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Nonarteritic Anterior Ischemic Optic Neuropathy
(NAION)

NAION = stroke of
* Leading cause of acute optic neuropathy in the elderly the optic nerve

* Significant cause of blindness: /4 eyes 20/200 or worse vision

* No definitive treatments




JAMA Ophthalmology | Original Investigation

Risk of Nonarteritic Anterior Ischemic Optic Neuropathy
in Patients Prescribed Semaglutide

Jimena Tatiana Hathaway, MD, MPH; Madhura P. Shah, BS; David B. Hathaway, MD;

Seyedeh Maryam Zekavat, MD, PhD; Drenushe Krasniqi, BA; John W. Gittinger Jr, MD; Dean Cestari, MD;
Robert Mallery, MD; Bardia Abbasi, MD; Marc Bouffard, MD; Bart K. Chwalisz, MD;

Tais Estrela, MD; Joseph F. Rizzo Ill, MD

* Cumulative incidence of NAION for the semaglutide and non—GLP-1 RA cohorts over 36 months
was 8.9% (95% Cl, 4.5%-13.1%) and |.8% (95% Cl, 0%-3.5%), respectively

* Hazard Ratio of NAION 4.28 (95% CI: 1.62 — 11.29,P <.001) (compared with non-GLP-1 RA)

Limitations: single academic institution, major referral center for NAION



Semaglutide

* Glucagon-like peptide | receptor agonist (GLP-
| RA)

* Benefits in reducing cardiovascular and kidney

complications

* Recommended by the ADA as a preferred
treatment for T2DM patients with:
atherosclerotic cardiovascular disease, chronic

kidney disease, or obesity

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

+ASCVD!

Defined differently across
CVOTs but all included
individuals with established
CVD (e.g., I, stroke, any
revascularization procedure).
Variably included: conditions
such as transient ischemic
attack, unstable angina,
amputation, symptomatic
or asymptomatic coronary
artery disease.

+ASCVD/Indicators of High Risk

GLP-1 RA* with proven
CVD benefit

+Indicators of high risk

While definitions vary, most
comprise 255 years of age
with two or more additional
risk factors (including obesity,
hypertension, smoking,
dyslipidemia, or albuminuria)

SGLT2i® with proven
CVD benefit

If A1C ahove target

« For patients on a GLP-1 RA, consider adding SGLT2i with

proven CVD benefit or vice versa

 TZDA

+HF

Current or prior

symptoms
of HF with
documented

HFrEF or HFpEF

SGLT2i
with proven
HF benefit
in this
population

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

+CKD

eGFR <60 mL/min per 1.73 m? OR
albuminuria (ACR 3.0 mg/mmol
[30 mg/g]). These measurements
may vary over time; thus, a repeat
measure is required to document CKD.

PREFERABLY

SGLT2i¢ with primary evidence of
reducing CKD progression
Use SGLT2i in people with an eGFR
220 mL/min per 1.73 m% once initiated
should be continued until initiation
of dialysis or transplantation

______ UR -_— - = - -
GLP-1 RA with proven CVD benefit if
SGLT2i not tolerated or contraindicated

If ATC above target, for patients on
SGLT2i, consider incorporating a
GLP-1 RA or vice versa

[ If additional

L risk

or gl

Glycemic Management: Choose
approaches that provide the
efficacy to achieve goals:

USE OF GLUCOSE-LOWERING MEDICATIONS IN THE MANAGEMENT OF TYPE 2 DIABETES

HEALTHY LIFESTYLE BEHAVIORS; DIABETES SELF-MANAGEMENT EDUCATION AND SUPPORT (DSMES); SOCIAL DETERMINANTS OF HEALTH (SDOH)

ToAVDID
THERAPEUTIC
INERTIA REASSESS
AND MODIFY TREATMENT
REGULARLY
(3-8 MONTHS)

t Management Goals

Achievement and Maintenance of
Weight Management Goals:

[ Set individualized weight management goals ]

Metformin OR Agent(s) includi
COMBINATION therapy that provide
adequate EFFICACY to achieve
and maintain treatment goals
Prioritize avoidance of hypoglycemia in
high-riskindividuals

In general, higher efficacy approaches
have greater likelihood of achievi

General lifestyle advice: Intensive evidence-
medical nutrition based structured
therapy/eating patterns/ weight management
physical activity program
Consider medication Consider metabolic
for weight loss surgery

glycemic goals
Efficacy for glucose lowering
Very High:
Dulaglutide (high dose),

When ch p
Consider regimen with high-to-very-high dual

g glucose: g

glucose and weight efficacy

J—

* In people with HF, CKD, established CVD, or multiple risk factors for CVD, the decision to use a GLP-1 RA or SGLT2i with proven benefit should be independent of background use of metformin; 1 A strong
recommendation is warranted for people with CVD and a weaker recommendation for those with indicators of high CV risk. Moreover, a higher absolute risk reduction and thus lower numbers needed to treat
are seen at higher levels of baseline risk and should be factored into the shared decision-making process. See text for details; * Low-dose TZD may be better tolerated and similarly effective; § For S6LT2i, CV/
renal outcomes trials demonstrate their efficacy in reducing the risk of composite MACE, CV death, all-cause mortality, MI, HHF, and renal outcomes in individuals with T2D with established/high risk of CVD;

# For GLP-1 RA, CVOTs demonstrate their efficacy in reducing composite MACE, CV death, all-cause mortality, MI, stroke, and renal endpoints in individuals with T2D with established/high risk of CVD.

Semaglutide, Tirzepatide L|
Insulin Efficacy for weight loss
Combination Oral, Combination Very High:
Injectable (GLP-1 RA/Insulin) Semaglutide, Tirzepatide
High: High:
GLP-1RA (not listed above), Metformin, Dulaglutide, Liraglutide
SGLT2i, Sulfonylurea, TZD Intermediate:
Intermediate: GLP-1RA (not listed above), S6LT2i
DPP-4i Neutral:
l DPP-4i, Metformin
—' If A1C above target
Identify barriers to goals:

« Consider DSMES referral to support self-efficacy in achievement of goals
« Consider technology (e.g., diagnostic CGM) to identify therapeutic gaps and tailor therapy
< Identify and address SDOH that impact achievement of goals




Purpose of OHDSI Network

e (Characterize NAION incidence

* Association of NAION with semaglutide use

— Compare the risk of NAION associated with semaglutide use against other GLP-1RAs and non-
GLP-1RA drugs

— Investigate NAION incidence rate during semaglutide exposure compared with non-exposure



Build upon a prior OHDSI
Network Study: LEGEND-T2DM

Indication Cohort:
-T2DM, exclude T1DM

Drug exposures:

JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY VOL. 84, NO. 10, 2024

© 2024 THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION.
PUBLISHED BY ELSEVIER. ALL RIGHTS ARE RESERVED, INCLUDING THOSE FOR TEXT
AND DATA MINING, Al TRAINING, AND SIMILAR TECHNOLOGIES

Comparative Effectiveness of m
Second-Line Antihyperglycemic Agents

for Cardiovascular Outcomes

A Multinational, Federated Analysis of LEGEND-T2DM

Rohan Khera, MD, MS,*"¢ Arya Aminorroaya, MD, MPH,? Lovedeep Singh Dhingra, MBBS,?

Phyllis M. Thangaraj, MD, PuD,* Aline Pedroso Camargos, PuD,* Fan Bu, PuD,? Xiyu Ding, MS,*

Akihiko Nishimura, PuD, Tara V. Anand, BS,’ Faaizah Arshad, BS,? Clair Blacketer, MPH," Yi Chai, PuD,’

Shounak Chattopadhyay, PuD,® Michael Cook, BSc,® David A. Dorr, MD, MS,’ Talita Duarte-Salles, PuD,*!

Scott L. DuVvall, PuD,™" Thomas Falconer, MS,’ Tina E. French, RN, CPHQ,*" Elizabeth E. Hanchrow, RN, MSN,°?
Guneet Kaur, MS,? Wallis C.Y. Lau, BSc, PuD,">"" Jing Li, MS," Kelly Li, BS,® Yuntian Liu, MPH,*" Yuan Lu, ScD,*
Kenneth K.C. Man, BSc, MPH, PuD,"*"" Michael E. Matheny, MD, MS, MPH, " Nestoras Mathioudakis, MD, MHS,"
Jody-Ann McLeggon, MPH,! Michael F. McLemore, RN,*® Evan Minty, MD, MSc,* Daniel R. Morales, MD,

Paul Nagy, PuD," Anna Ostropolets, MD, PuD,” Andrea Pistillo, MSc,“ Thanh-Phuc Phan, MBA,” Nicole Pratt, PuD,”
Carlen Reyes, MD, PuD,* Lauren Richter, MD,’ Joseph S. Ross, MD, MHS,">?? Elise Ruan, MD,’ Sarah L. Seager, BS,"®
Katherine R. Simon, AA,*P Benjamin Viernes, PuD,™" Jianxiao Yang, MS,* Can Yin, MS,¢

Seng Chan You, MD, PuD,** Jin J. Zhou, PuD,®#8 Patrick B. Ryan, PuD,’ Martijn J. Schuemie, PuD,™"

Harlan M. Krumholz, MD, SM,*"! George Hripcsak, MD, MS," Marc A. Suchard, MD, PuD& ™

Exenatide
(GLP-1 RA)

Semaglutide
(GLP-1 RA)

Dulaglutide
(GLP-1 RA)

Empagliflozin
(SGLT2
inhibitor)

Sitagliptin
(DPP4
inhibitor)

Glipizide
(sulfonylurea)

!
GLP-1 RA

|
Non-GLP-1 RA




Mobilized the Eye Care and
Vision Research Workgroup

Defining NAION

* lack of structured diagnosis codes for NAION

—  40% of cases coded as ION are not NAION

Outcome Cohorts (NAION):

“Sensitive” NAION “Specific” NAION
-require 1 ION condition -require 2 ION condition

ION diagnosis codes, diagnosis date adjustments (visual field defect, optic disc disorder, optic neuritis,
optic disc edema), exclude patients with GCA (x2), exclude patients with traumatic optic neuropathy



Analysis Methods

Study start and study end: Dec 2017 to Dec 2023

New-user active-comparator cohort design

-New-users of the second-line medications: prior metformin
monotherapy, no other prior comparator diabetes medications, 365 days
prior observation period, and at most 30 days of insulin exposure
-Compare HR of NAION between drug exposures

-Large-scale propensity score models, groups were 1:1 propensity
matched

-Cox proportional hazards model

Self-controlled case-series

-Cases of T2DM and NAION (diagnosed after first 365 days of
observation period): patient serves as their own control

-Compare IRR of NAION between drug exposure versus control time
during observation period

-Exposure time: continuous drug exposure

-Control time: observation time when patient had T2DM and excluded
first 365 days of observation period

-Poisson regression model

-Pre-exposure window: 30 days before exposure

Semaglutide |[Dulaglutide Exenatide

Empagliflozin

Sitagliptin Glipizide

(GLP-1 RA) (GLP-1 RA) (GLP-1 RA) (SGLT2 (DPP4 (sulfonylurea)
inhibitor) inhibitor)
\ \ J
| |
GLP-1 RA Non-GLP-1 RA

Only databases and comparisons that pass a rigorous set of study diagnostics contribute to HR and IRR estimates



OHDSI Evidence Network

Administrative Claims (6) EHR (8)

Benefits Database (MDCR)

Merative MarketScan® Medicare Supplemental and Coordination of

Optum® de-identified Electronic Health Record data set (Optum® EHR)

Johns Hopkins Medical Enterprise (JHME)

Database (CCAE)

Merative MarketScan® Commercial Claims and Encounters Department of Veterans Affairs (VA)

Columbia University Medical Center (CUMC)

Merative MarketScan® Multi-State Medicaid Database (MDCD) Keck Medical Center of University of Southern California (USC)

IQVIA Open Claims (IQVIA)

Oregon Health & Science University (OHSU)

Socioeconomic Status (Optum Extended SES)

Optum® Clinformatics® Data Mart - Extended Data Mart — Stanford University (STARR)

Washington University (WashU)

PharMetrics® Plus

Study Timeline

July 9th, 2024 (Tuesday): OHDSI Community Call

July 11th, 2024 (Thursday): Eye Care and Vision Research WG

July 12th, 2024 (Friday): Meeting about Phenotypes

July 17th, 2024 (Wednesday): Developed Phenotype and Finalized the Protocol
August 9th, 2024 (Friday): Data Partner to Contribute Data (~4.5 weeks)



Incidence Proportion and Rate of NAION

T2DM Semaglutide |Dulaglutide |Exenatide Empagliflozi |Sitagliptin Glipizide
(GLP-1 RA) (GLP-1 RA) (GLP-1 RA) n (DPP4 (sulfonylurea
(SGLT2 inhibitor) )
inhibitor)
Sample Size |37.1M 810390 326282 25936 715802 493563 832295
Incidence 78.3/32 7.1/4.2 7.9/3.2 0/0 10.4/4 12.3/4.8 18/8.7
Proportion
(per 100K
persons)
Incidence 41/16.8 14.5/8.7 13.4/4.2 0/0 13.7/5.2 15.1/5.9 21.2/10.4
Rate (per
100K person-
years)

Historically, 2.3 to 11.4 (as high as 82) per 100,000 persons




Meta-analysis
CCAE
Clinformatics
IQVIA

PharMetrics

Meta-analysis
CCAE
Clinformatics
IQVIA

PharMetrics

Meta-analysis
Clinformatics
IQVIA

PharMetrics

Meta-analysis
CCAE
Clinformatics
IQVIA

PharMetrics

New-user active-comparator cohort design

Sensitive NAION
Semaglutide vs. Dulaglutide (N=553662) GLP-1RA

: y ! HR: .93 (.46- 1.91), P=.85

HR: 2.63 (.43-16.07), P=.29

HR: 2.57 (.42-15.63), P=.31

HR: 1.12 (.65- 1.93), P=.69

HR: .33 (.09- 1.25), P=.10

Semaglutide vs. Empagliflozin (N=768608) SGLT2 inhibitor
—— HR: 1.44 (.78- 2.68), P=.25

I J HR: 2.60 (.76- 8.84), P=.13

I J HR: 2.58 (.74- 8.99), P=.14

HR: 1.10 (.66- 1.84), P=.71

i HR: .81 (.22- 3.02), P=.75

Semaglutide vs. Sitagliptin (N=418066) D P P4 | n h | bitor
e HR: 1.30 (.56- 3.01), P=.54

HR: 1.80 (.46- 7.13), P=.40

HR: 1.13 (.59- 2.18), P=.71

HR: .27 (.05- 1.41), P=.12

Semaglutide vs. Glipizide (N=601394) Sulfo nyI urea
— HR: 1.23 (.66- 2.28), P=.51

HR: 4.98 (.46-54.28), P=.19

HR: 1.23 (.43- 3.52), P=.70

HR: 1.12 (.61- 2.05), P=.73

HR: 1.04 (.24- 4.54), P=.95

Hazard Ratio (95% CI)

Meta-analysis
CCAE
IQVIA

PharMetrics

Meta-analysis
CCAE
Clinformatics
IQVIA

PharMetrics

Meta-analysis
Clinformatics
IQVIA

PharMetrics

Meta-analysis
Clinformatics
IQVIA

PharMetrics

Specific NAION

Semaglutide vs. Dulaglutide (N=553982)

—_——

Semaglutide vs. Empagliflozin (N=769136)

| ———

Semaglutide vs. Sitagliptin (N=418336)

——

Semaglutide vs. Glipizide (N=575356)

———

0.2

0.5

1 2 4
Hazard Ratio (95% CI)

GLP-1RA

HR: 1.28 (.57- 2.88), P=.55
HR: 4.13 (.33-51.99), P=.27
HR: 1.06 (.49- 2.33), P=.88

HR: .62 (.14- 2.61), P=.51

SGLT2 inhibitor

HR: 2.27 (1.16- 4.46), P=.02
HR: 3.43 (63-18.84), P=.16
HR: 3.82 (.70-20.93), P=.12
HR: 1.87 (.92- 3.83), P=.09

HR: 1.85 (.27-12.58), P=.53

DPP4 inhibitor

HR: 1.64 (.69- 3.90), P=.27
HR: 3.31 (.58-19.05), P=.18
HR: 1.48 (.58- 3.75), P=.41
HR: .27 (.02- 3.08), P=.29

Sulfonylurea

HR: 1.50 (.70- 3.21), P=.29
HR: 1.18 (.38- 3.67), P=.77
HR: 1.64 (.70- 3.84), P=.26

HR: .67 (.10- 4.63), P=.68




Self-controlled case-series

Sensitive NAION Specific NAION

Semaglutide (N=38650) Semaglutide (N=21912)
Meta-analysis IRR: 1.32 (1.14- 1.54), P<0.001 Meta-analysis IRR: 1.50 (1.26- 1.79), P<0.001
CCAE IRR: 1.4 (1.06- 1.94), P=.02 CCAE IRR: 1.58 (1.10- 2.25), P=.01
Clinformatics | IRR: 1.35 (1.00- 1.84), P=.05 Clinformatics IRR: 1.64 (1.14- 2.37), P=.008
IQVIA | IRR: 1.34 (.99- 1.83), P=.06 IQVIA IRR: 1.52 (1.10- 2.09), P=.01
’\jg’\c"g 'lﬁz: '11 176(‘01‘ 1.14), P=.06 MDCD ' 1 IRR: 1.46 (.28- 7.47), P=65
- 1.76 (74- 4.20), =20 MDCR IRR: 1.64 (47- 5.72), P=.44

MDCR IRR: 1.22 (.52- 2.83), P=.65 .
PharMetrics IRR: 1.45 (1.12- 1.88), P=.005 PharMetrics IRR: 1.56 (1.14- 2.14), P=.006
IRR: 1.39 (1.03- 1.87), P=.03

IRR: 1.31 (1.02- 1.69), P=.04
WashU IRR: 3.31 (1.09-10.04), P=.03 IRR: 5.43 (1.39- 21.17), P=.01

05 1 2 4 20 . . 02 05 1 2 4 20

Incidence Rate Ratio (95% CI) Incidence Rate Ratio (95% CI)

Meta-analysis IRR 1.32 Meta-analysis IRR 1.50



Self-controlled case-series

Sensitive NAION Specific NAION
Dulaglutide (N=25751) G LP' 1 RA Dulaglutide (N=18308) G LP' 1 RA

Meta-analysis H IRR: 1.10 (.88- 1.39), P=.39 Meta-analysis IRR: 1.16 (.92- 1.45), P=.20
CCAE — IRR: 1.05 (.72- 1.52), P=.81 CCAE IRR: 1.33 (.82- 2.16), P=24
Clinformatics IRR: .95 (.69- 1.32), P=77 IQVIA IRR: 1.19 (.86- 1.65), P=.30
JHME IRR: .98 (25- 3.92), P=.07 MDCD IRR: .94 (42- 2.11), P=.88

MDCD IRR: 1.48 (.88- 2.48), P=.14 : .
MDCR IRR: 1.03 (.48- 2.23), P=.94 MDCR IRR: 1.47 (.44- 4.93), P=53

PharMetrics ! IRR: 1.33 (.99- 1.78), P=.06 PharMetrics IRR: 1.30 (.90- 1.88), P=17
VA IRR: .99 (.67- 1.46), P=.97 VA IRR: 1.01 (.61- 1.67), P=.98
WashU IRR: .85 (.18- 4.05), P=84 WashU IRR: 1.08 (.20- 5.79), P=.93

GLP-1RA Exenatide (N=21295) GLP-1RA

Meta-analysis IRR: 1.26 (.78- 2.03), P=.35 Meta-analysis —— IRR: 1.62 (1.02- 2.58), P=.04
CCAE IRR: .72 (.29- 1.82), P=.49 CCAE — IRR: 1.65 (52- 5.24), P=.40
Clinformatics IRR: 3.29 (1.80- 6.00), P<0.001 Clinformatics IRR: 3.35 (1.45- 7.77), P=.005
IQVIA IRR: 1.20 (.81- 1.77), P=.36 IQVIA IRR: 1.44 (.90- 2.31), P=.13
MDCD IRR: 1.08 (.35- 3.29), P=.90 MDCD IRR: 3.18 (.66- 15.44), P=.15
MDCR IRR: 1.69 (.18-15.54), P= 64 MDCR IRR: .51 (.02- 16.85), P=.71
PharMetrics IRR: .87 (.43- 1.78), P=.71 PharMetrics IRR: 1.30 (.50- 3.37), P=.59

Empagliflozin (N=22005)
Meta-analysis IRR: .96 (.80- 1.15), P=65 Meta-analysis Lag IRR: .89 (.72- 1.10), P=.30
CCAE IRR: .80 (.56- 1.15), P=.23 CCAE ——] IRR 73 (47- 144), P=17
Clinformates fRR: 1915( e 12'3)3)';:7'36 Clinformatics H IRR: 1.10 (77- 158), P=59
JHVE IRR: 41 (10-1.71), P=.22 r\ln%\(/:lg = 'IE';; fgg(-ﬁgé "32% P=45
MDCD IRR: 1.09 (.60- 1.98), P=.77 F -1.39 (58~ 3.36), P=46
MDCR IRR: 1.04 (.51- 2.16), P=.91 MDCR IRR: 1.25 (.48- 3.24), P=64
PharMetrics IRR: .90 (.69- 1.18), P=.46 PharMetrics IRR: .74 (.52- 1.04), P=.09
VA IRR: 1.06 (.84- 1.34), P=164 VA IRR: .96 (.73- 1.26), P=.77
WashU IRR: .77 (.19- 3.07), P=.71 WashU IRR: .70 (.15- 3.21), P=65

Sitagliptin (N=38948) DPP4 inhibitor itagliptin (N=7314) DPP4 inhibitor

Meta-analysis L IRR: 1.05 (.87- 1.27), P=61 ~ : IRR: 91 (58- 1.43) P=69
CCAE IRR: 1.04 (.72- 1.51). P=82 Meta-analysis — : .91 (58 1.43), P=

—
Clinformatics — IRR: 1.11 (.82- 1.50), P=.51 CCAE to—] IRR: 1.17 (.73- 1.87), P=.53
—
—
_I

e IRR: 1.08 (.79- 1.46), P=.63
IRR: .78 (.38- 1.59), P=.49

IRR: .81 (.55- 1.17), P=26

JHME IRR: 1.70 (.35- 8.27), P=.51 MDCR
MDCD — IRR: 1.13 (.64- 2.00), P=66
MDCR — IRR: 1.09 (.61- 1.93), P=.78

PharMetrics — IRR: .95 (.71- 1.27), P=.74 VA IRR: 5.33 (.26-108.51), P=.28

VA IRR: 5.22 (1.71-15.94), P=.004
WashU IRR- 26 (_és_ 103 pUM WashU | IRR: .53 (.05- 5.78), P=61

PharMetrics

Glipizide Sulfonylurea Glipizide (N=11326) Sulfonylurea
Meta-analysis IRR: 1.14 (.95- 1.37), P=.15 Meta-analysis IRR: 1.17 (.88~ 1.57), P=28
CCAE IRR: 1.45 (.96- 2.18), P=.07 CCAE IRR: 1.10 (.66- 1.86), P=.71
Clinformatics IRR:1.18 (.90- 1.53), P=.23 Clinformatics IRR: 1.31 (95- 1.80), P=.10
JHME IRR: 1.20 (23- 6.32), P=.83 MDCD IRR: 1.13 (55 2.33), P=.73

MDCD IRR: 1.07 (.66- 1.73), P=.80 ) -
MDCR IRR: 1.29 (.70- 2.35), P=.41 MDCR IRR: .89 (.38- 2.08), P=.78

PharMetrics IRR: 1.22 (.92- 161), P=.16 PharMetrics IRR: 1.70 (1.19- 2.44), P=.003
IRR: 1.00 (.79- 1.27), P=.96 VA — IRR: .96 (.73- 1.26), P=.75
IRR: 1.12 (.11-11.21), P=.92 WashU IRR: .16 (.004- 5.51), P=31

0.5 1 2 4 20 . . 0.2 05 1 2 4 20

Incidence Rate Ratio (95% ClI) Incidence Rate Ratio (95% CI)




& Wilmer Eye Institute
Johns Hopkins Medicine

Conclusion

* Small increased risk of NAION among T2DM patients exposed to semaglutide
* Additional studies should incorporate ophthalmic risk factors (e.g., cup-to-disc ratio)

* Weigh concern for NAION with therapeutic benefits of semaglutide
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//l Methods for Semaglutide Study
/

1. Active-Comparator New-User Cohort Analysis
2. Self-Controlled Case-Series Analysis



Active-Comparator New-User Cohort:
Study Design and Statistical Analysis

Objective:

Estimate the risk of NAION (Non-Arteritic Anterior Ischemic Optic Neuropathy) associated with semaglutide
use compared to other diabetes medications.

Exposure groups:
» Target: Semaglutide (GLP-1RA) Semaglutide
+ Comparators:
* Other GLP-1RAs: Dulaglutide, Exenatide.
* Non-GLP-1RAs: Empagliflozin,
Sitagliptin, Glipizide.

Outcomes:
+ “Sensitive” NAION
+ “Specific’ NAION

~ e Timeline
Pre-treatment time Follow-up time

Dulaglutide
Study Population: New users of semaglutide and comparators Exenatide
(study period: 12/1/2017-12/31/2023) ST Analysis plan:

S(';I?ng'g'en + Confounding adjustment:

Inclusion Criteria: » Large-scale propensity score (LSPS)
* Adults with T2DM on metformin monotherapy. * 1:1 PS matching
+ Atleast 1 year of prior observation. * Hazard ratio estimation:
* No prior exposure to comparator diabetes medications. » Cox proportional hazards model
* No more than 30 days of prior insulin use. * Meta-analysis:

+ Bayesian random-effects model



// Active-Comparator New-User Cohort:
Sensitivity Analyses

e Sensitivity analysis 1: Alternative cohort definition

— Expanded the cohort to include new users of each T2DM medication,
regardless of prior exposure to comparator drugs.

e Sensitivity analysis 2: Temporal stratification

— Objective: Address potential biases due to external factors, including
healthcare utilization patterns and changes in medication prescribing
trends.

— Approach: Stratified by calendar time
o 12/2017 - 1/2020: Pre-COVID-19.
o 2/2020-6/2021: COVID-19 pandemic period.

o 7/2021 -12/2023: Post-FDA approval of semaglutide for obesity with a 60%
increase in prescriptions.




Active-Comparator New-User Cohort:
Objective Diagnostics

Empirical equipoise

— Assess the similarity between target and comparator groups

Covariate balance
— Absolute standardized mean difference (ASMD)

— Unbalanced covariates -> residual bias

Expected absolute systematic error (EASE)
— 97 negative control outcomes

— Assess residual bias
Minimum detectable relative risk (MDRR)

Only databases that passed all
diagnostics were included in the
meta-analysis.




7 Self-Controlled Case-Series (SCCS)
Study Design

* Exposure group:

—Ta rget: Semagl utide (G LP-1 RA) No comparator group: Individuals act as their own control.

Subject 3

* Key strengths of SCCS:
- Robust to between-person confounding
- Robust to time-invariant confounders within individuals.

Figure source: The Book of OHDSI



'@/ Self-Controlled Case-Series (SCCS)
Study Design

* Objective:
Estimate the incidence rate ratio (IRR) for NAION during
semaglutide exposure compared with unexposed time.
* Observation period:
— Restricted to the period when patients had T2DM.

— Excluded the first 365 days in the database to improve detection of
incident NAION.

* Pre-exposure control period:

— Defined as the 30 days prior to treatment initiation, included in the
control time, and adjusted for in the analysis.




'@/ Self-Controlled Case-Series (SCCS)
< Statistical Analysis

* Model: Conditional Poisson regression.

* Adjustments:

- Seasonality: Modeled using spline functions of calendar months
to control for potential seasonal effects on NAION incidence.

- Control period adjustment: Incorporated a pre-exposure time
window to refine estimates.



Self-Controlled Case-Series (SCCS)
Objective Diagnostics

* Time trend diagnostic
— Detects time trend in the outcome rate.
* Pre-exposure diagnostic

— The outcome increases the probability of having the exposure
(“reverse causality”)

— Detects increased rate of outcome just before the exposure

* Expected absolute systematic error (EASE)

* Minimum detectable relative risk (MDRR) [only databases that passed all

diagnostics were included in the
meta-analysis.
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This network study was
brought to you by the letter




OHDSI

lvidence
Network

Launched in the spring of
2024, the OHDSI evidence
network already has

17 formal data partner

organizations representing

37 data sources.

45"‘ organizations are still

going through the onboarding
process.

27
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Questions?

We are here to accelerate research!
We host office hours every Friday from 9am-10am EST in

the Evidence Network teams channel for researchers and
data partners.

Data Partners join our Evidence Network Working Group at
OHDSI.org. Meets 2x/month on Thursdays at 10 am EST.

Email us at evidencenetwork@ohdsi.org

CB


mailto:evidencenetwork@ohdsi.org
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F Elements of an Open OHDSI Network Study*

All documentation, study code and subsequent results are
made publicly available on the OHDSI GitHub.

Investigators must create and publish a public study protocol
detailing the scope and intent of the analysis to be performed.

Investigators must create a study package (typically with R or
SQL) with code that is CDM compliant.

Investigators are encouraged to attend OHDSI Community Calls
to promote and recruit collaborators for their OHDSI network
study.

At the end of the analysis, aggregate study results are made
available in the OHDSI GitHub.

Where possible, investigators are encouraged to publish study
R Shiny Applications to data.ohdsi.org.

THe Book OF

OsseavanionaL Heatmn DaTa Scancss ap INsoRmATICS

https://ohdsi.github.io/TheBookOfOhdsi

* Book of OHDSI — Chapter 20


https://ohdsi.github.io/TheBookOfOhdsi

F Semaglutide network study using Strategus & HADES

e Strategus is an R package for coordinating and executing
HADES analytics packages.

e Study design choices are documented in machine-readable
format (JSON) and used to execute each HADES package.

* We utilize renv for reproducible R/Python environment for
executing OHDSI network studies.

HADES

HeaLTH ANALYTICS DATA-TO-EVIDENCE SUITE




Semaglutide analysis specification

* Strategus contains HADES
“modules” the building blocks
to create the study analysis
specification.

* Semaglutide study team
designed the phenotypes and
defined analytical choices for
the study

Strategus v1.x

ohdsi-studies/SemaglutideNaion/inst/fullStudyAnalysisSpecification.json O
GitHub



https://github.com/ohdsi-studies/SemaglutideNaion/blob/master/inst/fullStudyAnalysisSpecification.json

Study Execution

Download the Semaglutide project from GitHub

Restore the R execution environment using renv

Configure the connection details to your OMOP OfatedlO
CDM W P

Execute the study S

ReV|eW the reSUItS |n CSV format SemaglutldeNa|on/StrategusCodeToRun.R

Share the results with the study coordinator AYA

Download Conflgure ReV|ew CSV Share



https://github.com/ohdsi-studies/SemaglutideNaion/blob/master/StrategusCodeToRun.R

7

Thanks to collaborators!

 Thomas Falconer (Columbia University)
e James Brash (IQVIA)
* Ben Martin (Johns Hopkins University)

e David McCoy (Oregon Health & Science University)
 Hannah Morgan-Cooper (Stanford University)

* Brian Toy (University of Southern California)

* Marc Suchard (Department of Veterans Affairs)
 Ruochong Fan (Washington University)



Areas for collaboration

e Strategus is under active development and has a
sub-team as part of the HADES working group.

* Sub-team was formed earlier in 2024. All working ORZE 0
group meetings have been recorded and the most
recent meeting provided an overview of the sub- ¢
team and prior meetings around Strategus design
discussion and decisions. = e

 We welcome those that are interested in the design
and development of Strategus and HADES to join
the journey!

https://ohdsi.org/workgroups/



https://ohdsi.org/workgroups/

-
O
S
=z
-
(qV)
-
—




/ Using The Results Schema
‘ Erik Westlund & Benjamin Martin

OHDS

OBSERVATIONAL HEALTH DATA SCIENCES AND INFORMATICS




Our Tasks

e Get the results out of the database

* Format for publication

— Tables
— Figures

39



Approach

* The Strategus pipeline created results which are uploaded to a
Postgres database

* Shiny apps are created

e Results can be extracted from the results schema

40



The Results Schema

o0 SN SemaglutideNaion -~ Version control v SN SemaglutideNaion -

Database Explorer .rds.amazonaws.com] EB c_analysis_ref [shinydb@shinydb.c....rds.amazonaws.com] EB database_meta_data [shinydb@shinydb.c

@ DS oL K o R WD) TxAuo v DDL Q ([ W B3

Y WHERE I= ORDER BY
B cdm_source_name Y ¢ B cdm_source_abbreviation Y ¢ [ cdm_holder Y
IBM Health MarketScan® Medicare Supplemental and C.. Merative MDCR Janssen R&D
Epic Legacy CUMC MERGE Epic Legacy CUMC MERGE Columbia DBMI
Department of Veterans Affairs VA-0MOP VINCI
OHSU OHSU Oregon Clinical & Translational Research Institute
Keck OMOP usc usc
Johns Hopkins Medical Enterprise JHME IT@JohnsHopkins
Epic Clarity SHC STARR Research Technology, Stanford Medicine Technology ..
WashU WashU WashU
IBM Health MarketScan® Commercial Claims and Encou.. Merative CCAE Janssen
IBM Health MarketScan® Multi-State Medicaid Databa.. Merative MDCD Janssen
Optum EHR Optum EHR Janssen
Optum’s Clinformatics® Extended Data Mart - Soc OPTUM Extended SES NELELTN
PharMetrics Plus PharMetrics Janssen
LRx/Dx, US9-LAAD 202405 LRx-US9-LAAD 202405 IQVIA

database_meta_data

=]
=]
=:]
=:]
=:]
=)
=]
=]
=]
=:]
=:]
=)
=)
=]
=]
=:]
=:]
=]
=)
=]
=]
=:]
=:]
=]
=:]
=)
=]
=]
=]
=:]
=:]
2:]




OHDSI Evidence Sharing App details ~ Restartapp  Stop app

About

DataSources

Cohorts

Estimation

Semaglutide NAION

@ Study Description

No description provided. Further details about the analyses used in this study can be found below.

About this tool
This tool is an interactive shiny application used for exploring standardized output results for a variety of analyses, including:

« Characterization (descriptive studies)
« Population-level effect estimation(causal inference)
« Patient-level prediction (inference)

Full details of all the analysis tools can be found on the HADES website.
On this page, click on any of the colored boxes below to learn more about the analyses ran in this study.

On the left-hand side of this web page, you will find a sidebar that allows you to navigate to the full results of each analysis ran by clicking on each tab.

Data Sourcel Cohorts

Data sources used in this
ELELY

Characteriza@ Cohort Diag

Cohorts included in this This module was not included

analysis

This module was not included

this analysis in this analysis

DNOIL IVIeL]

< OHDSI &

M OoHD:

OHDSI Analysis Viewer
iAbout

= DataSources

24 Cohorts

BB Characterization

The Shiny Apps

Appdetails  Restartapp  Stop app

= F< OHDSI

@ Help & Information

Below are the descriptions of each column in the Data Sources Module:

cdmSourceName

cdmSourceAbbreviation
cdmHolder
sourceDescription
sourceDocumentationReference
cdmEtlReference
sourceReleaseDate
cdmReleaseDate
cdmVersion
vocabularyVersion
databaseld
maxObsPeriodEndDate

Data Source Information

EBTable

Select Columns to Display: & Download (Full & Download (Filtered)

cdmSourceName, cdmSourceAbbreviation, ¢ ¥

Search

cdmVersionC

onceptld

Link
1BM Health Merative JanssenR&D  RHEALTH ETL 3/20/2024 4/17/2024 V5.4 0 v5.029-F
MarketScan®  MDCR Description 24
Medicare
Supplemental
and
Coordination
of Benefits
Database
Epiclegacy  Epiclegacy  Columbia RHEALTH ETL 6/30/2024 6/30/2024 OMOP 5.4 756265 v5.031-A
CUMCMERGE ~ CUMCMERGE  DBMI Description 23
Department  VA-OMOP VINCI RHEALTH ETL 6/24/2024 7/12/2024 53 1147638 v5.029-F
of Veterans Description 24
Affairs

42



The Job

e Extract information that needs to be reported
 Format into tables and figures

43



The Challenge

There is a lot of data:
— Two NAION phenotypes
— Two analytical approaches (CM, SCCS)
— Multiple analyses within each (20 T/C drug pairs, 6 SCCS drugs)
— Hundreds of diagnostics
In numbers:
— Table 1 has ~150 results/aggregations
— Table 2 has ~1050 reported results/aggregations
Moving target: we added databases midway

Must automate. No tool yet ready to automate this process.

44



Process

Studied the Shiny app and consulted with experts (namely,
Anthony Sena — thank you)

We created pipelines in R notebooks to extract results directly
from the results schema

These were processed into tables and figures using tidyverse
tools

The tables and figures were shared with other team members

45



The Output

Table 2: The incidence proportion and incidence rate of NAION among adults with T2DM and in each
T2DM drug exposure cohort (semaglutide, dulaglutide, exenatide, empagliflozin, sitagliptin, glipizide)
across all databases.

uSensitive” NAION definition® “Specific” NAION definition® Figure 2: Forest plot for the self-controlled case-series analysis. Incidence Rate Ratio (IRR) and 95% confidence interval (Cl) estimate for the risk
On-Treat \ncidence |incidence On-Treat Incidence |incidence of NAION while on-treatment with one of the T2DM medications compared with control time, not on treatment with the medication of interest.
ment Proportio |Rate (per ment Proportio |Rate (per Results are shown for semaglutide, other GLP-1 RAs (dulaglutide, exenatide), and non-GLP-1 RA medications (empagliflozin, sitagliptin, glipizide).
Time Number n (per 100,000 Time Number |n (per 100,000 . 5 . . . . .
Patients | (Person-Y |of 1J&°oo Person-Ye | Patients | (Person-Y |of 10‘,‘,’ 000 |Person.Ye Results from databases that passed study diagnostics are provided, as well as the meta-analytic estimates.* The total number of patients included
Cohort _ |Database |at Risk* |ears) Outcomes | Persons) |ars) atRisk* |ears) Outcomes | Persons) |ars) is shown. Panel on the left shows the results of the “sensitive” NAION definition, while panel on the right uses the “specific” NAION definition.®
%
T20M  |Total 37076692| 75093073| 26501 78.3 41| 37096287| 75165063| 10473 32 16.8 Sensitive NAION Specific NAION
CCAE 2126003| 3427034 1185 55.7 34.6| 2126453| 3428658 541 25.4 15.8 Semaglutde (N=38650) Semagutide (N=21912)
Meta-analysis —— IRR: 1.32 (1.14- 1.54), P<0.001 ol IRR: 1.50 (1.26- 1.79), P<0.001
Clinformati ot e ——t R 1.4 (106-194), Pm2 e IRR: 1.58 (1.10- 2.25), P=.01
cs 4010797| 7443649 6269 1563 842| 4013178| 7454714| 2302 596 32.1 == bty = R 162 130 200
IRR 11 (01-1.14), P= 06 -— 46 (2 P65
cumc 99138| 213381.6 39 393 18.3| 99183 213523.4 16 16.1 75 (= e R 76 (74 420).P-20 P S — R 104 (4. 572 44
harl e . =, bt
1QVIA 20155571 43536250 9976 495 22.9| 20167656 43576868 3892 19.3 8.9 o S R 131 (102,169, P04 —
e AR 331 (1081008}, P03 P SR M
JHME 138751| 227697.3 79 56.9 34.7| 138833) 227892 30 21.6 132 Dulaglutide (N=25751) Dulaglutde (N=18308)
ot R 110 (8- 130), =30 ot
MDCD 867613 1650953 826 95.2 50|  868099| 1652770 256 29.5 155 e v
—— A P
MDCR 501145) 824223.2 851 169.8 103.2| 501509| 825674.9 327 65.2 39.6 L —— - Vet tas L Pty —— R (2210, P
OHSU 54958| 122074.7 32 582 262|  55019| 1222197 19 345 155 — R 13 (5. 178 P00 i "R 130 (90- 188) P17
——— IRR 99 (67-1.46), P= 97 —— IRR.1.01( 1.67), P=98
Optum B —] IRR® 85 (18- 4.05), P= 8¢ —— IRR' 108 (20- 579), P=93
EHR 2516415| 4303811 562 223 13.1| 2516877| 4305088 307 122 7.1 oitids (N696132) e 2 1295)
PharMetric —_— R 7229102, o0 —_— 105 (5. 52 Pe
s 5619829| 10736023 5348 95.2 49.8| 5621567| 10744401 2225 39.6 20.7 L ool
——t R 120 (81-1.77), =38 i R 144(90. 231), = 13
STARR 68735 153558 31 45.1 202| 68757 153655.9 17 24.7 1.1 —_—— R 106.(35- 329, P= 90 —
usc 41431] 47863 21 50.7 439|  41445) 478864 10 24.1 20.9 — 7 (6 10 BTt —t— p
S R 156 (42-5 71, P 51 —_— IR 0205 751, e 71
VA 753008 2053014 1235 164 60.2| 754240| 2057853 416 55.2 20.2 e S 5150 ERE e
WashU 123208| 353541.1 47 38.1 13.3|  123381| 353858.1 25 20.3 7.1 —h R 80(55. 119, P23 == bosfeed sl o
Semagluti PR R B i e Mt i IR 110 (77- 158), P=59
de (GLP-1 —_— RR 43 (10.171) p-22 i e s
RA) Total* 810390| 400136.6 89 7.4 145 810037 400423.9 51 42 8.7 S — R 1.08 (512185 et —
—— IRR 90 (69- 118), P= 48 H;
CCAE 50173| 26646.6 1 21.9 413 50194| 26657.4 6 12 225 e b g Lot - T ey ol
Clinformati Sitagliptin (N=38948) Sitagliptin (N=7314)
cs 43555|  20212.7 13 29.8 64.3|  43588| 202286 10 22.9 49.4 - IR 1.06 (67 — R 91 (58 149, P69
e v R 111 (82 - R 117 (73 187, P53
Ccumc 1794 14914 0 0 0 1796 14924 0 0 0 —_— (o s g i
1QviA 581923| 200882.1 52 8.9 17.9| 582336| 291103.7 30 52 103 —— R 113 (04 PharMetrics et R 01 (55- 117), P2 20
— i VA AR 533 (26-108 51, P= 28
JHME 1473| 10035 <5 NA NA 1473| 10036 0 0 0 - Wash | R 53(05. 578), P81
MDCD 2108 680.2 0 0 0 2111 681 0 0 0 Glpizide (N=25752) Glpizide (N=11326)
it R 114 (95137, P 15 Hot R 117 (8- 157, =28
MDCR 3665 17104 0 0 0 3670| 17124 0 0 0 —— IR 145 (96-2 10),P= 07 —e—it R 110 (66. 180, P=71
o R 118,90, 153) P- 23 —— R 131 (95- 100, P= 10
OHSU 602| 3841 0 0 0 603| 3842 0 0 0 =l R 1.07 (08 1153 0 —— R 1.13(5- 230, P73
et — AR 09 (38- 200 P=70
Optum — R 17252161y Pt —— RR: 170 (1.19- 246), P=.003
EHR 38711 125015 <5 w NA|  38719| 125075 <5 NA NA —— RR: 1,00 (79- 127, P- 96 et R 96 (13- 126), P 75
R 1120111 20, P 92 Weshy R 16.(001- 551, P=31
PharMetric 0.01 0.05 02 05 1 2 4 20 0.01 0.05 02 05 1 2 4 20
S 76572 38014.4 8 104 21 76618 38037.7 5 6.5 13.1 Incidence Rate Ratio (95% CI) Incidence Rate Ratio (95% Cl)
STARR 979 791.1 <5 NA NA 979 791.1 <5 NA NA
usc 196 57.5 0 0 0 196 57.5 0 0 0
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Challenges

* Currently, not all information one wants is able to be easily
extracted, particularly around characterization

* Database is heavily normalized; requires expertise in SQL in
general and the results schema in particular

e Sanity tests with Shiny app are laborious
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Challenges

Journal submissions requirements sometimes at odds with
automation: arbitrary needs, manual uploading, etc.

The Shiny results viewer is a great and comprehensive, but it
should not be used to put results in a paper

— Don’t try copying and pasting

— Graphics are useful but not publication ready

Condensing information and formatting for idiosyncrasies of
specific study

Testing and quality control

48



Future Software

* A general-purpose table and figure generation tool would be
helpful

e Studies have idiosyncrasies that determine presentation (e.g.,
our multiple phenotypes) — how to be useful for everyone?
e Potential solution

— Utilities to extract key results in a “tidy”, composable way

— These could be composed into tables and figures for specific journal
needs

— Testing utilities to ensure the correct information extracted
— Vignettes/repository of common uses

49



