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Appendix 1
The FAERS database was pre-processed in the following manner. First, a dictionary was created to map the drug names to appropriate Kyoto Encyclopedia of Genes and Genomes (KEGG) IDs and further combine multiple drug names (e.g., trade and generic names). Next, the KEGG IDs constituting structurally similar drugs in terms of occurrences of side effects were grouped. In the DRUG table, only the primary suspect drug was extracted; all duplicate drugs within the same case were removed using the primaryid (a unique identifier for each case in FAERS) and drug name as keys. Duplicates in the corresponding REAC table were also removed similarly. The pre-processed tables were then combined into a dataset that mapped drug names to their associated adverse event names. For data up to 2015 Q3, the drug names were converted into KEGG IDs using the KEGG ID dictionary and then grouped by chemical composition. Information on the adverse events of structurally similar drugs was thus summarized. 
The data from 2015 Q4 onwards was reserved for independent external validation. Initially, rows containing the names of drugs that cannot be converted into KEGG IDs were deleted. Next, a pivot table was created that combined the Medical Dictionary for Regulatory Activities (MedDRA) preferred terms from a list of severe side effects defined by the Ministry of Health, Labour and Welfare (MHLW) into a designated side effect term [19]. The threshold was set at three or more reports to be “relevant,” and the number of reports was binarized. Then, we filtered out the drugs with less than ten side effects and vice versa. Finally, a dataset representing the associations between 1,127 drugs and 5,237 side effects, including 68 severe side effects, was created.
Appendix 2
Supplemental Table 1	Test PR-AUC for all severe side effects with MF and Logistic MF
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	MF
	Logistic MF

	Stevens-Johnson syndrome
	0.876  0.018
	0.864  0.019

	Toxic epidermal necrolysis
	0.806  0.045
	0.792  0.045

	Drug-induced hypersensitivity syndrome
	0.700  0.052
	0.706  0.052

	acute generalized exanthematous pustulosis
	0.632  0.050
	0.651  0.066

	medicament contact dermatitis
	0.747  0.030
	0.750  0.056

	erythema multiforme
	0.805  0.032
	0.814  0.030

	Drug-induced liver injury
	0.808  0.009
	0.786  0.040

	Acute kidney injury
	0.806  0.033
	0.807  0.031

	Interstitial nephritis
	0.761  0.066
	0.777  0.064

	Nephrotic syndrome
	0.798  0.026
	0.796  0.027

	Vasculitis
	0.863  0.046
	0.881  0.033

	tumor lysis syndrome
	0.693  0.070
	0.739  0.066

	Nephrogenic diabetes insipidus
	0.207  0.078
	0.262  0.196

	Hypokalaemia
	0.921  0.015
	0.911  0.016

	Aplastic anemia
	0.931  0.020
	0.922  0.024

	Anemia
	0.953  0.007
	0.964  0.004

	Bleeding tendency
	0.910  0.032
	0.981  0.005

	Agranulocytosis
	0.940  0.007
	0.936  0.015

	Thrombocytopenia
	0.938  0.022
	0.953  0.009

	Thrombosis
	0.944  0.016
	0.947  0.011

	Disseminated Intravascular Coagulation
	0.892  0.019
	0.879  0.024

	Thrombotic Thrombocytopenic purpura
	0.732  0.069
	0.747  0.070

	Heparin induced Thrombocytopenia
	0.434  0.159
	0.530  0.147

	Interstitial pneumonia
	0.881  0.014
	0.876  0.020

	acute lung injury / acute respiratory distress syndrome
	0.902  0.006
	0.898  0.015

	pulmonary edema
	0.926  0.011
	0.924  0.016

	acute eosinophilic pneumonia
	0.159  0.070
	0.161  0.076

	pleuritis / pleural effusion
	0.857  0.013
	0.868  0.025

	paralytic ileus
	0.747  0.057
	0.758  0.054

	peptic ulcer
	0.850  0.058
	0.877  0.046

	Pseudomembranous colitis
	0.631  0.102
	0.681  0.081

	Acute pancreatitis
	0.904  0.014
	0.900  0.016

	severe diarrhea
	0.936  0.023
	0.962  0.009

	Ventricular tachycardia
	0.879  0.014
	0.879  0.021

	Congestive Heart Failure
	0.907  0.011
	0.908  0.018

	Drug-induced Parkinsonism
	0.716  0.074
	0.737  0.067

	Leukoencephalopathy
	0.675  0.076
	0.688  0.078

	Rhabdomyolysis
	0.882  0.019
	0.878  0.035

	peripheral neuropathy
	0.941  0.007
	0.948  0.007

	Guillain-Barré syndrome
	0.667  0.075
	0.673  0.083

	Dyskinesia
	0.899  0.034
	0.904  0.031

	Convulsions / Epilepsy
	0.925  0.017
	0.955  0.008

	ataxia
	0.831  0.033
	0.846  0.024

	headache
	0.934  0.012
	0.977  0.008

	Aseptic meningitis
	0.469  0.065
	0.508  0.088

	acute encephalopathy in children
	0.952  0.015
	0.952  0.006

	ovarian hyperstimulation syndrome
	0.134  0.131
	0.520  0.480

	Neuroleptic Malignant Syndrome
	0.686  0.082
	0.756  0.083

	Drug-induced Depression
	0.938  0.013
	0.947  0.013

	akathisia
	0.775  0.086
	0.783  0.091

	Serotonin Syndrome
	0.742  0.066
	0.731  0.061

	Neonatal withdrawal syndrome
	0.629  0.190
	0.712  0.166

	Thyrotoxicosis
	0.832  0.024
	0.824  0.023

	Hypothyroidism
	0.905  0.024
	0.907  0.033

	Hyperglycemia
	0.893  0.016
	0.887  0.017

	Hypoglycemia
	0.903  0.018
	0.892  0.013

	Anaphylaxis
	0.904  0.004
	0.899  0.009

	Angioedema
	0.869  0.026
	0.845  0.023

	Stomatitis medicamentosa
	0.908  0.023
	0.912  0.016

	Osteoporosis
	0.871  0.014
	0.889  0.005

	Idiopathic osteonecrosis of the femoral head
	0.812  0.027
	0.855  0.043

	Urinary retention / Dysuria
	0.944  0.020
	0.938  0.016

	hemorrhagic cystitis
	0.224  0.053
	0.438  0.158

	Glaucoma
	0.854  0.019
	0.872  0.016

	Corneal opacity
	0.362  0.087
	0.573  0.051

	Drug-induced hearing loss
	0.913  0.023
	0.903  0.015

	drug-induced taste dysfunction
	0.932  0.017
	0.921  0.020

	Hand-Foot Syndrome
	0.658  0.044
	0.719  0.054



Appendix 3
Supplemental Table 2 	PR-AUC in the external validation for all severe side effects with MF and Logistic MF
	
	MF
	Logistic MF

	Stevens-Johnson syndrome
	0.268  0.022
	0.301  0.009

	Toxic epidermal necrolysis
	0.203  0.031
	0.206  0.020

	acute generalized exanthematous pustulosis
	0.290  0.026
	0.289  0.025

	medicament contact dermatitis
	0.304  0.013
	0.313  0.015

	erythema multiforme
	0.240  0.020
	0.211  0.008

	Drug-induced liver injury
	0.508  0.029
	0.560  0.026

	Acute kidney injury
	0.697  0.020
	0.673  0.009

	Interstitial nephritis
	0.296  0.015
	0.297  0.019

	Nephrotic syndrome
	0.239  0.030
	0.234  0.026

	Vasculitis
	0.204  0.013
	0.250  0.023

	tumor lysis syndrome
	0.324  0.018
	0.235  0.015

	Nephrogenic diabetes insipidus
	0.183  0.059
	0.537  0.060

	Hypokalaemia
	0.437  0.026
	0.448  0.019

	Aplastic anemia
	0.267  0.044
	0.271  0.020

	Anemia
	0.300  0.014
	0.279  0.013

	Bleeding tendency
	0.334  0.049
	0.332  0.025

	Agranulocytosis
	0.279  0.030
	0.271  0.028

	Thrombocytopenia
	0.233  0.028
	0.239  0.012

	Thrombosis
	0.270  0.019
	0.252  0.091

	Disseminated Intravascular Coagulation
	0.182  0.034
	0.193  0.019

	Thrombotic Thrombocytopenic purpura
	0.102  0.056
	0.124  0.026

	Heparin induced Thrombocytopenia
	0.102  0.056
	0.143  0.052

	Interstitial pneumonia
	0.242  0.050
	0.243  0.019

	acute lung injury / acute respiratory distress syndrome
	0.341  0.022
	0.328  0.017

	pulmonary edema
	0.285  0.032
	0.276  0.027

	acute eosinophilic pneumonia
	0.073  0.055
	0.068  0.019

	pleuritis / pleural effusion
	0.306  0.026
	0.338  0.021

	paralytic ileus
	0.220  0.025
	0.249  0.016

	peptic ulcer
	0.382  0.034
	0.425  0.022

	Pseudomembranous colitis
	0.146  0.021
	0.181  0.014

	Acute pancreatitis
	0.407  0.017
	0.429  0.013

	severe diarrhea
	0.412  0.024
	0.394  0.035

	Ventricular tachycardia
	0.285  0.014
	0.299  0.018

	Congestive Heart Failure
	0.281  0.034
	0.282  0.025

	Drug-induced Parkinsonism
	0.128  0.020
	0.139  0.013

	Leukoencephalopathy
	0.228  0.028
	0.239  0.021

	Rhabdomyolysis
	0.310  0.019
	0.253  0.014

	peripheral neuropathy
	0.409  0.019
	0.399  0.013

	Guillain-Barré syndrome
	0.241  0.015
	0.300  0.010

	Dyskinesia
	0.371  0.031
	0.341  0.008

	Convulsions / Epilepsy
	0.232  0.016
	0.212  0.019

	ataxia
	0.310  0.036
	0.313  0.018

	headache
	0.484  0.037
	0.466  0.034

	Aseptic meningitis
	0.150  0.031
	0.204  0.013

	acute encephalopathy in children
	0.337  0.022
	0.355  0.019

	ovarian hyperstimulation syndrome
	0.036  0.014
	0.084  0.019

	Neuroleptic Malignant Syndrome
	0.204  0.052
	0.244  0.017

	Drug-induced Depression
	0.330  0.013
	0.346  0.014

	akathisia
	0.260  0.038
	0.301  0.023

	Serotonin Syndrome
	0.239  0.029
	0.254  0.016

	Neonatal withdrawal syndrome
	0.213  0.049
	0.222  0.020

	Thyrotoxicosis
	0.404  0.041
	0.400  0.023

	Hypothyroidism
	0.326  0.021
	0.332  0.020

	Hyperglycemia
	0.439  0.032
	0.451  0.021

	Hypoglycemia
	0.418  0.026
	0.419  0.028

	Anaphylaxis
	0.382  0.021
	0.344  0.018

	Angioedema
	0.369  0.012
	0.346  0.007

	Stomatitis medicamentosa
	0.307  0.029
	0.332  0.013

	Osteoporosis
	0.284  0.010
	0.261  0.007

	Idiopathic osteonecrosis of the femoral head
	0.234  0.042
	0.201  0.008

	Urinary retention / Dysuria
	0.401  0.029
	0.405  0.024

	hemorrhagic cystitis
	0.251  0.028
	0.195  0.049

	Glaucoma
	0.258  0.022
	0.244  0.006

	Corneal opacity
	0.213  0.066
	0.251  0.045

	Drug-induced hearing loss
	0.297  0.013
	0.275  0.021

	drug-induced taste dysfunction
	0.447  0.037
	0.462  0.017

	Hand-Foot Syndrome
	0.242  0.008
	0.245  0.020


Some severe side effects were excluded due to an insufficient number of positive examples in future labels.
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