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Drug utilization monitoring
- Frequency and duration of new use
- Use within and outside of indication
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Why did these database studies get it right?
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Decision-relevant Evidence: The right evidence is
generated the right way at the right time

1) Meaningful evidence
2) Valid evidence

3) Expedited evidence
4) Transparent evidence

Real World Data in Adaptive Biomedical
Innovation: A Framework for Generating
Evidence Fit for Decision-Making
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Data quality: Fit for purpose

Accurate assessment of Exposure:
Completeness of repeated uses
Prescribing vs. dispensing vs. use of drugs

Accurate assessment of Outcome:

High specificity of outcome assessment when estimating relative
effect measures: risk ratio, rate ratio, hazard ratio

Reasonable sensitivity to preserve event counts
Complete assessment of Confounders:

Reduced unobserved confounding
Pre-exposure measurement, avoid adjustment for intermediates

Medicare Patients Treated With Dabigatran or Warfarin for
Nonvalvular Atrial Fibrillation

ISPE COMMENTARY

Guidance for Industry and FDA Staff

Best Practices for Conducting
and Reporting
Pharmacoepidemiologic Safety
Studies Using Electronic
Healthcare Data Sets

Guidelines for good pharmacoepidemiology
practices (GPP)

EUROPEAN MEDICINES AGENCY

DRAFT GUIDANCE

The European Network of Centres for
Pharmacoepidemiology and Pharmacovigilance (ENCePP GRACE Principles: Recognizing High-Quality
Observational Studies of Comparative Effectiveness
Guide on Methodological Standards in

Pharmacoepidemiology (Revision 2)
AD; Barbara J. McNeil, MD; Marc L. Berger, MD;

Nancy A. D
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1) Meaningful evidence o
2) Valid evidence
3) Expedited evidence
4) Transparent evidence
Data Quality
Fit for purpose
Data Flexibility
Match data type to the question
Meaningful statistics
Metrics that matter
10

Data quality: Fit for purpose

Observational data

T T

Research data Transactional data
Data collected PRIMARILY for research Data used SECONDARILY for research

For purpose Other purpose

Data specifically for
study purpose

Other purpose
Data intended for
other studies

Clinical
documentation

EHR-based studies = Claims data studies
NDI linkage :®  Geocoding/census
Lab test databases :

Some registries

Framingham Study i» Nurses’ Health Study 1
Cardiovas Health Study : ® Some registries

Slone Birth Defects Study :

Some registries
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Data flexibility: Match data type to the question

Coordinating Node

Coordinating Node
= Coordinates local analyses
= Standardizes local analyses
Pools results from multiple
nodes to increase speed and
precision of analysis

[/
Pooling
Analyses

A
Rapid-cycle Analytics

Node 3: Region Z

Local analytics guided by coordinated

standards

* Toallow local linkage of data to
enrich information

* To inform local care management in

rapid cycles

To benchmark local care outcomes

To facilitate local data linkages

7
Rapid-cycle Analytics /7
Rapid-cycle Analytics

8

Node 2: Plan Y

Node 1: Region X

Schneeweiss et al. CP&T 2016

Net benefit calculation: We need risk differences!

1500 — Myocardial
s = TRae infarction
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Basic epidemiologic measures are key!

¢ Counts of users

* Duration of use

¢ Population at risk

* Incidence rates of events

Sentinel,

o

(per 1,000 person-years)
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. .
Report Risk Differences
15

Gagne et al. Drug Saf 2014

Most Healthcare Decisions Need To Be Based On
Insights Above A Critical Evidence Threshold

Caring for patients is subject to
substantial oversight

= Moral responsibility of provider
Professional guidelines

Legal liability

Regulation (FDA, PMDA, EMA)
HTA value review

CARE FOR
PATIENTS

Providers and
organizations make
decisions on behalf
of patients

Evidence Threshold

SELFCARE

Consumers use
publicly available
information/apps

Selfcare is largely un-
regulated and each
individual’s risk

Quality of discovery depends
on self-regulation to maximize
discovery, e.g. publications, IP,
Market value

Discovery

Researchers explore to
find new correlations

Correlations | Causal Relationships

17
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Table 1a: Y Distributed , 2015, by Drug and
o e
e
Amount. Eligible Eligible. Days Supplied/ Dispensings/ Days Supplied/.
s i . BB Sa N s ¥ i S Nt i L maa
‘Incicent Use of Oseltamivir Capsules (45 day washout)
Incident Use of Oseltamivir Capsules (90 day washout)
Incident Use of Oseltamivir Powder (45 day washout)
Table 4c. Y d GIH or ICH Events. 19, 'd December 31, 2011, by Drug, Incidence Criteria, and Washout Period
New Users/ Days. New GIH or ICH
Total Days New GIH or Eligible 1KEligible Dispensings/ Supplied/  Supplied/ Events/100k
New Users Dispensings _ Supplied _Days atRisk ICH Events _Members _Member-Days __Members User User __ Dispensing__Days at Risk
Dabigatran
Incident with respect to Dabigatran
183-Day Washout
2010 2,925 11,742 441,745 456,574 un 30,069,142  2,117,614,876 01 40 1510 376 24
2011 20,254 55,255 2,094,130 2,166,806 60 26,456,599 7,794,953,420 08 27 1034 379 28
1) Meaningful evidence
2) Valid evidence )
3) Expedited evidence
4) Transparent evidence
Avoid design flaws
Think of target trial
Approach confounding in context
Question & Data type dictate approach
Reduce investigator error
Structured approaches
16

Healthcare records are
entered as they arrive,
sorted by service date

From transactional data to
study implementation

N

@ Dynamic that
records an ongoing stream

of new healthcare records in

calendar time for all enrolled —

-— 1 e

— >
— o

patients
1 1 1 T T T T T
1172014 1/1/io15 11172016 l 12017 2
°
@ Stabilized data snapshot 1 i 2
for research purposes —— e
e A
14 1
=
t |
T T T T

Individual-patient data has
arrived in episodes and
from various sources

Hospital stay @

May 1, 2016 Jan1

Jul 1

Study rules are applied and
arranged by event time

Follow-up

Cohort Entry Date
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The many ways to implement a cohort study

1) Exposure-based cohort study 2) Event-based cohort study 3) Time-based cohort study
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. Exmonue dehned o hosptaaanon o efre

Assssment Perid] P Febow upPeros) b e o e
—_— —— —_—
y I ]

e e 1o ctmats peiodsevencs and nciderce e s

1 Time H 1 Twe
Cxo oo nyOne) g eventme) a e
L TP —— Exampe ok of o hospatzabon o et e et zaton Evarpe sn e

4b) Event-Exposure-based cohort study
Inadherent drug users

4) Event-| Enpusure -based cohort study
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4a) Event-Exposure-based cohort study
with exposure lag time
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5) Multi-event-based cohort study 6) Nested case-controlstudy
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Key Anchor Dates and Time Periods
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Intrinsic Study Characteristics

Q Internal validity (bias)

Q External validity (generalizability, transportability)

0 Precision

O Heterogeneity in risk or benefit (personalized evidence)
QO Ethical consideration (equipoise)

External Study Characteristics

Q Timeliness (rapidly changing technology, policy needs)
O Logistical constraints (study size, complexity, cost)

Does decision-
relevant evidence
require randomization
in this case?

Q Data availability, quality, completeness *
s o,
= SR
P i) e comoles ds
(Cross-aver in:
NO' d b e Nof 1, Cxover, SCCS) \m
Do you want tovary eposure o e
between subjecs? is between sujects?
" (eualelgouphe) (Cohort Design:
o ‘ v 4. CC5,Coohs, o,
Pt 2 stage sample) S
s D0 you want tovary = | Does exposre vary
Z e betueen roups s between gups o
L or e pereds? e perods?
{Cluster RCT) ‘What s your popultion ‘What s your population (v analysis/quas-
ofnerest, desired
es ‘What s your population measurement, measurement, etc? ‘What i your population I
ofinterest, desired. (Nof1ws. wm) of interest, desired. yes
R fibipiestyd i
What s your popultion What s yourpopultion
ofmerest desired o meret, decred
measurementetc? Py messurement, tc?
Measurement 5“;:‘” P-;n;w
o e b S
Meauement {claims, (E)IR)
Delayed Cluster ekl Recruitment
£ T randomized gt biab Messurement  Recruftment Umkedto
& il Messurement Recruithent secondary data
MEssuroment  pocoioent (claims, (ENR)
Recutment  Recruitment Analytic Strtegy Measurement
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Analytic Strategy (17T, AT, subgroups, etc.)
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= (7T AT subgrous, exc)
g Schneeweiss et al. CP&T 2016
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0 Internal validity (bias)
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Clarity in implementation reduces massive flaws

Follow-up Period

i

Cohort Entry Date

New drug
first fill

Avoidable design flaws:

Reverse Causation

Immortal time bias

Adjustment for causal intermediates
Depletion of susceptible
Unobservable time bias

Study design flaws
= substantial bias

20

User guidance reduces investigator error

Select patients in transparent and
reproducible ways

Select risk adjustment “Select follow-up mode!

22

Dealing with Confounding

Confounding| Huge improvements

over past 2 decades

Unmeasured
Confounders

Measured
Confounders

Design | | Analysis Unmeasured, but | Unmeasurable |
measurable in

*Restriction «Standardization substudy
R f . - : Design Analysis
Matching Stratification +Sampling | | | |
*Regression «Ext. adjustment «Cross-over eInstrumental
" ' ) variable
Propensity scores «Imputation *Active
Marginal comparator *Proxy
Structural Models (restriction) analysis
*Sensitivity
analysis
Schneeweiss, PDS 2006 24
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Why we like propensity score matching

Primary data

Propensity scores: collection

Database
Studies

Few outcomes = Precisely identi-

Many covariates (i) GENEIES

= Well-defined
measurement

= Asmall number
of selected
covariates

Matching:
Transparency in the achieved balance

Trimming of subjects that cannot be matched

(areas of no support)

Known constructs
of covariates

No control of
covariate
measurement
Large numbers
of covariates can
be generated

Sensitivity analyses

FDA likes to see sensitivity analyses to check the robustness of findings
However, rarely done because too labor-intensive

Mini-Sentinel’

[ . T
35
wi—
§ s
£
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g
§ 15
z
H
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00— |
| 365-Dy Wasnout | 183,03y v v 365 0ay Washou:
i i Incident with resp
and Warfarn and Warfarn
Dabigatran wartarin

Schneeweiss, Rassen et al. Epidemiol 2009; 25
Rassen et al. Am J Epidemiol 2014

Sensitivity analyses with a validated platform
CAP

Baseline Covariate Assessment Period

Beginning of Time Period
The time period begins | relative to the cohort entry event date
On the cohort entry event date
O g0 days priorta & the cohort entry event date
End of Time Period
The time period ends  relative ta the cohart entry event date
On the cohort entry event date
LR

days priorta 4| the cohort entry event date

Cancel

CONFIDENTIAL

Misspecified Exposure Risk Window

= The ERW is shorter than the biologic effect or too long
= The ERW may or may not overlap with a grace period
= Sensitivity analysis:

= Shorten and lengthen ERW

T \ , Time
(4) Varying length of
CED exposure risk window 29

Schneeweiss S & Avorn J, JClinEpi 2005 MacMahon AD et al., PDS 1998

Sensitivity analyses with a validated platform

Baseline Covariate Assessment Period

Beginning of Time Period
The time period begins | relative to the cohort entry event date

On the cohort entry event date

© 365 : |days priorto 4 the cohort entry event date }

End of Time Period
The time period ends  relative to the cohort entry event date
On the cohort entry event date
e,

days priorto % the cohort entry event date

o R

CONFIDENTIAL

Sensitivity analyses with a validated platform

P e pemep—

+ Example analysis
start of Follow-Up

# Project Home

26

CAP

ERW

© HELP @ SWITCH INSTANCE  © SIGN OFF

i easina The day on which follow-up (surveillance for Begins: 1 day after the cohort entry event date 7 e
outcomes) will start for each patient.
# Cohorts
Shea Sndoftats
Follow-up for each patient will end on the earliest
i Results occurrence of the following selected items. Occurrence of outcome
Disenroliment
Measured death event occurs
ANALYSIS DETAILS Death o  select.
Basics Maximum time reached
Covariates 365 days
Subgroups Calendar date reached
Advanced Options Other measured event occurs.
Bxecute: ‘Specify how censoring on exposure should occur:
Censor on termination of index exposure.
Exposure Grace Period Exposure Risk Window
1 days 14 days

T Censor on Crossover of exposure group or additi
other exposure group

jon of drug from the

CONFIDENTIAL

MEMTHAY - ST EA 25 LR 9,
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Sensitivity analyses with a validated platform

ERW

5 MEASURE LIBRARY

& weoms
T

# Project Home

# COHORT LIBRARY

Example analysis
start of Follow-Up

= Measures The day on which follow-up (surveillance for
outcomes) wil start for each patient.
+ Cohonts
ks
Follow-up for each patient will end on the earliest
dd Results occurrence of the following selected items.

ANALYSIS DETAILS
Basics

Covariates
Subgroups
Advanced Options

Execute

© HELP @ SWITCH INSTANCE  © SIGN OFF

Begins: 1 day after the cohort entry event date 7 £an

End of data
Occurrence of outcome
@ Disenroliment
# Measured death event occurs
Death 0 Sselect..
© Maximum time reached
365 days
Calendar date reached
Other measured event occurs

Specify how censoring on exposure should occur:

@ Censor on termination of index exposure
Exposure Grace Period Exposure Risk Window

14 days 28 days

& Censor on crossover of exposure group or addition of drug from the
other exposure group

31

Sensitivity analyses help build confidence

ARTHRITIS & RHEUMATISM

Vol. 56, No. 6, June 2007, pp 1754-1764
DOI 10.1002/art.22600

© 2007, American College of Rheumatology

Anti-Tumor Necrosis Factor a Therapy and the Risk of
Serious Bacterial Infections in Elderly Patients With
Rheumatoid Arthritis

Sebastian Schneeweiss, Soko Setoguchi, Michael E. Weinblatt, Jeffrey N. Katz, Jerry Avorn,
Paul E. Sax, Raisa Levin, and Daniel H. Solomon

32
CONFIDENTIAL
1) Meaningful evidence
P : + 2) Valid eviden
Sensitivity analyses help build confidence JWalidievidence
3) Expedited evidence ®
APPENDIX A: QUANTITATIVE SENSITIVITY ANALYSIS H
R NASIHUAL GO ED INDING 4) Transparent evidence
We performed a sensitivity analysis of residual confounding 3]’;”35:‘]‘?:*_%'0'\7{';??24_”“
e e T [orweizian
;ncrlci:dsctih::a;i :‘:);i;;c':;use ,“!,f b\:s;_d the following definitions (30) and 2007, Americen College of Rheumatology
i " ARR represents the apparent,or observed, relaive risk of Speed through closeness to data
anti-TNFa use. Our study found an ARR of I'.O, For rarev
T s s R A O Being embedded in the data stream
; i hrough ndar
Anti-Tu ihie Risk of Speed through data standards
Seriou ients With Sentinel common data model
Speed through analytic tools
Speed without compromising science
Sebastian Schne| N. Katz, Jerry Avorn,
n
33 34
. - . Rapid-cycle analytics without compromisin
How can we optimize validity at high speed pid-cy yue P &
. validity across multiple data systems
across multiple data systems?
P 2 2 : 5oL o Assessing the Comparative Effectiveness of
.Ut?hzmg. M‘if}‘,ﬁare claims data for real-time drug safety evaluations: Newly Marketed Medications: Methodological
is it feasible? Challenges and Implications for Drug
Abraham G. Hartzema'*, Judith A. Racoosin®, Thomas E. MaCurdy**, Jonathan M. Gibbs* Development
and Jeffrey A. Kelman® SSchneeweiss', JJ Gagne', R Glynn', M Ruhl? and JA Rassen’
Cumulative Proportion of Representative Claims Observed : 0
by Weeks after Service Sequential cohort design > Baseline Ne‘gﬁ“;“ Follow-up >
ki //’ > Baseline Nevarl‘J‘se;of Follow-up >
> Baseline R o Follow-u|
80% DmA P
§ > Baseline |Negr|dserof Follow-up >
s —Inpatient
§ s G Baseline Negr:se;of Follow-up
.E)E; i T-Rifipatieot Baseline Nevgr;;e;of Follow-up Time
s N T T v T T T T T T T T T
® —Physician's Office [ 9\ A12 .
20% DrugA R rarn B e e B
i e launch - — m
{observed monthly) (=month 0)
0%
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When is a benefit real?
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Decision making in a monitoring system

1) Meaningful evidence
2) Valid evidence

3) Expedited evidence

4) Transparent evidence ®

Questionable Promising Superior?
70 EY
geol —~
Bso A & S e
g ——; — = Transparency -> Reproducibility
20 S e
Reto i e e e — Be able to reproduce in same data
for 0 pronea)  — Shared analytics & auditability
-2.0
30 ZAN
Yaof S Withstand detailed audits of past data
50
<) . .
22 Accepted statistical procedure
1 2 |3 4 5 [ & 7 [ 8 e w0 n] ] B a %
— — — Lower 95% confidence interval - -4 -1 K K K . .
[ e R ‘ We have plenty statistical tools
Questionable: Promising: Superior:

- Investigate subgroup -
effects -

Continue program
Continue evaluation

Widely disseminate

- Continue evaluation -

Moderately expand

program

Schneeweiss, Shrank, Ruhl, Maclure, I/TAHC 2015

Transparency and Reproducibility of
Observational Cohort Studies Using Large
Healthcare Databases.

SV Wang', P Verpillar?, JA Rassen’, A Patrick®, EM Garry® and DB Bartels®’
CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 99 NUMBER 3 | MARCH 2016

Direct test

Reproduced
protocol

S studies

=
32

DoP
Reasons for Limited Reproducibility@%

52% of reproduced studies had inadequate reporting in
one or more areas:

Code lists/algorithms not reported

Covariate assessment period not reported

Follow up period not reported

Unclear which baseline characteristics included in adjusted
models or propensity scores

T

Analytic tools are build for transparency

Tabular format

Standardized Text

200 <t consceree ot

SHEPBT A, -

44

Scientific validation of a platform against FDA standard

Unadjusted

Adjusted

© | Reproduced comparative study|
®  Direct test protocol

Wang S. et al. CP&T 2016:

Aetion is the only fully validated
platform for healthcare database
analytics

Extremely high
agreement with current
standard (FDA Modular
Program)

Kim'S. et al. A&R in press:

EDA post-marketing commitment of a
multi-DB cardiovascular safety study

LT
TTeR™

Fralick M. et al. Ann Int Med in press:

Risk of ketoacidosis after commencing
SGLT-2 inhibitors

Patorno E. et al. in progress:
SGLT-2 inhibitor safety/effect.
surveillance program for EMA

+10%
-10%

>10,000 analyses

HH’
6 Direct Test
CONFIDENTIAL

31 Reproduced Studies

A THN TR

by 15 organizations
(Pharma, payer, academia, EM/-\)6

Analytic tools are build for transparency

Tabular format

Standardized Text

International Society for
Pharmacoepidemiology

International Society for Pharmacoeconomics
and Outcomes Research
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Depositing codes for reproducibility Case study: TCZ

P AT B SRR TPLOS | one * Tocilizumab (TCZ) inhibits the IL-6 receptor

ClinicalCodes: An Online Clinical Codes Repository to

i A ¢ TCZ was approved by the FDA in 2010 for treatment of rheumatoid
Improve the Validity and Reproducibility of Research

¥ A i arthritis
Using Electronic Medical Records
rdetid el gl U dioniad o % Daeran M- Astictofes branOlier Roea Pastary * Early studies showed an increase in LDL and triglycerides

* FDA wanted to ensure cardiovascular (CV) safety by comparing TCZ against

current standard of care, TNF inhibitors
CLERP) cuopesn et o conves :
for Pharmacoepidemiology and Pharmacovigilance
| Home | Sttemap | Q& A | Natice Board | Links | Contactus | |G 0
Home > Search resuks o ;
Cartilage . _ y 3

C— donmucion ~ (Aveiogenesis :

ENCePP Documents g ST bl &

= 445 Studies found ». IL-1B <— Lymphocyte
Training in PhEpi and PV Ve IL-17 ¢—
Status  Official Title Lead Investigator ;;:‘_u d d‘sﬁm:i s - \\
uction 2

Finalised A Study of Treatments for Overactive Bladder: Incidence  Dr Kathieen Mortimer  04/12/2014 -
and Validation of Cardiovascular and Cancer Outcomes and Synovi

== by = Examination of Drug-Use Patterns in a US Health Care Synovial fibroblast

oo Claims Data Environment
Finalised 8 Me Stephan Dunning 031212014 1
of intravenous iron: an observational study using Medicare
i 49 50
Finalised EMA study on prescribing of ibuprofen n the French primary Mr Glanmario Cendore  28/11/2014

PYTTTTT care settine

Comparative Cardiovascular Safety of Tocilizumab Vs
Etanercept in Rheumatoid Arthritis: Results of a
Randomized, Parallel-Group, Multicenter, Noninferiority,

ABSTRACT NUMBER: 2611

Cardiovascular Safety of Tocilizumab Versus Tumor Necrosis
Factor Inhibitors in Patients with Rheumatoid Arthritis

Seoyoung C. Kim', Daniel H. Solomon’, James R. Rogers', Sara GaleZ, Micki Klearman?, Khaled Phase 4 Clinical Trial
Sarsour? and Sebastian Schneeweiss', 'Brigham and Women's Hospital and Harvard Medical Jon T. Giles', Naveed Sattar?, Sherine E. Gabriel3, Paul M. Ridker?, Steffen Gay®, Charles Warne$,
School, Boston, MA, 2Genentech, South San Francisco, CA David Mus! - N R = ‘leming?
" | Table. Hazard Ratios of Major End Points for Tocilizumab vs Etanercept ¥
Meeting: 2016 ACR/ARHP Annual Meeting o Tocil
Table. HR (95% CI) for composite CV events in TCZ starters versus TNF inhibitors: a 1:3 N = 1542 N=1538 vs Etanercept
variable ratio PS-matched analysis
Database | Medicare IMS MarketScan Pooled” First Events,
158 n First Events,n | HR® 95% CI
As treated 0.76 1.1 1.01 <' 0.90 \’
(0,42, 1.37) (0.49, 2.53) (0.45,2.29) \_(0.60,1.36)_ | MACE-ITT population 78 83 1.05 0.77,1.43
ITT up to 049 0.90 0.76 0.66 |
180 days ©.21,1.14) (032, 251) (0.26,2.23) (038, 1.16) !MACE-OT population 52 57 111 0.76, 1.62
ITT up to 0.80 0.94 085 085 | VD death 35 36 1.03 0.64,1.63
365 days (0.47,1.38) (0.45, 1.95) (0.41,1.76) (0.58, 1.23) 1 |
51 i Nonfatal MI 31 28 < 0.89 0.54,1.49 5
\

Case study: Comparison Decision-relevant Evidence

Meaningful Valid
Observational study ENTRACTE RCT Data Quality Avoid massive design flaws
1 Think of target trial
Multi-database cohort study Parallel group RCT HEcgpurpome A -
Data Flexibility Approach confounding flexibly
TCZ vs. any TNFi TCZ vs. etanercept Match data type to the question Question & Data type dictate approach
8,790 TCZ patients 1,538 TCZ patients Meaningful statistics Reduce Investigator error
Metrics that matter Structured approaches
HR =0.90 (0.60-1.36) HR =0.89 (0.54-1.49)
(FDA CV safety: rule out HR of 1.40) )
Expedited Transparent
Oct. 2015 — Apr. 2016 (6 months) Aug 2011 — May 2016 (57 months)

- - Speed through clc to data Transparency -> Reproducibility
Cost: Sy Cost: 100X Sy Being embedded in the data stream Be able to reproduce in same data
Full transparency via Aetion report Full transparency via GCP Speed through data standards Shared analytics & auditability

Sentinel common data model Withstand detailed audits of past data
Speed through analytic tools Accepted statistical procedure
Speed without compromising science We have plenty statistical tools
53 54
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