
Leveraging Data to Inform Health Leveraging Data to Inform Health 
DecisionDecision--MakersMakers

Muhammad Muhammad MamdaniMamdani, , PharmDPharmD, MA, MPH, MA, MPH
Li Ka Li Ka ShingShing Knowledge Institute of St. MichaelKnowledge Institute of St. Michael’’s Hospitals Hospital





ObjectivesObjectives

To understand how different forms of clinical To understand how different forms of clinical 
research can inform decisionresearch can inform decision--makingmaking

To understand how To understand how pharmacovigilancepharmacovigilance research research 
can be useful in decisioncan be useful in decision--makingmaking

To understand key factors in leveraging To understand key factors in leveraging 
pharmacovigilancepharmacovigilance research to inform decisionresearch to inform decision--
makingmaking



Sources of DrugSources of Drug--Related ResearchRelated Research

Clinical Trials

(RCTs)

Expert 
Opinion

Case Report / 
Case Series

Secondary 
Database 
Research

Clinical 
Registries

Systematic 
Reviews / 

Meta-
Analyses

Others



Hierarchy of EvidenceHierarchy of Evidence

Level of EvidenceLevel of Evidence Study TypeStudy Type
Level 1Level 1 RCTsRCTs
Level 2Level 2 Cohort StudiesCohort Studies
Level 3Level 3 CaseCase--Control StudiesControl Studies
Level 4Level 4 Case SeriesCase Series
Level 5Level 5 Expert OpinionExpert Opinion

Adapted from Oxford Centre for Evidence-Based Medicine, 2002



The Risk of Being Narrowly FocusedThe Risk of Being Narrowly Focused



The Trouble with RCTsThe Trouble with RCTs
Example: H. pylori eradication and nonExample: H. pylori eradication and non--ulcer dyspepsiaulcer dyspepsia

McColl et al (NEJM, 1998)McColl et al (NEJM, 1998)
Treatment (n=154): Omeprazole 20 mg bid + amoxicillin 500 mg Treatment (n=154): Omeprazole 20 mg bid + amoxicillin 500 mg 
tid + 400 mg metronidazole tid x 2 weekstid + 400 mg metronidazole tid x 2 weeks
Comparison (n=154): omeprazole 20 mg bid x 2 weeksComparison (n=154): omeprazole 20 mg bid x 2 weeks
Symptom resolution at 1 year: Tx = 21% vs. Comparison = 7% Symptom resolution at 1 year: Tx = 21% vs. Comparison = 7% 
(p<0.001)(p<0.001)

Blum et al (NEJM, 1998)Blum et al (NEJM, 1998)
Treatment (n=164): Omeprazole 20 mg bid + amoxicillin 1000 mg Treatment (n=164): Omeprazole 20 mg bid + amoxicillin 1000 mg 
bid + 500 mg clarithromycin bid x 1 weekbid + 500 mg clarithromycin bid x 1 week
Comparison (n=164): omeprazole 20 mg bid x 1 weekComparison (n=164): omeprazole 20 mg bid x 1 week
Symptom resolution at 1 year: Tx = 27% vs. Comparison = 21% Symptom resolution at 1 year: Tx = 27% vs. Comparison = 21% 
(p=0.17)(p=0.17)



Examining Secondary Endpoints: Examining Secondary Endpoints: 
Is there Room for Uncertainty?Is there Room for Uncertainty?

Case Example: ELITE I vs ELITE IICase Example: ELITE I vs ELITE II
Patient populationPatient population

elderly patients with CHFelderly patients with CHF

Comparison groups:Comparison groups:
Losartan 50 mg qd      vs      Captopril 50 mg tidLosartan 50 mg qd      vs      Captopril 50 mg tid

ELITE I (Lancet 1997)ELITE I (Lancet 1997)
N = 722N = 722
Primary endpoint = change in serum creatininePrimary endpoint = change in serum creatinine
Secondary endpoint = total mortality; L:C   RR=0.54 (0.31Secondary endpoint = total mortality; L:C   RR=0.54 (0.31--0.95)0.95)

ELITE II (Lancet, 2000)ELITE II (Lancet, 2000)
N = 3,152N = 3,152
Primary Endpoint = total mortality; L:C   RR=1.13 (0.95Primary Endpoint = total mortality; L:C   RR=1.13 (0.95--1.35)1.35)



The Trouble with Observational StudiesThe Trouble with Observational Studies
Example: HRT and cardiovascular diseaseExample: HRT and cardiovascular disease

Stampfer et al (NEJM, 1985) Stampfer et al (NEJM, 1985) –– ‘‘NurseNurse’’s Health Studys Health Study’’
Cohort study beginning in 1976 Cohort study beginning in 1976 
32,317 nurses age 3032,317 nurses age 30--55 years without a history coronary disease55 years without a history coronary disease
FollowFollow--up = approx. 4 yearsup = approx. 4 years
Findings (ever vs. never users): RR=0.5 (0.3Findings (ever vs. never users): RR=0.5 (0.3--0.8) for CV events0.8) for CV events

Wilson et al (NEJM, 1985) Wilson et al (NEJM, 1985) –– ‘‘Framingham StudyFramingham Study’’
1,234 postmenopausal women age 501,234 postmenopausal women age 50--83 years83 years
FollowFollow--up = approx. 8 yearsup = approx. 8 years
Findings (past or current use vs. never): RR=1.8 (p<0.01) for CVFindings (past or current use vs. never): RR=1.8 (p<0.01) for CV
eventsevents

Contrast to findings from two large RCTs:Contrast to findings from two large RCTs:
HERS and WHIHERS and WHI



Can Observational Studies and Can Observational Studies and 
Clinical Trials Live in Harmony??Clinical Trials Live in Harmony??



RALESRALES
Randomized Randomized ALdactonEALdactonE StudyStudy

Pitt et al, N Pitt et al, N EnglEngl J Med, 1999J Med, 1999

DoubleDouble--blind randomized controlled trial in patients with blind randomized controlled trial in patients with 
congestive heart failurecongestive heart failure
Primary endpoint: allPrimary endpoint: all--cause mortalitycause mortality

Screened  (n=?)

Randomize

Spironolactone (n=822)
25 mg po qd

- Increase to 50 mg po qd 
where tolerated

Placebo (n=841)

Inclusion Exclusion



RALES CriteriaRALES Criteria
Inclusion / ExclusionInclusion / Exclusion

NYHA class III or IV at time of enrolmentNYHA class III or IV at time of enrolment
LVEF < 35% within 6 monthsLVEF < 35% within 6 months
Exclude patients with serum creatinine Exclude patients with serum creatinine ≥≥ 2.5 mg/dL or 2.5 mg/dL or 
serum potassium > 5 mmol/Lserum potassium > 5 mmol/L

FollowFollow--upup
Lab and clinic followLab and clinic follow--up at 4 weeks and 3 and 6 up at 4 weeks and 3 and 6 
monthsmonths
Appropriate use of ACE inhibitors and betaAppropriate use of ACE inhibitors and beta--blockersblockers
D/c KD/c K--sparing diuretics and Ksparing diuretics and K++ supplementssupplements
Holding spironolactone for hyperkalemia or creatinine Holding spironolactone for hyperkalemia or creatinine 
> 4 mg/dL> 4 mg/dL



RALES RALES -- ResultsResults

OutcomeOutcome Absolute RiskAbsolute Risk Relative RiskRelative Risk

DeathDeath Pl=46%       Pl=46%       
Spir=35%Spir=35%
p<0.001p<0.001

0.70 0.70 
(0.60(0.60--0.82)0.82)

Readmission Readmission 
for HFfor HF

Pl=36%       Pl=36%       
Spir=26%Spir=26%
p<0.001p<0.001

0.650.65
(0.54(0.54--0.77)0.77)

Serious Serious 
HyperkalemiaHyperkalemia

Pl=1.2%     Pl=1.2%     
Spir=1.7%Spir=1.7%

p=0.42p=0.42

NSNS



BUT in the BUT in the ‘‘Real WorldReal World’…’…..
Different patients may get the drugDifferent patients may get the drug

> 50% of population that would normally use the drugs in > 50% of population that would normally use the drugs in 
clinical practice often do not meet inclusion / exclusion criterclinical practice often do not meet inclusion / exclusion criteria of ia of 
RCTs (e.g. Gill et al, CJCP, 2004)RCTs (e.g. Gill et al, CJCP, 2004)

Patients may not be monitored as carefullyPatients may not be monitored as carefully

Patients may not take their drug as they shouldPatients may not take their drug as they should

Patients may take interacting drugs that they shouldnPatients may take interacting drugs that they shouldn’’t t 
be onbe on

Patients may not adhere to their drugs optimallyPatients may not adhere to their drugs optimally



WhatWhat’’s the Problem?s the Problem?



Anton et alAnton et al
J Clin Pharm Ther 2003; 28: 285J Clin Pharm Ther 2003; 28: 285--77

Anton et al. Anton et al. J Clin Pharm TherJ Clin Pharm Ther 2003;28:2852003;28:285--77
Retrospective cohortRetrospective cohort

Single hospitalSingle hospital
110 patients Rx spironolactone + ACEI110 patients Rx spironolactone + ACEI

Mean age 71 years, half with DMMean age 71 years, half with DM

OutcomesOutcomes
Cessation of spironolactoneCessation of spironolactone
HyperkalemiaHyperkalemia



FindingsFindings

24% developed 24% developed ↑↑KK++ (> 5.5 mEq/L) (> 5.5 mEq/L) at 1 yearat 1 year
Many stopped spironolactoneMany stopped spironolactone

J Clin Pharm Ther 2003;28:285-7





Bozkurt et alBozkurt et al
J Am Coll Cardiol 2003;41:211J Am Coll Cardiol 2003;41:211--44

CriteriaCriteria Bozkurt et alBozkurt et al
(n=104)(n=104)

RALESRALES
(n=822)(n=822)

NHYA (% patients)NHYA (% patients)
II
IIII
IIIIII
IVIV
UndocumentedUndocumented

4.5%4.5%
4.5%4.5%
15.3%15.3%
10.3%10.3%
65.4%65.4%

0%0%
0.5%0.5%
72%72%
27%27%
0%0%

% Patients with LVEF < 35%% Patients with LVEF < 35% 54.8%54.8% 100%100%

% Patients with renal % Patients with renal 
insufficiency at baselineinsufficiency at baseline

30.7%30.7% ExcludedExcluded

Use of betaUse of beta--blockersblockers 34.6%34.6% 11%11%



In a highly selected group of patients with severe In a highly selected group of patients with severe 
heart failure who are largely free of other risk heart failure who are largely free of other risk 
factors for hyperkalemia and who can be monitored factors for hyperkalemia and who can be monitored 
closely, the addition of spironolactone to standard closely, the addition of spironolactone to standard 
therapy (as defined in 1994) decreases therapy (as defined in 1994) decreases 
hospitalization for heart failure and saves lives, with hospitalization for heart failure and saves lives, with 
no significant risk of hyperkalemia.no significant risk of hyperkalemia.

What RALES saidWhat RALES said……

What we heard…
• In patients with heart failure, spironolactone saves lives.



How Do We Study WhatHow Do We Study What’’s s 
Happening in the Happening in the ‘‘Real WorldReal World’’??

Experimental studiesExperimental studies
Often problematic given typically stringent inclusion / Often problematic given typically stringent inclusion / 
exclusion criteria exclusion criteria 

Compromised generalizabilityCompromised generalizability

LargeLarge--scale scale ‘‘pragmaticpragmatic’’ RCTs are often difficult to RCTs are often difficult to 
conduct and very costlyconduct and very costly

NonNon--experimental studiesexperimental studies
Typical problems with selection bias and confounding Typical problems with selection bias and confounding 
make interpretation of findings difficultmake interpretation of findings difficult

Compromised validityCompromised validity



Study DesignStudy Design
Juurlinket al. N Engl J Med 2004;351:543Juurlinket al. N Engl J Med 2004;351:543--5151

Study DesignStudy Design
PopulationPopulation--based crossbased cross--sectional time series analysis using sectional time series analysis using 
administrative databases from 1994administrative databases from 1994--20012001
Time horizon broken into 120Time horizon broken into 120--day intervalsday intervals

Patient PopulationPatient Population
1.3 million elderly residents of Ontario age 1.3 million elderly residents of Ontario age ≥≥ 66 years66 years
Patients hospitalized for CHF within 3 years prior to study intePatients hospitalized for CHF within 3 years prior to study interval rval 
and filling a Rx for an ACEI in study interval (20and filling a Rx for an ACEI in study interval (20--30K/study interval)30K/study interval)

Endpoints of InterestEndpoints of Interest
Spironolactone prescription utilizationSpironolactone prescription utilization
HyperkalemiaHyperkalemia--associated hospital admissionsassociated hospital admissions
HyperkalemiaHyperkalemia--associated inassociated in--hospital deathshospital deaths

Statistical AnalysisStatistical Analysis
Autoregressive integrated moving average (ARIMA) modelsAutoregressive integrated moving average (ARIMA) models





Spironolactone Prescription UptakeSpironolactone Prescription Uptake
19941994--20012001
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Hospital Admission Associated with Hospital Admission Associated with ↑↑KK++
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Admission Associated with Admission Associated with 
↑↑KK+ + Ending in DeathEnding in Death

0

0.5

1

1.5

2

2.5

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

Year

De
at

h 
ra

te
 (p

er
 1

00
0 

pa
tie

nt
s)

RALES



What about the expected What about the expected 
benefits?benefits?



Readmission for Heart FailureReadmission for Heart Failure
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AllAll--Cause MortalityCause Mortality
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Basic MessagesBasic Messages

SpironolactoneSpironolactone CAN work in the right patients with CAN work in the right patients with 
minimal risk of minimal risk of hyperkalemiahyperkalemia (clinical trial data)(clinical trial data)

As it is currently being used, As it is currently being used, spironolactonespironolactone may may 
significantly increase the population rate of significantly increase the population rate of 
hyperkalemiahyperkalemia admissions without a major decrease admissions without a major decrease 
in readmission rates or total mortality (observational in readmission rates or total mortality (observational 
study data)study data)

Perhaps a better job needs to be done in selecting Perhaps a better job needs to be done in selecting 
the right patients or monitoring those heart failure the right patients or monitoring those heart failure 
placed on placed on spironolactonespironolactone



Example: Example: GatifloxacinGatifloxacin ((TequinTequin))



BackgroundBackground
A particular group of antibiotics called A particular group of antibiotics called ‘‘fluoroquinolonefluoroquinolone’’
antibiotics have become the most widely prescribed group antibiotics have become the most widely prescribed group 
of antibioticsof antibiotics

About 22 million prescriptions dispensed annually in US About 22 million prescriptions dispensed annually in US 
16 individual 16 individual fluoroquinolonefluoroquinolone antibiotics have been available on the market; antibiotics have been available on the market; 
In 2005, In 2005, gatifloxacingatifloxacin ((TequinTequin) was the ) was the fluoroquinolonefluoroquinolone antibiotic of choice antibiotic of choice 
for US public health systemfor US public health system

Some of these drugs have problems: serious adverse Some of these drugs have problems: serious adverse 
events have led to the withdrawal or restriction of several events have led to the withdrawal or restriction of several 
fluoroquinolonesfluoroquinolones in recent yearsin recent years

TemafloxacinTemafloxacin (blood sugar and kidney problems)(blood sugar and kidney problems)
GrepafloxacinGrepafloxacin and and sparfloxacinsparfloxacin (heart problems)(heart problems)
TrovafloxacinTrovafloxacin (liver problems)(liver problems)

In 2005, a clinician noticed major changes in blood sugar In 2005, a clinician noticed major changes in blood sugar 
levels in patients receiving levels in patients receiving TequinTequin and approached and approached 
researchers to investigate this observationresearchers to investigate this observation



So We Conducted a StudySo We Conducted a Study
(Park(Park--Wyllie et al, NEJM, 2006)Wyllie et al, NEJM, 2006)

PopulationPopulation
Examined records of over 1.4 million elderly residents Examined records of over 1.4 million elderly residents 
of Ontario age 66 years and older between 2002of Ontario age 66 years and older between 2002--20042004
Analysis limited to individuals who were using one of Analysis limited to individuals who were using one of 
several selected antibioticsseveral selected antibiotics

OutcomesOutcomes
Hospital admission related to severe changes in blood Hospital admission related to severe changes in blood 
sugar levelsugar level



Basic Schematic for CaseBasic Schematic for Case--Control StudyControl Study

Time Period

Event

No Event

Cases

Controls

Time Period



What Were the Results?What Were the Results?

Hospital admissions related to severe drops in blood Hospital admissions related to severe drops in blood 
sugar levels (hypoglycemia)sugar levels (hypoglycemia)

Gatifloxacin associated with 4x the risk of hospital admission Gatifloxacin associated with 4x the risk of hospital admission 
compared to other antibioticscompared to other antibiotics

Hospital admissions related to severe increases in blood Hospital admissions related to severe increases in blood 
sugar levels (hypoglycemia)sugar levels (hypoglycemia)

Gatifloxacin associated with almost 17x the risk of hospital Gatifloxacin associated with almost 17x the risk of hospital 
admission compared to other antibioticsadmission compared to other antibiotics

Comparable antibiotic alternatives WITHOUT identifiable Comparable antibiotic alternatives WITHOUT identifiable 
risks of hyperrisks of hyper-- and/or hypoglycemia existand/or hypoglycemia exist



Making the Numbers TangibleMaking the Numbers Tangible

If we consider the 1.4 million elderly residents of If we consider the 1.4 million elderly residents of 
Ontario during the study timeframe:Ontario during the study timeframe:

There were nearly 17,000 courses of There were nearly 17,000 courses of gatifloxacingatifloxacin
treatment administeredtreatment administered

For every 100 courses of For every 100 courses of gatifloxacingatifloxacin, we may expect 1 , we may expect 1 
hospital admission for hospital admission for dysglycemiadysglycemia

On average, it was estimated that at least 1 elderly On average, it was estimated that at least 1 elderly 
person in Ontario was hospitalized every week as a person in Ontario was hospitalized every week as a 
result of result of dysglycemiadysglycemia that was likely associated with that was likely associated with 
gatifloxacingatifloxacin



ImpactImpact
Published early online (March 1Published early online (March 1stst, 2006) in the , 2006) in the 
New England Journal of Medicine given its clinical New England Journal of Medicine given its clinical 
relevancerelevance

Recognized nationally as a significant research Recognized nationally as a significant research 
contribution:contribution:

Canadian Society of Clinical PharmacologyCanadian Society of Clinical Pharmacology
Best Publication Award for 2006Best Publication Award for 2006

GatifloxacinGatifloxacin withdrawn from market in May 2006withdrawn from market in May 2006



Observational Research Has Its Observational Research Has Its 
ChallengesChallenges



Leveraging Canadian Healthcare Leveraging Canadian Healthcare 
Data to Inform DecisionData to Inform Decision--MakersMakers



The Evolution of The Evolution of PharmacovigilancePharmacovigilance
ResearchResearch

Limitations of Limitations of PharmacovigilancePharmacovigilance ResearchResearch
GeneralizabilityGeneralizability and validityand validity
Selection biasSelection bias
Coding inaccuraciesCoding inaccuracies
Detection BiasDetection Bias
Survivor Treatment Selection BiasSurvivor Treatment Selection Bias

Advances in Advances in PharmacovigilancePharmacovigilance ResearchResearch
Advanced computing and Advanced computing and biostatisticalbiostatistical techniquestechniques
Better Better ‘‘bridgingbridging’’ between disciplines to leverage research between disciplines to leverage research 
methodologies (e.g. econometric approaches)methodologies (e.g. econometric approaches)
Better understanding of biases involved in Better understanding of biases involved in pharmacovigilancepharmacovigilance
researchresearch



Challenges with Challenges with PharmacovigilancePharmacovigilance
ResearchResearch

Key ChallengesKey Challenges
Understanding the data sources Understanding the data sources –– local expertiselocal expertise

Understanding and applying the appropriate scientific Understanding and applying the appropriate scientific 
methodology methodology –– academic expertiseacademic expertise

Creating the optimal environment Creating the optimal environment –– infrastructure resources; infrastructure resources; 
direct data accessdirect data access

Establishing the governance and operational models Establishing the governance and operational models ––
coordination of the people, the science, and the resourcescoordination of the people, the science, and the resources

Understanding these challenges can help devise a Understanding these challenges can help devise a 
research approach that yields research approach that yields high quality informationhigh quality information in in 
a a timelytimely mannermanner



The Quality Agenda:The Quality Agenda:
CanadaCanada’’s Research Talents Research Talent



The Quality Agenda:The Quality Agenda:
CanadaCanada’’s Research Talents Research Talent



The Quality Agenda:The Quality Agenda:
CanadaCanada’’s Research Talents Research Talent



The Quality Agenda:The Quality Agenda:
CanadaCanada’’s Research Talents Research Talent



The Quality Agenda:The Quality Agenda:
CanadaCanada’’s Research Talents Research Talent



The Quality Agenda:The Quality Agenda:
CanadaCanada’’s Research Talents Research Talent



The Quality Agenda:The Quality Agenda:
CanadaCanada’’s Research Talents Research Talent



The Quality Agenda:The Quality Agenda:
CanadaCanada’’s Research Talents Research Talent



A National A National PharmacovigilancePharmacovigilance ProgramProgram

Scientific talent exists across Canada to establish a worldScientific talent exists across Canada to establish a world--class class 
pharmacovigilancepharmacovigilance programprogram

Canada has extensive healthcare databases that can yield useful Canada has extensive healthcare databases that can yield useful 
informationinformation

PharmacovigilancePharmacovigilance research is/should be only one (but an research is/should be only one (but an 
important) part of the decisionimportant) part of the decision--making processmaking process

The evidence: quantifying and weighing risks and benefitsThe evidence: quantifying and weighing risks and benefits
Objective and subjective assessments Objective and subjective assessments 
Compared to alternative treatment optionsCompared to alternative treatment options
Population vs. Individuals / SubgroupsPopulation vs. Individuals / Subgroups

‘‘OtherOther’’ considerationsconsiderations

A coordinated approach to A coordinated approach to pharmacovigilancepharmacovigilance research to inform research to inform 
decisiondecision--makers would be in the best interest of Canadiansmakers would be in the best interest of Canadians



Discussion
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