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Insights from RWE
Opportunities and ApplicationOpportunities and Application

Through 
marginal 
statistics

• Counts
• Summaries

RWE willRWE will 
transform the 

understanding of

• R&D

Through 
detecting • Effectiveness

• R&D
• Commercialization
• System of Healthcare

causal 
treatment 

effect

• Effectiveness
• Cost
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Assumption 

We know exactly how to do it 
and we will find the insights
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BMJ 2010 341 4444BMJ 2010; 341:c4444
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JAMA 2010; 304(6): 657-663
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BMJ Results JAMA Results

6



Assumption 

We can treat RWE like 
Clinical Trials
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We know how to run RWE because we know 
clinical studiesclinical studies

Clinical study = roughly equivalent to RWE

• Cut data: Inclusion and exclusion criteria 
• Treatment, control arm Create cohorts/cases
• Detect "end points": Algorithms for outcomes
• Remove bias: Adjust for confoundingRemove bias: Adjust for confounding
• Reject null hypothesis: Calculate p-value
• Do it correctly: Use existing machinery and governance

8



Typical inclusion/exclusion criteria
O l b l St d f TH 302 d D th With With t B t ib i S bj t With R l d/R f tOpen-label Study of TH-302 and Dexamethasone With or Without Bortezomib in Subjects With Relapsed/Refractory 
Multiple Myeloma

Inclusion Criteria:
• At least 18 years of age.
• Ability to understand the purposes and risks of the study and has signed a written informed consent form approved by the investigator's IRB/Ethics Committee.
• Relapsed/refractory multiple myeloma for which no standard therapy options are anticipated to result in a durable remission.
• Subjects with refractory disease are allowed to participate on study. (Refractory disease is defined as progressive disease within 60 days of last therapy or progression while on therapy).
• Receipt of at least two prior therapies (induction therapy with stem cell transplant with or without maintenance is considered a prior therapy) including prior therapy with a bortezomib-containing regimen 

( d did t di ti d t t i it ) d l lid id th lid id t i i i(and did not discontinue due to toxicity) and a lenalidomide- or thalidomide-containing regimen
• Subjects with measurable disease defined as at least one of the following:
• Serum M-protein ≥ 0.5 mg/dl
• Urine M-protein ≥ 200 mg/24 h
• Serum FLC assay: Involved FLC level ≥ 10 mg/dl (≥ 100 mg/l)
• Measurable plasmacytoma (should be measured by CT or PET/CT within 28 days of initial investigational agent dosing).
• ECOG performance status of less than or equal to 2 (see Appendix B)
• Acceptable liver function:
• Total bilirubin ≤ 1.5 times upper limit of normal (x ULN). If total bilirubin is elevated, check direct and if normal then the subject is eligible
• Aspartate aminotransferase (AST) or alanine aminotransferase (ALT) ≤ 3.0 x ULN (≤ 5.0 x ULN if due to myeloma involvement).
• Alkaline phosphatase ≤ 3.0 x ULN (≤ 5.0 x ULN if due to leukemic involvement)
• Acceptable renal function:Acceptable renal function:
• Serum creatinine ≤ 1.5 x ULN or calculated creatinine clearance above 40 mL/min using the formula of Cockcroft and Gault, or a 24 hr creatinine clearance if borderline
• Acceptable hematologic status (without hematologic support):
• ANC ≥ 1000 cells/μL (growth factors may not be used within 7 days prior to evaluation)
• Platelet count ≥ 75,000/μL (for subjects in whom < 50% of bone marrow nucleated cells are plasma cells); platelet count > 50,000/μL for subjects in whom ≥ 50% of bone marrow nucleated cells are 

plasma cells (without transfusion during the previous 14 days prior to evaluation)
• Hemoglobin ≥ 8.0 g/dL (without transfusion during the previous 14 days prior to evaluation).
• All women of childbearing potential must have a negative serum pregnancy test and women and men subjects must agree to use effective means of contraception (surgical sterilization or the use or 

barrier contraception with either a condom or diaphragm in conjunction with spermicidal gel or an IUD) with their partner from entry into the study through 6 months after the last dose
• Subjects must adhere to the study visit schedule and other protocol requirements and receive outpatient therapy and laboratory monitoring at the institute that administers the study drug.

Exclusion Criteria:Exclusion Criteria:
• Subjects with non secretory or hyposecretory MM
• POEMS syndrome (polyneuropathy, organomegaly, endrocintopathy, monoclonal gammothy and skin changes.
• Plasma cell leukemia
• Waldnestrom's macroglobinemia
• Subject with known or suspected amyloidosis
• Corticosteroid therapy in a dose equivalent to dexamethasone > 1.5 mg/day or prednisone > 10 mg/day within 2 weeks prior to first dose, Subjects may be receiving chronic corticosteroids if they are 

being given for disorders other than multiple myeloma if they meet the above
• Planned radiation therapy that occurs after the start of therapy
• Localized radiation therapy to only measurable disease site(s) within 4 weeks of treatment
• New York Heart Association (NYHA) Class III or IV, cardiac disease, myocardial infarction within 6 months prior to Day 1, or unstable arrhythmia
• Significant neuropathy (Grade 3 or 4, or Grade 2 with pain) at the time of enrollment or within 14 days before enrollmentSignificant neuropathy (Grade 3 or 4, or Grade 2 with pain) at the time of enrollment or within 14 days before enrollment
• Symptomatic brain metastases (unless previously treated and well controlled for a period of ≥ 3 months)
• Severe chronic obstructive pulmonary disease with hypoxemia or in the opinion of the investigator any physiological state leading to hypoxemia
• Major surgery, other than diagnostic surgery, within 4 weeks prior to Day 1, without complete recovery
• Active, uncontrolled bacterial, viral, or fungal infections, requiring systemic therapy within 14 days prior to the first dose
• Previously treated malignancies, except for adequately treated non-melanoma skin cancer (basal cell or squamous cell), in situ cancer, or other cancer from which the subject has been disease-free for 

at least 5 years
• Subjects who participated in an investigational drug or device study within 2 weeks prior to study entry
• Known or suspected active infection with HIV, hepatitis A, hepatitis B, or hepatitis C
• Subjects who have exhibited allergic reactions to a similar structural compound, biological agent, or formulation similar to TH-302, bortezomib or pimonidazole
• Females who are pregnant or breast-feeding
• Concomitant psychiatric disease or medical condition that could interfere with the conduct of the study, or that would, in the opinion of the investigator, pose an unacceptable risk to the subject in this 

t dstudy
• Unwillingness or inability to comply with the study protocol for any reason
• All previous cytotoxic therapies for multiple myeloma must have been completed at least 3 weeks prior to start of study. Biologic, novel therapy or corticosteroids must have been completed at least 2 

weeks prior to start of study.
• Subjects who have been on hormone replacement less than 2 months (subjects on hormone replacement for at least 2 months will not be excluded provided the HRT regimen remains unchanged during 

the conduct of the study).
• Prior peripheral stem cell transplant within 12 weeks of the start of study
• Epilepsy or other convulsive disorder requiring active management9



Comparator Selection

• All patients• All patients
• All patients but treated
• Matched patients by co-variates

• Age
• Gender
• Co-morbidity
• ConmediationConmediation
• Smoking status

• Pick co-variates manually/automatically
• Treat missing dataTreat missing data

Author | 00 Month Year10 Set area descriptor | Sub level 1



Algorithms for Outcomes: Acute Renal Failure
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Acute Renal Failure – cont. 
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Value of p-value
Typical GI studyTypical GI study

• Opatrny et al., Br J Clin Pharmacol Jul 2008
• Data source: General Practice Research Database 
• Study design: Case-control Case definition:Study design:  Case control Case definition: 
• First episode of upper GI hemorrhage 10 controls per case, matched on index date, age, 
and practice 

• Exposure definition: Prescription issues in 90 days before index date 
• Exclusion criteria: < 3 years of observationExclusion criteria:  3 years of observation 
• "RR" estimated with conditional logistic regression
• Covariates: sex, BMI, BP, smoking, comorbidities, concomitant medications



Null distribution

(Log scale)



Null distribution

Some drug with no effect

(Log scale)



Null distribution

clopidogrel

(Log scale)



Negative Control for Null Hypothesis

Positive 
controls

Negative 
controls Total

Acute Liver Injury 81 37 118
Acute Myocardial Infarction 36 66 102
Acute Renal Failure 24 64 88Acute Renal Failure 24 64 88
Upper Gastrointestinal Bleeding 24 67 91
    Total 165 234 399

Criteria for negative controls:
• Event not listed anywhere in any section of active FDA structured 

product labelp
• Drug not listed as ‘causative agent’ in Tisdale et al, 2010: “Drug-

Induced Diseases”
• Literature review identified no evidence of potential positive 

associationassociation



Negative controls & the null distribution 

clopidogrel



Negative controls & the null distribution 

55% of these55% of these 
negative controls 

have p < .05
(Expected: 5%)



Negative controls & the null distribution 



Assumption 

For established drugs, we 
know the true effects
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Metoprolol
Structured Product Label Warnings and PrecautionsStructured Product Label – Warnings and Precautions

• TOPROL XL- metoprolol succinate tablet,• METOPROLOL SUCCINATE- metoprolol TOPROL XL metoprolol succinate tablet, 
extended release
AstraZeneca LP

A h l ti R ti

METOPROLOL SUCCINATE metoprolol
succinate tablet, film coated, extended 
release
Wockhardt Limited

A h l ti R ti • Anaphylactic Reactions 

• Bronchospastic Disease 
• Calcium Channel Blockers 
• Diabetes and Hypoglycemia 

• Anaphylactic Reactions 
• Bradycardia
• Bronchospastic Disease

• Diabetes and Hypoglycemia yp g y
• Heart Failure 
• Hepatic Impairment 
• Ischemic Heart Disease 
• Major Surgery 
• Peripheral Vascular Disease

yp g y
• Heart Failure

• Ischemic Heart Disease 
• Major Surgery 

• Peripheral Vascular Disease 
Pheochromocytoma

• Thyrotoxicosis
• Pheochromocytoma
• Thyrotoxicosis
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Assumption 

We know how to handle 
data and analyses
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We know how to do compliant research
Governance and SystemsGovernance and Systems

Assumption: Data and Findings are regulatedAssumption: Data and Findings are regulated

• Quality of data No record verification, no
access to data generation

• Collection and submission of data Data are publicly available

• Statistical Programming Anemic systems for size of data

• Validation of systems Impossible against unknown
"predefined specs"

• Oversight committees No parameters for right answerOversight committees No parameters for right answer
• Whether or not
• What data
• What design
• What parameter choices
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Problems with RWE
Summary listSummary list

• Reproducibility problem• Reproducibility problem
• Effect estimates affected by choice of design and analysis parameters 

• P-value calculations affected by bias
N G ld St d d f t l ith• No Gold Standards for outcome algorithms

• No Gold Standard for drug effects
• Data not collected for research, but "dirty" 2nd hand
• Inadequate Data Management and Compliance 

framework of clinical trial world
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How do you want to do this right?
OMOPOMOP

OOBSERVATIONAL BSERVATIONAL 
MMEDICALEDICAL
OOUTCOMESUTCOMES
A N SHIA N SHI

Standard Data Format
Standard Data Content (Coding)

PPARTNERSHIPARTNERSHIP

Standard Data Content (Coding)
Standard Data Characterization
Standard Methods
Systematic Research

Communityy
Vendor Ecosystem

26DIA | 25 June 2013



OMOP Data Community

OMOP Extended Consortium

OMOP Research Core

AZ
AHRQ OMOP Research Core

Research Lab

Pedianet

Centralized data

Coordinating Center

HealthSearch

IPCI
SanofiJ&J

Centralized data 

ARS

PHARMO GSK:
GPRD

EUADR Alliance
OSIM2

Aarhus
Pfizer AHRQ

OMOP

Page 27

EUADR Alliance
Distributed NetworkDistributed Network

DIA | 25 June 2013



Standard Data Format

*RxNorm

*SNOMED-
CT

*LOINC

• Claims and EHRs
• Optimized for large-scale analytics

C i d f ti di l d t ill b t t ibl f th

http://omop.fnih.org/CDMvocab
V4

Page 28

• Conceived for active medical product surveillance, but extensible for other use cases
• Applied successfully across OMOP data community

• Standards‐based, conforming to ONC Meaningful Use Stage 2 recommendations



Standard Data Content

Standardizing  Higher-level

Top-level 
classification SNOMED-CT MedDRA

MedDRA

conditions:
Existing
De Novo

Mapping

Derived

SNOMED-CTLow-level concepts 
(Level 1)

Higher level 
classifications 
(Level 2 and up)

SNOMED-CT MedDRA

Source codes ICD-10-CM OxmisRead ICD-9-CM

Top-level concepts
(Level 4)

NDF-RT ATC ETC 

Standardizing 
drugs:

NDF-RT ATC 

Existing
RelationshipsIngredients

(Level 2)

Classifications
(Level 3)

RxNorm

ETC 
Indications and 

Contra-Indications 

drugs:
RxNorm

Existing
De Novo
Derived

Source codes

Drug products (Level 1)

Page 29

GPINDC Multilex

CPT-4

VA Product Multum ICD-9-Proc HCPCS

Mesh FDA SPL FDB Drug Vocabularies Procedure Vocabularies



Standard Data Characteristics
R d O TiRecords Over Time
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Standard Data Characteristics 
Prevalence by Age and GenderPrevalence by Age and Gender

DIA | 25 June 2013



Standard Data Characteristics 
Spotting Prevalence DifferencesSpotting Prevalence Differences



Systematic Evaluation with Test Cases
OMOP Methods LibraryOMOP Methods Library

Inception
cohort

Case control
Logistic

• Open-source
• Standards-based

regression
Common Data Model

• 10 data sources 
• Claims and EHRs

• 14 methods 
• Epidemiology designs

Drug

• Claims and EHRs
• 200M+ lives 

• Epidemiology designs 
• Statistical approaches 

adapted for longitudinal 
data
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Angioedema 
Aplastic Anemia 
Acute Liver Injury 
Bleeding 
Hip Fracture

Positives: 9
Negatives:Hip Fracture 

Hospitalization 
Myocardial Infarction 
Mortality after MI 
Renal Failure 
GI Ulcer Hospitalization 

Negatives: 
44



Systematic Evaluation of Methods

True -

False +
False -

True +

Parameter settings explored in 

• Each row represents a drug-
outcome pair

g p
OMOP:
Washout period (1): 180d
Surveillance window (3):  30 days 
from exposure start; exposure + outcome pair.
• The horizontal span reflects 

the range of point estimates 
observed across the 
parameter settings

30d ; all time from exposure start
Covariate eligibility window (3): 
30 days prior to exposure, 180, 
all-time pre-exposureparameter settings.
• Ex. Benzodiazepine-Aplastic

anemia: HDPS parameters 
vary in estimates from RR= 
0 76 and 2 70

• When using all-time pre-exposure as 
covariate eligibility window, 100 
confounders, propensity stratification 
with 20 strata, and comparator class 

# of confounders (2): 100, 500 
covariates used to estimate 
propensity score
Propensity strata (2): 5, 20 strata0.76 and 2.70of all drugs with same indication not 

in same class…
• HDPS produces significant, positive 

effect for bisphosphonates-aplastic

Analysis strategy (3):  Mantel-
Haenszel stratification (MH), 
propensity score adjusted (PS), 
propensity strata adjusted (PS2)

Relative risk 34

anemia when surveillance window is 
‘all time post-exposure’ (RR=1.25)…

• …but shows no effect when time-at-
risk defined by exposure length + 30 
d (RR 1)

Comparator cohort (2): drugs with 
same indication, not in same 
class; most prevalent drug with 
same indication, not in same 



Comparing accuracy of cohort and self-
controlled designs, after empirical calibration 

CM: 21000214
New user cohort, 

it

Discrimination Error Coverage

Bias:
-0.02

propensity score 
stratification, with 
active comparator 
(drugs known to be 
negative controls for 
outcome)

MSE:
0.38

Mean SE:
0.36outcome)

SCCS: 1955010
Multivariate self-
controlled case

Bias:
0.04

MSEcontrolled case 
series, including all 
events, and defining 
time-at-risk as all-
time post-exposure

MSE:
0.33

Mean SE:
0.67

OS: 403002
Self-controlled 
cohort design, 
including all

Bias:
0.00

MSE:
0 11including all 

exposures and 
outcomes, defining 
time-at-risk and 
control time as 
length of exposure + 

0.11

Mean SE:
0.25



Vision for a risk identification and analysis system ‘causal dashboard’

Drug ACE inhibitors Outcome Angioedema

Strength of association Consistency
by data source by method and parameters by outcome definition

Drug Outcome g

Relative risk

D
at

a 
so

ur
ce

Relative risk

Temporality Specificity Plausibility Biological gradient
Interactive patient profiles

CoherenceAnalogy Experimental evidence
Dechallenge/RechallengeExplore related conditions 

and treatments
Understand data and cohort to assess potential confounding

May 30, 2012 Pfizer Grand Rounds 36



Systematic Exploratory Framework for studying effects
AngioedemaUrticaria Anaphylactic reactionsAngioedemaUrticaria Anaphylactic reactions
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Summary
What RWE Research do we need?What RWE Research do we need?

• SystematicSystematic 
• Common data model
• Empirical evaluation of solutions
• Creations and sharing of Gold Standards 

• Fully transparent• Fully transparent
• Open source methods
• No restrictions on scientific questions ("afraid how the public 

could interpret the finding")

I t di i li• Interdisciplinary
• Industry
• Academics
• Government

• OMOP provides a platform
• Standardization, community, ecosystem
• Systematic analysis
• Ability to compare across data sources

38 Pfizer Grand Rounds



Come to the OMOP-IMEDS Symposium 2013

November 5 – 6, 2013
Hyatt Regency Bethesda
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