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William Osler Quotes »1s19: Precision/Personalized Medicine ?
e

The good physician treats the
disease; the great physician
treats the patient who has the
disease.

~ William Osler

AZQUOTES

» Variability is the law of life, and as not 2 faces are the same, so no 2 bodies
are alike, and not 2 individuals react alike and behave alike under the
abnormal conditions which we know as disease

 Observe, record, tabulate, communicate.




We are dealing with an old problem ...
How to make sense of the many inputs we receive

_ Q2 Outside world
Sensing =

Integrating

Source: Stock photos
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The world’s most valuable resource is no
longer oil, but data

Leaders
May 690 2007 edition »

The data ecomomy demands a new approach to antitrust rules

D Py
o »
D, el - |
P \ S N\ Iy
: ot prrg

\§©

-

-

AYAVAY =

ALREFINERY | @B

s
(=)
1

e
D o
- - -

OLO

S 0101010 101 10 101.00 1001 01010 1010 10 01 01 01 10 10 0110 0™10101001 10 10 101 01

P ' S
0330130010 Courtesy of Keith Dreyer 04004 L0440

0330031010103 L0L0I04L00LL0

0303010010313 . - L1L{0100{01040
CO1A03010303103100 - 2 e 00LL01404040408400

130 ol
3101100 0041041




Scientists are drowning in COVID-19 papers. Can new
tools keep them afloat?

By Jeffrey Brainard | May. 13, 2020, 12:15 PM




The amount of data has grown exponentially over the past
years, also in medicine. How to make sense of them?

transcriptomics

proteomics _
o genomics

o
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Source: Stock photos




STRONG OR GENERAL
Al

Computers thinking at a
level that meets or
surpasses people at
multiple tasks

Computers engaging in
abstract reasoning &
thinking

ARTIFICIAL INTELLIGENCE

Programs with the ability to
learn and reason like humans

MACHINE LEARNING

Algorithms with the ability to learn
without being explicitly programmed




AI’tIfICIal Machine Learning: Algorithms that
allow a program to learn from its

|nt6||igence own mistakes.

Machine
Learning




What is (weak = current) Al: Al is not:
There is NO universal definition

« Computer system that can learn « Conscious

« Unconscious  Deterministic

* (Usually) stochastic * Neutral

* (Mostly) black box « Natural intelligence
« Narrow in scope * Robots

« Man-made, hence biased « Unbiased

+ Lacks critical thinking  Transparent

* |s a great optimization tool « Accountable

« The optimization goal (i.e., cost functional)
must be provided



Gordian Knot tapestry by Keith Tyson



Overview

* Precision Medicine:
 Context, Promises, Possibilities

* Diabetes and CKD
« Variability of outcomes
* Impact

» New paradigms in discovery and clinical trials

dz 2 NJ




Global Context .....

» Health care delivery systems economically unsustainable
* Health care ~ 8-20% of GDP in G20 countries

* Infinite demand for care vs Finite clinical and financial resources
* Aging populations
+ Increasing high cost of chronic disease () %

» Waste and inefficiency of fragmentation and poor care coordination

* Inadequate capture and use of large scale data to optimize care and reduce risk

* Public expectations of access to care
Adapted from G Poste 2017 JAIM




The promise of Precision Medicine

—_—

« Deep phenotyping integrated with
molecular profiles and clinical data on
disease patterns

* Integration of Science, medicine,
engineering, regulation, information
technology and market forces

e Short term

* Improve clinical outcomes

« Control costs by managing existing
diseases

* Increase therapeutic selections and medical
adherence

* Long term
* Earlier detection




Ultimately.....Precision Medicine

Demonstrate clinical, economic
and social value

Change ineffective clinical practice

So that the right person gets the right
medicine(s) in the right dose(s) at the
right time(s)




Precision Medicine

Pragmatic
Recognition
of Complex

Reality

Benefits
and
Aspirations




Precision Medicine: Requirements and Needs

» Standardize clinical and hospital data systems
* Develop and Maintain databases for collection of samples
» Address Ethical, Social and Legal issues

* |dentify and contain Costs
« Data/molecular genetics
* Drugs developed

» Address knowledge gaps of Health care providers and patients
* Molecular genetics, biochemistry
* Interpretation of results of testing
* Relevance of information to treatment and prevention



http://www.slidescarnival.com/help-use-presentation-template
http://www.slidescarnival.com/copyright-and-legal-information

Kidney Disease(s) - Global perspective

* Common, harmful, treatable
* Linked to other NCDs (DM, HTN, GVD)

« Variability in approaches, resources, policies
* Between and within countries and regions

» Diversity of Kidney Diseases

* Acute Kidney Injuries
+ Chronic Kidney Diseases

* Role of health care systems
* in prevention and control of CKD prevention
* In integrating with national and international NCD management strategi




And note ....variability in prevalence

Chronic kidney disease and cardiovascular risk n six regions @)
of theworld (ISN-KDDC): across-sectional study  + Results: CKD orevalence (N<75 056)

* 14:3% (95% C114-0-14-5) in general populations
“ o 361% (347-37-6)in high-risk populations
Global Prevalence of Chronic Kidney Disease
- A Systematic Review and Meta-Analysis

Nathan R. Hill'*, Samuel T. Fatoba', Jason L. Oke', Jennifer A, Hirst', Christopher
A. O'Callaghan’, Daniel $. Lasserson', F. D. Richard Hobbs'

CKD Prevalence Varies across the European General
Population




Variability of Progression of CKD
recognize the non linearity of trajectory over time

AJKD
Original Investigation

Chinical Kidney Joumal, 2017, 1-8
Longitudinal Progression Trajectory of GFR Among ORIGINAL ARTICLE

Frationia Wth.CKD Patterns of progression of chronic kidney disease

Liang Li, PhD," Brad C. Astor, PhD;? Julia Lewis, MD,? Bo Hu, PhD,"
Lawrence J. Appel, MD, MPH," Michael S. Lipkowitz, MD,® Robert D. Toto, MD.®
Xuelei Wang, MS,” Jackson T. Wright Jr, MD, PhD,” and Tom H. Greene, PhD* at late rs tag €s

Fernando Caravaca-Fontan, Lilia Azevedo, Enrique Luna and

Francisco Caravaca

+  38% Linear
*  24% Non linear

*  23% Unidentifiable
B + 15% positive




lenter and Transplantation and Wils

Adult Polycystic Kidney Disease:
Who Needs Hospital Follow-Up?

*+loannis Griveas, *Kathryn Bishop, and *f£Mlichael World

*Departiment o

CONCLUSION

Our study population of patients with adult poly-
i 15¢ was mainly C {

renal function during the follow-up period. Initial
omerular filiration rate, and blood pressure did
ict outcome. | s that other contributing
Itations, modifier ¢
y be of greater impo
growth, interstitial inflammation,

AGER (mUminit.73mily)

Initial @GFR (mLimin/1.73m7)




\Variability in Global impact of Diabetes

Summary

= T 357%
€20 S6milion ' i
£ 48 million

€13 49 million
€2 40 million
€ 32 million

WORLD .

& 700 milion A\ 519% i R O
m578mil{ion/? increase o samiin | 1335 D
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REVIEW [ wiLey

Genetic predisposition in type 2 diabetes: A promising
approach toward a personalized management of diabetes

Mahmoud M. Sirdah PhD.**© | N.Scott Reading Ph.D.**

Global and Regional Prevalence of Diabetes in Adults (20-79 years)

Mg Turop North America and MI‘W(IN al SouthLan hala Weiten Palic
Cariswin

W Diabeies prevalence B Diabeies age-adjusied prevalence B Undiagnosed Diabeies



Variability in Data sources about diabetes

FIEVAY Countries and territories with data sources on diabetes




Variability in care globally

* Access to prevention and treatment
* Access to essential medications, diagnostics and primary care

* Access to dialysis and transplantation

» Access to trained health care providers/ nephrologists



ISN

_’f

SUMMIT

Clinicians, researchers, translational
scientists, industry and others identify
and address gaps

The Lancet, April 2017

Global kidney health 2017 and beyond: a roadmap for
closing gaps in care, research, and policy



http://www.slidescarnival.com/
http://unsplash.com/

Global kidney health 2017 and beyond: a roadmap for
closing gaps in care, research, and policy

* Improve identification of CKD and reduce risk factors

« Strengthen surveillance
+ Tackle major risk factors
* Reduce AKI

* Improve understanding of causes and consequences
+ Genetic and Environmental interactions
+ Diagnostic methods
* Progression trajectories

* Develop and test new therapeutic strategies
+ Develop novel therapeutic interventions for progression and complications
* Increase quality and quantify of clinical trials



https://www.fontsquirrel.com/fonts/nixie-one
https://www.fontsquirrel.com/fonts/muli

The opportunity and challenge of conducting
research worldwide:

* Increasing collaboration and networks

+ Variable Infrastructure for biobanking

* Lack of integrated information systems
* Privacy rules

* Costs of analysis

+ Education of health care professionals
* Patient engagement
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Precision Medicine: Definitions

* is a medical model that proposes the customization of healthcare, with medical
decisions, practices, and/or products being tailored to the individual patient.

* diagnostic testing is often employed for selecting appropriate and optimal
therapies based on the context of a patient's genetic content or other molecular or
cellular analysis

* "an emerging approach for disease treatment and prevention that takes into
account individual variability in genes, environment, and lifestyle for each person."

» ....will allow doctors and researchers to predict more accurately which treatment
and 8revention strategies for a particular disease will work in which groups of
people.




Precision ~ Personalized ~ Patient Focused Medicine

» The practice of medicine should use all the information available to the medical
team/ practitioner about the patient to make a decision about treatment options
* History
* Physical Examination
* Blood and urine tests
* Biopsy samples ( interrogated in context)
* Molecular diagnostics
* ‘omics’




Health Care Stakeholders and Their Roles in Ensuring the Success of Precision Medicine.

Stakeholder Recommended Actions

Government Generation of transparent privacy laws
Identification of socioeconomic priority areas likely to benefit most from precision-medicine strategies
Public consultation regarding “opt in-opt out” strategies for research participation

Research industry Development of effective clinical decision support tools for integration into electronic health records
Setting up and conducting appropriate pilot studies for data collection in targeted precision-medicine areas

Biomedical community  Changes to undergraduate training to develop improved understanding of molecular mechanisms involved in disease
Development and contribution to an evolving new system of disease classification incorporating emerging molec-
ular information
Introduction of a more transparent, participatory role for patients considered for recruitment to clinical trials

Pharmaceutical industry Development of effective diagnostic tests with or without tandem therapeutic agents for management of conditions
identified as major socioeconomic burdens

Patient groups Increasing participation in health and well-being initiatives
Use of novel means of providing data for research purposes, including social networks and mobile phone applications

Regulatory bodies Ensuring that regulatory frameworks are in place to safeguard patient safety, while ensuring that scientific prog-
ress is not hampered

Preparing for Precision Medicine NEJM 2012
Reza Mirnezami, M.R.C.S., Jeremy Nicholson, Ph.D., and Ara Darzi, M.D.



Interactions of lifestyles, genes and
environments differ around the world

Complexity of Kidney Disease ()
* Multiple profiles
* Multiple environments
» Different time points

Large populations can serve as sources of
Bio-samples
Phenotyping
Diverse exposures
Observational Cohort Studies; Administrative Data Sets;Clinical Trial enrolment

ENVIRONMENT



Big data and Big science in Nephrology

review www_iéd ney intem tionalorg

Big science and big data in nephrology

Julio Saez-Rodriguez ~, Markus M. Rinschen™, Jurgen Floege™ and Rafael Kramann




Selected technologies to generate large data sets

GWAS
WES
WGS

Microarray
Single cell RNA seq

Targeted and untargeted proteomics

Metabolomics
Untargeted and targeted
Imaging

High through screening
Wearables

Electronic Health records

Table 1| Seleaed technologies to generate large datasets with reevance for nep hrology

Name

Dehrvson

Examples in

nepherology efemncel]

Genome wde 3ocation
sudes (GVAS

sequencng (WES)

Whole genome saquenang (WGS)
Genetc portrhxion wcmening

Maoary

Bulk ANA s0q

Singlo coll ANA 20q

Tasgend promomics

Untargeted promamics

Uty gewnd meabomes

Tameswd metabolomics

HQH SroudOut so0ening
Wearsles

Elacyonic nedth records

Oesenasonal study of genomewde it of ganetic vasans n d¥aent
Indvidak ames 1o a0 if any ardnt iz assodated with 3 TaL, such X dsease
Sequencing of T protein codng DNA (exons) roughly 1% of the human
Qenome)

Sequenang of e ante DNA

Forwxrd somening maps spechc genetc patrtatons 3 phenotype of
Intarest Genetc perturbixtions are mostly pedormed by lame smal,
Intarfedng RNA o 2hont haigin ANA Ibastes: or by CRPRCS combined
with gRNA ibases

Muzplex Lb--on 3 AP, @n be used for DNA or protan, for aample. DNA-
micmarys e 3 collection of micmscopic DNA spots (probes) atached © 3
soiid surfxce that hytrid e 3 CONA o SSNA Hytrd 2 xion & usally detacsnd
with 3 fluomphore or chami ot o

Pooled RNA <aq from a Dulk of colis is obtaned Som symthese of DNA Som
FNA, and subsaquent ONA sequencing

Sequenang of BNA from ngle cails, mosty perfommed Som sorted sngle ool
or with Moofudcs and barcodng of snge ok (eg, DropSeq 10x
chomum)

A defined ot of proterns nd/or Twir modBcxion) & quantBed In idney
tEsue or body fhuds uing Mass LECTOMeTYy, NThodes, or Apaamers itan
be ppied © tesues and bofluids, and 1o very small ample amounts.

In 3 dscovery approach, proteing and/or eir modfaton) e identhed and
quareifiad uting mass specTomety based on sochacec fequency & an be
appiied 1o Tuues and Dioflud:s but sequres rdasvdy lage amount of
mxais

Mastx-ascsted er desapton DNE2XON (MALDY - maging mass
pecTomeTy JMS) aliows us 1o cbRIN fom 3 Qmple, ypQly 3 Tuue,
spatal informaton on e davbuton of muftple molecules
derz® and qanzh of metDOITEE UENg MU MIGWEC
' or Mmass e Y

Tagend mas specomary bxed gumBcxon of metdoltes

Process of forming mages, such X electon, Igh, and imemun offucrescan oo
mEcopy, MRound, COMPUe tOMOgaphy, MAgNESC ionance

magng

Text compounds X lame waip and study ther efect on phandtype B oM
powntal texment candidxes

A0 een 1 Can Do worn and TaCKs Informaton Such 32 heaet rate, physcy
acawviyy, blood pressum

1
@ "

of heath nfommaion of pasents or cohors

Kidney International 2019 95, 1326-133700: (10.1016/).kint.2018.11.048)
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Selected computational concepts and nephrology
specific resources

Dimensionality Table 3| Selected computationsl wacepts and nephrdlogy-specific resources

Pathway analysis Methods Deinzon Eamples in nephvology lreterance)
Oimenzonaity mduczon Raducton of asables (e.g, genes) © be contiderad, Ubiquous when anayaing
H usng mathods such 35 PCA or +SNE omics data (eg.'")
Deep Ieammg Patvway anayse Essmation of acsvity of pathways Som omics dxa, an Nzo boady used (eg.''*' ¥
b 00N 3% 3 "Dlold gy dtven” dmensonaity reducton
Deep paming Subet of machine baming methods bulit n 3 -
herychicd manner © aromatclly seiect fatues
Resources Ddfintson
Nephroseq -
Nephroseq™ (wwwnephroseqorg) Imagratve pRTom W QInetc, gane exprestion, and cinical data
In nephyology
Neh Q”_ NephQRL* (hap/mephqtion ) Donbaze of cEeQMs of heglomendar and b uonwetisy teoues
of the kidnoy found In 1&7 pasticipan® In e NEFTUNE cohort
» Human kKdney QL hEpd N8 217 22650q1) «QTL dyabaze of micodssected healtyy human kidney glomerull
Human kidney Qtl | and nuouh
Mouse Kdney snglecel xbs'" (hepy/ B 2172260%) Gene expmeszion n ~ 70000 Indvidudly sequenced cdls from
' . haity mouse kidneys
Smgel cell transcnptome A snge col tanscaptome 383z of the mowse gomeruus Gene expmazon Som ~ 300D Znge cll TanTPLME $om Wid
e shinyg mdc -berin deim gaca/) type mouse gomenul

For a desdied s of wds and nsaurces, we, Br exange, mfenmca”
oL, spradonguatiatve 1t lad; NEPTUNE Neplrotc Syddume STudy Newark FOA prindon! companent andyids $SAE, + dedboted tochatc reighlor
erbaddrg

Kidney International 2019 95, 1326-1337DO0L: (10.1016/).kint.2018.11.048)




Don’t romanticize deep NNs.

“In an 1mage recognition application, the raw mput may be

a matrix of pixels; the first representational layer may abstract the
pixels and encode edges; the second layer may compose and
encode arrangements of edges; the third layer may encode a nose
and eyes; and the fourth layer may recognize that the image
contains a face.”

“Deep Learning” on Wikipedia (Retrieved 6/10/19)




Melanoma

(LABELED)
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Oddities: Born or Bread

COMChaeGbeon

. C. Michael Gibson MD
2 Follow |

Determining if an image is a Chihuahua or muffin
is a tough problem in artificial intelligence

S ‘ ®
~
N




Integration of Data from multiple sources
~ improved patient outcomes

Transcriptomic

Blood and urine

Healthy Multi-scale

Insights

—>» Targets
% Therapies

Computational
model and analysis

Injury data
Inflammation - + —
(&)
T RSO
! ’ G i\ \ ) | '\_‘ .
4 7
vl : [ . \x D N
= \ | F l I! pesd I Y e
L.»«.J Sl
Fibrotic Prior knowledge
Physiological measurements
g &
R Kidney International 2019 95, 1326-1337DOI: (10.1016/}kint.2018.11,048)

ELSEVIER



Omics ...statistical modeling ...machine learning
better understandings and prediction

Use prior knowledge

Data

o e To

Statistics

Prior
knowledge

Proteomics
Transcriptomics

>
>

_to extract molecular

signatures

modeling

Genes

Signature

extraction

Kidney International 2019 95, 1326-1337D0I: (10.1016/].kin1.2018.11.048)
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' Machine
learning

Signatures
o
(o}
o}
(o}

' Statistical

Inference

Blood
pressure

Prediction

RNA, Blood
RNA, pressure

RNA,

subsequent analyses

..Facilitate




The timing of understanding and development of new technologies

and treatments

Comparing Oncology and Nephrology
... timing

)
5

e .

ELSEVIER

Kidney International 2019 95, 1326-1337001: (10.1016/] kint.2018.11.048)

Large GWAS
Breast cancer
Easton Nature

> ~4400 patients 1st
g l scRNA
‘S’ 1st cancer TCGA
microarrays 00T >
] l l [ | )
| [ l [ [
5 Mid- 2000 2005 2009 2014 2018 __KPMP >
2 90s
o
£ |
=3 1st kidney
= microarrays 1st GWAS 1st
Koettgen scRNA

Nat Gen
~2300 patients

PUBMED Citations

2002 2004 2006 2008 2010 2012 2014 2016
—e— Cancer and metabolomics —e— Cancer and proteomics
—ea— Cancer and genomics —o— Kidney and metabolomics not cancer
—e— Kidney and genomics not cancer

—e— Kidney and proteomics not cancer



Randomized Control Trials and Precision Medicine

Tension or Opportunity?

Large populations, generalizable
Large effect size
Non responders

Individualized risk and response profiles
Genetic profiling




Current treatment approach

* Known risk factors and treatment approaches

* Treatment options s patients progress in CKD

* Residual risk despite multi-factorial reatment including RAAS inhibitors

Large RCT
and
Pragmatic
Trials

Precision
Medicine

Global Burden of
Kidney Disease(s)

Common features to address all:
Infrastructures and platforms



Key measures to delay progression in DM and CKD

* Blood pressure and RAAS inhibition

* AKI risk and management:

+ Increasing recognition of impact on trajectory and variability
 Nephrotoxins (NSAID, AGs), ECFV contraction, procedures ( dye and other)

* Protein intake

* Glycemic control

« Salt intake

* Hyperuricemia

* Life style

* Other dietary advice

* CV Risk reduction: Lipid lowering



No new specific treatment for DM/CKD 1980- 2018

RAAS blockade

High blood pressure 3
identified as DKD IDNT*, IRMA 25 No new DKD-specific treatment

risk factor Captoprif Irbesartan in 18 years
71D T2D -'

1980 | 1990 w0 2018

R-blockers' RENAAL®

. Losartan
Hydralazine? 20

DKD, diabetic kidney disease; T1D, type 1 diabetes; T2D, type 2 diabetes; IDNT, Irbesartan Type 2 Diabetic Nephropathy Trial;
RAAS, renin-angiotensin-aldosterone system; RENAAL, Reduction of Endpoints in NIDDM with the Angiotensin Il Antagonist Losartan.1. Mogensen

e n Bae FAl1087-98A K7 an H ancat 108 al N Enal I Mad 10072901458

[—\O



Considerable residual renal risk exists
with current gold standards of care

RENAAL* IDNT?
Doubling of SCr, ESRD, or death : Doubling of SCr, ESRD, or death

Risk reduction for irbesartan
vs. PBO: 20% (p=0.02)

vs. amlodipine: 23%
(p=0.006)

Risk rec , 16%

Irbesartan
odipine

=
24
S
£
5
2
]
< E

24 18 24 30 36 42 48 54 60
Months of study Months of Follow-up

ESRD

Risk reduction for irbesartan
vs. PBO or amlodipine: 23%
(p=0.07)

End-Stage
Disease (%)
Proportion with

24 18 24 30
Months of study Months of Follow-up

1. Brenner BM et al. N Engl J Med 2001,345:861 2. Lewis EJ et al. N Engl J Med 2001;345:851




For people with Diabetes
there has been little improvement in the rate of ESRD

» Rates of the other major complications in diabetes have declined
» Rates of ESRD have actually increased among older adults

Stroke
150
o
25 Acute MI
o—

— =
o
o

Amputation

fa J 1 R [ e ——— e |

Events per 10,000 Adult Population
With Diagnosed Diabetes
~
w
1

s 251 | g |
//----------- ----- --------------‘
47 O —&— o
(2) Death from hyperglycemic crisis —® —e
| I 1 I I
1990 1995 2000 2005 2010

ESRD, end-stage renal disease; MI: myocardial infarction.Adapted from: Gregg EW, et al. N Engl J Med 2014;370:1514-23.



Key SGLT2 inhibitor trials: 2015-2020

- Cardiovascular outcome trial

Kidney outcome trial

- Heart failure (HFreF) outcome trial

CANVAS
Program

2018
DECLARE-TIMI

EMPA-REG
OUTCOME

DAPA-HF

58

V The George Institute
for Gilabal Heakth With permission, adapted from B Nuen

EMPEROR-Reduced




Participant characteristics in the key SGLT2 inhibitor
trials

Study

Mean age (years)
Female, n (%)

Median follow-up (years)

Established atherosclerotic CV disease (%

History of heart failure,

Diabetes, n (%)
eGFR, mL/min/1:73m?, (mean)
eGFR <60mL/min/1:73m?, n (%)

UACR, mg/g,

(median)

UACR >300 mg/g, n (%)

Baseline use of RAS blockade, n (%)

n (%)

)

EMPA-REG
OUTCOME
(n=7020)
Empagliflozin
61
2004 (29)
3.1
7020 (100)
706 (10)
7020 (100)
74
1819 (26)
18
764 (11)
5666 (81)

(n=10142)

Canagliflozin
63
3633 (36)
2.4
6656 (66)
1461 (14)
10142 (100)
76
2039 (20)
12
760 (7)
8116 (80)

CANVAS Program | DECLARE-TIMI 58

(n=17160)

Dapagliflozin
64
6422 (37)
4.2
(6974 (41)
1724 (10)
17160 (100)
85
1265 (7)
13
1169 (7)
13950 (81)

CREDENCE
(n=4401)

Canagliflozin
63
1494 (34)
2.6
2220 (50)
652 (15)
4401 (100)
56
2592 (59)
927
4401 (100)
4395 (>99)

DAPA-CKD
(n=4304)

Dapagliflozin
62
1425 (33)
2.4
1610 (37)
468 (12)
2906 (68)
43
3850 (89)
949
3859 (90)
4174 (97)



DAPA-CKD Trial

Dapaglifiozin 10 mg

2,3
Key outcomes
218 years A 00s,
% Dapaglifiozin n=2152 G](D {}_f) | gP | Dbj Gﬁ

Placebo n= 2152 Renal 3-Point CVdeath  All-cause
® i
>95 to <75 mL/min/1.73 m2 .;- events | MACE | + HHF | Mortality
&[D eGFR Wi
>22.6 to <565 mg/mmol
UACR -20% A
o e -8%
% 68% with T2D -40% - Not statistically
significant
-39% -29% -31%
ACEI/ARB use 97% -60% -
Mean sBP 137.4 mmHg

*Primary composite cutcome: sustained decline in the estimated GFR of at
least 50%, end-stage kidney disease, or death from renal or cardiovascular

causes
1. Wheeler et al. Nephrol Dial Transplant 2020535; 1700=-1711
2. Heerspink et al. N Engl ) Med 2020; 383:1436-1445.
3. MeMurray et al. Circulation. 2020; ePub ahead of print: 10.1161/CIRCULATIONAHA 120051675



SCORED Trial

Sotagliflozin 200 or 400 mg Key Outcomes
Inclusion/Baseline Criteria Note: Trial discontinued after 24 months of

follow-up due to withdrawal of funding
>18 years (21 major CV risk factor)

OR mrb R
|% 255 years (22 minor CV risk factors) éjg 0 G”D % Gﬁ

Sotaglifiozin n=5292  Placebo n=5292 Primary Renal 3-Point All-cause
outcome* composite MACE Mortality

225 to <60 mL/min/1.73 m? 0% ! - .
&[D eGFR ‘
8.4 mg/mmol 20% -
Median UACR -1%

% Confirmed T2D WE Y e -23%
A1C 27.0%
: 0% - -29%
ACEI/ARB use 88.5%
Mean A1C 8.3% *Primary com_po;ite_outc?me:FTotal number qf_de?ths gcm cardiovascular
Median sBP 139 mmHg causes, hospitalizations for HF, and urgent visits for H

tRenal composite outcome: First occurrence of a sustained decrease of
£50% in the eGFR from baseline for 230 days, long-term dialysis, renal

transplantation, or sustained eGFR of <15 mimin/1.73 m? for 230 days
Bhatt et al. N Engl | Med. 2021;334(2):179-139



EMPA-KIDNEY Trial

Empagliflozin 10 mg

& Primary composite
renal outcome*

218 years Taking
C +/- T2D ACEI/ARB

Estimated enrollment: 6000 patients

@1 [D @ Composite of CV death or HHF

Key secondary endpoints:

245 to <90 K All-cause hospitalization
mL/min/1.73 m2 E‘Eﬁ P
>20 to <45 BGER |
mL/min/1.73 m?2 OR 2286 mg/mmol @ﬁ All-cause mortality
eGFR UACR

*Time to first occurrence of (i) kidney disease progression (defined as ESKD, a
sustained decline in @GFR to <10 mL/min/1.73 m?, renal death, or a sustained
decline of 240% in eGFR from randomization) or (ii) Cardiovascular death

US Mational Library of Medicine. hitps:/fvevaw.clinicaltriale govctdfshow/NCTO35041 10, Aceessed lan 22, 2021



Variability in outcomes: clinical and study experience

Non Responders

Various
combinations

Adverse events No Adverse events




Precision medicine...in the context of changing
paradigms in clinical trials/ research

» Large pragmatic trials « N=1 Trials
* Use of Administrative data for randomization
» Simplicity of follow up and intervention(s) « Small physiological studies in well

+ Simplicity of outcome data collection pheno-typed individuals

* Increasing use of personal devices to capture

information..... « Study extreme phenotypes
« 7 Biosamples
* Pict ,
: D!;;‘ e « Patient engagement
+ Consent

* Population health



Pragmatic Explanatory Continuum
Novel Trial Designs Indicator Summary (PRECIS-2 )

» Design trials consistent with purpose

* Pragmatic trials

* Simpler designs o <G %n:;"jg::.‘”
» Less burdensome data collection ( T
+ Conducted in diversity of clinical settings Cagoiey OO SN S B M B
* Less strict inclusion criteria e e
. ’ Setung How dférent &% 1 S6Engs of e il from M Usual Care setngs?
* Higher recruitment rates A ———
* Greater external validity L R ————————
Flenidaity (aghesence) mr;ﬂmmnmuwuwnmnu
l Follow-up How afiecent 's the Intensity of maasurament and llow-up of paricipants in ha irial from
. s e typical Dlow-up In usual care?
* Less cost in execution ke 2t e ey e g v e
Primary analys's To what extent % &l 02 Inciuded In e analyss of e primary cutcome?

e ImprOVing implementation Of reSU|tS rlgnilf;nup‘mmudmwdtmdddpmm”uhm.&w.‘mﬂuﬂumlnﬂums‘mnq

(PRECIS)-2 domains to help traligts design trids consitent with thelkr intended 0%,




Adaptive trials

“A clinical trial design that allows for prospectively planned
modifications to one or more aspects of the design based
on accumulating data from subjects in the trial”

—————————": Adantive Decignce for C === piale af Driige and Rinlacice Griidance far Indiictry



Multiple agents in a single One agent in multiple diseases or
disease disease subtypes

© 2015 American Association for Cancer Research

CCR Focus AACGR

Katerina Politi, and Roy S. Herbst Clin Cancer Res
2015;21:2213-2220

Clinical B

©2015 by American Assoclation for Cancer Research Cancer Research




Precision medicine and trying to understand

Responders Non responders

Clinical
- Outcomes

Adverse events No adverse events




Variability in outcomes for DKDs

* Increased understanding of mechanisms

* Acknowledged heterogeneity of presentation, progression and outcomes
* Prediction models to facilitate prognostication

* New therapeutic agents being tested in Phase 2 and 3 studies

Preclinical
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