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	Metrics
	Scenario
	DrugMAN
	Disease-based drug
similarity network
	Side effect-based
drug similarity network
	Drug structure
similarity network
	Transcriptome-based
drug similarity network

	AUROC
	warm-start
	0.956±0.003
	0.919±0.002
	0.911±0.002
	0.949±0.003
	0.910±0.003

	
	cold-drug
	0.91±0.013
	0.833±0.026
	0.785±0.024
	0.896±0.01
	0.772±0.04

	
	cold-gene
	0.922±0.005
	0.884±0.006
	0.872±0.007
	0.913±0.006
	0.871±0.007

	
	both-cold
	0.850±0.01
	0.751±0.017
	0.696±0.018
	0.834±0.012
	0.702±0.007

	AUPR
	warm-start
	0.959±0.003
	0.925±0.003
	0.917±0.004
	0.953±0.003
	0.917±0.002

	
	cold-drug
	0.921±0.01
	0.852±0.020
	0.808±0.018
	0.91±0.008
	0.789±0.038

	
	cold-gene
	0.931±0.005
	0.900±0.006
	0.889±0.006
	0.923±0.005
	0.888±0.006

	
	both-cold
	0.861±0.009
	0.779±0.016
	0.722±0.016
	0.844±0.011
	0.722±0.005

	F1
	warm-start
	0.893±0.003
	0.849±0.004
	0.842±0.004
	0.883±0.004
	0.842±0.005

	
	cold-drug
	0.835±0.014
	0.765±0.024
	0.721±0.018
	0.823±0.015
	0.717±0.023

	
	cold-gene
	0.846±0.006
	0.810±0.006
	0.799±0.007
	0.837±0.008
	0.798±0.009

	
	both-cold
	0.776±0.011
	0.701±0.011
	0.675±0.008
	0.764±0.006
	0.678±0.006




Supplementary table 2 Performance of gene-related single network-based models compared to the primary DrugMAN

	Metrics
	Scenario
	DrugMAN
	Disease-based gene
similarity
network
	Pathway-based gene
similarity network
	Chromosomal location–
based gene similarity network
	Gene co-expression network
	Protein-protein
interaction network
	Protein sequence
similarity network
	Transcriptome-based
gene similarity network

	AUROC
	warm-start
	0.956±0.003
	0.913±0.004
	0.946±0.003
	0.899±0.005
	0.902±0.005
	0.946±0.003
	0.945±0.003
	0.946±0.003

	
	cold-drug
	0.91±0.013
	0.867±0.013
	0.898±0.015
	0.846±0.013
	0.856±0.011
	0.898±0.014
	0.897±0.013
	0.899±0.013

	
	cold-gene
	0.922±0.005
	0.794±0.01
	0.886±0.008
	0.719±0.017
	0.768±0.014
	0.891±0.007
	0.885±0.01
	0.889±0.009

	
	both-cold
	0.850±0.01
	0.706±0.009
	0.809±0.013
	0.628±0.004
	0.687±0.014
	0.812±0.012
	0.807±0.016
	0.811±0.013

	AUPR
	warm-start
	0.959±0.003
	0.92±0.004
	0.95±0.004
	0.907±0.006
	0.909±0.006
	0.951±0.003
	0.95±0.004
	0.951±0.004

	
	cold-drug
	0.921±0.01
	0.881±0.011
	0.91±0.012
	0.86±0.011
	0.87±0.011
	0.91±0.011
	0.909±0.01
	0.91±0.011

	
	cold-gene
	0.931±0.005
	0.813±0.006
	0.903±0.007
	0.756±0.02
	0.799±0.008
	0.905±0.006
	0.902±0.008
	0.904±0.007

	
	both-cold
	0.861±0.009
	0.718±0.013
	0.83±0.014
	0.649±0.006
	0.705±0.017
	0.831±0.014
	0.828±0.016
	0.831±0.015

	F1
	warm-start
	0.893±0.003
	0.838±0.004
	0.88±0.004
	0.824±0.004
	0.826±0.004
	0.879±0.004
	0.879±0.004
	0.88±0.004

	
	cold-drug
	0.835±0.014
	0.787±0.016
	0.821±0.017
	0.77±0.013
	0.78±0.009
	0.821±0.015
	0.821±0.014
	0.823±0.018

	
	cold-gene
	0.846±0.006
	0.73±0.012
	0.807±0.006
	0.679±0.005
	0.707±0.012
	0.809±0.008
	0.805±0.008
	0.807±0.008

	
	both-cold
	0.776±0.011
	0.689±0.007
	0.74±0.009
	0.669±0.002
	0.68±0.007
	0.742±0.008
	0.738±0.012
	0.741±0.008





Supplementary table 3 detailed information of drug networks and gene networks

	Network
	Interaction type
	Node
	Edge
	Database
	Data source

	Disease-based drug
similarity network
	Drugs related to same diseases are linked
	1695
	533428
	CTD
	https://ctdbase.org/

	Side effect-based
drug similarity network
	Drugs related to same side effects are linked
	814
	325229
	SIDER
	https://sideeffects.embl.de/

	Transcriptome-based
drug similarity network
	Edge weights are obtained by calculating the Pearson correlation between gene expression profiles induced by drugs
	950
	257810
	Cmap
	https://clue.io/

	Drug structure
similarity network
	Edge weights are obtained by calculating the jaccard similarity of chemical structures
	5167
	1649858
	Pubchem
	https://pubchem.ncbi.nlm.nih.gov/

	Disease-based gene
similarity network
	Genes related to same diseases are linked
	3910
	714052
	CTD
	https://ctdbase.org/

	Pathway-based gene
similarity network
	Genes in same biological pathways are linked
	4723
	283676
	Reactome
	https://reactome.org/

	Chromosomal location–
based gene similarity network
	Genes in same cytogenetic bands are linked
	6231
	48280
	NCBI 
	http://www.ncbi.nlm.nih.gov/gene/

	Transcriptome-based
gene similarity network
	Edge weights are obtained by calculating Pearson correlation between gene expression profiles induced by genetic perturbation.
	4031
	2797466
	Cmap
	https://clue.io/

	Gene co-expression network
	Edge weights are obtained by calculating the Pearson correlation across gene expression profiles in different tissues
	5267
	2458338
	GTEx
	https://www.gtexportal.org/

	Protein-protein
interaction network
	Edge weights are interaction scores in STRING protein-protein network.
	6010
	343708
	STRING
	https://string-db.org/

	Protein sequence
similarity network
	Edge weights are obtained by calculating Smith-Waterman scores of paired protein sequences
	6250
	1118618
	Uniprot
	https://www.uniprot.org/





Supplementary table 4 Parameter information of the DrugMAN model

	parameter
	Value

	Total epoch
	400

	Warm up epoch
	20

	Learning rate
	 3x10-5

	Weight decay
	0.02

	Dropout (Multi-head attention block)
	0.3

	Dropout (MLP block)
	0.3









Supplementary table 5 Pseudocode for the DrugMAN model

	# Pseudocode for extracting drug and target representations by BIONIC

	def BIONIC(drug_networks, target_networks):
1: Fd = BIONIC(drug_networks)
2: Ft = BIONIC(target_networks)
3:return Fd, Ft

	# Pseudocode for the mutual attention network module

	1: Fdt = Matrix(Fd, Ft)
2: Fdt = Attention(Fdt)
3: return Fd, Ft
# Binary classification layer
def classification_layer(Fpair):
1: Fpair = concatenate(Fd, Ft)
2: linear_output = Linear (Fpair)
3: Score = sigmoid(linear_output)
4: return Score



