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e Since | began working with OMOP:
— | was an employee of GSK and am currently an employee of J&J

— | studied at UNC and have participated in funded/unfunded
projects with >10 academic centers

— | have actively collaborated with regulatory agencies, scientific
industry and health systems, in US and internationally

e BIAS ALERT: | am enthusiastic about the opportunities
for systematic observational analyses, and confident that
we can develop a reliable active surveillance system if we
all work together...

e ...s0the empirical findings are from OMOP, but any
editorials | make can be considered my own
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Pre-clinical toxicology

Pharmacology

Clinical trials
Spontaneous case
reports

Perspectives in literature
from medical experts

Pharmacoepidemiology
evaluation studies

Active surveillance

system

Evidence about
alternative
treatments

evidence to inform medical decision-making

Decision-making
about

appropriate use
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Governance What are viable data access models:

- centralized?
- distributed?

What are the keys to a
successful public-private
partnership?

Which types of data? administrative
claims and/or electronic health records

- Transparency

Which sources? healthcare providers,
insurers, data aggregators

- Stakeholder Access

- Sound Science

Architecture

Performance

What is the appropriate

What are appropriate analyses infrastructure:
for: ' ' Feasibility - hardware?

- hypothesis generating? - software?

- hypothesis strengthening? - processes?

How to maintain
collaborations and
engage research
community?

What are best
practices for
protecting
data?

- policies?

Technology
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F( OMOF Extended Corsorium \

OMOP Methods Library
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Method 2
Method 3

feasibility testing

Outcome
Angioedema
Aplastic Anemia
Acute Liver Injury

Bleeding
Hip Fracture

Hospitalization

Myocardial Infarction
Mortality after MI
Renal Failure

Gl Ulcer Hospitalization

Legend Total

2
True positive' risk 9
Negative control' 44
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:\)/ISECI%/?\;ES Typical scenario: Estimate the effect of one drug on one outcome using one
PARTNERSHIP method against one database
OMOP ACE Inhibitor
Angioedema #1
HDPS
\ N
Drug: ACE inhibitor
Outcome: Angioedema
Method: High-dimensional
propensity score (HDPS)
Database: Thomson MarketScan
Commercial Claims and
Encounters (CCAE)
Q
o
=
2
B CCAE }_’_{
o
- = If this had been an randomized trial, we would know
Typically focus on magnitude the Cl has 95% coverage of the true effect size.
of the effect: relative risk (RR)
and statistical significance: Because this is an observational study with the
lower and upper bound of potential for bias, the operational characteristics are

uncertain:

e |Is the estimated association consistent with the
directionality of the true causal relationship?

 How often does the Cl actually contain the truth?

confidence interval (Cl)

04 06 i 2 4 6
Relative risk 6
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Systematic sensitivity analysis: Estimate the effect using multiple
methods across the network of databases

OMOP ACE Inhibitor
Angioedema #1
CCO ~DP

ICTPD Usccs

HDPS
N
N
CCAE | Data sources in OMOP network: |
CCAE: Thomson MarketScan Methods in OMOP network:
MDCR |
Commerical Claims and CCO: Case crossover
vmoco | Encounters g DP: Disproportionality analysis
MDCR: Thomson Medicare HDPS: High-dimensional
o MSL;"_ Supplemental propensity score
g « | MDCD: Thomson Multistate ICTPD: Temporal pattern
2 Medicaid discovery
o Huv | MSLR: Thomson Lab Supplement | USCCS: Univariate self-controlled
a GE: GE Centricity EHR case series
"1eS 1 HUM: Humana
~ | PHCS: Partners Healthcare
System ACE Inhibitors are believed to have a
soimip | Rl: Regenstrief Institute causal relationship with Angioedema
SDI_MID: SDI Health
" | VA: Department of Veteran’s o Essentially all methods and
Affairs MedSAFE databases correctly estimate a

Meta-analysis FE

Meta-analysis RE

04081 2 46 04061 2 46

04081 2 468

Relative risk

positive association directionally
consistent with prior beliefs

04081 2 486 040681 2 46



Data source

,‘\’ABESE)EI'E‘[@T'ONAL Consistent ‘false positive’ observed for ‘negative control’ of

OUTCOMES Antibiotics and Acute Renal Failure
PARTNERSHIP

OMOP Antibiotics
Acute Renal Failure #1
_CCO . DP .HDPS !CTPD USCCS

B True-
Wralse +

PHCS " , N ——
| Antibiotics are observed to have a

RI Ho 0 Lo significant, positive association with acute
renal failure across multiple methods and
databases. This ‘false positive’ may be due
to protopathic bias, but several methods
that employ analytical strategies to
address that issue failed to control for it.

SDI_MID 3
VA I -

Meta-analysis FE & - .;.

Meta-analysis RE o l

0408 1 2 46 04061 2 486 04081 2 468 04081 2 4686 0406 1 2 468

Relative risk 8
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Method
prediction:
Drug-condition
pair met a
specific
threshold

Measuring method performance

Drug-condition association status
Y — “true association’,
N — ‘negative control’

Y N

True positives

False negatives True negatives

Question: For any method applied to any data
source, what are the expected operating
characteristics?



meDicAL ‘Ground truth’ assumed for Monitoring Health
OUTCOMES

PARTNERSHIP Outcomes of Interest

Drug

OQutcome
Angioedema

Aplastic Anemia
Acute Liver Injury
Bleeding

Hip Fracture
Hospitalization
Myocardial Infarction
Mortality after M
Renal Failure

Gl Ulcer Hospitalization

Legend Total
True positive' benefit

True positive' risk 9
Negative control’ 44

http://omop.fnih.org/OMOPWhitePapers 10
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Method
prediction:
Drug-condition
pair met a
specific
threshold:

(LB 95% Cl > 1)

Y

Measuring method performance example:
Random-effect meta-analysis of estimates from
High-dimensional propensity score

Drug-condition association status
Y — “true association’,
N — ‘negative control’

N

True positives:

5

False negatives:

True negatives:

4 36
Sensitivity Specificity
= Recall =TN / (FP+TN)
=TP / (TP+FN) =36 /(8+36) =0.82

=5/(5+4) =0.56

False positive rate
=1-0.82=0.18

Positive predictive value
= precision

=TP / (TP+FP)
=5/(5+8) =0.38

Negative predictive value
=TN / (FN+TN)
=36/ (4+36) =0.90

Accuracy

= (TP+TN) /
(TP+TN+FP+FN)
=(5+36)/(9+44) = 0.77

11
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Release
Method name Contributor date
Disproportionality analysis
Disproportionality analysis (DP) Columbia / Merck 15-Mar-10
IC Temporal Pattern Discovery (ICTPD) Uppsala Monitoring Centre 23-May-10
HSIU cohort method (HSIU) Regenstrief / Indiana University 8-Jun-10
Case-based methods
Univariate self-controlled case series (USCCS) Columbia 2-Apr-10
Multi-set case control estimation (MSCCE) Columbia / GlaxoSmithKline 16-Apr-10
Bayesian logistic regression (BLR) Rutgers / Columbia 21-Apr-10
Case-control surveillance (CCS) Lilly 2-May-10
Case-crossover (CCO) University of Utah 1-Jun-10
Exposure-based methods
Observational screening (OS) ProSanos / GlaxoSmithKline 8-Apr-10
High-dimensional propensity score (HDPS) Columbia 6-Aug-10
Incident user design (IUD-HOI) University of North Carolina 26-0Oct-10
Sequential testing methods
Maximized Sequential Probability Ratio Test (MSPRT) Harvard Pilgrim / Group Health 25-Jul-10
Conditional sequential sampling procedure (CSSP) Harvard Pilgrim / Group Health 30-Aug-10

In what follows, we have chosen one parameter combination for

each method that performs best for the meta-analysis estimates
http://omop.fnih.org/MethodsLibrary 12
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Length of time-at-risk? Outcome
definition?

/—*—A\“‘ 2 8

Clean period length?

A

Exposed
cohort

Observation period

Covariate eligibility?

A
( |

Which/how many
covariates to balance?

\ 4

\ 4

Comparator
cohort

Observation period

Exclusion criteria: Which active Propensity score adjustment strategy?
Indications comparator? Stratification (# of strata?)
Contraindications Multivariate adjustment

13
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Sensitivity

09

0.8

07

06

0.5

0.4

03

02

0.1

Comparing methods by sensitivity and specificity at alpha=0.05

[1CTPD |
T,

[HOPS | o

0.1

02

Meta-analysis RE

Desired method would have perfect prediction
with Sensitivity = 1 and False positive rate =0

No single method is ‘best’, but instead
[ uD_HoI | -1 methods reflect trade-offs between false
(] positives and false negatives

All methods yield false positive rate > 15% at
conventional level of significance

Performance sensitive to threshold criteria,

which can be based both on magnitude of

effect (RR) and statistical significance (alpha)
03 04 035 06 07 08 09 1

False positive rate (1-Specificity)

14
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Sensitivity

MEDICAL . . . «
ocoves — Receiver Operating Characteristic (ROC) curve
Meta-analysis RE »
HDPS
1 .True-
L]
0g9 Py .False +
0.8
07 ; ® NS
rhee ¢ p<.05
06
C e ROC plots sensitivity (recall) vs. false positive rate
05 (FPR)
e
04 e e Area under ROC curve (AUC) provides probability
TP that method will score a randomly chosen true
0o positive drug-outcome pair higher than a random
02 ¥ unrelated drug-outcome pair
e AUC=1is perfect predictive model, AUC=0.50 is
random guessing (diagonal line)
0o & e Random-effects estimates from HDPS: AUC = 0.77
0 0.1 02 03 04 05 06 07 08 09 1

False positive rate (1-Specificity)

15



MEDIcAL ROC curves of random-effects meta-analysis
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PARTNERSHIP estimations for all methods
Meta-analysis RE » Meta-analysis RE » Meta-analysis RE »
CCO CCS DP
1 (b & B ]
g POV SO . ; | True-
08 A A . .
- e o000 D
06 P M . e ’ ; m:"'" ; [l False +
0.4 ik _ - .-~ .
W wrick .
02 ] e b Shape by
ke ek e SIGNIFIC
0 - @ @t . NS
Meta-analysis RE » Meta-analysis RE » Meta-analysis RE »
HDPS ICTPD IUD_HOI * p<.05
1 | COOOOOODNAD JSsssccscess s
ey : o
08 O : [ FOIIIINIIPONNNS )
06 H0 . N
) ® i T ®
0.4 i * -
e e o
02 * . e it
L. ] i #*
0 & @ @
Meta-analysis RE » Meta-analysis RE »
oS USCCS
1 o e
08 T e TR | o T "
5 L At 50% sensitivity, false positive rate ranges 16%-30%
06
* ek
0.4 . o " e
: e - At 10% false positive rate, sensitivity ranges 9%-33%
032 ok A
o *
e = AUCs range across methods from 0.58 — 0.77

0 01 0203040506070809 1 0 01020304 0

False positive rate (1-Specificity) 16
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Meta-analysis RE

cCco CCS DP HDPS ICTPD IUD_HOI ~0s usccs
: _ _ _ _ : ; B True -
Sizading =1 Ev I:I
Ao "r..'}:a':la mtarcian ” .False +
o et oo & o omm s o o L
1 M OP Senzodiazspines Hig Fraciure #1 }.l
MOP Anfiapilaplics Agiasic Anamia# o
* HDPS False negatives: P e
* Bisphosphonates — Gl Ulcer hospitalization Rl
e Tricyclic antidepressants — Acute “
myocardial infarction s

¢ Antibiotics — Acute liver injury “\ —
"'« Warfarin-Bleeding HDPS I-jalse p95|t|ves. . .
e Typical antipsychotics — Acute renal failure
e Typical antipsychotics — Gl Ulcer
i Hospitalization
CMOR Sats mockars - :=='i:-'-e # 1 / ° p

Beta blockers — Hip fracture

* Antiepileptics — Acute renal failure
* Antibiotics — Acute renal failure

* Antibiotics — Aplastic anemia

* Amphotericin B — Acute liver failure
e Amphotericin B — Aplastic anemia

Aoz Uver Falura =1
Agizztc Anamia =t
Angloadama #1

Aopa = E 1

Each method has a different
estimate distribution impacting its
operating characteristics

Y L4

-~§

CCO, CCS are positively biased
across pairs

‘False positives’ and ‘false :
negatives’ are not consistent across | *
methods 410 1 410 1 410 1 410 1 410 1 410 1 410

RR 17
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Range of estimates across HDPS parameter settings

Meta-analysis RE

HDPS
Il True -
OMOR Wartain Sieadng ¥ 1 Gl SR & Sl N D
OMOR Typical Imipsychaics Aoz myocarda infarcion #1 SR @ T .False +
DM OR Tricyoic 3midsprassams .%:415. myocardsl infarchan m .
DOMOR Sigphosphonaizs Uppsr Gl Utcar Hosgitaizason #1 @W
1 CMOP Samaazagings Hip Frachra # [ L& cheladiei SRRy Sa aoted
OMOP Atiepiagtics ApastC Anamia # | GEREHTE OO SR SR CETRG oo W
OMOD Amnates Acine Liver Falra 3 a0 Le 9
OMOP Ampholaricin § Aculz Rendl Fallure #1 0 G D@ A @ AR W O Qe ANENED ¢ 00 ¢ Ee v
OMOP ACE Infilitor Anglosdamas Cx)b & GEE RER RN L BRSO
Acuiz Fienal Famure #1 DSy COBEA
Martaity aflar Myocardial intarcion #1 TR LI !
OMOP Wartarin Hip Fractra #1 TR R0 D OO CHOTELy GE ¢ O JENEe
sosstsaoera=t IEMINNNEDHNIG-& 09
. _;2-:;#;:1 O CERRE  EED Rer s 8 I - O
OMOP Typical amipsycholics = P —— 'm.‘: w”m i EaCh row represents a drug_
R D tcome pair
OMOP Tricyclic anidagrassams Aotz _"‘E_’ —— ‘ -““. Ou p .
bttt BTN ey civnmect =y S e The horizontal span reflects the
i #9 2 BOs D W, ) )
poioc | U A~ R A0 range of point estimates observed
.:. .
« HDPS produces significant, positive ER—— Ecr(;ss thedpararrletepr‘ slett|r1gs.
. . . P ° _
effect for typical antipsychotic-acute X. e.nzo lazepine-Aplastic ,
renal failure when surveillance window s _ewserises ane.mla. H]E)PS parameters vgry n
is ‘30 days from exposure start’ or ‘all :..";"""'...' estimates from RR=0.76 and 2.70
time post-exposure’ (RR>1.5)... N smcoans o
PR & SCOSE -SSR 01 SR LN 2y SECS S0 e SV *
[ ]

...but shows significant, ‘protective’
effect when time-at-risk defined by
exposure length + 30 days (RR<0.80),
holding everything else constant

Angloadama #
Uppar Gl Ulcar Hosprializatian #1
Hip Fracra #1

Apasic Anamiazt EEGENES- SN 400

OMOR ACE Inniloiar

086

Relative risk
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e
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e M So given these operating characteristics, what can we

OUTCOMES

PARTNERSHIP expect to do in practice....

e Use case: An emerging safety concern is raised for a new medical
product. The association between the drug and outcome could be
estimated by running an OMOP active surveillance method across
the network of observational databases

— The method will produce a relative risk and standard error from each
participating data source, which can then be pooled together in a meta-
analytic framework

— Hypothetical scenario: The random-effects meta-analysis yields an RR=2.0
with SE=0.06.

— Question: what is the probability that there is a true causal relationship
given this observed association?

 Bayes rule enables such calculation...
— p(true|RR,SE) ~ p(RR,SE |true)*p(true)

— p(true) is the prior probability of true association; consider a family of
priors: skeptical (0.1), indifferent (0.5), enthusiastic (0.9)

— p(RR,SE|true) can be estimated from empirical data (OMOP experimental
results)

19



OBSERVATIONAL
MEDICAL
OUTCOMES
PARTNERSHIP

Revising prior expectations in light of new evidence

Frobability

1.0

05

0.0

from an active surveillance system

HDPS (Medium SE)

|
o0 o oooo
|

______________________________________________________

With moderate variance

| . | (SEIogRR = 0.06),

pome e et observing RR<2.0 is only
| | modestly informative

| 1
QOO0 OGN0 Q000 O O
| 1

T T i i T T T
0.25 05 1 2 5 10 20

Relative risk

If you observe a RR =2.0
(1.78 — 2.25),

then your posterior
probability depends on
your prior expectations

Prior:

— p=0.9
p=0.5

— p=0.1

20
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Revising prior expectations in light of new evidence
from an active surveillance system:

Impact of using estimates from different methods

025 05 1 2 5 10 20

Relative risk

ICTPD

S— o'pn:v
1

0s

0o
1

Relative risk

0s

]
I 0] O

}

|

1 2

Relative risk

USCCS

10

20

| 1
e |
1

Relative risk

HDPS

@em |
1

___________________________

___________________________

025 05 1 2 5 10 20

Relative risk

CCS

Relative risk

a i |
= :mcnolpo
|
__________________________
| |
I I
|
|
| |
I I
| |
| |
|
I
. | |
= | |
= | |
=
= > ]
a o N T
E | |
| |
| |
I I
|
|
l |
I I
| |
|
|
] |
P A SR N 4 N ———
|
| |
= CT— O
= 1 1

Relative risk

Across all methods,
observing a RR=2.0 with
moderate variance
(SElogRR = 0.06) does
not increase a skeptical
prior beyond indifference

Prior:

— p=0.9

p=0.5
— p=0.1

21
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 An active surveillance system can complement current practice by
providing evidence to support a comprehensive safety assessment

* No one clear ‘best” method, as it depends on tolerance for false
positives vs. false negatives

* |n this experiment, active surveillance methods achieved:
— At 50% sensitivity, false positive rate ranges 16%-30%
— At 10% false positive rate, sensitivity ranges 9%-33%

 Need to be cautious in interpreting results from single method in
single database

— Replication does not necessarily provide complete confidence

 Further empirical research needed to have more complete
understanding of operating characteristics before widespread
adoption

22



