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Safe Harbor Statement

The following is intended to outline our general product direction. It is intended for 
information purposes only, and may not be incorporated into any contract. It is not a 
commitment to deliver any material, code, or functionality, and should not be relied upon 
in making purchasing decisions. The development, release, and timing of any features or 
functionality described for Oracle’s products remains at the sole discretion of Oracle.
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Data Sources for Drug Safety
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Outline

Data sources for drug safety

• Literature, medical records, product labels, Web search logs 

Multimodal signal detection

Safety 360
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Medline – ADR Extraction
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Leveraging MEDLINE indexing for pharmacovigilance – inherent limitations and mitigation strategies; Winnenburg 
R, Sorbello R, Ripple A, Harpaz R, Tonning J, Szarfman R, Francis H, Bodenreider O., JBI 2015

http://www.ncbi.nlm.nih.gov/pubmed/15096449

http://www.ncbi.nlm.nih.gov/pubmed/15096449


Copyright © 2018, Oracle and/or its affiliates. All rights reserved.  |

Signal Detection based on Clinical Narratives
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Combing signals from spontaneous reports and electronic health records for detection of adverse drug reactions.
Harpaz R, Vilar S, Dumouchel W, Salmasian H, Haerian K, Shah NH, Chase HS, Friedman C. JAMIA 2013
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Extracting ADRs from Product Labels
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• Used Machine learning (CRFs & Deep Learning) to identify adverse reactions
• Used a rule-based approach for negation detection of adverse reactions
• Ranked second out of 13 teams

Oracle:
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Conditional Random Fields & Deep Learning

Confidential – Oracle Internal/Restricted/Highly Restricted 8

LSTM LSTMLSTM

LSTM LSTMLSTM

B I OCRF layer

2-layer BiLSTM
512/256 units

word embedding 
+

2 dict membership

precision recall F1

CRF ensemble - R 81.2% 79.7% 80.43%

BiLSTM-CRF 84.7% 78.5% 81.47%

test

accuracy
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Signal Fusion

Confidential – Oracle Internal/Restricted/Highly Restricted 9

Toward Multimodal Signal Detection of Adverse Drug Reactions
Harpaz R, DuMouchel W, et al., J Biomed Inform 2017 
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Evaluation Strategies

time ADR recognized

time of analysis

2011 20132012200019951990

data used for analysis lead time of 36 months

2011 20132012200019951990

data used for analysis 

retrospective

prospective
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Methods

𝑁 + 𝛼

𝑐 ∙ 𝐸 + 𝛼

(from each data source)

Bayesian
observed-to-expected 

ratio

Unimodal

• Logistic Regression 

• Random Forests 

• Support Vector Machines 

• Naive Bayes Smoothing 

• Arithmetic Average

• Geometric Average 

• Fixed Effects MA

• Random Effects MA

• Empirical Bayes FAMA 

Multimodal

predictive

weighted
averaging 
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Prospective Evaluation - Mean Lead Time to Detection

results for the time indexed reference set
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Retrospective Evaluation – OMOP Reference Set

AUC

(29%)
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Safety 360 

prototype

../../Desktop/Safety360/index.html


Copyright © 2018, Oracle and/or its affiliates. All rights reserved.  |

Publications
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• Reverse translation of adverse event reports paves the way for de-risking preclinical off-targets. Maciejewski M, DuMouchel W, et al., 
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• Leveraging MEDLINE indexing for pharmacovigilance – inherent limitations and mitigation strategies; Winnenburg R, Sorbello R, 
Ripple A, Harpaz R, Tonning J, Szarfman R, Francis H, Bodenreider O., Journal of Biomedical Informatics 2015

• A time-indexed reference standard of adverse drug reactions. Harpaz R, Odgers D, Gaskin G, DuMouchel W, Winnenburg R, 
Bodenreider O, Ripple A, Szarfman A, Sorbello A, Horvitz E, White R, Shah N., Scientific Data, 2014 

• Text Mining for Adverse Drug Events: the Promise, Challenges, and State of the Art. Harpaz et al. Drug Safety 2014
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NH. Nature - Clinical Pharmacology & Therapeutics 2013
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Publications
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• Combing signals from spontaneous reports and electronic health records for detection of adverse drug reactions. Harpaz R, Vilar
S, Dumouchel W, Salmasian H, Haerian K, Shah NH, Chase HS, Friedman C. JAMIA 2013

• Evaluating the impact of database heterogeneity on observational study results. Madigan D, Ryan PB, Schuemie M, Stang
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MA, Hartzema AG, DuMouchel W, Reich C, Schuemie MJ, Madigan D. Drug Safety 2013

• Interpreting observational studies: why empirical calibration is needed to correct p-values. Schuemie MJ, Ryan PB, DuMouchel W, 
Suchard MA, Madigan D. Statistics in Medicine 2013

• Evaluation of disproportionality safety signaling applied to healthcare databases. DuMouchel W, Ryan PB, Schuemie MJ, Madigan D 
, Drug Safety 2013

• Multivariate Bayesian Logistic Regression for analysis of clinical study safety issues (with Discussion and Rejoinder). DuMouchel 
W, Statistical Science, 2012

• Novel Data-Mining Methodologies for Adverse Drug Event Discovery and Analysis. Harpaz R, DuMouchel W, Shah NH, Madigan D, 
Ryan P, Friedman C, Clinical Pharmacology & Therapeutics, 2012


