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Collaborating at scale




Let’s set a world record! (unofficially)



Open access

Protocol

BM) Open Large-scale evidence generation and
evaluation across a network of
databases for type 2 diabetes mellitus
(LEGEND-T2DM): a protocol for a
series of multinational, real-world
comparative cardiovascular
effectiveness and safety studies

The scale of LEGEND-T2DM

e 4 drug classes

* 5DPP4i+ 6 GLP1RA
+4 SGLT2 + 75U =

22 drug ingredients

e 32 outcomes

Table 1 T2DM drug classes and individual agents within each class

Rohan Khera

Anna Ostropc DPP4 inhibitors GLP1 receptor antagonists SGLT2 inhibitors Sulfonylureas

Harlan MKrul ajogliptin Albiglutide Canagliflozin Chlorpropamide
Linagliptin Dulaglutide Dapaglifiozin Glimepiride
Saxagliptin Exenatide Empagliflozin Glipizide
Sitagliptin Liraglutide Ertuglifiozin Gliquidone
Vildagliptin Lixisenatide Glyburide

Semaglutide Tolazamide
Tolbutamide

DPP4, dipeptidyl peptidase-4; GLP1, glucagon-like peptide-1; SGLT2

, sodium-co-transporter-2; T2DM, type 2 diabetes mellitus.



The scale of LEGEND-T2DM
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;//.‘ Pre-specification of a systematic approacH

Traditional observational study:

Define research Generate Interpret study Interpret study

question evidence reliability results

LEGEND Hypertension:

Interpret study Use study
results evidence

Define research Generate Interpret study

qguestion evidence reliability

New recommendation:

Define research Generate Interpret study Interpret study
guestion evidence reliability results

Future:

l Ad-hoc, expert-driven

Define research Generate Interpret study Interpret study
qguestion evidence reliability results o l Pre-specified

systematic approach

13



A rubric for interpreting studies

e Quality of study
— Study design
e Multiple designs to evaluate robustness (ex: comparative cohort and SCCS)

* Multiple analyses within design (ex: PS matching vs stratification, on-treatment vs. ITT))

* Objective diagnostics to test statistical assumptions, quantify residual error, and establish
unblinding rules

— Transparency
* Pre-specified protocol
e Publicly accessible analytic source code
* Provenance of full resultset

— Diversity of databases
e Populations
* Geographies
» Data capture processes



A rubric for interpreting studies

e Strength of evidence

— Continuum:
* No evidence: No databases pass diagnostics

* Weak: One database pass diagnostics, lots of databases fail

» Strong: lots of diverse databases pass and few fail diagnostic (including
diagnostic for heterogeneity)

* Certainty in estimate
* Size of effect




What you need to collaborate on evidence at scale

LEGEND-T2DM Evidence Dissemination Summary

« Target (class): Semaglutide (GLP-1 Receptor Agonists)
» Comparator (class): Glimepiride (Sulfonylureas)
» Outcome: Acute pancreatitis

How Often? (Incidence rates in the PS-matched target cohorts)

Data source Persons exposed Person-time (yrs)  Persons with outcome IR (/1,000 PY)
IQVIA DA Germany - - = =
IQVIA LDP France - - - -
IQVIA Open Claims 99,708 52,939 60 113
Merative CCAE 20,240 9,388 14 1.49
Merative MDCD - - = -
Merative MDCR 619 278 <5 <17.97
Optum Clinformatics 7,607 3,81 8 210
Optum EHR 6,717 2,008 7 334
Veterans Affairs 1,258 883 - 0.00
How Reliable Are the Effect Estimates? (Objective diagnostics)
] Comparator [] Target I Before W After @ MDRR * Negative control + Calibrated estmate
IQVIA DA Germany

IQVIA LDP France

Equipoise = 0.28 Max ASDM =003 'MDRR=13 . _EASE=008 _- 0.65 (042 - 1.02)
IQVIA Open Clams I b ~2 :‘; po -
Equipoise = 0.35 Max ASDM = 0.08 MDRR=37 «_ EASE=006,_-  057(020-161)
Merative CCAE Sl
Merative MDCD
Equipoise =0.38 Max ASDM =0.18 'MDRR=74 . EASE=037:%. 254 (0.15-4170)
Merative MDCR = Sl e
Equipoise = 0.31 Max ASDM = 0.05 MDRR=24 . FEASE=000 _.  0.82(025-288)
Optum Clinformatics ! : h '\-.QI! .-
Equipoise = 0.25 Max ASDM = 0.08 MDRR=25 . EASE=000 _- 1.73 (0.58 - 5.30)
Optum EHR ) N X
Veterans Affairs
\ ' o | Vo \ o o
oo 05 10 0015 05 i1 4 10 o5 1 2 o5 1 2
Preference score ASDM MDRR Hazard ratio Hazard ratio

What have we learned fr

B MDRR * Negative control + Estimate + Calibrated estmate
MDRR = 15 ., EAsE=004 Pl 067 (047 - 0.94)
Meta-analysis T 9.
£ - —_
- | i B 10 o5 1 3 05 2 05 1 2 B

MDRR Hazard ratio Hazard ratio Hazard ratio



Database diagnostics

LEGEND-T2DM Evidence Dissemination Summary

« Target (class): Semaglutide (GLP-1 Receptor Agonists)
« Comparator (class): Glimepiride (Sulfonylureas)
« Outcome: Acute pancreatitis

How Often? (Incidence rates in the PS-matched target cohorts)

Data source Persons exposed Person-time (yrs)  Persons with outcome IR (/1,000 PY)
IQVIA DA Germany - - - -
IQVIA LDP France - - - -
IQVIA Open Claims 99,708 52,939 60 1.13
Merative CCAE 20,240 9,388 14 1.49
Merative MDCD - - -
Merative MDCR 619 278 <5 <17.97
Optum Clinformatics 7,607 3,811 8 210
Optum EHR 6,717 2,098 7 334

atarane Affaire 2ER A nn

How Reliable Are the Effect Estimates? (Objective diagnostics)

B Comparator [I] Target ' Before W After @ MDRR © Negatve control + Calibrated estmate

IQVIA DA Germany

IQVIA LDP France

Equipoise = 0.38 Max ASDM = 0.03 'MDRR=13 . ,EASE=008 _- 0.65 (042-1.02)
IQVIA Open Clams s :t; -

Equipoise =0.35 Max ASDM = 0.08 MDRR=37 = 008, -  057(020-181)

EASE =0.
\\\2'; _’ L
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+ ST Wi
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~ |-
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Meta-analysis
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4 Empirical Equipoise:
/ Preference score

* Diagnostic: what proportion of the target population is close to
treatment indifference?

 Threshold: PASS if Equipoise > 0.25

Faill ®
Equipoise = 0.57 Equipoise = 0.16

.& _L__A

0.0 05 1.0 0.0 0.5 1.0
Preference score Preference score




) ASDM

Covariate balance:
Standardized difference of means

* Diagnostic: are all observed baseline characteristics sufficiently
similar between target and comparator cohorts?

 Threshold: PASS if Maximum Absolute Standardized Difference
of Means after adjustment (Max ASDM) < 0.15

Fail! ®

Max ASDM = 0.29

Max ASDM = 0.06

.
00.15 0.5 1
ASDM

00.15 0.5 1



/ % Statistical Power

* Diagnostic: how much data is sufficient to provide useful
information?

* Threshold: PASS if Minimum Detectable Relative Risk (MDRR) < 4

Fail! ®

'MDRR = 1.2 'MDRR = 6.9
1 a 10

NMDRR




Residual bias:
Expected Absolute Systematic Error (EASE)

Diagnostic: is the residual bias observed from negative controls
small enough to accept that calibrated effect estimates can be

trusted as unbiased?
Threshold: PASS if Expected Absolute Systematic Error (EASE) < 0.25

Faill ®
EASE =034, °.

. EASE=0.10 _ -

~
~ ¢

~
\ |

05 1 >

Hazard ratio Hazard ratio




Database diaghostics

LEGEND-T2DM Evidence Dissemination Summary

« Target (class): Semaglutide (GLP-1 Receptor Agonists)
« Comparator (class): Glimepiride (Sulfonylureas)
« Outcome: Acute pancreatitis

How Often? (Incidence rates in the PS-matched target cohorts)

Data source Persons exposed Person-time (yrs)  Persons with outcome IR (/1,000 PY)
IQVIA DA Germany - - = =
IQVIA LDP France - - - -
IQVIA Open Claims 99,708 52,939 60 1.13
Merative CCAE 20,240 9,388 14 149
Merative MDCD - - - -
Merative MDCR 619 278 <5 <17.97
Optum Clinformatics 7,607 3,811 8 2.10
Optum EHR 6,717 2,098 7 334
Veterans Affairs 1,258 883 - 0.00
How Reliable Are the Effect Estimates? (Objective diagnostics)
B Comparator [I] Target I Before W After @ MDRR © Negatve control + Calibrated estmate
IQVIA DA Germany

IQVIA LDP France

Equipoise = 0.38 Max ASDM = 0.03 'MDRR=13 . ,EASE=008 _- 0.65 (042-1.02)

IQVIA Open Clams B S ;E; Po L~
Equipoise = 0.25 Max ASDM = 0.06 MDRR=37 «_ EASE=006, -  057(020-181)

Merative CCAE r . h - ‘tk"*'! L2

Merative MDCD

Equipoise = 0.31 Max ASDM = 0.05 MDRR =24 X 0.82 (0.25-2.68)
x. L

Optum Clinformatics ! :
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at have we learned fi

@ MDRR * Negative control + Estimate + Calibrated estmate
MDRR =15 ., EASE=004 . £lo 0.67 (0.47 - 0.04)
Meta-analysis Sl 9.7
T2 i
1 4 10 o5 1 2 0’5 ) o5 1 2
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What if you failed a database diagnostic?

* |f you didn’t evaluate your diagnhostic, you may have
inappropriately reported unreliable evidence

— How many papers have you read that give you an estimate but don’t
convince you that they have reliable evidence?

* Reporting you failed a diagnostics is informative to understand
if issue is design or data or both

 The value of a diverse data network, it is possible that some
may fail and others will pass forward




Meta-analysis diagnhostics

LEGEND-T2DM Evidence Dissemination Summary

« Target (class): Semaglutide (GLP-1 Receptor Agonists)
« Comparator (class): Glimepiride (Sulfonylureas)
« Outcome: Acute pancreatitis

How Often? (Incidence rates in the PS-matched target cohorts)

Data source Persons exposed Person-time (yrs)  Persons with outcome IR (/1,000 PY)
IQVIA DA Germany - - - -
IQVIA LDP France - - - -
IQVIA Open Claims 99,708 52,939 60 1.13
Merative CCAE 20,240 9,388 14 149
Merative MDCD - - - -
Merative MDCR 619 278 <5 <17.97
Optum Clinformatics 7,607 3,81 8 210
Optum EHR 6,717 2,098 7 334
Veterans Affairs 1,258 883 - 0.00
How Reliable Are the Effect Estimates? (Objective diagnostics)
B Comparator [I] Target ' Before W After @ MDRR © Negatve control + Calibrated estmate
IQVIA DA Germany
IQVIA LDP France
Equipoise = 0.38 Max ASDM = 0.02 'MDRR=13 . ,EASE=008 _- 0.65 (042-1.02)
IQVIA Open Clams s :‘; fe L~

Equipoise = 0.35 Max ASDM = 0.06 MDRR=37 «_ EASE=008, - 0.57 (020 - 1.81)
e D — = g
Merative MDCD
) Equipoise = 0.8 MaxASDM=018 | MDRR=74 ._ EASE=037:%- 254 (0.15-4170)
Merative MDCR ¥ S~ oo L~
Equipoise = 0.31 Max ASDM = 0.05 MDRR=24 . EASE=009 _- 0.82 (0.25-2.88)
Optum Clinformatics . : h LN \.'Q LV
Equipoise = 0.25 Max ASDM =0.08 MDRR=25 . FEASE=000 _- 1.73 (0.56 - 5.30)
Optum EHR S IR
Veterans Affairs
\ \ o | v \ T T
0.0 05 10 0015 05 11 4 10 05 1 2 05 1 2
Preference score ASDM MDRR Hazard ratio Hazard ratio

+ Calibrated estmate

0.67 (0.47 - 0.04)

MDRR=15

=
o5 1 2
Hazard ratio



/ % Statistical Power

* Diagnostic: how much data is sufficient to provide useful
information?

* Threshold: PASS if Minimum Detectable Relative Risk (MDRR) < 4

Fail! ®

'MDRR = 1.2 'MDRR = 6.9
1 a 10

NMDRR




Residual bias:
Expected Absolute Systematic Error (EASE)

Diagnostic: is the residual bias observed from negative controls
small enough to accept that calibrated effect estimates can be

trusted as unbiased?
Threshold: PASS if Expected Absolute Systematic Error (EASE) < 0.25

Faill ®
EASE =034, °.

. EASE=0.10 _ -

~
~ ¢

~
\ |

05 1 >

Hazard ratio Hazard ratio




r Heterogeneity

Diagnostic: Do the databases provide consistent estimates of the
magnitude of the effect?

Threshold: PASS if 12 < 0.40

=0 1°=0.01
-i. %
05 1 2 05 1 2

Hazard ratio Hazard ratio Hazard ratio Hazard ratio




Meta-analysis diagnhostics

LEGEND-T2DM Evidence Dissemination Summary

« Target (class): Semaglutide (GLP-1 Receptor Agonists)
« Comparator (class): Glimepiride (Sulfonylureas)

« Outcome: Acute pancreatitis

How Often? (Incidence rates in the PS-matched target cohorts)

Data source Persons exposed Person-time (yrs)  Persons with outcome IR (/1,000 PY)
IQVIA DA Germany - - - -
IQVIA LDP France - - - -
IQVIA Open Claims 99,708 52,939 60 113
Merative CCAE 20,240 9,388 14 149
Merative MDCD - - - -
Merative MDCR 619 278 <5 <17.97
Optum Clinformatics 7,607 3,811 8 210
Optum EHR 6,717 2,098 7 334
Veterans Affairs 1,258 883 - 0.00

How Reliable Are the Effect Estimates? (Objective diagnostics)

Il Comparator [ Target

IQVIA DA Germany
IQVIA LDP France
Equipoise = 0.26
IQVIA Open Claims auipo
Equipoise = 0.35
Merative CCAE upe
Merative MDCD
Equipoise = 0.38
Merative MDCR pe
Equipoise =0.31
Optum Clinformatics ! :
Equipoise =0.25
Optum EHR auipo
Veterans Affairs
| ' '
0.0 05 1.0

Preference score

@ MDRR

MDRR=15
Meta-analysis

e

MDRR

I Before W After

Max ASDM =0.03

Max ASDM =0.08

Max ASDM =0.12
i
Max ASDM =0.05

Max ASDM =0.08

MDRR

MDRR=13 . __ EASE=
“Igs

MDRR=37 «_ EASE=
™)

'MDRR =74
MDRR =24

MDRR =25

» Negative control

| '
10 05 1

2

Hazard ratio

+ Estimate
- F=0
——
05 1 2 0’5 2
Hazard ratio Hazard ratio

+ Calibrated estmate

0.66 (0.42 - 1.02)

057 (0.20 - 1.61)

254 (0.15 - 41.70)
0.82 (025 - 2.68)
172 (056 - 5.30)

os 1 2
Hazard ratio

+ Calibrated estmate

0.67 (0.47 - 0.04)

=
05 1 2
Hazard ratio

LEGEND-T2DM Evidence Dissemination Summary

« Target (class): Linagliptin (DPP-4 inhibitors)
» Comparator (class): Dulaglutide (GLP-1 Receptor Agonists)

» Outcome: Acute pancreatitis

How Often? (Incidence rates in the PS-matched target cohorts)

Data source Persons exposed Person-time (yrs)  Persons with outcome IR (/1,000 PY)
IQVIA DA Germany - - - -
IQVIA LDP France - - - -
IQVIA Open Claims 59,428 44,537 86 1.93
Merative CCAE 3,107 2,206 <5 <227
Merative MDCD 629 397 <5 <1259
Merative MDCR 408 330 <5 <1513
Optum Clinformatics 6,063 4,449 10 225
Optum EHR 4,309 897 <5 <5.58
Veterans Affairs - - - -

How Reliable Are the Effect Estimates? (Objective diagnostics)

B Comparator [ Target

IQVIA DA Germany

IQVIA LDP France

Equipoise =0.26
IQVIA Open Claims e
Equipoise = 0.41
Merative CCAE upo
Equipoise = 0.21
Merative MDCD I uipo :
Merative MDCR
Equipoise = 0.52
Optum Clinformatics - i :
Equipoise = 0.41
Optum EHR aupo
Veterans Affairs
| ' '
0.0 05 1.0

Preference score

What have we learned fi

@ MDRR

MDRR

I Before W After

Max ASDM =0.03
Max ASDM =0.10
Max ASDM =020

Max ASDM = 0.07
Max ASDM =0.08

@ MDRR

* Negative control

EASE'= 0,06

Hazard ratio

* Negative control

MDRR=15 . _EASE=008 :-
S 8-
e -
MDRR=41 . * EASE=008 _-
RN
MDRR=60 . EASE=007", -
R .",‘
'MDRR=28 . EASE=011 _.
Ny S~

MDRR=40 . _ EASE=006 [ -

N

10 o5 1 2
Hazard ratio

< Estimate

.5
Hazard ratio

+ Calibrated estmate

1.33 (0.91 - 1.94)
0.18 (0.02 - 1.88)

0.78 (0.06 - 10.02)

060 (021 - 1.88)
0.35 (0.03 - 4.49)
A

os 1 2
Hazard ratio

the OHDSI Network? (Meta-analysis diagnostics and estimate)

+ Calibrated estmate

o5 1 2
Hazard ratio




Strength of evidence

* How many databases do you have that pass diagnostics?
— None
— At least 1
—>1
—>2
—>3
— >4
* Do you have results from >=1 claims and >=1 EHR?

* Do you have results from >=1 in US and >=1 in Europe?



Meta-analysis estimate

LEGEND-T2DM Evidence Dissemination Summary

« Target (class): Semaglutide (GLP-1 Receptor Agonists)
« Comparator (class): Glimepiride (Sulfonylureas)
« Outcome: Acute pancreatitis

How Often? (Incidence rates in the PS-matched target cohorts)

Data source Persons exposed Person-time (yrs)  Persons with outcome IR (/1,000 PY)
IQVIA DA Germany - - - -
IQVIA LDP France - - - -
IQVIA Open Claims 99,708 52,939 60 1.13
Merative CCAE 20,240 9,388 14 149
Merative MDCD - - - -
Merative MDCR 619 278 <5 <17.97
Optum Clinformatics 7,607 3,811 8 210
Optum EHR 6,717 2,098 7 334
Veterans Affairs 1,258 883 - 0.00
How Reliable Are the Effect Estimates? (Objective diagnostics)
B Comparator [I] Target ' Before W After @ MDRR © Negatve control + Calibrated estmate
IQVIA DA Germany
IQVIA LDP France
Equipoise = 0.3 MaxASDM=003 | MDRR=13 . ,EASE=008 _-  066(042-1.02)
IQVIA Open Clams 8 S~ : 2 L
Equipoise = 0.35 Max ASDM = 0.08 MDRR=37 =« _ EASE=006, - 0.57 (0.20- 1.81)
Merative CCAE § N ~\;.'.¥! L=
Merative MDCD
) Equipoise = 0.8 MaxASDM=018 | MDRR=74 ._ EASE=037:%- 254 (0.15-4170)
SRS
Equipoise = 0.31 Max ASDM =0.05 MDRR=24 . EASE=009 _- 0.82 (0.25-2.688)
Optum Clinformatics ! : ¥ P LS \..Q $L-
Equipoise = 0.25 Max ASDM =0.08 MDRR=25 . EASE=008 _- 1.73 (0.56 - 5.30)
Optum EHR ..
Veterans Affairs
| | o | PR \ I T
0.0 05 10 0015 05 1 1 4 10 05 1 2 05 1 2
Preference score ASDM MDRR Hazard ratio Hazard ratio

@ MDRR * Negative control + Estimate + Calibrated estmate
MDRR=15 067 (0.4.7 -0.94)
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—
1 4 10 o5 1 2

Hazard ratio




2 7

Certainty of estimate

* Rule of thumb: Divide upper bound by the lower bound, if its
< 1.5, that’s pretty certain. If its > 3, that’s pretty uncertain.

* Rule of pinky: If your confidence interval is wider than your

pinky finger, than you are pretty uncertain (subject to
measurement error)



All estimates are equally good,
there’s nothing magic about

0<0.05



<«

You could be holding reliable evidence

< Calibrated estimate <+ Calibrated estimate < Calibrated estimate
1.61(1.13 - 2.28) 0.53 (0.31 - 0.93) 1.05 (0.87 - 1.28)
F—— —— |+-1
05 1 2 05 1 5 05 1 2

Hazard ratio Hazard ratio Hazard ratio

Ask not what the p-value can do for you.....instead ask yourself:
 What is the quality of the study?

 What is the strength of evidence?

 What is the certainty of estimate?




Magnitude of effect

* All estimates are equally good, there’s nothing magic about p<0.05

— Example: high strength, high certainty, RR=1 (0.98 — 1.02) is extremely
informative because high likelihood of no difference

— Publication bias is a problem, let’s not contribute to that, we all need to
disseminate whether you have a positive effect or not

 Need characterization plus estimation results for full context
— Incidence rate: provides absolute (background + attributable) risk
— Relative risk: provides causal estimate for counterfactual or comparisons

* We need to translate estimate and its uncertainty into
recommendations for action based on clinical context and utility
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What if you failed your meta-analysis diagnostics?

* Most interesting scenario: You’'ve observed heterogeneity,
now what?
— Reflection: is there true population differences or differential bias?

— Action: Report the database estimates and learn why those
estimates are heterogeneous

— This scenario is both why we need a diverse data network and a great
opportunity for more methodological research!




What if you failed all database diagnostics?

* Informative: this design with this network is incapable of
answering the question

 LEGEND is the biggest network study ever undertaken and still
can’t answer many questions



The scale of LEGEND-T2DM
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Next steps

 Most of you have in your hand a piece of reliable evidence that
could be published and make a difference

* All of you have permission to disseminate that evidence, and

explicit encouragement from the LEGEND leadership and
OHDSI community to do so (just coordinate with the LEGEND

team and stick to our OHDSI authorship guidelines)

* Or even better, all of you made friends today and a dream
team to move forward on the opportunity together to impact
the health of millions of patients



Thank you for joining the journey!

Now its Group Photo time out in the Atrium!

And then come back to the Ballroom for Game Night!




