Clinical Trials & Drug Development in CKD:
Emerging from the Stone Age

Daniel Edmonston, MD
On behalf of Dr. Myles Wolf, Dr. Glenn Chertow, and other DCRI Think Tank stakeholders

. : FROM THOUGHT LEADERSHIP Duke Nephrology %
Duke Clinical Research Institute TO CLINICAL PRACTICE wll Duke University School of Medicine f#



. : FROM THOUGHT LEADERSHIP Duke Nephrolo
m Duke Clinical Research Institute | 1o cLNICAL PRACTICE Q““ P 24

Duke University School of Medicine /& )

DCRITHINK TANKS

FROM INSIGHT TO ACTION

Accelerating Drug Development 93 f=y24 4
for Chronic Kidney Disease and
o +
End-Stage Renal Disease 5omm ) 25° 4,400
=" 144 3
Aprll 24-25’ 2019 g_ PUBLICATIONS m ALLIANGES

Washington, DC

Adapted from dcri.org/insights/think-tanks



. Duke Clinical Research Institute

FROM THOUGHT LEADERSHIP

TO CLINICAL PRACTICE

Q““ Duke Nephrology

Duke University School of Medicine

DCRITHINK TANKS

FROM INSIGHT TO ACTION

Accelerating Drug Development
for Chronic Kidney Disease and
End-Stage Renal Disease

April 24-25, 2019

Washington, DC

Special Report

Drug Development in Kidney Disease: Proceedings From
a Multistakeholder Conference

AJKD

Daniel L. Edmonston, Matthew T. Roe, Geoffrey Block, Paul T. Conway, Laura M. Dember, Peter M. DiBattiste,
Tom Greene, Ali Hariri, Lesley A. Inker, Tamara [sakova, Maria E. Montez-Rath, Richard Nkulikiyinka,
David Polidori, Lothar Roessig, Navdeep Tangri, Christina Wyatt, Glenn M. Chertow, and Myles Wolf

Occasional bursts of discovery and innovation have appeared during the otherwise stagnant past
several decades of drug development in nephrology. Among other recent drug discoveries, the un-
expected kidney benefits observed with sodium/glucose cotransporter 2 inhibitors may herald a re-
naissance of drug development in kidney disease. This recent progress highlights the need to further
promote and stimulate research and development of promising therapies that may ameliorate the
morbidity and mortality associated with kidney disease. To help identify and address barmiers to drug
development in nephrology, the Duke Clinical Research Institute convened a conference in April 2019
that included stakeholders from academia, industry, government agencies, and patient advocacy. From
these discussions, several opportunities ware identified to improve every stage of drug developmant
for kidney disease from early discovery to implementation into practice. Key topics reviewed in this
article are the utility of interconnected data and site research networks, surrogate end points, prag-
matic and adaptive trial designs, the promising uses of real-world data, and methods to improve the
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generalizability of trial results and uptake of approved drugs for kidney-related diseases.

Introduction

Sodium/glucose  cotransporter 2 (SGLT2) inhibitors
represent the most significant drug development for dia-
betic kidney disease in the past 2 decades. Other recent
drug discoveries have also improved the treatment of
autosomal dominant polycystic kidney disease, hyper-
kalemia, and anemia. Although these discoveries herald a
new era of drug development in kidney disease, numerous
challenges remain. Mephrology consistently ranks among
the medical subspecialties with the fewest number of
published clinical trials." Significant barriers impede timely
drug development and uptake for patiemts with acute
kidney injury and chronic kidney disease (CKD).

Drug development faces many challenges in both pre-
clinical and clinical stages; in addition, even successfully
approved drugs encounter barriers to clinician and patient
uptake. During the past 23 years, the Duke Clinical
Research Institute has facilitated “think tanks” designed o
address the most pressing gaps in clinical research. In April
2019, leaders from academia, industry, patient represen-
tatives, pmfessional societies, and government agencies,
including the US Food and Drug Administration (FDA),
National Institutes of Health (NIH), and Centers for
Medicare & Medicaid Services (CMS), convened in Wash-

Hypothesis Generation and Drug Discovery

Although drug discovery often follows the classic “bench-
to-bedside” paradigm in which laboratory data are used to
identify putative therapeutic targets, investigators can also
use high-quality clinical data and secondary analyses to
hone hypaotheses and identify new drug targets. Examples
of this “reverse translation” approach include the discov-
ery of new therapeutic targets through genome-wide as-
sociation studies (GWAS) and other genetic analyses,” use
of observational data to assess the target patient profile
before the conception of clinical trials, and use of machine
learning and predictive algorithms o identify patients
most likely to benefit from investigational therapies.
Several barriers limit the use of such data in the drug
development process. These barriers include uncertain
CKD cause due to a lack of kidney biopsy data for many
patients with CKD; lack of standardized data collection for
kidney disease end points, even in the context of clinical
trials; limited access to industry-sponsored clinical trial
data for secondary analyses; and fragmented data nerworks
with inconsistent and often incompatible electronic re-
cords across different health systems data. Potential stra-
tegies to improve data access include interconnected data
networks, disease-specific registries and networks, and

Edmonston et al. Am J Kidney Dis. 2020
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Adjusted All-Cause Mortality Among
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Clinical Practice Guideline for
Evaluation and Management of CKD

#“Recommend”_’IL\(H'gh) B C D(-
ecommendation “Suggest” (High) (

—p




FROM THOUGHT LEADERSHIP Q““ Duke Nephrology

m Duke Clinical Research Institute | 1o cLNICAL PRACTICE

Duke University School of Medicine /& :

Level 1
(40%)

*110 total
recommendations

KDIGO, KI Supplements, 2013



FROM THOUGHT LEADERSHIP Q““ Duke Nephrology

m Duke Clinical Research Institute | 1o cunicaL PRAcTICE Duke University School of Medicine fé¢

Level 1
(40%)

*110 total
recommendations

KDIGO, KI Supplements, 2013



FROM THOUGHT LEADERSHIP Q““ Duke Nephrology

m Duke Clinical Research Institute | 1o cLNICAL PRACTICE

Duke University School of Medicine /&

Level 1
(40%)

Not Graded *110 total
(36%) recommendations

KDIGO, KI Supplements, 2013



FROM THOUGHT LEADERSHIP Q““ Duke Nephrology

m Duke Clinical Research Institute | 1o cunicaL pracrice Duke University School of Medicine /&

Level 2

Not Graded %110 total

recommendations

KDIGO, KI Supplements, 2013



. : FROM THOUGHT LEADERSHIP Duke Nephrolo
m Duke Clinical Research Institute | 1o cLNICAL PRACTICE Q““ P 24

Duke University School of Medicine /& )

Not Graded ¥110 total

recommendations

KDIGO, KI Supplements, 2013



FROM THOUGHT LEADERSHIP Q““ Duke Nephrology

m Duke Clinical Research Institute | 1o cunicaL pracrice Duke University School of Medicine /&

A 0%

Not Graded #21 total

recommendations

KDIGO, KI Supplements, 2013



FROM THOUGHT LEADERSHIP ¢|||| Duke Nephrology %

Duke University School of Medicine ,

m Duke Clinical Research Institute | 10 cLINICAL PRACTICE

Only ~5% of treatment
recommendations reached a
“ ” level of evidence.



FROM THOUGHT LEADERSHIP ¢|||| Duke Nephrology %

Duke University School of Medicine ,

m Duke Clinical Research Institute | 10 cLINICAL PRACTICE

Why is observational data
specifically in CKD and
ESRD?



m Duke Clinical Research Institute | 10 cLINICAL PRACTICE

FROM THOUGHT LEADERSHIP ¢|||| Duke Nephrology %

Duke University School of Medicine ,

CHOIR (2006) : (HR 1.34, 1.04-1.74)
Hb 13.5vs 11.3

(Epo Alpha) NS Qol difference

CREATE (2006)

—— NS CKD/CV composite
requirement

Hb 13-15 vs 10.5-11.5
(Epo Beta)

TREAT (2009) » NS death/CV composite
Hb 13 vs 9 (HR 1.92, 1.38-2.68)

(Darbepoetin Alpha)

Singh et al. NEJM. 2006; Drueke et al. NEJM. 2006; Pfeffer et al. NEJM. 2009
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Baseline Risk

Glycemic Control

Glycemic Control
+ ACEi/ARB

Glycemic Control
+ ACEi/ARB
+ SGLT2 inhibitors

Risk of CKD progression or incident ESKD

UKPDS Group, Lancet. 1998; Brenner et al. NEJM. 2001; Perkovic et al. NEJM. 2019
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The ADAPTABLE Aspirin Stud y @9 pcornet lam
—— THE QUESTION —— THE STUDY

Clinicians often prescribe aspirin to prevent strokes and heart attacks in people living The ADAPTABLE trial will compare '
with heart disease. Research has yet to determine the best dose to use, since aspirin two commen aspirin dosages.

can cause serious side effects - like bleeding - in some people.

325 mg Blmg

15,000

patients living with heart disease will use a
daily aspirin dose of either 81 mg or 325 mg

THE PROBLEM

Heart disease is the 6 1]-’ O O O

The study will be large and will
involve patients across the ULS.

Mo. 1 killer in the LLS. people in 2013, one deathin 4;
accounting for 1in every 6 ADAPTABLE will use PCORnet to conduct the study and disseminate results.
healthcare dollars. Patients will be partners at every stage of the trial, which will

collect data using tools with state-of-the-art security.

Cardiovascular disease Heart disease strikes someone in

(heart attack and stroke) the LL5. about once every A N 5 W E R S FOR B E TT E R CA E E

is the most common form

of heart disease. 43 SECDndS- Results of this study will help patients and their

caregivers answer questions like:
= How much aspirin should | take each This study will use the power of PCORnet to
0 day to reduce my risk of another heart seek answers to these questions and improve

Aspirin is widely prescribed 6 0 A] attack or stroke? patient care and outcomes.
to prevent heart attacks and . . DATA KNOWLEDGE CARE
strakes in people living with of patients with heart disease take a - 50 L:.eﬁben;eﬁt;of La::mg, asp;mn every |
heart disease. 325 milligram dose each day while 36% I FREAIASACIO NI Al > o

take 81 milligrams (or baby aspirin). = Do the risks differ based on the dose? i ERREEES \E %

= Based on my health, age, and other
circumstances, what's the best dose to e o
Identifying the aspirin
rotect my health?
\\"\ P Y dose that works best iﬁ;iqﬂ?
H could prevent as many as ! !
DCDH\' e - worldwide

* PCORnet is an initiative of the Patient-Centered Outcomes Research Institute

Theaspirinstudy.org
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Image credit: https://www.kpmp.org
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Analogue to digital conversion Knowledge extraction Knowledge integration
The renal biopsy glass slide The WSI (input) is transformed into Fused knowledge from WSI and other
(input) is converted into a meaningful knowledge (output) domains (input) becomes actionable
digital WSI (output) using Al and visual assessment intelligence for patient care (output)

B Digital pathology [ Artificial intelligence Human intelligence Actionable intelligence

Adapted from Barisoni et al. Nat Rev Nephrol. 2020
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people WIth ‘:.:" 3 ' HiLo is a clinical research

study on how best to manage blood phosphate

ki d n ey fa i I u re o n R - levels in patients on dialysis. Researchers will

compare how participants feel, how often they

e ° / are hospitalized, and how long they live based
dialysis?

on the level of phosphate in their blood.

Adapted from hilostudy.org
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How to reach phosphate targets at
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No onsite study staff, remote monitors

Onsite study staff and monitors
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‘§'|\ If,gl leadership

staff
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Endpoints extracted from EHR without

Endpoints that require adjudication R S
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Edmonston et al. AJKD. 2020
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Special Report

DCRITHINK TANKS

FROM INSIGHT TO ACTION

Drug Development in Kidney Disease: Proceedings From
a Multistakeholder Conference
Daniel L. Edmonston, Matthew T. Roe, Geoffrey Block, Paul T. Conway, Laura M. Dember, Peter M. DiBattiste,

Tom Greene, Ali Hariri, Lesley A. Inker, Tamara [sakova, Maria E. Montez-Rath, Richard Nkulikiyinka,
David Polidori, Lothar Roessig, Navdeep Tangri, Christina Wyatt, Glenn M. Chertow, and Myles Wolf

Complete suthor and article
information provided before
references.

Occasional bursts of discovery and innovation have appeared during the otherwise stagnant past
several decades of drug development in nephrology. Among other recent drug discoveries, the un-
expected kidney benefits observed with sodium/glucose cotransporter 2 inhibitors may herald a re-
naissance of drug development in kidney disease. This recent progress highlights the need to further
promote and stimulate research and development of promising therapies that may ameliorate the
morbidity and mortality associated with kidney disease. To help identify and address barmiers to drug
development in nephrology, the Duke Clinical Research Institute convened a conference in April 2019
that included stakeholders from academia, industry, government agencies, and patient advocacy. From
these discussions, several opportunities ware identified to improve every stage of drug developmant
for kidney disease from early discovery to implementation into practice. Key topics reviewed in this
article are the utility of interconnected data and site research networks, surrogate end points, prag-
matic and adaptive trial designs, the promising uses of real-world data, and methods to improve the
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generalizability of trial results and uptake of approved drugs for kidney-related diseases.

Introduction

Sodium/glucose  cotransporter 2 (SGLT2) inhibitors
represent the most significant drug development for dia-
betic kidney disease in the past 2 decades. Other recent
drug discoveries have also improved the treatment of
autosomal dominant polycystic kidney disease, hyper-
kalemia, and anemia. Although these discoveries herald a
new era of drug development in kidney disease, numerous
challenges remain. Mephrology consistently ranks among
the medical subspecialties with the fewest number of
published clinical trials." Significant barriers impede timely
drug development and uptake for patiemts with acute
kidney injury and chronic kidney disease (CKD).

Drug development faces many challenges in both pre-
clinical and clinical stages; in addition, even successfully
approved drugs encounter barriers to clinician and patient
uptake. During the past 23 years, the Duke Clinical
Research Institute has facilitated “think tanks” designed o
address the most pressing gaps in clinical research. In April
2019, leaders from academia, industry, patient represen-
tatives, pmfessional societies, and government agencies,
including the US Food and Drug Administration (FDA),
National Institutes of Health (NIH), and Centers for
Medicare & Medicaid Services (CMS), convened in Wash-

Hypothesis Generation and Drug Discovery

Although drug discovery often follows the classic “bench-
to-bedside” paradigm in which laboratory data are used to
identify putative therapeutic targets, investigators can also
use high-quality clinical data and secondary analyses to
hone hypaotheses and identify new drug targets. Examples
of this “reverse translation” approach include the discov-
ery of new therapeutic targets through genome-wide as-
sociation studies (GWAS) and other genetic analyses,” use
of observational data to assess the target patient profile
before the conception of clinical trials, and use of machine
learning and predictive algorithms o identify patients
most likely to benefit from investigational therapies.
Several barriers limit the use of such data in the drug
development process. These barriers include uncertain
CKD cause due to a lack of kidney biopsy data for many
patients with CKD; lack of standardized data collection for
kidney disease end points, even in the context of clinical
trials; limited access to industry-sponsored clinical trial
data for secondary analyses; and fragmented data nerworks
with inconsistent and often incompatible electronic re-
cords across different health systems data. Potential stra-
tegies to improve data access include interconnected data
networks, disease-specific registries and networks, and



