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Drug-drug Interactions 
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• A drug-drug interaction (DDI) is defined as a 
modification in the effect of a drug when 
administered with another drug 

Grapefruit and grapefruit juice can react adversely with over 85 
prescription medications: 
 
• decreases the activity of the cytochrome P450 3A4 (CYP3A4) 

enzymes 
 

dofetilide and cimetidine 



Food–drug interaction: grapefruit juice augments drug bioavailability—mechanism, 
extent and relevance 
(A Dahan and H Altman) 



The potential for reducing medication errors by using computerized medical 
records as well as drug-interaction screening software that detects and 
alerts the physician and/or pharmacist to potentially serious drug 
interactions has been recognized. 
 
(Committee on Quality of Health Care in America: Institute of Medicine. To err is human: building a safer health system. 
Washington, D.C.: National Academy Press,2000) 

Are drug-drug interactions important to detect? 
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60 cohort and case-control studies reported an elevated risk of 
hospitalization in patients who were exposed to DDIs. 
 
(Hines & Murphy, 2011) 
 
Clinically important events attribuable to DDIs 5.3-14.3% of 
inpatients and are responsible for 0.02 – 0.17% of the nearly 
130  million emergency dept. visits each year. 
 
(“FASTSTATS” – Emergency Department Visists, Magro et al., 
2013) 



Public Sources of Drug-Drug Interactions (Boyce et al., 2014) 

• 13 publicly available sources 
 

•  5 sources for clinical application 
• CredibleMeds (“Crediblemeds.org,” 2013) - a list of DDIs thought to be 

clinically relevant and be supported by strong scientific evidence 
• VA-NDF-RT (Olvey, Clauschee, & Malone, 2010)  
• ONC High Priority (Phansalkar et al., 2012)  
• ONC Non-interruptive (Phansalkar et al., 2013)  
• OSCAR - a list of DDIs derived by expert consensus in the late 1990s 

(Crowther, Holbrook, Kenwright, & Kenwright, 1997) 
 

• 3 sources to support Natural Language Processing (NLP) 
• DDI Corpus 2011 (Segura-Bedmar, Martinez, & Sánchez-Cisneros, 2011) 
• DDI Corpus 2013 (Segura-Bedmar, Martinez, & Herrero-Zazo, 2013) 
• PK DDI Corpus (Boyce, Gardner, & Harkema, 2012) 

 
• 5 other sources were developed to support either pharmacovigilance or 

bioinformatics applications  
• KEGG DDI, TWOSIDES, DrugBank, SemMedDB-SemRep, DIKB  

 



Structured Product Labels published by DailyMed 
(NLM) 



Annotation Schema (Fragment) 

Specific Interaction - specific effects resulting from the interaction 

DEMADEX 



Novel Annotation Schema (Fragment) 

Caution Interaction - precautions about the use of two entities together without 
       specific mention of an effect.  

DEMADEX 



Novel Annotation Schema (Fragment) 

Increase Interaction - indicate higher levels or increased effects of the object  
          drug in the system as a result of the precipitant drug. 

DEMADEX 



Novel Annotation Schema (Fragment) 

Decrease Interaction - lower levels or decreased effects of the object drug in the 
           system as a result of the precipitant drug. 

DEMADEX 



Annotation Process 

http://lhce-brat.nlm.nih.gov/#/GoldenStandard_Iteration_13_Reconciled/2e0570e7-d28f-
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Annotated corpus from Product Labels (DailyMed) 

2 expert annotators using Brat 

http://lhce-brat.nlm.nih.gov/NLMDDICorpus.htm 



Corpus Format 



Disagreement Analysis Tool (AMIA, 2014) 

http://lhce-brat.nlm.nih.gov/disagreementAnalyzer.htm 



http://lhce-brat.nlm.nih.gov/disagreementAnalyzer.htm 



NLM-DDI Corpus Statistics 

  Entities Total number % Inter-Annotator 

Agreement 

Drug entities Drug 4584 (592 distinct) 54.2% 0.81 

Drug Class 2816 (670 distinct) 33.3% 0.84 

Substance 221 (33 distinct)  2.7% 0.82 

Span 823 (290 distinct) 9.8% 0.56 

Total  8444 100%   

DDI roles Specific Interaction 2595 (560 distinct triggers) 52.2% 0.79 

Caution Interaction 1308 (204 distinct triggers) 25.7% 0.72 

Increase Interaction 894 (289 distinct triggers) 17 % 0.84 

Decrease Interaction 262 (128 distinct triggers) 5% 0.9 

Total 5059 100%   

• 2,963 DDIs, 14519 DDI candidate pairs 
• 2705 positive pairs  
• 11814 negative pairs 

 



Public Sources of Drug-Drug Interactions 

• 13 publicly available sources 
 

•  5 sources for clinical application 
• CredibleMeds (“Crediblemeds.org,” 2013) - a list of DDIs thought to be 

clinically relevant and be supported by strong scientific evidence 
• VA-NDF-RT (Olvey, Clauschee, & Malone, 2010)  
• ONC High Priority (Phansalkar et al., 2012)  
• ONC Non-interruptive (Phansalkar et al., 2013)  
• OSCAR - a list of DDIs derived by expert consensus in the late 1990s 

(Crowther, Holbrook, Kenwright, & Kenwright, 1997) 
 

• 3 sources to support Natural Language Processing (NLP) 
• DDI Corpus 2011 (Segura-Bedmar, Martinez, & Sánchez-Cisneros, 2011) 
• DDI Corpus 2013 (Segura-Bedmar, Martinez, & Herrero-Zazo, 2013) 
• PK DDI Corpus (Boyce, Gardner, & Harkema, 2012) 
• NLM CV Corpus (Stan, Demner-Fushman, Fung, Bodenreider) 

 
• 5 other sources were developed to support either pharmacovigilance or 

bioinformatics applications (not discussed in this talk) 
• KEGG DDI, TWOSIDES, DrugBank, SemMedDB-SemRep, DIKB  

 



Extraction of DDIs: ML framework 

recall of 25,7% and a precision of 48,7% 
lexical-syntactic patterns are not enough to detect 

all semantic relations occurring in text 



Machine Learning Approach for Relation Extraction 

Relation Extraction 

• Zhang et al., 2008 
• Giuliano et al., 2007 
• Bunescu and Mooney, 2005 
• Jiang and Zhai, 2007 
• Culotta and Sorensen, 2004 
• Zelenko et al., 2003 

Feature based 

Kernel based 

• tree kernels are relatively slow compared to feature classifiers and sequence 
kernels [Bunescu and Mooney, 2005, Li et al., 2008] 

• integrated into real applications in which the processing time will be a priority 



Multi-Stage Classification Steps 

Inducers of CYP3A4 (e.g., rifampin) have caused a lowering of plasma levels of verapamil. 

DDI 

Decrease 

Object Precipitant 

Inducers of CYP3A4 (e.g., rifampin) have caused a lowering of plasma levels of verapamil. 

Inducers of CYP3A4 (e.g., rifampin) have caused a lowering of plasma levels of verapamil. 



Preprocessing 



Do not co-administer DRUG with DRUG in patients with diabetes. 
 

Features for Support Vector Machines  
Linear Kernel/LIBSVM-Java Framework  

Global context features 

Before-Between Between Between-After 

Feature types: 
• Stems, n-grams of stems, POS tags, n-grams of POS tags 
• Orthographic features 
• Parse tree features 
• Semantic features 

Local context features 

Do not co-administer DRUG with DRUG in patients with diabetes. 
 



Examples of GC feature space 



Examples of LC feature space 



Parameter selection for pair classification 

Feature set Configuration Precision Recall F-measure 
Bag of words N=1 

N=2 
N=3 

0.573 
0.689 
0.689 

0.902 
0.894 
0.888 

0.701 
0.778 
0.776 

Global Context 
(stems) 

N=1 
N=2 
N=3 

0.687 
0.738 
0.728 

0.885 
0.861 
0.855 

0.774 
0.795 
0.786 

Global Context 
(stems, POS, sparse 
POS) 

N=1 
N=2 
N=3 

0.676 
0.744 
0.793 

0.887 
0.853 
0.846 

0.767 
0.795 
0.819 

Shallow  
Linguistic 
(stems, POS, sparse 
POS) 

N=1, W=3 
N=2, W=3 
N=3, W=2 

0.797 
0.808 
0.814 

0.872 
0.869 
0.870 

0.833 
0.837 
0.841 

Combined 
(stems, POS, 
sparse POS) 

N=3, W=3 
C=2 

0.818 0.869 0.842 



Contribution of feature spaces for pair classification 

Feature set Precision Recall F-measure 
Local Context  
W = 3 

0.74 0.826 0.781 

Global Context 
Ngram = 3 

0.778 0.854 0.814 

Combined features 
W = 3 
Ngram = 3 

0.818 0.869 0.842 



Contribution of GC feature types for pair classification 

Feature set Precision Recall F-measure 
Ngrams of stems 0.766 0.864 0.812 

+ Ngrams of POS tags 0.816 0.869 0.841 

 + Sparse stems 0.818 0.869 0.842 

   + Sparse POS  tags          0.797 0.861 0.828 

        All 0.805 0.854 0.829 



Type Classification 

Type of feature space Type Precision Recall  F-measure 

Local context only (LC) 

Window size 3 

Specific 0.837 0.889 0.862 

Caution 0.865 0.851 0.858 

Increase 0.794 0.832 0.813 

Decrease 0.795 0.484 0.602 

Global context only 

(GC) 

n-gram size 3 

Specific 0.907 0.910 0.909 

Caution 0.898 0.913 0.905 

Increase 0.842 0.892 0.866 

Decrease 0.812 0.609 0.696 

SL (LC + GC) 

Window, n-gram 3 

Specific 0.893 0.926 0.909 

Caution 0.918 0.888 0.903 

Increase 0.843 0.897 0.869 

Decrease 0.812 0.625 0.714 



Role/direction Classification 

Type of feature space Type Precision Recall  F-measure 

Local context only (LC) 

Window size 3 

1 0.769 0.938 0.845 

2 0.983 0.930 0.956 

Global context only (GC) 

n-gram size 3 

1 1 1 1 

2 1 1 1 

SL (LC + GC) 

Window, n-gram 3 

1 1 1 1 

2 1 1 1 



Evaluation on the SemEval 2013 Dataset 

Medline + DrugBank  

  

Accuracy = 

77.41585233441911% 

(713/921) (classification) 

Type Tp Fp fn Total Precision Recall F-score Best F-

scores 

effect 175 49 43 921 0.781 0.803 0.792 0.662 

mechanism 229 41 58 921 0.848 0.798 0.822 0.679 

advice 268 113 54 921 0.703 0.832 0.762 0.692 

int 41 5 53 921 0.891 0.436 0.586 0.547 



DDI Extraction Tool 



Produced Output 



FP Failure Analysis 



FN Failure Analysis 



DDIs and drug classes 
(Product labels cover only 9 ONC high priority interactions) 

Substance level  

Drug-Drug Class Level Interaction 

Drug Class - Drug Class Interaction 

Clinically significant interactions have been reported with inhibitors of CYP3A4 causing 
elevation of plasma levels of verapamil while inducers of CYP3A4 have caused a 
lowering of plasma levels of verapamil.  

In a few reported cases, co-administration of verapamil with aspirin has led to 
increased bleeding times greater than observed with aspirin alone. 

Grapefruit juice may increase plasma levels of verapamil. 

Concomitant therapy with beta-adrenergic blockers and calcium ion influx inhibitors may 
result in additive negative effects on heart rate, atrioventricular conduction and/or cardiac 
contractility. 



Conclusion and Future Work 

• A new corpus of DDIs extracted from DailyMed labels  
• The most complete ML approach for DDI extraction (role, type, direction) 
• Submitted to JBI Special Issue 

• Management of drug classes (standard and non-standard) 
• Management of anaphoric constructions 
• Improvements of the feature space with tree and semantic features 
• Non-linear kernels 
• Ensemble-learning 
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Comparison of SemEval – NLM Annotation Schemas 

• We do not consider brand names and active ingredient names as separate entities 
(all are annotated as DRUG) 
 
 
 

• CAUTION – ADVICE, INT 
• DECREASE/INCREASE – MECHANISM 
• SPECIFIC – EFFECT 



Overlap Analysis using DrugBank mappings 

• Subset of DDIs where both drugs involved in an interaction could be mapped 
DrugBank 



ONC High priority DDI examples 



Overlap Analysis  

• largest overlap in terms of DDI count was between 
Drugbank and KEGG (2143 PDDIs) 



Overlap Analysis  

• DrugBank and KEGG covered the most drug pairs across 
other sources (28.6% and 25.6% respectively).  



Overlap Analysis  

• SemEval 2013 -> SemEval 2011 (91.3%) 



Overlap Analysis  

• DrugBank -> CredibleMeds (69.5%) 



Overlap Analysis  • no DDIs common to all 14 sources 
• PK DDI, TWOSIDES, SemMedDB -> no overlap 

with CredibleMeds 
• ONC non Interruptive -> no overlap with DIKB 



Overlap Analysis  
• only 4 DDIs  

• Haloperidol/Clozapine,  
• Triazolam/Voriconazole,  
• Triazolam/Fluconazole,  
• Midazolam/Fluconazole 

 
common to the Bioinformatics/Pharmacovigilance sources 



Overlap Analysis  

• NDF-RT, ONC-HighPriority and OSCAR -  greatest 
overlap (24)  



Overlap Analysis  
• CredibleMeds, NDF-RT, ONC Non-Interruptive 

no common DDI 



Even comprehensive DDI lists such as  
DrugBank, KEGG, NDF-RT  

had less than 
 50% overlap  

with each other 

ONC High DDIs have low coverage in 
NDF-RT, KEGG and DrugBank 
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