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W Idea #1: HowOften.or y
A‘ " : «»‘@@m

* Opportunity: Provide evidence to understand the absolute risk of adverse
events

* Solution: Large-scale characterization of incidence of outcomes following drug
exposure
— Targets: New users of ingredient, for all ingredients
— Outcomes: Event starts, for all adverse events
— Time-at-risk: 30-day, on-treatment, intent-to-treat?

— Results: Incidence proportion and rates, per database and prediction interval via meta-
analysis

— Dissemination: Interactive dashboard to allow user to search for drug and outcome
* Open questions:

— Targets: Nested within indications?

— Outcomes: 1%t occurrence vs. all occurrence of outcomes? Phenotypes vs. codes?

— Results: Stratify by age/sex/year?

— Dissemination: How to show failures from objective database/cohort diagnostics?
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OPEN ACCESS

Lﬂ) Check for updates

=FAST TRACK

eClinica

RESEARCH: SPECIAL PAPER

Characterising the background incidence rates of adverse events
of special interest for covid-19 vaccines in eight countries:

? frontiers | Frontiers in Pharmacology

ORIGINAL RESEARCH

multinational network cohort study
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IMedicine

Part of THE LANCET Discovery Science
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Contextualising adverse events of special interest to

characterise the baseline incidence rates in 24 million patients

with COVID-19 across 26 databases: a multinational
retrospective cohort study
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@ ohdsigithub.io/Cohortincidence/

Cohortlncidence m Reference  Articles +  Changelog

Cohortlncidence

Introduction

An R package and Java library for calculating incidence rates on the OMOP CDM.

Features

¢ Handles specifications of T-O-TAR-Subgroup pairs, and performs the calculation on the cross-product of

the elements.
¢ Specify clean windows to account for immortal time after outcome.

OHDSI’s journey in incidence rates

Links

Browse source code
Report a bug
License

Apache License 2.0
Citation

Citing Cohortincidence
Developers

Christopher Knoll
Maintainer

* Allows multiple exposure and multiple outcomes per person accounting for time ¢ 1hcjdencePrevalence: Estimate Incidence and Prevalence using the OMOP Common Data Model

paramaters.

Technology

Cohortincidence is an R package which wraps a Java library that implements most of tt

package.

) @oHDsI

Calculate incidence

and prevalence using data mapped to the Observational Medical Outcomes Partnership (OMOP) common data model. Incidence and prevalence can be estimated for the total

population in a database or for a stratification cohort.

Version:
Depends:
Imports:

Suggests:
Published:
Author:

Maintainer:
License:

URL:
NeedsCompilation:
Language:

WWW.( Materials:
CRAN checks:

0.4.0

R (=4.0)

CDMConnector (= 1.0.0), checkmate (> 2.0.0), cli (> 3.0.0), DBI (= 1.0.0), dbplyr (= 2.0.0), dplyr (= 1.1.0), glue (> 1.5.0), ggplot2 (> 3.4.0), scales (= 1.1.0), lubridate (>
1.0.0), magrittr (= 2.0.0), purrr (= 0.3.5), rlang (= 1.0.0), stringr (= 1.5.0), tidyr (= 1.2.0), tidyselect (= 1.2.0), zip (= 2.2.0)

knitr, rmarkdown, RPostgres, tibble, duckdb, odbc, here, Hmisc, epitools, tictoc, testthat (> 0.3.1), spelling, PaRe

2023-06-18

Edward Burn () [aut, cre], Berta Raventos () [aut], Marti Catala (% [aut], Mike Du (% [ctb], Yuchen Guo (% [ctb], Adam Black [ctb], Ger Inberg (5 [ctb], Kim
Lopez [ctb]

Edward Burn <edward.burn at ndorms.ox.ac.uk>

Apache License (> 2)
https://darwin-eu.github.io/IncidencePrevalence/

no

en-US

README
IncidencePrevalence results




HowOften:
Incidence of all effects in all drugs

* Ask a doctor important side effects of a drug

* Then ask the incidence of that side effect

* Many side effects are well known, but most clinicians have no idea of the
incidence

* The evidence is sparse

e Start simple
e Characterization = non-causal rates
* Tally how often conditions occur in drug therapy
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Why start simple?

* |If incidence is low, then | am set

* If incidence is high, then need to look out for it even if not caused by
drug

* Feasible to execute all-by-all
* Fewer assumptions than causal
* More complicated than it looks, so need to get this one right first

“When | start this drug, what is the chance that I'll experience a condition
in the next year?”

0 @OHDSI www.ohdsi.org #JoinThelourney 3 ohdsi



// Dissecting the anatomy of incidence

Time-at-risk
Cohort A Cohort
entry exit

o 4| [
timelinet * t

Obs.ervation Outcome Observation
oeriod start occurrence period end

Incidence metrics:

# persons in the target cohort who have new
outcome occurrence during the time-at-risk

Incidence proportion = ) —— _
# persons in the target cohort with time-at-risk*

# persons in the target cohort who have new )
outcome occurrence during the time-at-risk

Incidence rate = , : :
person-time at-risk for persons in the target

ek
0 @OHDSI cohort with time-at-risk ' Y, [ ohdsi




Incidence (illustrative)

Incidence rates do not tell causal
effect

Color by

effect

@ baseline

@ causal additive effect

@ causal preventative effect

warfarin

Attributable
effect of
warfarin

ayons

Incidence
we observe:
net rate of
stroke on
warfarin

4%

2%

0%

causal additive effect causal preventative effect



Myriad difficult choices that researchers have to make to
produce a ‘simple answer’

* How should the target cohort be defined?
* How should the outcome be defined?

e How should the time-at-risk be defined?

* How to account for patients with incomplete time-at-
risk?

* Which statistical metrics should be reported?
* Which data should be used?

) @OHDsI www.ohdsi.org #JoinTheJourney 3 ohdsi



Myriad difficult choices that researchers have to make to
produce a ‘simple answer’

P

* How should the target cohort be defined?

* For a cohort of ‘new users of a drug’, cohort entry can be
defined as the date of first exposure

e Should other inclusion criteria be imposed, such as requiring prior
diagnosis of labeled indication? How do these criteria impact the
generalizability of this estimate to the target population?

* What minimum lookback period is required to ensure ‘new
user’?
* Shorter period provides larger (and more generalizable) sample to
yield more precise estimate

* Longer period provides greater confidence that patient is truly
‘newly exposed’ and provides longer prior history to ensure
outcome is incident occurrence

0 @OHDSI www.ohdsi.org #JoinThelourney 3 ohdsi



Myriad difficult choices that researchers have to make to
produce a ‘simple answer’

* How should the outcome be defined?

e Alternative phenotype definitions often represent different
sensitivity/specificity tradeoffs, though those operating
characteristics are commonly unknown at the time of
choosing the definition

* ‘First diagnosis’ may be more sensitive but less specific
than ‘first diagnosis with hospitalization’

e Qutcome cohort can include ‘first ever occurrence’ vs. ‘first
occurrence post-exposure’ vs. ‘all occurrences’

* Phenotype evaluation diagnostics required to quantify
potential measurement error and calibrate incidence
estimates

0 @OHDSI www.ohdsi.org #JoinThelourney 3 ohdsi



produce a ‘simple answer’

e How should the time-at-risk be defined?

Cohort Cohort
entry exit

Person ‘ l

Myriad difficult choices that researchers have to make to

»

timeline
! ! t Time-at-risk *

Observation A Outcome
period start occurrence

( 1 day to 30 day \\A

after cohort start

1 day to 365 day aftelcohort start \

‘on treatment’: cohort start thAough cohort end \

Observation
period end

0 @OHDSI q ‘intent-to-treat’: cohort start through observation period end \
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Myriad difficult choices that researchers have to make to
produce a ‘simple answer’

 How to account for patients with incomplete time-at-risk?

Time-at-risk
Cohort entry A

g = )

Observation Observation Outcome
period start period end  Occurrence?

* Include persons with incomplete follow-up time
e Assumes unobserved time did not have events
* Lower bound of true incidence estimate
= #observed_events / (#observed_events + #missed_events)
* Worsens with increased censoring or more events in censored pts
* Include only persons with full time-at-risk
e Usually higher than true incidence estimate (if rate is uniform)
=~ #observed_events / (#observed_events — #missed_events)
* Worsens with increased censoring (also smaller sample size)

0 @OHDSI www.ohdsi.org #JoinThelourney
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Myriad difficult choices that researchers have to make to
produce a ‘simple answer’

 Which statistical metrics should be reported?
* Incidence proportion requires a defined time-at-risk

* Incidence rate allows variable-length time-at-risk, but
assumes constant hazard over time-at-risk

* 95% confidence intervals commonly reported, but only
represent sampling variability.

e Characterizing the range of estimates across network
analysis (e.g. minimum = maximum) may be more
reflective of uncertainty than sampling statistics from any
given data source

) @OHDsI www.ohdsi.org #JoinTheJourney 3 ohdsi




%27 Myriad difficult choices that researchers have to make to
- produce a ‘simple answer’

 Which data should be used?

* Incidence estimation requires a minimum longitudinal
follow-up for the desired time-at-risk

e Data should be represent patients that are contained
within the target population of interest (but not necessarily
be a random sample or fully representative of the target
population)

* A network analysis may provide heterogeneity across
patients, health systems, geographies and represent
different perspectives and health care process biases

0 @OHDSI www.ohdsi.org #JoinThelourney 3 ohdsi



/N Hierarchy of uncertaint
/ * | y of u inty

Biology (genetics)
e This is signal that you want to measure, not error

* Environment (i.e., its effect on biology)
* Also signal that you want to measure

Health care process bias
* Measurement error

e Extract-transfer-load
 ETL errors, and ETL interpretations

* Sampling error
* Sampling error goes to zero with sample size

* Confounding
* Different confounders in different populations

) @OHDsI www.ohdsi.org #JoinThelourney [} ohdsi



FK Problems with current practice

* For a majority of incidence questions of potential interest, there is no
readily accessible evidence available

* When evidence is identified in the literature, it can be difficult to
interpret:
* Incidence metric —ambiguity in what’s reported
e Unspecified time-at-risk
Generalizability of target population
Diversity of phenotype definitions
Different evidence sources (RCT, systematic reviews, observational studies)
» Systematic reviews synthesize results from different metrics/time-at-risk/phenotypes

Observational data have different sources of systematic error that are rarely
quantified or corrected for

) @OHDsI www.ohdsi.org #JoinTheJourney 3 ohdsi



W How could OHDSI help?

* Develop a standardized framework for incidence evidence generation
and dissemination

* Fill the gaps where there is currently no available evidence

* Augment existing knowledge with new evidence systematically
generated across the world’s largest observational data network
 Demonstrate reliability of current knowledge through replication

* Reconcile discordant evidence observed in the literature through quantification
of uncertainty

* Apply causal effect estimates to overall incidence to assess attributable risk

0 @OHDSI www.ohdsi.org #JoinThelourney 3 ohdsi



/‘« “Things we know that we know”

* What we think we know:
* ACE inhibitors cause angioedema

e What we want to know:

* Clinical characterization: Incidence of angioedema in patients exposed to ACE
inhibitors

e Population-level effect estimation:
e Safety surveillance: Strength of association with ACE inhibitor vs. counterfactual

e Comparative effectiveness: Strength of association with ACE inhibitor, relative to alternative
treatments

e Attributable risk

* Patient-level prediction: Probability that a patient will experience event, given
baseline characteristics

0 @OHDSI www.ohdsi.org #loinThelourney 19 3 ohdsi
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What’s on the product label?

NTD) U.S. NATIONAL LIBRARY OF MEDICINE

A\ REPORT ADVERSE EVENTS | RECALLS

O ARCH W
REPORT ADVERSE EVENTS | RECALLS

A

D ALL DRUGS HUMAN DRUGS ANIMAL DRUGS I MORE WAYS TO SEARCH ¥

DAI LYM ED ( Enter drug, NDC code, drug class, or Set ID O\)

HOME | + NEWS | FDA GUIDANCES & INFO | + NLM SPL RESOURCES | + APPLICATION DEVELOPMENT SUPPORT | HELP

ANGIOEDEMA: Angioedema has been reported in patients receiving lisinopril (0.1%). Angioedema
associated with laryngeal edema may be fatal. If angioedema of the face, extremities, lips, tongue,

glottis and/or larynx occurs, treatment with lisinopril should be discontinued and appropriate therapy
instituted immediately. (See WARNINGS.)

REPUTT AUVETSE CVETITS DEAR SCeaute., Nore

Marketing Status:

DRUG LABEL INFORMATION

If you are a consumer or patient please visit this version.

Updated March 2, 2007
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F What's the published ewdence?
O - N i
Publication ears person-years) per 1000 person-years)

1.97(1.76-2.17)
3.00(2.80-3.20)

4.38(4.23-4.53)

Publication

) @oHDsI

Miller Hypertension 2008
Makani Am J Cardiol. 2012

Toh AIM 2012

Miller Hypertension 2008

Observational
study in VA
population

Makani Am J Cardiol. 2012

Meta-analysis of
randomized
clinical trials

Toh AIM 2012

Observational
study across US
private-payer
claims in Sentinel

0.00

179,088
185,067 394
753,105 3,301
(1.76-2.17)
O
A
0.50 1.00 1.50 2.00

Incidence (per 1000 person-years)

(2.80-3.20)

2.50

VAN
v

3.00

Incidence rate interval estimate

predicated on 2 assumptions:

* Observed data represents a
random sample of a target
population

* Estimator in unbiased, so no
systematic error

(4.23-4.53)
AN
A

3.50 4.00 450
21
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How does it get distilled to clinicians?

UploDate
(1.00-7.00)
: UpTaDek ¢

Topic Outline ACE inhibit

INTRODUCTION Authors

EPIDEMIOLOGY Autumn Chandle [(1.76-2.17)
CLINICAL FEATURES ALEETE BT Miller Hypertenéion 2008 O

e Affected areas
- Face, mouth, and upper
airway INTRODUCTION

- Intestine g
* Time course Angiotensin-conver.2
® Severity widely prescribed. F&
® Recurrence after stopping pain due to intestine (2.80-3.20)
ACE inhibitor therapy o Makghi Am J Cardiol. 2012 -
PATHOPHYSIOLOGY This topic reviews tl
e ACE inhibition induced angioedem
® Role of bradykinin in causes is found elst
angioedema Pathogenesis and ¢
RISK FACTORS
® Possible risk factors
® Predisposing genetic factors EPIDEMIOLOGY (4.23-4.53)
DIAGNOSIS ) . Toh AIM 2012 X
. . . Angiotensin-conyer
® Evaluation of abdominal pain angioedema isAIp b
DIFFERENTIAL DIAGNOSIS
TREATMENT Although th¢/risk to
e Airway management cause of dfug-induc
® Discontinue ACE inhibitor year [10/12]. Appro:
® Other interventions and mgfre than 40 n 0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00
. Additional therapies for severe myogArdial infarctio Incidence (per 1000 person-years)
or persistent symptoms
- |catibant The overall incidence of angioedema related to ACE inhibitors has been estimated between 0.1 percent and 0.7 percent [1-5.14-16 However, the
- Ecallantide ower end or tr ande mayv overlap With the pacKdround rate or andioedema ne general population. e | RAN \ND al of ACE inhibitor- |~

- Fresh frozen plasma intolerant individuals given an angiotensin Il receptor blocker (ARB) or placebo, rates of angioedema were 0.07 and 0.1 percent in the ARB and

0 @OHDSI - Purified C1 inhibitor placebo groups, respectively [17]. m ohdsi
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What if a standardized incidence estimation was consistently applied
across the OHDSI network?

Ta rget COhOFt »  Lisinopril Color by
Angioedema O u tco me source_short_name
@ CCAE
@ CPRD
Optum ) IMS Germany
u
Extended ®MDCD
SES MDCR
O NYP
) Optum EHR
O%tgrg ) Optum Extended S.
Shape by
requires_full_time_at_ri
NYP A vo
@ A1
E Size by
B num_persons_at_risk
% 1dafter MDCR %-I -
& exposure a /% 2741988
2 startto 3 W
o 365d after g ©®=26193
£ exposure @
= stat MDCD 4
£
- IMS
Germany - H
Inclusion
criteria
CPRD VA
requiring full
coAE \ 4 A time-at-risk
Time-at-risk 0.1% 02% 03% 04% 05% 06% 0.7% 08%

Range of incidence proportions from across 8 sources
in the OHDSI data network: 0.1% - 0.8%




How does OHDSI evidence compare with prior

evidence?

lisinopril product
label

UpToDate

Published meta-
analysis of clinical
trials

Evidence type

Publication of
observational study

OHDSI

Xy o
. .V’A".. .v

o
s

Color by

Evidence type

@ OHDSI

@ Publication of observation...
Published meta-analysiso...

@ UpToDate

@ lisinopril productlabel

Shape by

Metric, Required full time-at-ri

W proportion » No

A proportion » Yes

¢ rate » No

[ rate » Yes

3¢ unknown » unknown

Size by
Persons

Q > 2741988

=0



% Caveats to All-by-All Incidence

* Why might rate be high
* (Recall that indications reduced b/c first occurrence is after exposure)
High in the underlying population
Indication is a risk
Things associated with indication
Reversed timing (Drug -> Indication)
e Or could be causal (attributable risk)

e But if rate is low and side effect is not serious, then side effect may not
be important
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Went live 2017

P OHDSI

Q.

How Often...

How often do patients get a condition after starting a drug?
Which drug are you interested in?
Lisinopril
Which condition are you interested in?

Angioedema|

What this does What this does not do

Use this tool to look up the proportion of people starting a This tool does not demonstrate that a drug causes a
drug who are newly diagnosed with a condition within 1 condition (i.e., that the condition is a side effect of the
year of starting the drug. You can search for a specific drug). Instead, for example, the condition may be part of
drug-condition incidence by entering your drug and the reason you are taking the drug, or the condition may
condition of interest in the fields above. Or, you can browse just be common in the population.

a list of conditions of potential interest by leaving the

condition field blank, and you'll be shown conditions listed

on the drug's product label.

This tool provides the overall observed risk in a population, but does not provide the attributable risk due to drug exposure. The results provided
are raw unadjusted numbers for each diagnosis. The data made available through this site are for informational purposes only and are not a
substitute for professional medical advice or services. You should not use this information for comparing drugs or making decisions related to
diagnosing or treating a medical or health condition; instead, please consult a physician or healthcare professional in all matters related to your
health.




~ Experience

* Columbia-NYP emergency department
* Used by some staff on patients with unexplained symptoms
* No formal evaluation

* Was the trigger for Anna Ostropolets’s Data Consult Service
* Angioedema with penicillin

* Reliable for several examples but some exceptions (sexual disfunction)
* Did not maintain the proof of concept

0 @OHDSI www.ohdsi.org #JoinThelourney 3 ohdsi



V We need you!

* We have shown proof-of-concept
 But this will only work if everyone contributes
* How can you help?

0 @OHDSI www.ohdsi.org #JoinThelourney 3 ohdsi



F Original team

OHDSI collaborators
* Marc Suchard

* Martijn Schuemie
* David Madigan

* Jon Duke

* Patrick Ryan

* George Hripcsak

Columbia team

* Ray Chen

* Mark Velez

e Karthik Natarajan
* Jungmi Han

* Peng Jin

OHDSI Infrastructure
* Lee Evans
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Global Symposium

Global Symposium

www.ohdsi.org

&

%

OHDSI 2023 Global Symposium
October 20-22  East Brunswick, NJ, U

* This agenda is tentative and subject to change

Friday, Oct 20 Saturday, Oct 21 Sunday, Oct 22
8:00am Welcome to OHDSI2023! Intro to OHDSI Tutorial & OHDSI collaborative workshop:
9:00am State of the Community OHDSI workgroup activities HowOften
10:00am Community networking
11:00am Plenary session
12:00pm Lunch Collaborator Showcase: Collaborator Showcase:
pockone 2 dors posters & demos
1:00pm Panel: Network studies OHDSI collaborative workshop: HDSI workgroup activities
2:00pm Collaborator Showcase: HowOften
posters & demos
3:00pm Collaborator Showcase:
Lightning talks
4:00pm Collaborator Showcase:
posters & demos
5:00pm Closing talk Time to go home ®
6:00pm OHDSI Got Talent!

#JoinThelourney
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HowOften community effort

Target cohorts: Outcome cohorts:

Create
Phenotypes

1. ‘general population’
1Jan2018, 1Jan2022, 1t visit
2018, 1%t visit 2022....

Adverse events of special

interest (AESI)
Guillain-Barre Syndrome,

Phenotypers

Design Develop 2. ‘important indications’ Thrombocytopenia, Ischemic
protocol + # mterface ‘g Diabetes, Hypertension, stroke, Transverse myelitis, ...
analysis R package Rshiny Renal impairment, hepatic 2. Designated medical
developersA developers ?mpa?rment, cardiac events (DME)
impairment, cancers (breast,

Stevens-Johnson Syndrome,
pancreatitis, rhabdomyolysis
acute kidney injury, ...

3. Indication outcomes
End-stage renal disease,
acute myocardial infarction,
hepatic failure, ...

4. Side effects of drugs
Headache, diarrhea,
anaphylaxis, ...

lung, prostate), mental
health (depression, bipolar,

~ Lizophrenia), infectious

Data MIEEROESEN © (Covid, HIV), eye

partners researchers °linding diseases),
nen’s health (pregnancy,

endometriosis), ....
Si-ug classes’
Clinical ACE inhibitors, SSRI,

GF, ...

AN

researchers

Stratification factors:

www.ohdsi.org 1. Database, 2. Age, 3. Sex, 4. Calendar year



// HowOften next steps

* Pre-Symposium:
* Draft protocol to allow data partners to get approval to participate

* Develop and evaluate all phenotypes for targets and outcomes
* All outcomes to be used in HowOften must be included in OHDSI Phenotype Library

* Release analysis package that includes all phenotypes and analysis to instantiate
cohorts and characterize incidence of all target-outcome pairs

* During Symposium:
e Execute HowOften analysis package across OHDSI network
* Deploy viewer to allow exploration of all results

* Collaborate on appropriate use of evidence

* Methodological questions: how to ensure results are reliable?
* Development questions: how to improve user interface to disseminate results?

* Clinical questions: what have we learned that can fill evidence gaps and improve decision-
making?
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@& When poll is active, respond at PollEv.com/patrickryan800

What phenotypes do you think should be included as target
or outcome cohorts in HowOften?

Top

No responses received yet. They will appear here...
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@& When poll is active, respond at PollEv.com/patrickryan800

What are novel ways that you think HowOften might be
used by stakeholders?

Top

No responses received yet. They will appear here...
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