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OverviewOverview
•• Explanation for non-statisticiansExplanation for non-statisticians
•• New Multiple Item EmpiricalNew Multiple Item Empirical Bayesian Bayesian Gamma- Gamma-

PoissonPoisson Shrinker Shrinker (MGPS) Program (MGPS) Program
•• Number of SignalsNumber of Signals
•• ApplicationsApplications
•• ValidationValidation
•• Some additional characteristicsSome additional characteristics
•• Public accessPublic access
•• URLs to learn more about our workURLs to learn more about our work
•• ReferencesReferences
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What does safety dataWhat does safety data
mining do?mining do?

•• Automates the systematic detection of ‘higher than expected’Automates the systematic detection of ‘higher than expected’
signals without using external exposure data or adverse eventsignals without using external exposure data or adverse event
background informationbackground information

•• Signal scores (adjusted O/E) are derived from application of aSignal scores (adjusted O/E) are derived from application of a
statistical modelstatistical model

•• Operates on a database that is known to contain considerable noiseOperates on a database that is known to contain considerable noise
((misreportingmisreporting, duplications, coding errors), duplications, coding errors)

•• Uses stratification to control for potential confoundingUses stratification to control for potential confounding
•• Allows comparison with other drugs of a similar class or used for aAllows comparison with other drugs of a similar class or used for a

similar indication and with other events for a drugsimilar indication and with other events for a drug
•• The algorithm generates reliable signals without linkage to externalThe algorithm generates reliable signals without linkage to external

medical information on adverse drug reactionsmedical information on adverse drug reactions
•• Provides an objective and systematic view of the data, remindingProvides an objective and systematic view of the data, reminding

reviewers of what they already know and alerting them to criticallyreviewers of what they already know and alerting them to critically
important new safety signalsimportant new safety signals
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What does safety dataWhat does safety data
mining do? (mining do? (contcont))

•• Identifies signs of potential Identifies signs of potential drug-drug interactionsdrug-drug interactions and broadens the and broadens the
understanding of understanding of signals of drug-associated syndromessignals of drug-associated syndromes with existing with existing
and new drugs quickly and at minimal costand new drugs quickly and at minimal cost

•• Alerts reviewers from FDA and the pharmaceutical industry early toAlerts reviewers from FDA and the pharmaceutical industry early to
potential problems with new and existing drugs, including complicationspotential problems with new and existing drugs, including complications
when prescribing multiple drugs to a single patient, or when prescribingwhen prescribing multiple drugs to a single patient, or when prescribing
certain drugs to specific population subgroups, for example, the elderly,certain drugs to specific population subgroups, for example, the elderly,
or women, or people who already present medical problemsor women, or people who already present medical problems

•• Points out the need for additional controlled studies of certain drugs,Points out the need for additional controlled studies of certain drugs,
used either asused either as monotherapy monotherapy or in conjunction with other drugs or in conjunction with other drugs

•• The system does not automatically hide already-known associationsThe system does not automatically hide already-known associations
from raw data mining results so until this function is developedfrom raw data mining results so until this function is developed
reviewers have to filter these known events manuallyreviewers have to filter these known events manually

•• Adding context information will broaden the understanding of signals byAdding context information will broaden the understanding of signals by
by drug class, indication, chemical structure and function, and clinicalby drug class, indication, chemical structure and function, and clinical
pharmacology informationpharmacology information
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New Screening AlgorithmsNew Screening Algorithms
(written by William (written by William DuMouchelDuMouchel from AT&T Labs, Ana Szarfman, from AT&T Labs, Ana Szarfman,
principal investigator)principal investigator)

•• The GPS (Empirical The GPS (Empirical BayesianBayesian Gamma-Poisson Gamma-Poisson
ShrinkerShrinker) program) program
–– Computes signal scores for drug-event pairs by event, drug,Computes signal scores for drug-event pairs by event, drug,

gender, age, such as pediatrics and geriatricsgender, age, such as pediatrics and geriatrics

•• The MGPS (Multiple GPS) programThe MGPS (Multiple GPS) program
–– Computes signal scores for pairs, and higher-order (e.g., triplet,Computes signal scores for pairs, and higher-order (e.g., triplet,

quadruplet) combinations of drugs and events that arequadruplet) combinations of drugs and events that are
significantly more frequent than theirsignificantly more frequent than their pairwise pairwise associations would associations would
predictpredict

–– Adjusts for the multiplicity of drugs and events per record, anAdjusts for the multiplicity of drugs and events per record, an
important feature to have for the post October 1997 dataimportant feature to have for the post October 1997 data

–– It replaced GPSIt replaced GPS
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Input to system: the AERSInput to system: the AERS
MedWatchMedWatch database database
•• Over 8,000 drugs: Over 8,000 drugs: Representing Representing all all drugs anddrugs and

biologics in the US marketbiologics in the US market
•• Over 7,000 Event CodesOver 7,000 Event Codes
•• Over 2 million reportsOver 2 million reports
•• 35 years of data stored in a standardized35 years of data stored in a standardized

structurestructure
•• Over 56 million possible drug-event pairsOver 56 million possible drug-event pairs
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Number of Drug-Event PairsNumber of Drug-Event Pairs
with Signalswith Signals
•• In the current data, only 3.4% of all 1.2 million drug-event pairs everIn the current data, only 3.4% of all 1.2 million drug-event pairs ever

reported (with frequencies >=1) are signaled (next page, left panel)reported (with frequencies >=1) are signaled (next page, left panel)
•• The total number of drug-event pairs reported increased steadilyThe total number of drug-event pairs reported increased steadily

from 5,000 in 1969 to 10.4 million in 2000 (next page, right panel)from 5,000 in 1969 to 10.4 million in 2000 (next page, right panel)
•• More drugs have been added, and the opportunity of a drug-eventMore drugs have been added, and the opportunity of a drug-event

pair to exist has increasedpair to exist has increased
•• In 2000, the total frequency count that contributed to the signalsIn 2000, the total frequency count that contributed to the signals

comprises 23% (2.4 million) of the total 10.4 million drug-eventcomprises 23% (2.4 million) of the total 10.4 million drug-event
associations reported (not shown)associations reported (not shown)

•• A small proportion of signals (3.4%) captures a high proportion ofA small proportion of signals (3.4%) captures a high proportion of
the total number of drug-event associations reported (23%)the total number of drug-event associations reported (23%)

•• A clinically meaningful individual event typically corresponds toA clinically meaningful individual event typically corresponds to
multiple Event Codes (between 5-10). The signals include knownmultiple Event Codes (between 5-10). The signals include known
adverse reactions and conditions being treated coded as events.adverse reactions and conditions being treated coded as events.
This decreases the number of potential signals even furtherThis decreases the number of potential signals even further
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Progression of the proportion of drug-event pairs with reported frequency (>=1) with
signals (EB05 >=2) (y1-axis) and of the total number of drug-event pairs reported
(y2-axis) by year (x-axis) over the period 1978-2000
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MGPS: Multiple Item GPSMGPS: Multiple Item GPS
programprogram
•• DefinitionsDefinitions
•• Shrinkage towards assuming independence between allShrinkage towards assuming independence between all

itemsitems
•• EB05 is the lower 5% bound for the ratio of adjusted O/EEB05 is the lower 5% bound for the ratio of adjusted O/E
•• Both Excess and Excess2 are counts of reports instead ofBoth Excess and Excess2 are counts of reports instead of

ratios of O/Eratios of O/E
•• Excess is the E * (EB05-1)Excess is the E * (EB05-1)
•• Excess2 is the estimated number of reports unexplained byExcess2 is the estimated number of reports unexplained by

pair-wise occurrencespair-wise occurrences
•• EBGMDiffEBGMDiff=EBGM-E2/E=EBGM-E2/E
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Angina Pectoris
Retinal Detachment

Biliary Colic
Cataract Nos Aggravated

Palmar Erythema
Hepatitis Nos

Dermatographia
Rhabdomyolysis

Blood Creatine Phosphokinase Increased
Weakness

Myalgia
Renal Failure Nos
Muscle Weakness

Myositis
Difficulty In Walking

Peak Expiratory Flow Rate Decreased
Urine Discolouration

Muscle Cramps
Liver Function Tests Nos Abnormal

Myopathy
Blood Myoglobin Increased

Renal Failure Acute
Dialysis Nos

Haematuria Present
Myoglobinuria Present

Transaminase Nos Increased
Aspartate Aminotransferase Increased

Hepatic Function Abnormal Nos
Blood Creatine Phosphokinase Mb Increased

Myasthenic Syndrome
Muscle Necrosis

Alanine Aminotransferase Increased
Pain In Limb

Haemodialysis
Muscle Disorder Nos

Signals captured before standard methods. Data mining Drug-Event Pairs: Cumulative signal scores
(color) and number of reports (numbers) by year and quarter (x-axis) for cerivastatin, a cholesterol-lowering
drug voluntarily withdrawn (W) from the market in August 2001 (arrow 2001Q3) because of reports of fatal
rhabdomyolysis, renal failure, and other organ failure. Note the array of severe muscle adverse reactions,
including rhabdomyolysis (red arrows), renal failure (blue arrows), and liver events (green arrows) beginning
in 1998, and dialysis signals (blue arrows) in 1999 (darker shading corresponds to stronger signals)

W
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Data mining quadruple ‘Event-Event-Event-Event’ associations (syndromes) in
single reports. Deaths: Top ranking EB05 quadruple event combinations having
rhabdomyolysis’ showing the syndromes with only a small number of cases that
cannot be explained by pair-wise interactions

Color-coded signal scores (EB05)
Numbers: first, number of reports, second, excess2

53919

35309

29004

25816

24495

23305

5/ -1

4/ 0

4/ 1

7/ 2

9/ 3

3/ 0

E_Blood Creatine Phosphokinase Increased/ E_Blood Myoglobin Increased/ E_Myoglobinuria Present/ E_RhabdomyolysisE_Blood Creatine Phosphokinase Increased/ E_Blood Myoglobin Increased/ E_Myoglobinuria Present/ E_Rhabdomyolysis

E_Blood Creatine Phosphokinase Increased/ E_Myoglobinuria Present/ E_Rhabdomyolysis/ E_Urine DiscolourationE_Blood Creatine Phosphokinase Increased/ E_Myoglobinuria Present/ E_Rhabdomyolysis/ E_Urine Discolouration

E_Blood Myoglobin Increased/ E_Condition Aggravated/ E_Myoglobinuria Present/ E_RhabdomyolysisE_Blood Myoglobin Increased/ E_Condition Aggravated/ E_Myoglobinuria Present/ E_Rhabdomyolysis

E_Blood Creatine Phosphokinase Increased/ E_Blood Myoglobin Increased/ E_Renal Failure Nos/ E_RhabdomyolysisE_Blood Creatine Phosphokinase Increased/ E_Blood Myoglobin Increased/ E_Renal Failure Nos/ E_Rhabdomyolysis

E_Blood Creatine Phosphokinase Increased/ E_Myoglobinuria Present/ E_Renal Failure Nos/ E_RhabdomyolysisE_Blood Creatine Phosphokinase Increased/ E_Myoglobinuria Present/ E_Renal Failure Nos/ E_Rhabdomyolysis

E_Blood Creatine Phosphokinase Increased/ E_Decreased Activity/ E_Myoglobinuria Present/ E_RhabdomyolysisE_Blood Creatine Phosphokinase Increased/ E_Decreased Activity/ E_Myoglobinuria Present/ E_Rhabdomyolysis

% Cutpoints:

EB05 1276 53919

0% - 10% 10% - 25% 25% - 75% 75% - 90% 90% - 100%Min. Max.

1598 2029 8394 16086
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1276

24495

1645

11029

1757

3940

4/ 3

9/ 3

4/ 3

8/ 3

4/ 3

5/ 3

E_Cardiac Arrest/ E_Haemodialysis/ E_Rhabdomyolysis/ E_Ventricular TachycardiaE_Cardiac Arrest/ E_Haemodialysis/ E_Rhabdomyolysis/ E_Ventricular Tachycardia

E_Blood Creatine Phosphokinase Increased/ E_Myoglobinuria Present/ E_Renal Failure Nos/ E_RhabdomyolysisE_Blood Creatine Phosphokinase Increased/ E_Myoglobinuria Present/ E_Renal Failure Nos/ E_Rhabdomyolysis

E_Hypernatraemia/ E_Pyrexia/ E_Renal Failure Nos/ E_RhabdomyolysisE_Hypernatraemia/ E_Pyrexia/ E_Renal Failure Nos/ E_Rhabdomyolysis

E_Blood Creatine Phosphokinase Increased/ E_Myoglobinuria Present/ E_Respiratory Failure (Exc Neonatal)/ E_RhabdomyolysisE_Blood Creatine Phosphokinase Increased/ E_Myoglobinuria Present/ E_Respiratory Failure (Exc Neonatal)/ E_Rhabdomyolysis

E_Blood Creatine Phosphokinase Increased/ E_Blood Creatinine Increased/ E_Fall/ E_RhabdomyolysisE_Blood Creatine Phosphokinase Increased/ E_Blood Creatinine Increased/ E_Fall/ E_Rhabdomyolysis

E_Arrhythmia Nos/ E_Blood Creatine Phosphokinase Increased/ E_Hyperkalaemia/ E_RhabdomyolysisE_Arrhythmia Nos/ E_Blood Creatine Phosphokinase Increased/ E_Hyperkalaemia/ E_Rhabdomyolysis

% Cutpoints:

EB05 1276 53919

0% - 10% 10% - 25% 25% - 75% 75% - 90% 90% - 100%Min. Max.

1598 2029 8394 16086

Same as in previous slide showing the rhabdomyolysis syndromes having a larger
number of cases that cannot be explained by pair-wise interactions (top Excess2)

Color-coded signal scores (EB05)
Numbers: first, Number of reports, second, Excess2
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216/ 183

299/ 260

362/ 320

213/ 4

205/ 3

236/ -52

203/ 2

SZARFMAN@CDER.FDA.GOV data JAN2001, page  1 - run dated 23APR2001, EB05 >2

PAIR / E_Electrocardiogram Qt Prolonged E_Fear, Focus Nec

PAIR / E_Electrocardiogram Qt Prolonged E_Ventricular Fibrillation

PAIR / E_Electrocardiogram Qt Prolonged E_Ventricular Tachycardia

TRIPLE / E_Electrocardiogram Qt Prolonged E_Fear, Focus Nec E_Ventricular Fibrillation

TRIPLE / E_Electrocardiogram Qt Prolonged E_Fear, Focus Nec E_Ventricular Tachycardia

TRIPLE / E_Electrocardiogram Qt Prolonged E_Ventricular Fibrillation E_Ventricular Tachycardia

QUADRUPLE / E_Electrocardiogram Qt Prolonged E_Fear, Focus Nec E_Ventricular Fibrillation E_Ventricular Tachycardia
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Cutpoints:
>1e+06
<=1e+06
<=100000
<=10000
<=1000

Color-coded signal scores (EB05)
Numbers: first, Number of reports, second, Excess2

Pairs, triples, and
quadruples: EB05 for
the corresponding
components of pairs,
triples, and quadruples
associated with a
quadruple having 'QT
Prolongation' or
'Torsades de Pointes’

Pairs

Triples

Quadruple
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+ EXCESS2 / Rhabdomyolysis

+ EXCESS2 / Blood creatine phosphokinase increased

- EXCESS2 / Rhabdomyolysis

- EXCESS2 / Blood creatine phosphokinase increased

EB05: Value 
>     32
>     16 and <=     32
>      8 and <=     16
>      4 and <=      8
>      2 and <=      4
<=      2

Triplets: Synergic Drug-Drug Interactions with Drug BG.
Some signals cannot be explained by two-way interactions
(Positive Excess2)

Rhabdomyolysis
associated
events

Positive and
negative excess2

Concomitant drugs



September 2002 15

Process of validationProcess of validation
•• Data mining confirmed known positive andData mining confirmed known positive and

negative adverse event-drug associationsnegative adverse event-drug associations
across hundreds of drugsacross hundreds of drugs

•• Detected many important signals notDetected many important signals not
previously recognizedpreviously recognized

•• Has shown that adverse events could haveHas shown that adverse events could have
been signaled earlier for many drugs and inbeen signaled earlier for many drugs and in
many drug classes, and formany drug classes, and for subpopulations subpopulations,,
including including pediatric patients, and men andpediatric patients, and men and
womenwomen
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Marketed / 1-1/ NABUMETONE/ NABUMETONE/ ALKANONE
Marketed / 1-1/ RELAFEN/ NABUMETONE/ ALKANONE

Marketed / 2-1/ MECLOFENAMATE SODIUM/ MECLOFENAMATE/ ARYLANTHRANILIC
Marketed / 2-1/ MECLOMEN/ MECLOFENAMATE/ ARYLANTHRANILIC

Marketed / 2-2/ MEFENAMIC ACID/ MEFENAMIC ACID/ ARYLANTHRANILIC
Marketed / 2-2/ PONSTAN FORTE/ MEFENAMIC ACID/ ARYLANTHRANILIC

Marketed / 2-2/ PONSTAN/ MEFENAMIC ACID/ ARYLANTHRANILIC
Marketed / 2-2/ PONSTEL/ MEFENAMIC ACID/ ARYLANTHRANILIC

Marketed / 2-2/ PONTAL/ MEFENAMIC ACID/ ARYLANTHRANILIC

Marketed / 3-2/ FENOPROFEN CALCIUM/ FENOPROFEN/ ARYLPROPIONIC
Marketed / 3-2/ FENOPROFEN/ FENOPROFEN/ ARYLPROPIONIC

Marketed / 3-2/ NALFON/ FENOPROFEN/ ARYLPROPIONIC
Marketed / 3-3/ ANSAID/ FLURBIPROFEN/ ARYLPROPIONIC

Marketed / 3-3/ FLURBIPROFEN/ FLURBIPROFEN/ ARYLPROPIONIC
Marketed / 3-3/ OCUFEN/ FLURBIPROFEN/ ARYLPROPIONIC

Marketed / 3-4-PED/ CHILDREN'S ADVIL/ IBUPROFEN/ ARYLPROPIONIC
Marketed / 3-4-PED/ CHILDREN'S MOTRIN/ IBUPROFEN/ ARYLPROPIONIC

Marketed / 3-4-PED/ PEDIAPROFEN/ IBUPROFEN/ ARYLPROPIONIC
Marketed / 3-4/ ADVIL/ IBUPROFEN/ ARYLPROPIONIC

Marketed / 3-4/ IBUPROFEN/ IBUPROFEN/ ARYLPROPIONIC

Marketed / 3-4/ MOTRIN IB/ IBUPROFEN/ ARYLPROPIONIC
Marketed / 3-4/ MOTRIN/ IBUPROFEN/ ARYLPROPIONIC
Marketed / 3-4/ NUPRIN/ IBUPROFEN/ ARYLPROPIONIC

Marketed / 3-5/ ACTRON/ KETOPROFEN/ ARYLPROPIONIC
Marketed / 3-5/ KETOPROFEN/ KETOPROFEN/ ARYLPROPIONIC

Marketed / 3-5/ ORUDIS KT/ KETOPROFEN/ ARYLPROPIONIC
Marketed / 3-5/ ORUDIS/ KETOPROFEN/ ARYLPROPIONIC

Marketed / 3-5/ ORUVAIL/ KETOPROFEN/ ARYLPROPIONIC
Marketed / 3-5/ PROFENID/ KETOPROFEN/ ARYLPROPIONIC

Marketed / 3-6/ ALEVE/ NAPROXEN/ ARYLPROPIONIC

Marketed / 3-6/ ANAPROX-DS/ NAPROXEN/ ARYLPROPIONIC
Marketed / 3-6/ ANAPROX/ NAPROXEN/ ARYLPROPIONIC
Marketed / 3-6/ APRANAX/ NAPROXEN/ ARYLPROPIONIC

Marketed / 3-6/ NAPRELAN/ NAPROXEN/ ARYLPROPIONIC
Marketed / 3-6/ NAPROSYN/ NAPROXEN/ ARYLPROPIONIC

Marketed / 3-6/ NAPROXEN SODIUM/ NAPROXEN/ ARYLPROPIONIC
Marketed / 3-6/ NAPROXEN/ NAPROXEN/ ARYLPROPIONIC

Marketed / 3-7/ DAYPRO/ OXAPROZIN/ ARYLPROPIONIC
Marketed / 3-7/ OXAPROZIN/ OXAPROZIN/ ARYLPROPIONIC

Marketed / 4-2/ FELDENE/ PIROXICAM/ ENOLIC
Marketed / 4-2/ PIROXICAM/ PIROXICAM/ ENOLIC

Marketed / 5-2/ CATAFLAM/ CATAFLAM/ HETEROARYL ACETIC
Marketed / 5-3/ DICLOFENAC SODIUM/ DICLOFENAC/ HETEROARYL ACETIC

Marketed / 5-3/ VOLTAREN/ DICLOFENAC/ HETEROARYL ACETIC
Marketed / 5-3/ VOLTAROL/ DICLOFENAC/ HETEROARYL ACETIC

Marketed / 5-4/ ACULAR/ KETOROLAC/ HETEROARYL ACETIC

Marketed / 5-4/ KETOROLAC TROMETHAMINE/ KETOROLAC/ HETEROARYL ACETIC
Marketed / 5-4/ TORADOL/ KETOROLAC/ HETEROARYL ACETIC
Marketed / 5-5/ TOLECTIN DS/ TOLMETIN/ HETEROARYL ACETIC

Marketed / 5-5/ TOLECTIN/ TOLMETIN/ HETEROARYL ACETIC
Marketed / 5-5/ TOLMETIN SODIUM/ TOLMETIN/ HETEROARYL ACETIC

Marketed / 5-5/ TOLMETIN/ TOLMETIN/ HETEROARYL ACETIC
Marketed / 6-1/ ETODOLAC/ ETODOLAC/ INDOLE & INDENE ACETIC

Marketed / 6-1/ LODINE/ ETODOLAC/ INDOLE & INDENE ACETIC
Marketed / 6-2/ INDOCID/ INDOMETHACIN/ INDOLE & INDENE ACETIC

Marketed / 6-2/ INDOCIN SR/ INDOMETHACIN/ INDOLE & INDENE ACETIC

Marketed / 6-2/ INDOCIN/ INDOMETHACIN/ INDOLE & INDENE ACETIC
Marketed / 6-2/ INDOMETHACIN/ INDOMETHACIN/ INDOLE & INDENE ACETIC

Marketed / 6-3/ CLINORIL/ SULINDAC/ INDOLE & INDENE ACETIC
Marketed / 6-3/ SULINDAC/ SULINDAC/ INDOLE & INDENE ACETIC

Marketed / 7-1/ ACETAMINOPHEN/ ACETAMINOPHEN/ PARA-AMINOPHENOL

Marketed / 7-1/ DAFALGAN/ ACETAMINOPHEN/ PARA-AMINOPHENOL
Marketed / 7-1/ DOLIPRANE/ ACETAMINOPHEN/ PARA-AMINOPHENOL

Marketed / 7-1/ PANADOL/ ACETAMINOPHEN/ PARA-AMINOPHENOL
Marketed / 7-1/ PANODIL/ ACETAMINOPHEN/ PARA-AMINOPHENOL

Marketed / 7-1/ PARACETAMOL/ ACETAMINOPHEN/ PARA-AMINOPHENOL

Marketed / 7-1/ TYLENOL EXTENDED RELIEF/ ACETAMINOPHEN/ PARA-AMINOPHENOL
Marketed / 7-1/ TYLENOL EXTRA STRENGTH/ ACETAMINOPHEN/ PARA-AMINOPHENOL

Marketed / 7-1/ TYLENOL PM/ ACETAMINOPHEN/ PARA-AMINOPHENOL
Marketed / 7-1/ TYLENOL/ ACETAMINOPHEN/ PARA-AMINOPHENOL

Marketed / 8-1/ A.S.A./ ASPIRIN/ SALICILATE
Marketed / 8-1/ ACETYLSALICYLIC ACID/ ASPIRIN/ SALICILATE

Marketed / 8-1/ ALBYL/ ASPIRIN/ SALICILATE
Marketed / 8-1/ ASPEGIC/ ASPIRIN/ SALICILATE

Marketed / 8-1/ ASPIRIN ENTERIC COATED/ ASPIRIN/ SALICILATE
Marketed / 8-1/ ECOTRIN/ ASPIRIN/ SALICILATE
Marketed / 8-1/ EMPIRIN/ ASPIRIN/ SALICILATE

Marketed / 8-2/ CHOLINE MAGNESIUM TRISALICYLATE/ CHOLINE MG TRISALICYLATE/ SALICILATE
Marketed / 8-2/ TRILISATE/ CHOLINE MG TRISALICYLATE/ SALICILATE

Marketed / 8-3/ DIFLUNISAL/ DIFLUNISAL/ SALICILATE
Marketed / 8-3/ DOLOBID/ DIFLUNISAL/ SALICILATE

Marketed / 8-4/ DISALCID/ 4-SALSALATE/ SALICILATE

Marketed / 8-4/ SALSALATE/ 4-SALSALATE/ SALICILATE
Marketed / 8-5/ AZULFIDINE/ SULFASALAZINE/ SALICILATE

Marketed / 8-5/ SALAZOPYRIN/ SULFASALAZINE/ SALICILATE
Marketed / 8-5/ SULFASALAZINE/ SULFASALAZINE/ SALICILATE

Non-Marketed / 3-1/ BENOXAPROFEN/ BENOXAPROFEN/ ARYLPROPIONIC

Non-Marketed / 3-1/ ORAFLEX/ BENOXAPROFEN/ ARYLPROPIONIC
Non-Marketed / 3-8/ SUPROFEN/ SUPROFEN/ ARYLPROPIONIC

Non-Marketed / 3-8/ SUPROL/ SUPROFEN/ ARYLPROPIONIC
Non-Marketed / 4-1/ BUTAZOLIDIN/ PHENYLBUTAZONE/ ENOLIC

Non-Marketed / 4-1/ PHENYLBUTAZONE/ PHENYLBUTAZONE/ ENOLIC
Non-Marketed / 5-6/ ZOMAX/ ZOMEPIRAC/ HETEROARYL ACETIC

Cutpoints:
>5
<=5
<=4
<=3
<=2

Confirming known positive and negative adverse event-drug associations: +/- data mining signals
with NSAIDs: Spatial Map Showing Signal Scores (SS) by drug (rows) nested by drug name
variation, drug class and marketed status and by event (columns)  nested by type. Highlighted
bottom rows are drugs currently not being marketed

1 2 3 4 5 6 7 8

Type of event: 1, Anaphyl; 2, Overdose; 3, GI; 4, Liver; 5, Aplastic
anemia;  6, GI bleeding; 7, Eye; 8, Kidney



September 2002 17

Operating characteristics ofOperating characteristics of
MGPSMGPS
•• The sensitivity and specificity forThe sensitivity and specificity for

tamoxifentamoxifen, a drug well-characterized by, a drug well-characterized by
recent large clinical trials were evaluatedrecent large clinical trials were evaluated
for 4 different EB05 cutoff points (1.5, 2, 4,for 4 different EB05 cutoff points (1.5, 2, 4,
and 8), each requiring a greater ratio ofand 8), each requiring a greater ratio of
higher than expected to signalhigher than expected to signal

•• The information required in the currentThe information required in the current
drug label was used as a gold standard ofdrug label was used as a gold standard of
a true signal, across all years of marketinga true signal, across all years of marketing
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Labeled Events:
Warning or Contraindication Section
Any Labeling Section

Tamoxifen: Receiver Operator curves for analysis of specificity/sensitivity
across 23 years of marketing using EB05 cut-offs of 1.5, 2, 4, 8. Note the
False Positive rate of <0.06 since marketing started
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Some additional characteristicsSome additional characteristics
•• MGPS correctly identifies known signals and new problems and provides objective andMGPS correctly identifies known signals and new problems and provides objective and

systematic way of systematic way of summarizingsummarizing signals to help signals to help prioritize prioritize reviews and manage risk reviews and manage risk
•• The system can be trained to The system can be trained to recognizerecognize and suppress outputs with known disease and suppress outputs with known disease

related/related/labeledlabeled events events
•• TTimeime sequences help sequences help detect publicity effect detect publicity effect
•• We have demonstrated that we can predict We have demonstrated that we can predict useful external denominators fromuseful external denominators from

“numerators”“numerators”

Public accessPublic access
•• The FDA's post-marketing database: U.S. Department of Commerce National TechnicalThe FDA's post-marketing database: U.S. Department of Commerce National Technical

Information Service (NTIS) http://www.Information Service (NTIS) http://www.ntisntis..govgov//
•• The C++ GPS program for calculating signals: ftp://ftp.research.The C++ GPS program for calculating signals: ftp://ftp.research.attatt.com/.com/distdist//gpsgps
•• This access simplifies independent re-examination and validation and facilitates use byThis access simplifies independent re-examination and validation and facilitates use by

groups managing drug risksgroups managing drug risks

URLs to learn more about our workURLs to learn more about our work
•• Video Clips. Workshop onVideo Clips. Workshop on datamining datamining with applications in with applications in genomics genomics, clinical trials and, clinical trials and

post-marketing drug risk.post-marketing drug risk. Schering Schering-Plough Workshop 2000-2001. Harvard School of-Plough Workshop 2000-2001. Harvard School of
Public Health. Available from URL: http://www.Public Health. Available from URL: http://www.biostatbiostat..harvardharvard..eduedu/events//events/scheringschering--
plough/old/agenda2000-01.htmlplough/old/agenda2000-01.html

•• Web page prototype with over 11,000 drug profiles for dissemination of information toWeb page prototype with over 11,000 drug profiles for dissemination of information to
specific CDER and CBER reviewers has been populatedspecific CDER and CBER reviewers has been populated

•• DuMouchelDuMouchel W.: ftp://ftp.research. W.: ftp://ftp.research.attatt.com/.com/distdist//gpsgps
•• SzarfmanSzarfman A. New methods for signal detection. http://www. A. New methods for signal detection. http://www.fdafda..govgov//cdercder/present//present/ispeispe--

1999/default.1999/default.htmhtm
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Uncertainties in interpretation ofUncertainties in interpretation of
FDA’s post-marketing safetyFDA’s post-marketing safety
databasedatabase
•• No research protocol thatNo research protocol that

can control forcan control for
–– Selection biasSelection bias
–– Under-reportingUnder-reporting
–– Reports enriched inReports enriched in

response to publicity orresponse to publicity or
“Dear Doctor” letters“Dear Doctor” letters

–– Variable historical dataVariable historical data

•• Some of the data may beSome of the data may be
invalid: duplications,invalid: duplications,
coding errors, poor qualitycoding errors, poor quality
of informationof information

- Impossible to review the over 2 million records collected and the over
0.3 million new records per year using standard methods
- Impossible to “clean” all these records prior to applying algorithms
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