical Trials.gov
D] 358 1 DrugBank [ 358 4 A% SCFIN A4 225 49 -5 9 AH AR
FHAB RPN 2 S P I R S5 9 T 9 64T A, Ik

W1 T A BRI ) -5 A EAE IR RE T . 7R
ARICTT I KR d s 2 CICd, T T 244 4~ IE A
29 PIRIRYTT R FR (CELFATE ) A1 123 AR -S5ih
Jr R R (BBEE) 8 123 AR A1 R 5 Clinical Trials.gov
03285 1 DrugBank 3 I PR SE 90 61 7 LU, B 5 &
AT A KA -PIRTRTT R R (4 1 40%) B & AT
TR S5 o X R W7 ik WO Y AT SR . A
ClinicalTrials.gov ', 25 % Wk < [l (ropivacaine ) Fl1¥%
PR (pain) FETEIRYT R R A SO L 00 4 AT
Z B FR ABAEEHE AR Tk I T AEAEAR AR
ARSCIT LT T A & i (bicalutamide ) X 458 4 il
(carcinoma) (4 H , [R] s DrugBank H At AH 9GS2 56t IE
W T ENFEIRIT R (R BARE I AR T
Fe2 G TN 47 DAY -PEIRTT R 20
AR F AR R 5

2 ARG

Table 2 Examples of successful predictions

254 P44 i PR 15
MR .
Jii 28 (dysmenorrhea) DrugBank
(acetaminophen)
e B A CC PR R
AT 5 7 Ak (amoxicillin ) - ClinicalTrials.gov
(klebsiella infections )
PR A
BT 5751 (amoxapine ) N o ClinicalTrials.gov
(psychotic disorders)
2 15 g (meropenem ) JKLILIEE (septicemia) DrugBank
I A BR A
K Mk (miconazole ) l o DrugBank
(candidiasis oral )
i i Y ke ) - :
YPHR (trachoma) ClinicalTrials.gov
(sulfamethoxazole)
BURFH (ropivacaine) Y% (pain) DrugBank
KR (salicylic acid) Y9 (pain) ClinicalTrials.gov
TE IR

A5 AR (vinorelbine ) ClinicalTrials.gov

(endometrial neoplasms)

R & i
o J i fitd (carcinoma) DrugBank
(bicalutamide)
. 2 TR TR SR
kAt 5 5 (cefadroxil) ) - ) ClinicalTrials.gov
(staphylococcal infections)
3% J2 T (clonidine)  fARYE (depressive disorder) DrugBank
i ZERARN . . o .
& JiE (inflammation ) ClinicalTrials.gov
(dexamethasone)
RFEPKTEE (etomidate ) overdose ClinicalTrials.gov
W9 (epilepsy ) ClinicalTrials.gov
(fosphenytoin)
5 00 0 7 R P
J¥l FF i (foscarnet) ‘ ~_ ClinicalTrials.gov
(cytomegalovirus retinitis )
. Jits i3 1t
P RIS 2 (iloprost) " DrugBank
(hypertension pulmonary )
ZK -5 (phenytoin ) N IR 2 (status epilepticus ) DrugBank
= H A g GEIE S U - )
. . . ClinicalTrials.gov
(trimethoprim ) (malaria falciparum)
' 20 L
Z#2Jifi (progesterone ) ClinicalTrials.gov

(carcinoma renal cell)




6 b

- 787 -

4 i 8

ARSCHE T —Fh GNN 3458 P[] o 0 14 25 1
SRIR B 7 1%, 1207 1% 1 5 F) ] GNN AL 1% )2 2
WSCHRAE (9 25 - TR 7 5% 28 B IIMYEAR 5 R Al Ak
Tl fE TR A A B BEORCAS) 25 ) 6] i AR R . OF:
HAZT7 L RS A R T 25 W) -9 SRk, mT LAY 1
ey A 245 ) 401 5 0 /0 IR 1) 10 4 8 1) JAS |, i A A ofe T
REMIBTTETT 10

(5% 3CK]

[1] LilJ, LuZ. A Network approach for computational drug repositioning
[ Cl//Proceedings of the 2012 IEEE Second International Conference
on Healthcare Informatics, Imaging and Systems Biology. IEEE,
2012: 83.

(2] fRRAE, AW, AXE . BT RAL- M 55050 T AR
[J]. v EHEEL H25RE 2012, 26(6): 779-786.

Zhang YX, Cheng XR, Zhou WX. Drug repositioning-an important
application area in Network pharmacology[J]. Chinese Journal of
Pharmacology and Toxicology, 2012, 26(6): 779-786.

[3] Pushpakom S, Iorio F, Eyers PA, et al. Drug repurposing: progress,
challenges and recommendations[ J ]. Nat Rev Drug Discov, 2019, 18
(1): 41-58.

[4] Dudley JT, Deshpande T, Butte AJ. Exploiting drug-disease
relationships for computational drug repositioning [J]. Brief
Bioinform, 2011, 12(4): 303-311.

[5] Cost of developing a new drug[ EB/OL]. [2014-11-18]. http://csdd.
tufts.edu/news/complete_story/pr tufts csdd 2014 cost study.

[6] Drug repositioning[ EB/OL ]. [2022-02-08 ]. https://en.wikipedia.org/
wiki/Drug_repositioning.

[7] Li J, Zheng S, Chen B, et al. A survey of current trends in
computational drug repositioning[J]. Brief Bioinform, 2017, 17(1):
2-12.

[8] Chen HM, Engkvist O, Wang YH, et al. The rise of deep learning in
drug discovery[J]. Drug Discov Today, 2018, 23(6): 1241-1250.

[9] Shao YW, Zhang J. Computational drug repositioning using
collaborative filtering via multi-source fusion[J]. Expert Systems with
Application, 2017, 84: 281-289.

[10] Napolitano F, Zhao Y, Moreira VM. Drug repositioning: a machine-
learning approach through data integration[J]. J Cheminform, 2013,
5(1): 30.

[11] Zhang P, Wang F, Hu J. Towards drug repositioning: a unified
computational framework for integrating multiple aspects of drug
similarity and disease similarity[J]. AMIA Annu Symp Proc, 2014:
1258-1267.

[12] Yang Jh, Li Z, Fan X, et al. Drug-disease association and drug-

repositioning predictions in complex diseases using causal inference-
probabilistic matrix factorization[ J]. J Chem Inf Model, 2014, 54(9):
2562-2569.

[13] Lim H, Poleksic A, Yao Y, et al. Large-scale off-target identification
using fast and accurate dual regularized one-class collaborative
filtering and its application to drug repurposing[J]. PLoS Comput
Biol, 2016, 12(10): e1005135.

[14] Ozsoy MG, Ozyer T, Polat F, et al. Realizing drug repositioning by
adapting a recommendation system to handle the process[J]. BMC
Bioinformatics, 2018, 19(1): 136.

[15] Wang X, He XN, Wang M, et al. Neural graph collaborative filtering
[ C]// Proceedings of the 42nd International ACM SIGIR Conference
on Research and Development in Information Retrieva. 2019: 165-174.

[16] Kipf TN, Welling M. Semi-supervised classification with graph
convolutional networks[ J|. arXiv preprint, arXiv: 160902907, 2016.

[17] Huang YA, Hu PW, Chan KC, et al. Graph convolution for predicting
associations between miRNA and drug resistance[ J ]. Bioinformatics,
2020, 36(3): 851-858.

[ 18] Zitnik M, Agrawal M, Leskovec J. Modeling polypharmacy side effects
with graph convolutional networks[ J]. Bioinformatics, 2018, 34(13):
1457-1466.

[19] Lij, Zhang S, Liu T, et al. Neural inductive matrix completion with
graph convolutional networks for miRNA-disease association
prediction[ J . Bioinformatics, 2020, 36(8): 2538-2546.

[20] Zhang P, Agarwal P, Obradovic Z. Computational drug repositioning
by ranking and integrating multiple data sources[ C |//Proceedings of
the Joint European Conference on Machine Learning and Knowledge
Discovery in Databases. Springer, 2013: 579-594.

[21] Rendle S, Freudenthaler C, Gantner Z, et al. BPR: Bayesian
personalized ranking from implicit feedback[ C |/Proceedings of the
Twenty-Fifth Conference on Uncertainty in Artificial Intelligence,
2009: 452-461.

[22] Xu K, Li C, Tian Y, et al. Representation learning on graphs with
jumping knowledge networks[ C ]/ Proceedings of The International
Conference on Machine Learning. 2018: 5453-5462.

[23] Jarada TN, Rokne JG, Alhajj R. A review of computational drug
repositioning: strategies, approaches, opportunities, challenges, and
directions[ J]. T Cheminform, 2020, 12(1): 46.

[24] Xue F, He XG, Wang X, et al. Deep Item-based collaborative filtering
for Top-N recommendation [J]. arXiv preprint, arXiv: 1811.04392,
2019.

[25] Ying R, He RN, Chen KF, et al. Graph convolutional neural networks
for web-scale recommender systems [ C |/Proceedings of the 24th
ACM SIGKDD International Conference on Knowledge Discovery.
2018: 974-983.

[26] Maas AL, Hannun AY, Ng AY. Rectifier nonlinearities improve neural
network acoustic models[ C ]//Proceedings of the 30th International
Conference on Machine Learning. 2013.

[27] Berg RV, Kipf TN, Welling M. Graph convolutional matrix completion
[T]. arXiv preprint, arXiv: 170602263, 2017.

(h#F:BEFR)



	Intensity-modulated radiotherapy planning for breast cancer based on two-layer perceptron neural network
	LIU Weikun, ZHOU Linghong

	Analysis of effects of CT slice thickness on target dose distribution in Cyberknife radiotherapy using chest phantom
	ZHAO Rui1, CAO Yangsen2, GAO Xingxin1, WANG Zhenyue1, LI Sha1, TIAN Zhongze1 

	Eye fundus image classification using hyperparameter optimization based TransCNN
	WANG Xiaofang1, YU Kexin2, WANG Zhangyi2, WANG Jianhua2, WANG Jing3, MU Nan4

	Multimodal fusion of PET-CT for semantic image segmentation: a review
	ZHOU Xinhong1, HUANG Gang2

	Fully convolutional neural network based algorithm for low-dose CT image denoising
	HONG Qifan1, XUAN Zuxing2, LI Yaxin1

	Liver segmentation algorithm based on conditional parametric attention network
	ZHAO Haohui1, GAO Yongbin1, YANG Shuqun1, HU Xiaojun2, FAN Yingfang3

	Predictive value of 3D-PDI parameters for pregnancy outcomes after in vitro fertilization-embryo transfer
	Adaptive impedance control of dual-arm surgical robot based on disturbance observer
	LI Guoqi, HU Zhi, CHEN Ziyu, SUN Liyan

	A dual-band wideband patch antenna for intracranial hemorrhage detection
	BAI Zelin1, DENG Huangsen1, LI Haocheng2, CHEN Haojia3, CHEN Mingsheng1

	Stable brain network pattern for EEG-based emotion recognition
	WU Yanze1, WANG Hailing1, GAO Yufei2

	Characteristics of cochlear implant speech processing strategies based on signal energy selection
	CHEN Yousheng, CAO Xuemei, WANG Geng 

	KPCA-based continuous motion estimation of knee joint in multiple motion modes
	ZHANG Jianhua1, WANG Hao1, LI Kexiang1, 2, WANG Chang1, 2

	Effects of microgravity on osteoblast differentiation: a review
	LIU Xiaolong1, CHEN Yi1, MA Ming1, JIA Gengxin1, GENG Bin2, XIA Yayi2

	Effect of continuous passive motion combined with intermittent pneumatic compression on functional recovery of patients after total knee arthroplasty
	TU Xuezhao, HUANG Zhenhuan, XIE Jianhong, QUE Wutang, LAN Weibin  

	Effects of sagittal/vertical ratio of snore stopping device on condylar stress in patients with obstructive sleep apnea hypopnea syndrome
	YIN Huanhuan1, YANG Xiaojing1, YANG Xianghong2, WU Wei1, WANG Rui2

	Nuclei segmentation using contrastive learning and contour guided U-Net
	JIA Wei1, JIANG Haifeng2, ZHAO Xuefen3

	Applications of deep learning in CT for intracranial hemorrhage 
	NIU Shengwen, LI Kunhua

	Collaborative filtering based on graph neural network for drug-disease association prediction 
	CHEN Hao1, 2, QIN Yufang1, 2, CHEN Ming1, 2

	Evaluation of satisfaction with medical and health services using BP neural network
	GUO Shuang, CHENG Wei, LIU Xinxin, LIU Honglei, DENG Tong


