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F// Type 2 diabetes mellitus (T2DM) treatment
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H H inti . Glycemic Treatment: Standards
@ American Diabetes Association: start P

with an SGLT2 inhibitor, GLP-1 receptor
antagonist, DPP4 inhibitor or sulfonylurea

@ Limited randomized controlled trials
(RCTs) and clinical experience




7// Type 2 diabetes mellitus (T2DM) treatment
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@ Are patients with cardiovascular disease

(CVD) preferentially starting
GLP1RA/SGLT2Is?

@ Are GLP1RA/SGLT2ls more effective (or

safer) than DPP41/SUs?

SGLT2I

Unknown
Comparative

Cardiovascular
Effectiveness

GLP1RA

Unknown
Comparative
Safety

9. Pharmacologic Approaches to
Glycemic Treatment: Standards
of Care in Diabetes—2023
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F LEGEND in action

Huge knowledge gaps across O(10000) of missing RCT studies:

No head-to-head No direct comparisons Non cardiovascular Limited patient
comparisons within classes outcomes representation in Trials

ﬂiﬂ ,././i 222

:III A%
LEGEND aims to fill these gaps while overcoming current limitations of
observational research (paradigm shift)

Observational Data Evidence gaps Limitations

Residual confounding
o

_1’ P hacking

Publication bias




F)’ LEGEND philosophy

LEGEND is a guiding principle-driven enterprise to deliver verified
and open evidence at scale

VERIFIED

Employ only previously
validated methods

Advanced, systematic
methods to control bias

OPEN

Fully pre-specified
public protocol

) All software open-source
V" with public parameters

All diagnostics made public
with results initially blinded

Extensive diagnostics I
and large-scale controls

All results made publicly
available

Test many hypotheses to assess —
operating characteristics

Many hypotheses, 2,
one population ﬁ M’ﬂ' Many

Stud hypotheses Results paired with detailed
| tut‘V many da > ) ‘ — ati and characterization
ocations, practice types » of populations studied
Generalize to ‘
i Many
many populations s

@ rich, rigorous, and reliable (no one person has all necessary skills;
central role for each of you)




F/¢ Target trial for comparing two initial therapies

Treatment strategies: Causal contrasts of interest:
e Initiation with SGLT2I (S) * Intent-to-treat effect
e Initiation with GLP1RA (G) Outcomes:

* CV efficacy:

s ] L e
] Sa;etyl-:ieart Failure
l « Hypoglycemia
| Medical history lookback time N\ Follow-up time ) : g:r:cer
Eligil.).ilitycriteri?: . - . Naus.e.a
rchobtiy c © o !
to index Analysis plan: * Negative controls

¢ Time-to-first-event analysis

+  No prior 2"-line drug use ‘
¢ Cox proportional hazards

anytime prior to index

Index: Time zero




F/¢ Observ. study for comparing two initial therapies

Treatment strategies: Causal contrasts of interest:
e Initiation with SGLT2I (S) * Intent-to-treat effect
e Initiation with GLP1RA (G) Outcomes:

* CV efficacy:

| e

e Heart Failure

* Safety:
4@ l *  Hypoglycemia
| Medical history lookbacktime Follow-up time ) © Ut
/ I

Cancer
Eligibility criteria: Nausea

+  Diagnosed with diabetes and G W : \I;?ar:::gag

at least 90 days metformin prior

to index * Negative controls
Analysis plan:

¢ Time-to-first-event analysis

¢ Cox proportional hazards

e o o

*  No prior 2"-line drug use
anytime prior to index

Index: Time zero




F Second-line initiators across a global network

Inclusion: adult diabetics, +metformin, —other glycemic agents, +CVD

US National Databases

« 1BM MarketScan®Commercial Claim and
Encounters Data (CCAE)
IBM Health MarketScan® Multistate
Medicaid Database (Medicaid)
IBM Health MarketScan® Medicare
Supplemental and Coordination of
Benefits Database (Medicare)
Optum Clinformatics Extended Data Mart
- Date of Death (Optum CEDM)
Optum® de-identified Electronic Health
Record Dataset (Optum EHR)

* USOpen Claims

US Health System Databases

+ Columbia University Irwing Medical Center

« Johns Hopkins Medicine

« Stanford Medicine

« Department of Veterans Affairs Healthcare
System

HIC, University.of Dundee
(Scotland)
UK-IQVIA Medical

Rescarch Dats Germany Disease

i Analyser
(Germany) Yinzhou Health
3 Commission
Information System for France Longitudinal (China)
Research in Primary Care Patient Database
(Spain) (France) Hong Kong Taipei Medical University
Hospital Authdrity  clinical Research Database
(Hong Kong) (Taiwan)

Australia Longitudinal
Patient Database
(Australia)

@ 19 administrative claims and EHR data partners around the world



Current study approach does not scale

One study question - one database - one script

"What's the adherence to my drug in the data assets | own?"

Analytical method:
Adherence to Drug

— 16 /a
o
) [ A h R Y I
North AmeFica cmna
SoulheaslAs\a

OO o
\ . @ @
Europe 4 Japan India
Application to @ @
data < > < i >
# @ ® . ueiang Italy

So Africa Israel

Current solution: * Not scalable
* Expensive

* Slow

* Prohibitive to
non-expert
routine use

Custom script for each
study




F// Open-science standards overcome the silos

OHDSI Data partner 1

Standardized

Source data in e
local structure Padtlenlt)- evel

and vocabularies atabase
(OMOP CDM)

Standardized
analytics
(OHDSI tools)

OHDSI Data partner 2

S—— S——
@:> ovor e

Firewall

Firewall

OHDSI tools
OHDSI Data partner 3
S— —
@:> OMOP CDM OHDSI tools
OHDSI Data partner n
— S—
E:> orpsttook

Firewall

OHDSI collaborations

Open community
data standards |«
(OMOP CDM)

Open source
»  development [«
(OHDSI tools)

research

Methodological

OHDSI Network studies

Clinical evidence

repository

generation
Pre-specified
protocol with
analysis specification
Standardized
summary Collaborative Evidence
statistics results Interpretation dissemination




F/'/ New-initiators with T2DM and CVD (2011-2021)

( Mapping to OMOP-CDM ) 1.5 million pati with T2DM and CVD
| [
CCAE VA UsSoC MDCD MDCR
o8 (US) (US) (US) (US) (Us)
£ 9| 265,874 pts. || 230,019 pts. |[3,521,191 pts.|| 40,064 pts. || 43,857 pts.
& 3|\ 20112021 ) ( 2011-2021 ) 2000-2021 ) 20112020 J ( 2011-2021 SGLT2i S
£ 9@ |(—oceom OEHR SIDIAP GDA MRD 16% o
£e (Us) (us) (Spain) || (Germany) (UK) 8%
Q Q|| 211,877 pts. | | 299,008 pts. || 61,382 pts. 32,442 pts. 25,173 pts.
2011-2021 J(_2011-2021 J{ 20112021 J(_1992-2021 ) (_2011-2019 DPP4i
[ I 28% 48%
( Selection of ished CVD pati )
5 , | CCAE VA USoC MDCD MDCR
2 3 (Us) (Us) (US) (CS)] (Us)
& 8| ssarsps ) (sr.a13pts. ) t163.413 pts) 12521 pis. ) 22,561 pts. Over 1.4 million patient-years of F/U
8 o |(ocEDw OERR SIDIAP GDA TMRD 25,982 3-pt MACE
83 (Us) (uUs) (Spain) || (Germany) G 41,447 4-pt MACE

80,159 pts. ) | 66,417 pts. ) | 11,026 pts. || 16,000 pts. || 4,870 pts.

@ 4.8 million new-initiators across the global network




F// Serial cross-sectional initiation (2011-2021)

bmjmedicine O

\Y
Visual abstract initiation across cardiovascular risk groups

“ Summary Despite the increase in overall uptake of cardioprotective antihyperglycemic
drugs as second-line treatment for type 2 diabetes, their uptake was lower in
patients with cardiovascular disease (CVD) over the past decade

¥ Study design ﬁ Phar idemiologic | 17 administrative claims and electronic health
8 evaluation record databases (2011-21) from eight countries

ifi Population Gﬁ 4.8 million participants with type 2 diabetes
Prior metformin monotherapy and initiated
second-line treatments
Age: 218 years

||| Outcomes - US national US health system — Non-US

0.6 GLP-1receptor agonists GLP-1receptor agonists
with established CVD without established CVD

0.4
US patterns of
02 ’ measurable increase
2 in use do not translate
0 Z22—— 1o other countries
0.6 ' SGLT2inhibitors with SGLT2 inhibitors without

established CVD established CVD

Proportionate incident use

04
Large uptake in Europe
02 and Hong Kong during
period of relatively
0 o FZ limited use in US
20M 2016 2021 20m 2016 2021
Year of d-line initiati Year of d-line initiati

@ https://bitly/bmjmed000651 ©2023 BM) Publishing Group Ltd

Large variation in use of
SGLT2l/GLP1RAs across
CVD populations (less
surprising)

Uptake is lower in US
relative to other country
sources, particularly for
CVD patients (more
surprising)

Leading ECRs:
@ Lovedeep Dhingra
@ Arya Aminorroaya




F" Reducing MACE in T2DM+CVD patients

Via systematic best-practices:

New-user cohort design (emulate

target trial)

LSPS adjustment (measured,
unmeasured confounding)
Tian et al VE

100 neg. controls (empirical
calibration) Schuemie et al PNAS

Extensive objective diagnostics
(improved reliability)

I

Journal of the American College of Cardiology —
3 September 2024, Pages 904-917 s

Volume 84, 1

Comparative Effectiveness of Second-Line
Antihyperglycemic Agents for
Cardiovascular Outcomes: A Multinational,
Federated Analysis of LEGEND-T2DM
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F}’ Reducing MACE in T2DM+CVD patients
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F}’ Reducing MACE in T2DM+CVD patients
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?/¢ Reducing MACE in T2DM+CVD patients
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F,'¢ Reducing MACE in T2DM+CVD patients
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F/V Reducing MACE in T2DM+CVD patients

SGLT2i

GLP1-RA

DPPa4i

< HRfavors  HR favors —
Vertical agent  horizonta agent

o 3-point MACE
e 4-point MACE

o Acute M
HF hospitalization
* Stroke
e Sudden cardiac death

GLP1-RA

DPP4i

© NI
© TN SIS
© ETS- I
© ETS- SIS
© XIS

@ SGLT2I ~ GLP1RA (consistent with RCT)
@ GLP1RA > DPP4l > SU (RWE fills in for missing RCTs)




F LEGEND-T2DM is a rich, open resource

SGLT21vs GLP1RA @ PS-stratified Fails study diagnostics
CCAE —— = he *
32 outcomes: CV, safety, s e Ny
patient-centered (PC) < B B
ik - =
Multiple populations: N : :

gender, age, race, CVD’ oLPiRA e PP o

- - )
GermanyDA :
H OptumDOD —— - - -
renal disease : v
MDCD ——— - e e
IMRD
Open Claims o - o £
= . ™

Leading ECR (first PC L ; »
manuscript): . Mtk 2y S UM

GLP1RA vs SI

o Carlen Reyes (SIDIAP)  &moe ] = =
Comparative Gl symptoms: Gmcune e - - -
GLP1RAs > others (but no e el —_—

1 acute pancreatitis)y =~

174 12 1 2 41412 1 2 414 12 1 2 4 14 12 1 2 4
Acute Diarrhea Nausea Vomitting
pancreatitis



F LEGEND-T2DM is community responsive

Case-control study (Bezin et al,
Thyroid tumor relative risk under Diabetes Care, 2023) alerts EMA
multiple sensitivity analyses  to potential thyroid cancer /
GLP1RA association

Calibrated
HR (95%Cl) P-value .

GLPIRA v SGLT2I We delivered a short report to
PS matching on-treatment 0.83 (0.57 —1.27 0.33 ) s H
PS stratification on-treatment 0.88(0.75-1 .03; 0.13 E MA S P h arm aCOVIg I Iance R ISk
PS matching ITT 0.89 (0.74 — 1.07) 0.22 Assessment Com m ittee
PS stratification ITT 0.95 (0.85 - 1.06) 0.35

GLP1RA vs Sulfonylureas
PS matching on-treatment 0.95 (0.75 - 1.20) 0.68 Le ad | n g MC R :

PS stratification on-treatment 0.94 (0.73-1.21) 0.64
PS matching ITT 1.03 (0.87 - 1.23) 0.72 [+ Daniel Morales (Dundee)
PS stratification ITT 1.02 (0.84 - 1.24) 0.86

GLP1RA vs DPP4I Meeting highlights from the Pharmacovigilance
PS matching on-treatment 0.78 (0.60 - 1.01) 0.06 Risk Assessment Committee (PRAC) 23-26
PS stratification on-treatment  0.83 (0.67 - 1.03) 0.1 2023
PS matching ITT 0.92 (0.79 - 1.06) 0.24
PS stratification ITT 0.93 (0.83 - 1.04) 0.22




Fb'ﬁ Emerging directions in LEGEND-T2DM

Treatment guidelines vary across
Patients with renal disease  populations, but need RWE support and
or heart failure refinement

Goal: Cardiorenal Risk Reduction in High-Risk Patients with Type 2 Diabetes (in addition to comprehensive CV risk management)*

H t . . N
O |d er ad u ItS , ris k  whso licators o igh ik - o
Defined dierenty acoss Whie defnitonsvry mst Current o prior ¢GFR <60 mLmin per .73 m R
H : OV butallncuded comprse 55 years of age symptoms albuminuria (ACR 23,0 mgimmol
differences in women [ ——— [ —— of HFwith 130 myg). These measurements

documented
HFrEF or HFpEF

VD (e, M troke,any vis factors including obesity may vary over time; thus, a repeat
revascularization procedure). hypertension, smoing,

Variably included: conditions dyslipidemia, or albuminuria)

Ingredient (drug-level) e
‘amputation, symptomatic

comparisons o

measure is required to document CKD.

+CKD (on maximally tolerated dose
of ACEI/ARB)

artery disease.
° seiat PREFERABLY
vith proven SGLT2 with primaryevidence of
HF benefit veducing CKD progression

inthis Use SGLT2i in people with an eGFR

population 220 mL/min per 1.73 m'; once initiated

Scalable I’ObUS’[ methOdS +ASCVD/Indicators of High Risk

(Bayesian data integration) ~ LS
, :

Public health-driven Fr——

SGLT2i, consider incorporating a

outcomes (APAC is leading  [I* s it e ssmssrmns eyl
the wa = l
y) 1

( 1 it omel candroveal ak rodicliom or glycestic Uswerimg moeded |
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