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Inspired by Dr. Califf’'s Comments...

Keynote Address
- aaaaas

Robert Califf, Vice Chancellor for Health Data Science, Duke Health

Benefits and Risks of Medical Products: A Systematic Approach to
Continuous Evidence Generation

“...We've got to glorify the cleaning-up of data... Analytical techniques are
increasingly automated, but understanding the context of the information
and how to store it in a way that it’s used for the right purpose is an art. | still
use the word data janitor... and | think the most profound society should be
the Medical Data Janitorship society because these are the people who are
really going to make the difference...” (1:18:12)
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Quality Assurance Guidance Before Sentinel...

Guidance for Industry and FDA Staft

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

https://www.fda.gov/downloads/drugs/guidances/ucm243537.pdf

Sentinel’



Quality Assurance Envisioned as Project-Specific Sentinel’

= The general procedures used by the data holders to ensure completeness, consistency, and
accuracy of data collection and management.

= The frequency and type of any data error corrections or changes in data adjudication policies
implemented by the data holders during the relevant period of data collection;

= A description of any peer-reviewed publications examining data quality and/or validity, including
the relationships of the investigators with the data source(s);

= Any updates and changes in coding practices (e.g., ICD codes) across the study period that are
relevant to the outcomes of interest

= Any changes in key data elements during the study time frame and their potential effect on the
study

= Areport on the extent of missing data over time (i.e., the percentage of data not available for a
particular variable of interest) and a discussion on the procedures (e.g., exclusion, imputation)

employed to handle this issue. Investigators should also address the implications of the extent of
missing data on study findings and the missing data methods used

https://www.fda.gov/downloads/drugs/guidances/ucm?243537.pdf



Sentinel Distributed Database Sentinel,

Data Partners (DPs) hold data

in Common Data Model format:

- Enrollment

- Demographics

- Medical Utilization

- Pharmacy Prescriptions

- Diagnoses

- Procedures

- Laboratory Tests Queries Distributed to
- Vital Signs Data Partners (DPs)

Sentinel
Operations
Center (SOC)

Query Results Reviewed
and Returned to SOC
(all direct identifiers removed)




Sentinel Distributed Database Characteristics Sentinel,

Growth of the Sentinel Distributed Database
250,000,000

With its first entry of data,

200,000,000 Mini-Sentinel surpassed Mir(])i(-)ser‘ll‘lz'inel re:ached
25 million unique million unique

patient identifiers before patient identifiers before

the July 2010 deadline the November 2012 deadline
150,000,000
FDA launched
the fully operational

100,000,000 Sentinel System

in February 2016
50,000,000

The Sentinel Distributed Database (SDD) has:
e 66.9 million members with medical and drug coverage currently accruing new data
0
2009 2010 2011 2012 2013 2014 2015 2016

® Cumulative Growth ® Milestones

The area above depicts the cumulative number of unique patient identifiers in the Sentinel Distributed Database from 2010 to
present. If patients move health plans, they may have more than one patient identifier.



Sentinel Common Data Model Guiding Principles Sentinel’

" |ncludes claims, electronic health record (EHR), and registry data and flexible
enough to accommodate new data domains (e.g., free text).

= Data are stored at most granular/raw level possible with minimal mapping.
— Distinct data types should be kept separate (e.g., prescriptions, dispensings)

— Construction of medical concepts (e.g., outcome algorithms) from these elemental data
is a project-specific design choice.

— Sentinel stores these algorithms in a library for future use.

= Appropriate use and interpretation of local data requires the Data Partners’
local knowledge and data expertise.

— Not all tables are populated by all Data Partners=2site-specificity is allowed.

= Designed to meet FDA needs for analytic flexibility, transparency, and control.



Sentinel Common Data Model v 6.0

Sentinel’

Enroliment start & end dates Birth date Dispensing date Service date(s) Service dates Service date(s)
Drug coverage Sex National drug code (NDC) Encounter ID Encounter ID Encounter ID
Medical coverage Zip code Days supply Encounter type and provider Encounter type and provider Encounter type & provider
Medical record availability Etc. Amount dispended Facility Diagnosis code & type Procedure code & type
Etc. Principal discharge diagnosis Etc.
Clinical (___  Registry ] Inpatient
Y wsew || Owt || Cumotwn || sV || oetom hamacy || pstrt ranein
Person ID Person ID Person ID Person ID Person ID Person ID Person ID
Result and specimen Measurement date & time Death date Cause of death Vaccination date Administration date & Administration start & end
collection dates Helght & welght Source Source Admission type time date & time
Testtypek;;l;om:dlacy& Diastolic & systolic BP fid fid Vacdine code & type Encounter ID Encounter ID
Logical Observation Tobacco use & type Etc. Etc. Provider National Orug Code (NOC) sgnefusion
'mr;,"‘ug)’"d Etc. Etc. ':: Transfusion product code
Test result & unit Etc. Blood type
Etc. Etc.
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Adaptation of Guidance to a System Basis

Submit Comment

Sentinel Data Quality Assurance

Practices

Project Title
Date Posted
Status

Deliverables

Description

Sentinel Data Quality Assurance Practices
Thursday, March 23, 2017

Complete
Sentinel Data Quality Assurance Practices

The Food and Drug Administration (FDA) set forth its current recommendations for
data quality assurance (QA) in the following document: “Guidance for Industry and
FDA Staff: Best Practices for Conducting and Reporting Pharmacoepidemiologic
Safety Studies Using Electronic Healthcare Data” (Guidance), section IV.E “Best
Practices - Data Sources: Quality Assurance (QA) and Quality Control (QC),” in May
2013. This Guidance describes best practices that particularly apply to observa-
tional studies designed to assess the risk associated with a drug exposure using elec-
tronic healthcare data.

Sentinel’

https://www.sentinelinitiative.org/sentinel/data/distributed-database-common-data-model/sentinel-data-quality-assurance-

practices

11



Project-Specific v. System Data Characterization Sentinel

“As needed / as you go” “Always Ready”

Burden on Study Team Burden on Quality Assurance Team

Ad hoc Repeatable, Systematic

Cost is included in the cost of a study Cost is front-loaded for studies that use system
Variable amount of data cleaning 1400+ checks to pass each dataset

Takehome: “Making data fit for purpose” at scale entails cost and time
trade-offs.

12



Every Data Partner Transforms their Source Data )
. . Sentinel
into the Sentinel Common Data Model

Unique Data Partner’s
Source Database
Structure

Data Partner’s
Database Transformed
into SCDM Format
(Refresh)

13




Transparent and Reproducible Quality Assurance

Data Quality Review and Characterization Programs

v4.1.0

Project Title

Description

Link

Data Quality Review and Characterization Programs v4.1.0

The Sentinel Data Quality Review and Characterization Programs are used by the Sen-
tinel Operations Center (SOC) for data quality review and characterization of the Sen-
tinel Distributed Database (SDD). To create the SDD, each Data Partner transformed lo-
cal source data into the Sentinel Common Data Model (SCDM) format. The SOC created
a set of data quality review and characterization programs to ensure that the SDD meets
reasonable standards for data transformation consistency and quality and that the SDD
data meets expectations needed for a distributed health data network.

Sentinel Data Quality Review and Characterization Programs v4.1.0 - Overview
Sentinel Data Quality Review and Characterization Programs v4.1.0 - Appendix A
Sentinel Data Quality Review and Characterization Programs v4.1.0 - Appendix B
Sentinel Data Quality Review and Characterization Programs v4.1.0 - SAS Programs

View more details here.

Sentinel’
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Data Quality Review and Characterization Process Sentinel

Documented
Communication

Send a standard
program to check

~—

Data Partner Site

Eertarin

QA Program
site’s new dataset |;\4
in waiting -

T I = T gy ey ey
= =5 = =0 5
e

éemPerstamesend

Compliance Checks Judgment Call Checks
Level 1: Completeness, validity,

Level 3: Trends: consistency
accuracy

Level 4: Logical: plausibility,
Level 2: Cross-variable and cross-table convergence
integrity

15



Quality Review and Characterization Program Logic Sentinel’

* Compliance checks for
all tables are
mandatory.

e Quality Review and
Characterization
Program will abort after
it runs through all
compliance checks,
producing an
automatically created
report on failures.

Flag count > 0? —Ye
Yes v
No

16



Judgment Call Checks : What Do We See? Sentinel’

"Frequency of Records in the Encounter Table’
By Admission Year and Month
EncType=IP

120000 A

* Data Partner identified
procedures done in an o M
outpatient setting that o J‘I\NV
were previously 146350
classified as inpatient 125000 \(\/\/V\J
or emergency . W
department. These
were re-assigned.

* Inpatient encounters
decreased 19%. so000 4, . I . . . . . . .

2006J AN 2007TAN  Z008JAN 20097 &M 2010JAW  2011TAN 2012TAN 2013JAN  Z014TAN 2015T AR

HMumber of Records

112500 -

101250 -

Admission Year and Month
Datazet: Enc_ 13 encdate_wm

PLOT === ETLI11 e ETL12 17




Some Data Elements Require Additional
Project-Specific Data Characterization

Platelet count original result units”

Blank
/100 W
/CMM
CMM
10 3L
10X3UL
107"3/UL
10*3/ulL
1073/ulL
10E3/ulL
10e3/ulL
10e9/L
E9/L
BIL/L
bil/L
CU MM

FL
K/CMM
k/cmm
K/CU MM
K/CUMM
K/MCL
K/mcL
K/UL
k/ulL
KU/L
K/MM3
K/mm3
LB
PLATELET CO
T/CMM
TH/MM3
th/mm3

TH/UL
THOU/CMM
thow/cmm
thow/mm3
THOU/UL
THOUS/CU.MM
THOUS/MCL
THOU/mcL
THOUS/UL
Thouw/ulL
THOUSA
THOUSAND
THOUSAND/UL
U

X 10-3/UL

X 10(3y/UL
X103

X10(3)
1000/UL
X10(3)MCL
X10(3)/UL
X10(6)MCL
X10*9/L
X10E3/UL

X 1000
X10X3
X107"3/UL
x10
X1073/ul
X10E3/UL
X10E3
K/A7L
K/B5SL

Sentinel’

e Supplementary Project-
Specific Data
Characterization is
needed for less
structured data
elements (largely EHR-
based elements).

18



Takeaways Sentinel

= Sentinel’s approach to Data Quality Review and Characterization shifts some

of the burden away from study teams but project-specific data quality
assurance may still be required.

— New approach adheres to FDA requirements while making best use of finite resources.

— More structured data elements are the most amenable to system level data
characterization.

= TEAM approach (coordinating center + local experts) is needed.

= Per Dr. Califf, “Understanding the context of the information and how to store
it in a way that it’s used for the right purpose is an art,” but transparent,
repeatable programs and best practices make it more of a science.

19
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IMS Health & Quintiles are now

=|QVIA =

FDA CBER
Biologics Effectiveness and
Safety (BEST) Initiative

Christian Reich, MD, PhD
VP Real World Analytic Solutions

August 24, 2018



FDA Center for Biologics Evaluation and Research (CBER)

Biologics Safety and Effectiveness (BEST) Initiative

IQVIA (IMS Health & Quintiles)

Observation Health Data Sciences and Informatics (OHDSI)

Collaborative

Columbia University

Regenstrief Institute

Stanford University

Georgia Institute of Technology

University of California Los Angeles (UCLA)

=|QVIA =



FDA/CBER BEST Initiative

1 year contract Sep 2017 —

Oct 2018, two contracts:

1. Blood and Blood Product
Safety Surveillance

Report back

US Food and Drug Administration (FDAﬂ<
Center for Biologics Evaluation and

Research (CBER) J

65 studies:

» Simple: Rapid queries

* Medium complexity: cohort characteriza
» High complexity: safety, pharmacoepi

on

AE Reports

UCLA— Develop new

y

2.
Develop Studies/Reports \

v

methods

— |

&2 COLUMBIA UNIVERSITY @ Stanford
IN THE CITY OF NEW YORK MEDICINE

T Biomedical Informatics

1

'Georgial= e | Add unstructured

Q o Techrology data through NLP

Create MedWatch
submission module

Run Studies/Reports >

LRxDx
Provider-based
Claims

Ambulatory
EMR

Hospital
Charge Master

IMS Health & Quintiles are now

=|QVIA

Distributed Remote Data Network /

OMOP CDM

EHR with blood
products, components
and vaccines

Tools and experts

New Innovative
Methods for AE
Reporting

EHR with blood
products, components

Datamining and
automated reporting of
AEs from EHR



Systematic Approach to Quality

Data Processing Software and Methods

Tools for manual review Tools for manual review Tools for manual review

Tools for automatic metrics Tools for automatic metrics Tools for automatic metrics

=|QVIA =



Generation of Codes and Reasons for Deviation
. At point of care } Quality Measures

* Providers' info: administrative e ~
detail, lab tests, notes ) SenSItIVIty (0'1 OO%)
- Specificity (0-100%) - over time

- Timeliness (£ hours—weeks)

At point of care

» Providers' coding  Reasons for deviation

Relevance of condition

S - Billing Dept's producing X12 - Amount of healthcare activity

Claims record - Rules for reimbursement

- Information is hierarchical

 After Payer

SEaneel © Adjudicated coding
Claims

- Bias
- Fraud

» Before Payer }

=|Q0VIA =



Data Quality Review: Remote Electronic Chart Validation

Standardized Evaluation Process

Precision

Recall
PPV

F-measure
AUC

« BACK

atnal

D
#10094 o

137 yo MALE -9135
Index: 2/29/80

Aspirin 300 MG Rectal
Suppository

Top | Botton
Filters (6)
<9128

Death (0)

Measurement (0)
Observation (0)
Procedure (0)

Specimen (0)

Date

on
o
wn

3/4/55

Data

Atrial fibrillation
Probable old anteroseptal infarct
Lateral ST-T changes may be due to myocardial ischemia
Repolarization changes may be partly due to rhythm
No previous report available for comparison

Sinus tachycardia

- supraventricular extrasystoles, supraventricular
tachycardia

Possible anterior infarct - age undetermined

Lateral ST-T changes suggest myocardial injury/ischemia
Since previous tracing, atrial fibrillation is gone

« PREVIOUS = NEXT »

1. Does the patient have
atrial fibrilkation?

O Yes

Oh.".

O Unable to

determine

Add comments

2. Please provide any
additional evidence.

Add comment




Research: Probabilistic Estimation of Quality Metrics

Approach:

Predicted

probability  Create seed population wtih

very high specificity (chart
review or very stringent criteria)

Inflection point

 Build probabilistic model

* Find inflection point where

People with outcome
cohort cuts over to background.

» Use this for sensitivity/
specificity/PPV estimation of
codes and cohorts.

__—— People in cohort

xSpec: People that definitely
have the outcome

Entire population in DB

=I|QVIA



Automated Processing Quality Metrics

OMOP CDM schema compliance  Check schema is compliant with OHDSI DDL STATIUS, ACHILLES
as required for a specific database type

Adherence to business rules Transformed data conformance to a set of STATIUS
standard business rules

Edit checks Transformed data fits requires database quality STATIUS, ACHILLES
constraints
Data completeness Test referential integrity and record STATIUS, ACHILLES
completeness as a whole
Mapping coverage Test for % mappings coverage Rabbit-in-A-Hat, USAGI, STATIUS,
ACHILLES
Load coverage Test ETL for % load coverage STATIUS

=|QVIA =



Manual Processing Quality Review with Tools — Dashboard

" CDM ‘ YSource‘ measurement

measurement
7,245,360,164

OO

note

note_nip
0

observation
2,398,958,182

OO

£ Data A Data Sample

INFO

measurement_concept_id
integer

concept_id

populated s 100%
distincts o <1%

Q5 Unit Tests

TOP VALUES

4154790 ™ 3.3%
4152194  3.3%
4239408 e 2.7%
40757698 m 2.6%
4326744 —25%

v

CUSTOM STATISTICS

MAPPING RATE

OO0

TOP MAPPED CONCEPTS
Diastolic blood pressure p—— 3%
Systolic blood pressure ™ 3%

observation_period
45,888,762

measurement_source_value
character varying(300)

populated s 100%
distincts o <1%

VITAL_NM: SYSTOLIC =™ 3.3%
VITAL_NM: DIASTOLIC ™ 3.3%
VITAL_NM: HEART RAT ™ 2.7%
ORDER_NM: HEIGHT V™ 2.6%
ORDER_NM: BLOOD P 2.5%

v

Heart rate ™ 3%
Height and weight ™ 3%
Blood pressure 3%
TOP UNMAPPED CONCEPTS

VITAL_NM: COMMENT: e <1%
VITAL_NM: ALLERGY S <1%
TEST_NM: HEMOGLOE = <1%
VITAL_NM: (YEARLY Algmm <1%
VITAL_NM: ACCOMPA! g <1%

=|QVIA =




Manual Processing Quality Review with Tools — Business Rules

Take 3l records with src.event_source_value under
domain_id = 'Measurement

712,799 836
/ T

/ Take all records with m:.e\mrt_:\hg_'ra'ue under
comain_id = Procedure’

Reassignment
o —

.. | to domains
domain_id = "Observation
B '1,052,517,302
Take all records wigbmm unde

domain_id ="Condition

— . 36,836,860

Take all records from zrc.aligy

results_vital_events_clean_lk

procedure_occurrence_s

Quality rules

Remove duplicates

procedure_occurrence_f

375,029,000

Take all records with srcevent_source_vall
domain_ic = "Condition’

.968 713,266
//"

Source data

14,035,946

S

condition_occurrence_s

Take all records with src.event_source_value under

'573,011,550

Remove duplicates

.573,011,550

condition_occurrence_f

id = 'Observation'

prob_orders_zllgy_events_clean_lk

.362,664,510

Take 3ll records with src.event_source_value un
domain_id = 'Condition

311791704

observation_s

Take all records from src.orders and sre.prob with src. per 2,096,203,660

.282,389,575

Remaove duplicates

.282,889,575

observation_f

domain_id = "Observation

.12114191955 e

Take 3l records with src.event_source_value un:
domain_id = 'Measurement

4,979,597,183

vaccine_meds_events_clean_lk

\ N—

' 1,785,543 508

Remove duplicates

.1,755,543,593

measurement_f

\\ measurement_s
.9 387,578,794

Take 3ll records with zrc.event_source. \4'4! ungler
domain_id = ‘Procedure’

772,486,314

Take 3l records with src.event, .cu'\:e_ﬁ ue under

. domain_ic = "Procadure’
— .3 977,719 ——

Take 3ll records with src.event_source_value upder
domain_id = ‘Measurement

158919

Take 3ll records with src.event_sour
. domain_id = ‘Meazurement’

~— P —

Take 3l records with src.event_source,
domain_id = 'Obzarvation’

'5,251,617,375

.6,251,617,375

=|QVIA N



Data feed artifacts need to be detected and fixed

1. Data characterization over time

Stanford Columbia LRxDx Regenstrief

Data feed artifact

Il person
[l condition_occur

drug_exposure

[=3
0 00 aoaEm® :
2. Codes and data feed gaps
Data Partner Present Initially Missing Fixed
Columbia ICD-PX HCPCS, CPT4 CPT4 2-Mar
Stanford ICD-PX,CPT HCPCS 2-Mar
Regenstrief ICD-PX,CPT, HCPCS EHR and claim feed 2-Mar
LRxDx CPT4, ICD-PX ICD-PX without dot underway
Hospital CPT4, ICD-PX HCPCS 25-Jan
AmbEMR CPT4, order text ICD-PX, HCPCS 25-Jan
3. Correction — ISBT-128 codes from Blood Banks
Need identified In vocabulary In data
Data Source Cases
I I I > Columbia 171,336
Regenstrief 303,752 —— ™
5-Dec 2-Feb 30-Mar Stanford 271,187 E— I Q\/ I /-\ m



Software Validation

OHDSI Tools — ATLAS and ARACHNE

- Unit testing — tests a functional unit within a tool

Code profiling — identifies code inefficiencies, including possible vulnerabilities

Sﬁ;}t‘g‘#ﬁ] http://forums.ohdsi.org/t/software-validity-and-meeting-requlatory-

Automatd requirements/3438

broken ar
- Manual te % OHDS|
performn T SEeemsess
- Security &

Software validity and meeting requlatory requirements ¢

_ e

ARACHNE 3 schuemie Martijn Schuemie Oct'17

ATLAS Whenever we perform an observational study, one important consideration is the validity of our analysis
software; Does our analysis code do what it is supposed to do? Although we have gone to great lengths to
ensure the validity of the OHDSI Methods Library, we haven't done a very good job of documenting what we




Method Validation

New-user cohort studies using || Self-Controlled Case Series Case-control studies, matching || A self-controlled cohort Case-crossover design

large-scale regression for pro- | analysis using few or many controls on age, gender, design, where time preceding ||including the option to adjust

pensity and outcome models. ||predictors, includes splines for || provider, and visit date. Allows || exposure is used as control. for time-trends in exposures
/\age and seasonality. Jinesting in another cohort. A |\ (so-called case-time-control). |

6(\'\3 Population-Level Estimation Benchmark Test Test Test
— ~ Database _ _ Database = Database

Metrics computed using controls with MDRR < 1.25 (139 negative and 348 positive controls)

Coverage Mean Type 1 Type 2
Analysis choices AUC of 95% Cl precision MSE error error Missing

Case-control Matching on age and gender, 2 controls per case 0.92 0.12 1812.92 0.6 0.81 0.01 0.01
Case-control Matching on age and gender, 10 controls per case 0.91 0.1 3303.4 0.58 0.84 0.01 0.01
Case-control Matching on age and gender, nesting in indication, 2 controls per case 0.9 0.3 1344.33 0.48 0.64 0.04 0.01
Case-control Matching on age and gender, nesting in indication, 10 controls per case 0.91 0.25 2189.06 0.55 0.7 0.03 0.01
Case-crossover Simple case-crossover 0.85 0.35 486.51 0.76 0.7 0.07 0
Case-crossover Nested case-crossover 0.85 0.43 284.12 1.34 0.59 0.11 0
Case-crossover Nested case-time-control, matching on age and gender 0.82 0.61 117.27 1.5 0.44 0.19 0.01
Cohort method No matching, simple outcome model 0.76 0.42 131.74 1.17 0.49 0.18 0.04
Cohort method Matching plus simple outcome model 0.82 0.61 85.66 0.58 0.26 0.23 0.11
Cohort method Stratification plus stratified outcome model 0.86 0.68 104.05 1.46 0.19 0.23 0.06
Cohort method Matching plus stratified outcome model 0.8 0.82 39.54 0.43 0.08 0.35 0.13
Cohort method Matching plus full outcome model 0.77 0.86 25.22 0.42 0.01 0.54 0.49
SCCS Simple SCCS 0.9 0.28  1958.69 0.45 0.71 0.02 0
SCCS Using pre-exposure window 0.89 0.26 1871.1 0.48 0.75 0.03 0
SCCS Using age and season 0.91 0.28 1913.83 0.45 0.7 0.01 0
SCCS Using event-dependent observation 0.88 0.25 1906.17 0.5 0.7 0.02 0
SCCS Using all other exposures 0.9 0.41 962.33 0:39 0.55 0.03 0
Self-controlled cohort  Length of exposure, index date in exposure window 0.9 0.32 1418.27 0.3 0.55 0.09 0.01
Self-controlled cohort 30 days of each exposure, index date in exposure window 0.91 0.52 466.84 0.08 0.49 0.11 0
Self-controlled cohort  Length of exposure, index date in exposure window, require full obs 0.91 0.34 1217.81 0.29 0.51 0.09 0.01
Self-controlled cohort 30 days of each exposure, index date in exposure window, require full obs 0.91 0.52 466.84 0.08 0.49 0.11 0
Self-controlled cohort Length of exposure, index date ignored 0.94 0.36 1392.35 0.18 0.5 0.1 0.01
Self-controlled cohort 30 days of each exposure, index date ignored 0.93 0.55 438.31 0.09 0.26 0.14 0 ™
Self-controlled cohort  Length of exposure, index date ignored, require full obs 0.94 0.39 1187.46 0.17 0.44 0.1=—= bm) \/ I /_\ m
Self-controlled cohort 30 days of each exposure, index date ignored, require full obs 0.93 0.55 438.31 0.09 0.26 0.14 0



Summary

Real World Data: QA responsibility with secondary use
Quality = Data + Processes + Software/Methods

Transparent and open approach needed for trust and
reproducibility

QA mechanisms: Tools for review, automated QA
More work and research needed
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PCORnNet® embodies a “network of networks”
that harnesses the power of partnerships

Clinical
Research

Clinical Data Research
Networks (CDRNs)

Patient-Powered Research
Networks (PPRNSs)

Harvard

Institute Pilgrim
Health
Care
Institute

Genetic
Alliance

@. pcornet’

A national infrastructure for
Health Plan Research Coordinating people-centered clinical
Networks (HPRNSs) e Center — research

38




PCORnNet Terminology

O Networks can consist of 1 or
more DataMarts

O DataMarts can have 1 or more
sites / health systems
contribute data

O DataMarts are the unit of query Data Data Data
DataMart D
Mart A Mart B Mart C
O Current PCORnet stats:
= ~110 Health Systems / Health

Plans

" 80 DataMartS (also known as Health Health Health Health Health Health
network partnerS) System 1 System 2 System 3 System 1 System 2 System 3

@ pcornet’




Queries within PCORnet®

Load Data into CDM

Assess Foundational
Quality ~

===

Assess Study- ]
Prep to Research Specific Data Quality ~~ =~~~ >  Run Analysis

Queries N
\

Interpret

Results




Learning within PCORnet®

Load Data into CDM

v
Assess Foundational
Quality \\
A
A
1 ~
: \ \4
1
M Assess Stu
rep to Research Specific Data Quality ~~ >

Queries \_/

Interpret
Results




Variation when loading the CDM

Network partners often have to make decisions on how to map their source data to the CDM

Common Data Model

SITE 1 SITE 2 Ambulatory Visit (AV)
Social Work Visit Office Visit Emergency Department (ED)
Allied Health Specimen ED Admit to Inpatient (EI)
Office Visit Postpartum Visit Inpatient Hospital (IP)
Nurse Visit Clinical Support Non-Acute Inst. Stay (IS)
Procedure Visit Initial Prenatal Observation Stay (OS)

Employee Health Institutional Consult (IC)

Vascular Lab Other Ambulatory (OA)
Sleep Study Visit SITE 3 Other (OT)
Social Work Visit Home Care Visit Unknown (UN)
Office Visit No Information (NI)
Therapy Visit
Orders Only
Cardiology Testing

Hospital Encounter
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REGISTRATION

LAB REQUISITION

SCREENING FORM
EXTERNAL HOSPITAL ADMISSION
LETTER (OUT)

REFILL

IMMUNIZATION

HISTORY

RESEARCH ENCOUNTER
REFERRAL

ORDERS ONLY

RX REFILL AUTHORIZE

MEDS ONLY (WEB)

MEDS VOID (WEB)

RESOLUTE PROFESSIONAL BILLING HOSPITAL PROF FEE

EPISODE CHANGES
ANCILLARY ORDERS
PHARMACY VISIT
BPA
ROUTINE PRENATAL
INITIAL PRENATAL
OPHTH OFFICE VISIT
ABSTRACT

ALK-IN
TREATMENT PLAN
ALLIED HEALTH

MEDS ONLY / E - PRESCRIBE
PFT ONLY
TRANSPLANT PRE-EVALUATION

CONSULT CHECKLIST
BOWEL MANAGEMENT

CARE CONFERENCE
INTAKE/TRIAGE

VNS REPROGRAM/SHUTOFF
CLINICAL NOTE

GENETICS

PASTORAL

THERAPY VISIT

INTAKE - NEW PATIENT

HIM SCANS

PRE-VISIT PLANNING
TRANSCRIBED ORDERS
SCHOOL TEACHER/INTERVENTION
CHILD LIFE

THERAPY PROGRESS SUMMARY
BRONCHOSCOPY REQUEST
HEMONC SOCIAL WORK

AUD CONSULT

OPH CONSULT

ALG CONSULT

UROLOGY COMPLEX INTAKE

pcornet’

Reality is even more complicated (encounter types from one EHR)

s
CARE CONFERENCE - PATIENT/FAMILY PRESENT
'HOME VISIT - PALLIATIVE CARE

G

EARLY INTERVENTION
HI NEURODEVELOPMENTAL CLINIC TRACKING
RDES

PRE-OP PHYSICAL
PLAN OF CARE

ENT INPATIENT VISIT

HOSPITAL TO HOSPITAL TRANSFER
DEVELOPMENTAL TESTING
BIOETHICS CONSULT

ENDO STIM TESTING

HIM INTERFACE CREATED
'SURGICAL SITE INFECTION

DERM PATCH TESTING

INTAKE CONSULT

ADEC INTAKE

CPST-PSY ENCOUNTER
ECONSULT TELEMEDICINE
ROADMAP

HOSPITAL ENCOUNTER
DATE

CANCELED
APPOINTMENT

SURGERY

ANESTHESIA

ANESTHESIA EVENT

UNMERGE

HEALTH MAINTENANCE LETTER
PATIENT EMAIL

EVISIT

MOBILE ORDER ONLY
QUESTIONNAIRE SERIES SUBMISSION
PATIENT OUTREACH

HOSPICE ADMISSION
HOME HEALTH ADMISSION
HOME CARE VISIT

TELEPHONE
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Reducing variation with CDM Implementation Guidance

O Created to address instances where there is ambiguity in the CDM specification:
= CDM is silent on the issue — what to do if date of death is completely unknown?
= Unexpected complexity in source data — how to separate race & ethnicity if captured in a single field?

ENCOUNTER Table Implementation Guidance
Guidance
e Each ENCOUNTERID will generally reflect a unique combination of PATID, ADMIT_ DATE, PROVIDERID and ENC_TYPE.
e Every diagnosis and procedure recorded during the encounter should have a separate record in the DIAGNOSIS or PROCEDURES Tables.
e Multiple visits to the same provider on the same day may be considered one encounter, especially if defined by a reimbursement basis; if so, the ENCOUNTER record should be associated with all
diagnoses and procedures that were recorded during those visits.

e Visits to different providers for different encounter types on the same day, however, such as a physician appointment that leads to a hospitalization, would generally correspond to multiple encounters
within the ENCOUNTER table.

e Rollback or voided transactions and other adjustments should be processed before populating this table.
Although “Expired” is represented in both DISCHARGE DISPOSITION and DISCHARGE STATUS, this overlap represents the reality that both fields are captured in hospital data systems but with
variation in how each field is populated.

e Do not include scheduled encounters.

e Partners should ensure that “administrative’ encounters (e.g., e-mail, phone, documentation-only), are coded to the appropriate encounter type, which is typically “OA” for outpatient visits. ]

DEMOGRAPHIC Table Specification ~ ~
Field Name RDBMS SAS Data mdeﬁm’d Value Sets Definition / Comments Data Element ? Field-Level Implementation N
Data Type | Type Cat Dm&mﬁ” Provenance ( Guidance \
HISPANIC RDBMS SAS Char(2) Y=Yes A person of Cuban, Mexican, Puerto Rican, South | MSCDM v4.0 with Populating RACE and HISPANIC
Text(2) N=No or Central American, or other Spanish culture or modified field size if race and ethnicity are not
R=Refuse to origin, regardless of race. and value set captured separately within the
answer source system (e.g., “Hispanic or
NI=No Compatible with Latino” is included as a selection

under Race) - for patients with a

iélg)fmUitlign ;;:O] .. H:,S pIz_lIr_li c . known race (e.g., Race is something

B own 1c.1ty (Hispanic other than “Hispanic or Latino”,

OT=Other or Latu_lo, Not ) partners should set HISPANIC to
Hispanic or Latino) "OT" and RACE to the appropriate

race code. For patients who are listed
as having a race of “Hispanic,”
partners should set HISPANIC to "Y"
® and RACE to "OT". In this situation,
the combined race/ethnicity field is
@ pCO r n et treated as known field capturing

values for both race and ethnicity, )

\ which is why the preference is to use
\QT” instead of “NI”.




Assessing data quality — Foundational Data Curation

O Purpose
= Evaluate data quality and fithess-for-use across a broad research portfolio

= Generate meaningful, actionable information for network partners, investigators and other
stakeholders

O Resources
= Data quality checks
= Data curation query packages

= Analyses and reports Step 3 Step 1

Coordinating Center Network partner plans
approves the DataMart DataMart refresh

= Discussion Forums

Step 2
Network partner responds
to the data curation query
package

Step 5
Coordinating Center holds Step 4
Discussion Forums; updates Coordinating Center analyzes results
Implementation Guidance; and and solicits more information as

@ updates Data Checks needed
@ pcornet




Data Curation Cycles: Our Journey So Far

| Aspect | Cycle1 Cycle 2 Cycle 3 Cycle 4 Cycle 5

Start date January 2016 November 2016 July 2017 January 2018
CDM version V3.0 V3.0 V3.1 V3.1
CDM tables 7 (DEMOGRAPHIC, 11 (added DISPENSING, 15 (added CONDITION, 15
DIAGNOSIS, ENROLLMENT, PRESCRIBING, PRO_CM, DEATH_CAUSE and
ENCOUNTER, HARVEST, LAB_RESULT_CM and DEATH) PCORNET_TRIAL)

PROCEDURES, VITAL)

Distributed queries 3 Diagnostic Query ' Data Curation Query Data Curation Query Data Curation Query
Data Curation Query
Self-service queries None Diagnostic Query ! Diagnostic Query ! Diagnostic Query !
Code Errors 2 Code Errors 2 Code Errors ?
Annotated Data Excel spreadsheets REDCap database REDCap database REDCap database
Dictionary
Data Quality Checks # 13 data checks 20 data checks 26 data checks 27 data checks
(7 new, 9 revised) (6 new, 8 revised) (1 new, 5 revised)
498 measures 587 measures 644 measures 654 measures
Analyses and One-on-one discussions with Network-wide Discussion Network-wide Discussion Network-wide Discussion
Investigations DataMart teams Forums; Forums; DataMart-specific Forums; DataMart-specific
DataMart-specific feedback feedback feedback
1. Evaluates table and field-level conformance with the CDM
2. Detects potential errors in diagnosis, procedure, lab, and Rx codes based on heuristics such as field length and presence of alphanumeric characters
3. Available at https:/github.com/PCORnet-DRN-OC/PCORnet-Data-Curation
4. Available at hitp://pcornet.org/pcornet-data/

July 2018
V4.1

18 (added MED_ADMIN,
PROVIDER, OBS CLIN
(partial))

Data Curation Query

Diagnostic Query '
Code Errors 2

REDCap database

31 data checks
(4 new, 13 revised)
1144 measures

Network-wide Discussion
Forums; DataMart-specific
feedback
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Cycle 5 Data Checks

Category Type Check Description Changes from v4
Data Model Required DC 1.01 Required tables are not present Added MED_ADMIN, OBS_CLIN, OBS_GEN, and PROVIDER
Conformance Required DC 1.02 Expected tables are not populated None
Required DC1.03 Required fields are not present Added RAW fields and new fields
Required DC 1.04 Fields do not conform to data model specifications for data type, length, or name. Added new fields
Required DC 1.05 Tables have primary key definition errors Added MED_ADMIN, OBS_CLIN, and PROVIDER
Required DC 1.06 Fields contain values outside of data model specifications Added new fields
Required DC 1.07 Fields have non-permissible missing values Added new fields and removed DIAGNOSIS.ENCOUNTERID
and PROCEDURES.ENCOUNTERID
Required DC 1.08 Tables contain orphan PATIDs Added MED_ADMIN and OBS_CLIN
Required DC 1.09 Tables contain orphan ENCOUNTERIDs Reclassified from Investigative to Required; changed from a
5% to a 0% threshold; added MED_ADMIN and OBS_CLIN
Required DC1.10 Replication errors between the ENCOUNTER, PROCEDURES and DIAGNOSIS tables None
Required DC1.11 More than 5% of encounters are assigned to more than one patient Reclassified from Investigative to Required
Required DC1.12 Tables contain orphan PROVIDERIDs New
Data Plausibility Investigative DC2.01 More than 5% of records have future dates Added new fields
Investigative DC 2.02 More than 10% of records fall into the lowest or highest categories of age, height, weight, diastolic blood pressure, systolic blood pressure, None
or dispensed days supply
Investigative DC 2.03 More than 5% of patients have illogical date relationships Added new fields
Investigative DC 2.04 The average number of encounters per visit is > 2.0 for inpatient (IP), emergency department (ED), or ED to inpatient (El) encounters None
Investigative DC 2.05 More than 5% of results for selected laboratory tests do not have the appropriate specimen source Added new value set
Investigative DC 2.06 Median lab result values for selected tests are statistical outliers New
Investigative DC 2.07 The average number of principal diagnoses per encounter is above threshold [2.0 for inpatient (IP) and ED to inpatient (El)) New
Data Investigative DC3.01 The average number of diagnoses records with known diagnosis types per encounter is below threshold [1.0 for ambulatory (AV), inpatient None
Completeness (IP), emergency department (ED), or ED to inpatient (El) encounters]
Investigative DC 3.02 The average number of procedure records with known procedure types per encounter is below threshold [0.75 for ambulatory (AV) None
encounters, 0.75 for emergency department (ED) encounters, 1.00 for ED to inpatient (El) encounters, and 1.00 for inpatient (IP) encounters]
Investigative DC 3.03 More than 10% of records have missing or unknown values for the following fields: BIRTH_DATE, SEX, DISCHARGE_DISPOSITION (IP/EI Added new fields
encounters only), DISCHARGE_DATE (IP/El encounters only), PX_DATE, RX_ORDER_DATE, DISPENSE_SUP, DX_ORIGIN, PX_SOURCE,
VITAL_SOURCE, DEATH_SOURCE, CONDITION_SOURCE, RX_SOURCE, MEDADMIN_SOURCE, DIAGNOSIS.ENCOUNTERID, or
PROCEDURES.ENCOUNTERID
Required DC 3.04 Less than 50% of patients with encounters have DIAGNOSIS records None
Required DC 3.05 Less than 50% of patients with encounters have PROCEDURES records None
Investigative DC 3.06 More than 10% of IP (inpatient) or ED to inpatient (El) encounters with any diagnosis don't have a principal diagnosis None
Investigative DC 3.07 Encounters, diagnoses, or procedures in an ambulatory (AV), emergency department (ED), ED to inpatient (El), or inpatient (IP) setting are None
less than 75% complete three months prior to the current month
Investigative DC 3.08 Less than 80% of prescribing orders are mapped to a RXNORM_CUI which fully specifies the ingredient, strength and dose form None
Investigative DC 3.09 Less than 80% of laboratory results are mapped to LAB_LOINC None
Investigative DC3.10 Less than 80% of quantitative results for tests mapped to LAB_LOINC fully specify the normal range None
Investigative DC3.11 Vital, prescribing, or laboratory records are less than 75% complete three months prior to the current month None
Investigative DC 3.12 Less than 80% of quantitative results for tests mapped to LAB_LOINC fully specify the SPECIMEN_SOURCE and RESULT_UNIT New

4/




Empirical Data Curation Report

Table IIIB. Records With Extreme Values

This table supports Data Check 2.02 (more than 10% of records fall into the lowest or highest categories of age, height, weight, diastolic blood pressure, systolic blood
pressure, or dispensed days supply). A high percentage of records in these categories may signal incorrect measurement units. Exceptions for blood pressure measures are
expected for pediatric populations. Data check exceptions are highlighted in blue and should be investigated and explained in the ETL ADD.

Records with Records with
Data Check values in the values in the
Parameters lowest category highest category
Table Field Low High Records N %o N % Median Source table
VITAL DIASTOLIC <40 mgHg >120mgHg 41,883,101 4,546,498 9,674 0.0 n/a  VIT_L3_DIASTOLIC
VITAL SYSTOLIC <40 mgHg >210 mgHg 41,883,101 46,753 0.1 1,752 0.0 n/a VIT_L3_SYSTOLIC

Table IVI. Lab Data Completeness

This table shows the level of data completeness for LAB_RESULT_CM records and supports Data Check 3.09 (less than 80% of laboratory results are mapped to
LAB_LOINC) and Data Check 3.10 (less than 80% of quantitative results for tests mapped to LAB_LOINC fully specify the normal range). Data check exceptions occur
if the percentage is <80% or the numerator is 0. The data check exception threshold is high in order to better understand the inherent limitations and opportunities for
improvement in these data. Exceptions are highlighted in blue and should be investigated and explained in the ETL ADD.

Description Criteria Numerator Denominator Percentage Source table
Number of distinct 471 LAB_L3_LOINC
LAB_LOINCs
Percentage of results mapped LAB_LOINC is not null 59427917 59427917 100.00 LAB_L3_RECORDC;
to a known LAB_LOINC LAB_L3_N
Percentage of results mapped LAB_LOINC is not null and (RESULT_NUM is not null and 51,305,569 59427917 86.33 LAB_L3_RECORDC
to a known LAB_LOINC with RESULT_MODIFIER is not null) or RESULT_QUAL is in
a known result ("BORDERLINE", "POSITIVE", "NEGATIVE" or

"UNDETERMINED")
Number of quantitative results LAB_LOINC is not null and RESULT_NUM is not null and 51,305,569 LAB_L3_RECORDC
for tests mapped to RESULT_MODIFIER is not null
LAB_LOINC
Percentage of quantitative LAB_LOINC is not null and RESULT_NUM is not null and 41,193,033 51,305,569 80.29 LAB_L3 _RECORDC
results for tests mapped to RESULT_MODIFIER is not null and
LAB_LOINC which fully NORM_MODIFIER_LOW, NORM_RANGE_LOW,

‘ specify the normal range. NORM_MODIFIER_HIGH, and NORM_RANGE_HIGH are all
populated per CDM specifications.** 48




Cycle 4 Discussion Forum Schedule

< March 5 — General overview of Cycle 4 findings

< March 12 — Exploratory analyses (e.g., unmatched codes, potential duplication of records) & overview of Data
Curation Lab Groups

< March 19 — Identification of lab mapping errors through outlier detection

& March 26 — Medication mapping issues

.@. pcornet’ )




Study-specific data characterization

O Assess data on the intended cohort related to study aims
O Ensure that outcomes / variables of interest are available & complete
O Determine whether partners actually have enough data / patients to participate

& Requires upfront investment, but can save significant time overall

.@. pcornet’ )




Antibiotics study example

< Study Aims: To evaluate the comparative effects of different types, timing, and amount of antibiotics prescribed
during the first 2 years of life on:

= Body mass index and risk of obesity at 5 and 10 years
= Growth trajectories from infancy onwards

& Conducted study-specific data characterization to assess site eligibility / suitability of prescribing data to support
study

& Sample findings
= Days supply — highly missing
= Start date minus end date — low percent missing — very different from the global measure
= RxNorm — variability in how partners mapped to RxNorm

& Critical to overall success of the study

.@. pcornet’ )




Study findings influencing data curation — medication coding

C Information about the RXCUI Mapping Cycle 4
medication ingredient, strength,  ***
and dose form is needed for
many studies

90%

C Implementation Guidance
developed to establish the 70%
preferred mapping strategy

60%

O Data Curation added a data so%
check to measure adherence to

the guidance o

30%

20%

10%

0%
° m Tier 1 CUIs (Encode ingredient, strength and dose form)

W Tier 2 CUIs (Ingredient and potentially strength or dose form)
W Tier 3 CUI (May require more than one CUl torepresent a medication)

W Tier 4 CUIs (Dose does not encode any ingredient information)

P B Unknown (CUI not populated or invalid CUI)
«&2» pcornet
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Study findings influencing data curation — data latency

. . Benchmark Period Current Period
T Knowing when to expect CDM data to be completeis >
essential for many study activities £ 100,000 comene e
g | pemlmency
& The ADAPTABLE" study team used data curation 2 80,000
results to evaluate data latency and establish g
censoring dates 2 00
22 N . uoé‘. 40,000
< Data curation added a data check to measure data g )
latency and completeness £ 20000
0 wn wn wn wn N =3 =3 =} el Y= (=3 {1 o =] e ¥ o r~ r~ r~ ~ ~ r~ ~
2% 33 i3 55552 %2838 :58355%5¢%3
L oo O =Z &0 5 o = I = 5 7T 2 o O =Z 40 5 b0 =< = = =

= Encounters

Data completeness

Table IVG. Data Latency and Completeness of Vital, Prescribing, and Lab Data, Past 2 Years

This table includes VITAL, PRESCRIBING, and LAB_RESULT_CM data from the most recent 24 month period; month -0 is the month the data curation query was run.
Data completeness is determined by comparing the actual volume to the expected volume in each month. Expected volume is determined by taking the average volume
during the benchmark period of months -12 to month -23. Data completeness is reported as a percentage of the benchmark average. Temporal differences may be affected
by data availability, ETL processes, date shifting, secular trends, and/or changes in data provenance.

These data support Data Check 3.11 (vital, prescribing, or laboratory records are less than 75% complete three months prior to the current month). Data check exceptions

occur if the month -3 result is <75% of the benchmark average or O records. Data check exceptions are highlighted in blue. Data check exceptions and unexpected results
should be investigated and explained in the ETL ADD.

Vitals Prescriptions Labs
Percent of Percent of Percent of
Month Records benchmark average Records benchmark average Records benchmark average
Month -0 60,980 9.8 16015 130 82,977 13.0
Month -1 495,533 794 118,617 96.3 583,263 91.3
Month -2 560,362 89.7 121,318 98.5 604,813 94.7

120

100

80

40

20

*theaspirinstudy.org

% benchmark average
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Conclusions

& Support of the CDM and data curation requires multi-disciplinary teams at network partners & coordinating center
= Database developers
= EHR subject matter experts
= Statistical analysts

C PCORnet is first network of this size to curate domains like laboratory results and medication orders
= While data are messy, they are improving
= Allow for more rapid study execution in the future

.@. pcornet’ )




Data Quality Management of MID-NET®

Dr Yoshiaki Uyama
Director, Office of Medical Informatics and Epidemiology
Pharmaceuticals and Medical Devices Agency (PMDA)
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What is MID-NET® ?

= The Medical Information Database Network in Japan for a real-time
assessment of drug safety (currently >4M patients).
= The project was started in 2011
= PMDA has led the project for establishing an integrated real time
ID-NET EMRs database with high quality

Medical Information Database Network

Hospital

HIS data

23 hospitals

Claims data

DPC data Hospital
3 —
DB

PMDA(Tokyo)

. Hospital =
~—
DB

Remote Access

Distributed and closed network
system
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Common Data Model of the MID-NET®

Database - Patient identifying data
- Medical examination history data
(including admission , discharge data)
* Disease order data
- Discharge summary data
* Prescription order/compiled data
* Injection order/compiled data
Example of standard codes * Laboratory test data

- Radiographic inspection data

- Physiological laboratory data
Disease ICD-10 » Therapeutic drug monitoring data

HIS data
Claims data

DPC data

YJ, HOTY9 . : :
Drug (JP specific codes) Bacteriological test data
JLACI10
Laboratory test (JP specific codes)

57 @ﬁarmdceutica[s QZ Medica[@evices ﬂgency 2018 ICPE, Prague, ,Czech Republic, August 24th 2018



'ﬂ'nda Example: MID-NET® pilot

Pilot study

Unpublished data

denosumab and severe hypocalcemia

[l Objective

v To examine impacts of label change and warning letter in clinical practice for the risk of hypocalcemia associated with denosmab

Monthly transition of the incidence of
hypocalcemia (adjusted serum calcium conc.< 8.5mg/dL)

100.0%

! -
Labelling | - Denosumab
80.0% change ' Blucletter j Zoledronate
60.0% ' : Risk ratio
I

Incidence Proportion
(%)

0.0%
q/ P ’L (L b (’) b fb
O O\ NS S\ > O o
o NS ot~ o S\?ﬁ/’. - ?&%, - $o*'

- Calculate the incidence of hypocalcemia during 28 days from a prescription date.
- Perform segment regression analysis based on the incidence of hypocalcemia / month.

40.0% |
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'H'nd- Importance of Data Quality Management

Reliable Data } X {Inapperrlate }: {Uninterpretable results }
analysis

{Unreliable Data } X LAppropriate analysis J: {Uninterpretable results }

Reliable Data } X {Appropriate analysis }: {Interpretable results }

High data quality as well as appropriate analysis are pre-requisite in utilizing real

world data for providing scientifically interpretable results

Pharmaceuticals e Medical Devices Agency 2018 ICPE, Prague, Czech Republic, August 24 2018



'ﬂnda Data Quality Management of MID-NET®

= Daily management
Daily monitoring trends of data size sent to the MID-NET®

= If marked changes are observed, necessary measures are
taken

m Periodical management

Consistency check between the original data (Hospital data)
and MID-NET® data

Updating data coding tables (standardized codes for diseases,
products, lab. tests etc.)
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Major points managed for data quality
in the MID-NET®

Onsite Center

Central data center

]

.

SAS®
etc

| )

(MDCreate program

Output 2\
) individual level
Summarized
| >> SAS® Summarized
etc data
\ \ J

J @View & Analysis

6 format conversion \Q

(Initial phase) ®Send data

@Request for running program

Hospitals

!g./

Technical staff
for MID-NET

individual level
s .. requiest @ Output data
Original databases W Common data model OR
fanelnas Summarized
ardization for MID-NET data
Claims S \ J
N 1 data size

61

(Daily)

B®Approve to send data N

Vfw
4 data extraction w

5 data transfer

(Initial phase)

SAS®
etc

(Initial phase)

|
@Approve the

2 data consistency 3 data coding

~

J

(Periodically) (Periodically)

Jngue, ,Czech Republic, August 24™ 2018




Example: Data Consistency Check

f
. . Data extraction
Annonymization system
Data server :
transfer > tl transfer > F_/ e
Hospital Information System (HIS) Storage Server based on MID-NET d
) — - ata server
HL-7(SS-MIX2) data standard
N [
[ Data Extraction } Compare number of cases and contents per data [ Data Extraction }
element per hospital for certain periods
g | |

Examples of data inconsistency
» Lack of a unit
» Difference in a place of data storage among sites etc.
e.g.; single dose, daily dose vs total dose

At the beginning, approximately hundreds of issues per site were identified for further
iInvestigation or consideration
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MID-NET®: data consistency

with the original data

PMDA has worked with cooperative hospitals
for assuring data quality of MID-NET®.

Before quality
management

compare >

MID-NET )

I ) Disease order data ‘ -I
1 4 09 1% > |
—_————— A gl sl g _—I
I P Prescription order data I
L — — _<r_‘ —— — —_— —— —
e —_— ] — — — — — — —

I Laboratory test data X I
1 55.8% D |

\ — — — — — — — — — — — — — — — )
63

After quality
management

r

EMR N
Q compare
a

( MID-NET )

I . Disease order data R -I

L S——129.9% » _

=== e —————— |

I . Prescription order data .

L < 100% > |
S s —— —— S ——— |

0 - 'I

I ) Laboratory test data . I

100.0%
O O [Nl —" S

Pharmaceuticals I Medical Devices Agency
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H I Standardized data coding process
5 1irur -Example; Laboratory test-

* Confirming appropriateness of a code for individual laboratory test by checking a distribution
of laboratory test results (Approximately 200 tests)

Distribution of laboratory test results among hospitals
€ <D

&=»
/ \ Hosp. A Hosp. A
Hosp. B : Hosp. B
// \\\ o After quality check - Confirmed

driginal dat‘a (local unif) | | Standard‘ized data |

proportion
T
proportion

Further investigation were conducted in case of different distributions for understanding a
reason and identifying an appropriate code

Examples of available laboratory test

ALT, AST, BUN, K, Creatinine, LDH, Gamma-GT, CI, ALP, MCHC, MCH, Uric Acid, cGFR,
TG, Cholesterol, Amylase, Blood Glucose, LDL-C, Inorganic Phosphate, HDL-C, PT-INR,
HbA1c, PT, APTT, CEA, Fe, FT4, IgG, TSH, Sedimentation rate, RPR, IgM, HbA1c(NGSP),
TPHA, AFP, Ferritin, Hb, Reticulocyte, Blood Gases(TCO,), Blood Gases (pH) ,etc
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Advantages and Limitation of MID-NET®

Advantages

Limitations

-

» Various kinds of data including laboratory test results
» High data quality (daily and periodical check)
» Real-time data update (every 1-4 weeks)

\_

J

(. May be not enough sample size (currently 4M)

* No linkage of a patient among hospitals

* Need to consider data generalizability due to limited cooperative
organizations (mainly mid-large size hospitals like University

\_ hospitals)

~N

J
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'ﬂnda Lessons Learned

m Points to establish a reliable and valuable database
Data quality management with routine monitoring

= In addition to the daily monitoring, consistency between data stored in the
database and original data (EMRs) should be checked and confirmed
periodically

= Data coding process should be standardized among all sites
Deep understanding regarding real situations in a site for sending data
= Appropriate measures can only be taken with the deep understanding

Strong collaborations among all relevant organizations (hospitals, IT
companies, academia, operating center, regulatory agency etc.)
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= PMDA web site
http://www.pmda.go.jp/english/index.html

s E-mail:
uyama-yoshiaki@pmda.qo.ip

Thank you very much for your kind attention
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CANADIAN NETWORK FOR OBSERVATIONAL
DRUG EFFECT STUDIES (CNODES)

Quality Assurance Processes in CNODES

Kristian B. Filion PhD FAHA

Assistant Professor and William Dawson Scholar
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CNODES funding and investigators

Canadian Network for Observational Drug Effect Studies (CNODES), a collaborating center of the Drug Safety and
Effectiveness Network (DSEN), is funded by the Canadian Institutes of Health Research (CIHR, Grant #DSE — 146021).

CNODES INVESTIGATORS

Executive: Samy Suissa (NPI*), Robert Platt
British Columbia: Colin Dormuth

Alberta: Brenda Hemmelgarn
Saskatchewan: Gary Teare

Manitoba: Patricia Caetano, Dan Chateau
Ontario: David Henry, Michael Paterson
Québec: Jacques Lelorier

Atlantic (NB, NL, NS, PEI): Adrian Levy, Ingrid Sketris

UK CPRD: Pierre Ernst, Kristian Filion

d CNODES *Nominated Principal Investigator
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CNODES at a glance

The Canadian Network for
Observational Drug Effect
Studies (CNODES) uses
population-based administrative

healthcare data to provide timely responses to queries for Canadian public
stakeholders regarding drug safety and effectiveness
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Data sources

Data from across Canada Example from a CNODES study examining the association

between statin potency and acute kidney injury

(Dormuth et al. 2013), using data from the provinces

below and two international databases

(point estimate of relative risk with 95%
“~fidence interval).
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The CNODES process

From query submission to project completion and knowledge translation

Selection of Project Team: appointment of
Project Team Lead, Methods Lead, site

DSEN query CNODES Database team investigators and analysts

Quality assurance:

CNODES relies on both system-wide and study-specific quality assurance processes. Quality
assurance steps have been inserted throughout the CNODES process, with a particular
focus on the protocol development steps given our use of a distributed-protocol approach.

PeSIgn i Site-specific Review and Prepare reports, Review by CNODES
implement ' viev :
orotocol analyses synthesize data news releases Publications Committee
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CNODES: Key steps in distributed-protocol approach

1. Scientific Protocol
Overview document describing study
objectives, suitable for ethics review

2. Statistical Analysis Plan (SAP)
Detailed technical document describing
the methodology for implementation

3. Phased implementation
* Phase I: perform descriptive analyses, drug
utilization
* Phase [I: detailed safety analyses and sensitivity

l‘ﬂ CNODES analyses
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CNODES policies and procedures

* Several policies and procedures have been developed to ensure that projects
are carried out similarly by project team members across the country:

Policies and Tools Description
Analyst Toolbox Collection of coding and procedures for analysts
Project Guide Describes in detail each step and role of a CNODES research project

, Documents the process to standardize and facilitate the timely
Protocol Development Guide

development of study protocols
Publications Policy Describes the proper acknowledgement and attribution of authorship

Conflict of Int t Poll Outlines practices to ensure that research is rigorous, transparent and
onflict of Interest Polic

Y free of undeclared conflicts of interest
Details the process for developing KT and communicating with

Knowledge Translation (KT) Messaging
stakeholders
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CNODES policies and procedures

Improve quality by minimizing bias and increasing reproducibility

* Registration of study protocols (transparency)
* Pre-specification of all variables and analyses

* Advanced study design and analytic methods (e.g., high-dimensional propensity
score analysis, new user designs, highly restricted cohorts)

» Site-specific results deposited blind to those from other sites

* Independent review and synthesis of results

JCNODES
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Case study #1

» Additional material is
published online only. To view
please visit the joumnal online
(http:/dx.doi.org/10.1136/
gutjnl-2013-304738).

For numbered affiliations see
end of article.

Correspondence to
Dr Kristian B Filion,
Division of Clinical
Frnideminlam: RA-GI

ORIGINAL ARTICLE

Proton pump inhibitors and the risk of
hospitalisation for community-acquired pneumonia:
replicated cohort studies with meta-analysis

Kristian B Filion," Dan Chateau,? Laura E Targownik,”> Andrea Gershon,*
Madeleine Durand,” Hala Tamim,® Gary F Teare,” Pietro Ravani,® Pierre Ernst,’
Colin R Dormuth,® the CNODES Investigators

ABSTRACT

Objective Previous observational studies suggest that
the use of proton pump inhibitors (PPls) may increase
the risk of hospitalisation for community-acquired
pneumonia (HCAP). However, the potential presence of What is already known on this subject?
confounding and protopathic biases limits the » Previous observational studies and their
conclusions that can be drawn from these studies. Our meta-analysis have found that proton pump
objective was, therefore, to examine the risk of HCAP inhibitors are associated with an increased risk
with PPls prescribed prophylactically in new users of of community-acquired pneumonia.
non-steroidal anti;inﬂammatory dl‘UgS (NSAIDs). » Potential confounding by gastroesophageal

Significance of this study

CANADIAN NETWORK FOR OBSERVATIONAL DRUG EFFECT STUDIES
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Methods

7 databases
* Alberta, Manitoba, Ontario, Quebec, Nova Scotia, CPRD, MarketScan

Study population
 New users of non-steroidal anti-inflammatory drugs (NSAIDs)

Outcome:
* Hospitalization for community-acquired pneumonia

Exposure:
* New PPl on the same day as NSAID prescription vs no PPI

Statistical analysis

* |ntention-to-treat analysis

* Follow-up = 6 months

* Logistic regression with high-dimensional propensity scores (HDPS)
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PPIs and HCAP

Site OR (95% CI) Weight (%)

| esson learned:

Prior to initiating any study, formulary restrictions must be assessed. In addition to helping

identify the most appropriate comparator, such restrictions can be an important source of
heterogeneity and need to be considered when checking results for internal consistency
across participating sites.

GPRD 1.03 (0.78, 1.37) 35.88
Overall (I-squared = 0.0%, p = 0.517) <3> 1.05 (0.89, 1.25) 100.00
T | — T T * T T | — T
| 2.25 .33 5 1 2 3 4 5 10
Odds Ratio (95% ClI)
lﬁ CANADIAN NETWORK FOR OBSERVATIONAL DRUG EFFECT STUDIES FiIion et aI. Gut 2014.




Case study #2

British Journal of Clinical Br ) Clin Pharmacol (2016) 82 461-472 461
BJCP
Pharmacology

DRUG SAFETY

Ventricular tachyarrhythmia and sudden
cardiac death with domperidone use in
Parkinson’s disease

Correspondence Dr Christel Renoux, Centre for Clinical Epidemiology, Lady Davis Research Institute, Jewish General Hospital, 3755 Cote Ste-
Catherine, Montreal, Quebec H3T 1E2, Canada. Tel.: +1 (514) 340 - 8222 ext 4561; Fax: +1 (514) 340 - 7564; E-mail: christel.renoux@mcgill.ca
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Quality assurance

* Nested case-control study: 7 Canadian provinces and CPRD
* |mportant heterogeneity identified:
* Incidence rates of VT/SCD ranged from 19.8 (BC) to 53.4 (Quebec) per 10,000 person-

Lesson learned:

Local variability in coding and its precision needs to be considered when developing study
protocols and interpreting study results.

ldentifying sources of database heterogeneity and testing their impact on study findings
through empirical and simulation studies can strengthen the design and analysis of

network data.
« Quebec: rarely recorded secondary discharge diagnoses, contributed to higher rate o D

d CNDDES Doyle CM (Submitted).
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Case study #3
BM] ®

BMJ 2014:;348:g3244 doi: 10.1136/bmj.g3244 (Published 29 May 2014) Page 1 of 9

RESEARCH

Higher potency statins and the risk of new diabetes:
multicentre, observational study of administrative
databases

ot OPEN ACCESS

Colin R Dormuth assistant professor1, Kristian B Filion assistant professorz, J Michael Paterson
scientista, Matthew T James assistant professor4, Gary F Teare director of measurement and
analysis®, Colette B Raymond research scientist’, Elham Rahme associate professor’, Hala Tamim

associate professors, Lorraine Lipscombe adjunct scientist®, for the Canadian Network for
Observational Drug Effect Studies (CNODES) Investigators
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High vs low potency statin and new diabetes

Lower Potency

Subgroup Cases

Controls

Higher Potency

Cases Controls Weight

Rate Ratio

IV, Fixed, 95% CI

Rate Ratio

IV, Fixed, 95% ClI

1.25.1 Diabetes Within 2 Years of Thera

Alberta 68 531 90 944 52% 0.66[0.44, 0.98) _I
—CPRU 03 0653 237 Z2.200 9.2% T.171087,T1.97]

Manitoba 47 447 170 1,514 52% 1.27[0.85, 1.88)

Marketscan 180 1.853 502 4652 25.3% 1.12[0.94, 1.34) -

Nova Scotia 18 125 23 216 1.3% 054[0.24,1.21]) ¢

Ontario 236 2,658 675 6,196 26.5% 1.29[1.08, 1.53) ——

Quebec 260 2,775 507 4,681 231% 1.21[1.00, 1.46) &

Saskatchewan 42 378 188 1585 43% 1.04([0.67,1.61]

Subtotal 954 9,831 2402  22,054100.0% 1.15[1.05, 1.26] £ 4

Heterogeneity: Chi*=13.32, df=7 (P=0.06), F= 47%
Test for overall effect. Z= 3.00 (P = 0.003)
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Dormuth et al. BMJ 2014.




Quality assurance

* Following Steering Committee review:
* SAS programs were verified locally by two analysts

| esson learned:

The heterogeneity observed in this study is consistent with other studies that have shown

that unexpected findings can sometimes be explained by differences in data structure or
capture, confounding due to different local conditions, and and/or chance. This highlights
the importance of replication, a key strength of CNODES.
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Conclusions

* CNODES has adapted system-wide quality assurance processes as well as
study-specific quality assurance procedures.

* With our use of a distributed protocol approach, much of our attention has

focused on protocol development and internal consistency across sites, while
using external information where possible.

* Akeyissue is the need for local expertise, our approach ensures that the
individuals who know the data source best are those applying the protocol to
it.

* Ultimately, quality assurance is the responsibility of the entire research team.
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Thank you

Visit us at www.cnodes.ca

CNODES

d CANADIAN NETWORK FOR OBSERVATIONAL DRUG EFFECT STUDIES

Kristian.filion@mcaqill.ca
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