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Requirements for Requirements for 
PharmacovigilantPharmacovigilant SystemSystem

•• Electronic Definition of ADRElectronic Definition of ADR
•• Ongoing Population Based Estimate of Ongoing Population Based Estimate of 

Incidence of ADRIncidence of ADR’’ss
•• Ability to Electronically Monitor Health Ability to Electronically Monitor Health 

Events as New Drug is Introduced into a Events as New Drug is Introduced into a 
Large PopulationLarge Population

•• Ability to Compare Incidence of ADR Ability to Compare Incidence of ADR 
Phenotype in Population Taking New Drug Phenotype in Population Taking New Drug 
Against the Incidence in Reference Against the Incidence in Reference 
PopulationPopulation
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Research In PGRN Is DiverseResearch In PGRN Is Diverse



Establish Phenotypic Criteria To Ascertain Establish Phenotypic Criteria To Ascertain 
Cases of Adverse Drug ReactionsCases of Adverse Drug Reactions

Drug Induced Liver Toxicity

Statin Induced Myopathy

Drug Induced Renal Toxicity

Torsades de Pointes



PGRN Adverse Drug ReactionsPGRN Adverse Drug Reactions
Working GroupWorking Group

CoCo--chairs: Dan Roden, M.D.  and Ronald Krauss, M.D.chairs: Dan Roden, M.D.  and Ronald Krauss, M.D.

Goal: To facilitate studies of genetic risk factors forGoal: To facilitate studies of genetic risk factors for
adverse drug reactions.adverse drug reactions.



Example:
Criteria For Ascertainment of Rhabdomyolysis

Discharge diagnosis code: (ICDDischarge diagnosis code: (ICD--99--CM).CM).

Admitting diagnosis: Evidence from medical 
record of severe muscle injury. 

Elevation of creatine kinase level to more than Elevation of creatine kinase level to more than 
10 times the upper limit.10 times the upper limit.
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Marshfield Epidemiologic Marshfield Epidemiologic 
Study AreaStudy Area

##

Central North

Resource for populationResource for population--based health researchbased health research
80,000 people, stable population80,000 people, stable population
6060--70% participation in studies70% participation in studies
Northern European originNorthern European origin
Many families have lived in MESA for many Many families have lived in MESA for many 
generationsgenerations

MESA CENTRALMESA CENTRAL
95% of population in database95% of population in database
94% of all hospital discharges94% of all hospital discharges
92% of all medical outpatient visits92% of all medical outpatient visits
99% of all deaths99% of all deaths



Marshfield Epidemiological Marshfield Epidemiological 
Study AreaStudy Area

•• Allows Accurate Evaluation of Population Allows Accurate Evaluation of Population 
Based Incidence and Prevalence of DiseaseBased Incidence and Prevalence of Disease

•• ““Syndromic SurveillanceSyndromic Surveillance”” Using the Highly Using the Highly 
Sophisticated and Integrated EMRSophisticated and Integrated EMR

•• Ability to Detect a Change in the Incidence Ability to Detect a Change in the Incidence 
of a Defined Syndrome in the Clinic of a Defined Syndrome in the Clinic 
Population as Different from the Reference Population as Different from the Reference 
PopulationPopulation



Highly Integrated EMRHighly Integrated EMRHighly Integrated EMR

Point of CarePoint of Care
Inpatient and Outpatient DataInpatient and Outpatient Data
Data Warehouse for RetrievalData Warehouse for Retrieval



Marshfield ClinicMarshfield Clinic’’s s 
EMREMR

•• Began in the early 1960Began in the early 1960’’s with electronic lab s with electronic lab 
datadata

•• Since 1975 joint inpatient and outpatient Since 1975 joint inpatient and outpatient 
recordsrecords

•• All outpatient and inpatient healthcare All outpatient and inpatient healthcare 
tracked electronically since early 1980tracked electronically since early 1980’’ss

•• Currently tracks all healthcare activities Currently tracks all healthcare activities 
clinical data, FMH, patient medical history, clinical data, FMH, patient medical history, 
lab, procedures, radiology, pathology, lab, procedures, radiology, pathology, 
medications, etc, inpatient and outpatient.medications, etc, inpatient and outpatient.

•• Event driven, updated with each new medical Event driven, updated with each new medical 
appointmentappointment



EMR StatusEMR StatusEMR Status
–1,623 total users system wide
–2,376 procedure terms with 29,838 code 

rules
–18,729 diagnoses with 44,920 code 

rules
–Over 1,800,000 visits in 2006
–Over 1,200,000 total electronic records



Annual Unique Patients ~400,000Annual Unique Patients ~400,000

MESAMESA
~80,000~80,000

PMRPPMRP
~20,000~20,000

All MC Health CareAll MC Health Care
Events CapturedEvents Captured
ElectronicallyElectronically

All Health CareAll Health Care
At MCAt MC~1,800,000 Visits~1,800,000 Visits

~1,200,000 Electronic~1,200,000 Electronic
RecordsRecords

Donated DNA,Donated DNA,
Serum, Plasma Serum, Plasma 
Access To Health Access To Health 
RecordsRecords
IRB Approval ofIRB Approval of
ProjectsProjects

PMRP Population ConstructPMRP Population Construct
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••Administers public and private employer plans of Administers public and private employer plans of 
all sizes, health plans, labor unions, government all sizes, health plans, labor unions, government 

agencies and individuals served by Medicare Part Dagencies and individuals served by Medicare Part D

••MedcoMedco serves approximately serves approximately 60 million lives60 million lives

•• Prescriptions filled in Prescriptions filled in MedcoMedco mail service mail service 
pharmacies in 2006 totaled pharmacies in 2006 totaled 89 million89 million

••Prescription claims processed in 2006 totaled Prescription claims processed in 2006 totaled 553.4 553.4 
millionmillion

•• About About 60,000 pharmacies60,000 pharmacies participate in participate in MedcoMedco
retail pharmacy networksretail pharmacy networks



Prescribing of antipsychotic medications in 
patients started on drugs to treat ADHD as a 
way of spotting the incidence of psychiatric 
side effects.

Prescribing of lactulose, neomycin, or 
rifaximin in patients who received Ketek to 
identify hepatotoxic reactions.

Prescribing of antiplatelet drugs in patients 
who received Lucentis to identify new strokes

Prescribing psychoactive drugs in children 
who received Tamiflu to identify delirium



Prescribing of Prescribing of antiplateletsantiplatelets/anticoagulant drugs in /anticoagulant drugs in 
patients who received patients who received Aranesp/EpogenAranesp/Epogen to identify to identify 
thrombotic events. thrombotic events. 

Prescribing of Prescribing of digoxindigoxin, , lasixlasix & & ACEI'sACEI's in patients on in patients on 
GleevecGleevec or or HerceptinHerceptin to identify drug induced CHFto identify drug induced CHF

Prescribing of Prescribing of antiplateletantiplatelet or or antiocoagulantsantiocoagulants in in 
patients on Orthopatients on Ortho--EvraEvra to identify clots/thrombotic to identify clots/thrombotic 
eventsevents

Prescribing of oral hypoglycemic agents in patients Prescribing of oral hypoglycemic agents in patients 
on on TequinTequin or to identify drug induced diabetes or or to identify drug induced diabetes or 
hypoglycemia.hypoglycemia.



Prescribing of lactulose, neomycin or rifaximin in 
patients on Cylert, beta interferons, Cymbalta to 
identify drug induced hepatotoxcity.

Prescribing of TB drugs/antibiotics in patients on 
Raptiva to identify increased incidence of infections

Prescribing of antiplatelet drugs or anticoagulants in 
patients receiving COX-2 inhibitors, e.g. 
etoricoxib/lumiracoxib to identify thrombotic events.

Prescribing of antiseizure medication in patients 
with psychiatric disorders taking Gabitril who are 
niaive to antiseizure medication to identify drug 
induced seizures
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Supervised Learning Task

• Given: Clinical and genetic database as 
shown

• Do: Learn a model to predict drug 
response or adverse reaction



Machine Learning (ML)
Database

Date Patient ICD9 Drug

12/2/02 P1 437.2 358

12/1/02 P1 348.1

1/20/03 P1 258.3 256

3/19/04 P2 568.0 784

4/29/04 P3 129.5 654

5/10/04 P3 358

6/19/04 P3 258.3 256

ICD9 Code
of 258.3?

Has not had
Drug 358

Had taken
Drug 358

No Yes

Input is a database, output is a predictive model.  Many different types of models;
simple decision tree shown is just one type of model.  Model may not be completely
consistent with the data, but ML’s goal is to find a simple, nearly consistent model.

ML



Specific Learning Task
• Given: Data for patients on Cox-2 inhibitors
• Do: Learn a model to predict elevated risk of MI
• Model might be a Bayes net where some 

variables are defined by learned rules, e.g.,
– At least half of patient’s last 2 years of blood 

pressures have been over 135 or 85 and patient has 
had at least one report of palpitations

– Patient is AA for SNP4978 and either:
• Not BB for SNP79252 or
• AB for SNP97324



Proposal: A Machine Learning 
Approach to Pharmacovigilance

• Given: Data about prescriptions and 
diagnoses for patients.

• Do: Learn a model to distinguish patients 
on new drug D from patients not on D.

• If there is an adverse reaction R to drug D, 
then patients on D will be predicted better 
than chance (guessing), based on 
diagnoses related to R or prescriptions for 
drugs that treat R.



Additional Details
• Use only data after patient begins drug; 

otherwise, model might predict drug from the 
diagnosis for which drug is prescribed.

• Must test learned model on unseen (held-aside) 
patients, to see if truly better than guessing.

• Use an ML algorithm that gives a human-
readable model, so analysts can determine 
whether the model really is indicating a potential 
adverse event.

• The control cases could be any patients not on 
the drug, or specifically patients on other drugs 
of the same class.



ML

ML

ML
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