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Statement of Independence

The Robert J. Margolis, MD, Center for Health Policy is part of Duke University, and as
such it honors the tradition of academic independence on the part of its faculty and
scholars. Neither Duke nor the Margolis Center take partisan positions, but the

Individual members are free to speak their minds and express their opinions regarding
Important issues.

For more details on relevant institutional policies, please refer to the [bakeallty
Handbook including theCode of Conduand otherpolicies and proceduresin

addition, regarding positions on legislation and advocacy, Duke University policies are
available anhttp://publicaffairs.duke.edu/government
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Disclaimer

Funding for this workshop was made possible in part by a cooperative agreement from
the U.S. Food and Drug Administration. The views expressed in written workshop
materials or publications and by speakers and moderators do not necessarily reflect
the official policies of the Department of Health and Human Services nor does
mention of trade names, commercial practices, or organizations imply endorsements
by the U.S. Government.
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Ryder: Use of Imported Clinical Assessment Tools in Rare Disease: A Case Study

Overview

A Rare/ultrarare diseases are generally poorly understood and poorly
researched

A This extends to both the preclinical and clinical areas

A Almost always there is no precedent for designing studies in the
treatment of rare/ultrarare disease. lrreversible disease
morbidity/mortality may constrain design and analytical approaches

A Assessment tools are often unavailable and almost never validated in
the rare/ultra-rare disease under study

A One approach to improve the availability of assessment tools is to
thoroughly review assessment tools in alternative disease areas with
relevant morbidity/functional disability and prapply them to natural
history cohorts

A This importation and logical application of assessment tools was
successfully used in the development of asfotase &fee(sicp) in
the treatment of patients with juvenil®nsethypophosphatasi@gHPP)
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Hypophosphatasia (HPP)
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Bowden and Foster, Drug Design, Development and Therapy (2018)
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Ryder: Use of Imported Clinical Assessment Tools in Rare Disease: A Case Study
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Ryder: Use of Imported Clinical Assessment Tools in Rare Disease: A Case Study

Strensi®® asfotasealfa) [hypophosphatasia; HPP]

Biology Pathology QoL / Survival
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6MWT = 6 minute walk test; BOT BruininksOseretskyl est of Motor Proficiency BPI SF = Brief Pain Invei@boyt Form; BSID Il = Bayley
Scales of Infant and Toddler Development; CHAQ = Child Health Assessment Questionnaire; DEXA = dual energy x ray ahstHiliemet
hand-held dynamometry; LEFS = Lower Extremity Functional Scale; PODCI = Pediatric Outcomes Data Collection InstrumeadgXalLP = pyr

£/192/2022 5@ phosphatePPi= inorganic pyrophosphate; RGI C = Radiographic Global Impression of Change; RSS = rickets severity scale
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Strensi® asfotasealfa) [hypophosphatasia; HPP]

Perinatal/Infantile-onset
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Scales of Infant and Toddler Development; CHAQ = Child Health Assessment Questionnaire; DEXA = dual energy x ray ahstHiliemet
hand-held dynamometry; LEFS = Lower Extremity Functional Scale; PODCI = Pediatric Outcomes Data Collection InstrumeadgXalLP = pyr
5@ phosphatePPi= inorganic pyrophosphate; RGI C = Radiographic Global Impression of Change; RSS = rickets severity scale
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Ryder: Use of Imported Clinical Assessment Tools in Rare Disease: A Case Study
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Ryder: Use of Imported Clinical Assessment Tools in Rare Disease: A Case Study

QoL/Survival

Perinatal/Infantile-onset
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Strensi® asfotasealfa) [hypophosphatasia; HPP]

Juvenileonset
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6MWT = 6 minute walk test; BOT BruininksOseretskyl est of Motor Proficiency BPI SF = Brief Pain Invei@boyt Form; BSID Il = Bayley
Scales of Infant and Toddler Development; CHAQ = Child Health Assessment Questionnaire; DEXA = dual energy x ray ahstHiliemet
hand-held dynamometry; LEFS = Lower Extremity Functional Scale; PODCI = Pediatric Outcomes Data Collection InstrumeadgXalLP = pyr

58 phosphate PPi= inorganic pyrophosphate; RGI C = Radiographic Global Impression of Change; RSS = rickets severity scale 17



5/22/2022

Ryder: Use of Imported Clinical Assessment Tools in Rare Disease: A Case Study

Juvenileonset
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Ryder: Use of Imported Clinical Assessment Tools in Rare Disease: A Case Study

Clinic
Juvenileonset
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Juvenileonset

BOT2: Shuttle Run
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Ryder: 8 Annual CPSP Lake Nona Leadership Council and Scientific Symposium (2016)
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Ryder: Use of Imported Clinical Assessment Tools in Rare Disease: A Case Study

Strensie® asfotasealfa) [hypophosphatasia; HPP]

Juvenileonset
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Juvenileonset

Performance-Oriented Assessment of
Mobility Problems in Elderly Patients

Mary E. Tinetti, MD

Tinetti ME. JAGS 1986; 34: 1125
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Juvenileonset

Development and validation of a modified
performance-oriented mobility assessment
tool for assessing mobility in children with
hypophosphatasia

Dawn Phillips**, Donna Griffin®, Tracy Preyby Iski®, Erica Mormison®, Amy L. Reeves®, Marc Valkee®,
Kenji P Fujita® and Katherine 1. Madson™*

“Ihvision of Physical Therapy, Universay of North Caraling, Chapel Hill, NC, L'SA

EShriners Hospitals for Children, St Loufs, M2, U/SA

= Riosariaics, Alexion Pharmacewncals, Inc, Boston, MA, UUSA

dClinical Developmers, Alexion Pharmacewicals, fnc, Boson, MA, U'SA

Phillips et al. JPRM 2018; 11: 182
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Ryder: Use of Imported Clinical Assessment Tools in Rare Disease: A Case Study

MPOMAG Review and Adaptation

A An expert panel of physicians, physical therapists, and statisticians
evaluated the suitability of the POMAG for assessing gait in children
with HPP using observational, novstrumented video footage

A Most POMAG components were relevant and could be used

A Several modifications were recommended to adapt it for use in
children with HPP resulting in the modified POKBANPOMAG)

A Modifications included:

(1) removing the rating of initiation of gait;

(2) expanding the assessment of step length and step continuity;

(3) removing the rating of path;

(4) adding new items within observations for step length and height;

(5) clarifying descriptions of specific items to increase sensitivity and
consistency among raters; and

(6) Creating a scoring key that provides detailed instructions and

Illustrations
Phillips et al. JPRM 2018; 11: 182



Ryder: Use of Imported Clinical Assessment Tools in Rare Disease: A Case Study

MPOMAG Validation

A Concurrent validation ohPOMAG scores was made to other
outcome measures assessing functional impairments
A Pearson correlation coefficients demonstrated strong concurrent
validity betweenmPOMAG scores and
A Childhood Health Assessment Questionnaire (CHAQ) Disability
Index,
A Pediatric Outcomes Data Collection Instrument (PODCI), and
A 6-Minute Walk Test.

(A) CHAQ Disability Index

Infantile Childhood
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Phillips et al. JPRM 2018; 11: 1892



Ryder: Use of Imported Clinical Assessment Tools in Rare Disease: A Case Study

MPOMAG Application

1 Conducted in accordance with GCP and after IRB review and approval.
Parents or legal guardians of the patients provided written informed
consent and patients provided written assent. Visible faces in videos
were permanently blurred, and all videos (n = 64) were assigned a new
masking code and randomized before each scoring

1 3 trained physical therapists applied the®eOMAQGoO score videos of

14 children with HPP while walking.

1 Patients (age rangeci5 years) were enrolled in an opdabel

asfotase alfa clinical study (NCT00952484) with extension
(NCT01203826) or a natural history study (NCT02235493)

1 Videos of children in the treated group (n = 8) were taken before and
after treatment; videos of children in the natural history group (n =6)
were taken at routine followup visits

Phillips et al. JPRM 2018; 11: 1892



Ryder: Use of Imported Clinical Assessment Tools in Rare Disease: A Case Study

MPOMAG Application

The median (range) rate of change per year was 2.51/year (0.0, 4.6) In
asfotase alfareated patients compared with 0.33/year (0.0, 0.9) for
untreated historical controls (p=0.0303, Wilcoxon rasukm test)

Figure 7: MPOMA-G Results for Historical Controls vs. Treated Patients
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Ryder: Use of Imported Clinical Assessment Tools in Rare Disease: A Case Study

Forward Recommendation

A In the development of rare/ultraare disease, build in a forward
review of assessment tools in alternative disease areas with relevant
morbidity/functional disability

A Consider its application in the development program and
review/modify theclinimetriccharacteristics when applied to the
specific disease under study

A Conduct rater training and assessment tool validation using
established scales

A Apply to relevant natural history and study drug datasets
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Development and validation of cerebrospinal
fluid and blood biomarkers for
neurodegenerative diseases
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A = amyloid pathology
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CSF AA42 is a marker of amyloid plaque pathology

Study design: 155 autopsy cases
Plague counts & neocortex and hippocampus
Post-mortem CSF samples
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{ C CSF AA42 correlates with amyloid cortical amyloid plaque load }




CSF Ab42 concentration correlates with amyloid PET

Study design: 118 patients with cognitive complaints
examined for both CSF biomarkers - as part of clinical routine & 2 years
and amyloid 18Fflutemetamol PET
Cut-offs: CSF AA 4 2 < 647 pg/mL
‘ l 18 flutemetamol PET > 1.42 .
[ Original cohort n= 118 ] [ Validation cohort n= 38 ]
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CSF Ab42 concentration may be decreased in neuroinflammatory conditions
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CSF Ab42 concentration may be decreased in normal pressure hydrocephalus

[ Table 2 LCSF biomarkers in patients with iNPH and HI?

iNPH (n = 28) HI (h = 20) iNPH/HI ratio
NFL 1,260 (840-2,290) 1 825 (653-1,243) 1.53°
MBP 1.5(1.1-1.9) & 1.3 (1.0-1.5) 1.12 NS
Ap38 637 (438-894) | 1,641 (1,231-2,173) 0.39°
AB40 5,067 (3,634-6,573) | 10,083 (7,626-12,794) 0.50¢
Ap4z2 221 (156-325) | 498 (391-669) 0.44¢
sAPPa 505 (338-739) | 1,110 (727-1,244) 0.46°
sAPPB 176 (110-258) | 414 (250-545) 0.43¢
t-tau 39 (34-50) | 84 (64-107) 0.47°¢
p-tau 39 (33-50) | 59 (47-75) 0.67¢
IL-8 34 (26-38) < 31 (26-40) 1.10 NS
IL-10 0.66 (0-0.9) - 0.67 (0-0.8) 0.99 NS
MCP1 746 (602-874) 1 628 (564-686) 1.19°
Albumin CSF 287 (188-408) < 232 (203-280) 1.24 NS
Albumin ratio 6.8 (5.0-10) < 5.6 (4.5-6.4) 1.22 NS

Abbreviations: Ap = amyloid p; HI = healthy elderly individuals; IL = interleukin; iNPH = idiopathic normal-pressure hydro-
cephalus; LCSF = lumbar CSF; MBP = myelin basic protein; MCP1 = monocyte chemoattractant protein 1; NFL = neuro-
filament light protein; NS = nonsignificant; p-tau = phosphorylated tau; sAPP = soluble amyloid precursor protein; t-tau =

total tau.

@ Arrows indicate levels in iINPH in comparison with HI. Values are given as median (Q1-Q3 range).

bp < 0.05.
°p = 0.001.
9p = 0.01.

Jeppsson et al., Neurology 2013




eéand there may be clpraducerswhoiare eldsgtol ow A
the Ab42 cutpoint for positivity

The CSF Ab42/Ab40 ratio corrects for this
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The CSF A 42/Ai 40 ratio in clinical practice
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CSF A42/A1 40 ratio ¢ longitudinal data
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CSF Ad2/Al 40 ratio ¢ longitudinal data
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How about plasma A a?

Study Effect Size (95 % CI) AD CTRL EffectSize LowerCl UpperCl 9% Weight
0.2 04 0.6 1 2 5
Mayeux, 1999 M 64 105 1.600 1.553 1.648 5.19
Arvanitakis, 2002 : 220 59 1.085 0.800 1471 2.63
Fukumoto, 2003 i 146 92 1.057 0.911 1.227 423
Mayeux, 2003 . 79 365 1,168 1.061 1.287 476
Fagan, 2007 - e 33 65 1.139 0.779 1.665 2.06
Fagan, 2007 —— 16 65 1.000 0.580 1.723 1.26
Giedraitis, 2007 » 39 18 0.850 0.479 1.509 1.16
Pesaresi, 2007 = 192 126 0.765 0.665 0.879 433
Schupf, 2008 ] 104 1021 0.994 0.986 1.002 5.23
Xu, 2008 —- 113 155 0.848 0.632 1.139 2.72
Fagan, 2009 . ; 29 69 0.625 0.344 1.135 1.09
Roher, 2009 - 17 21 1.202 0.903 1.601 2.79
Sedaghat, 2009 N 29 16 1313 1.219 1.415 495
Lui, 2010 . 186 724 0926 0.878 0.977 5.08
Sundelsf, 2010 | - 101 28 1.295 1.091 1.538 3.99
Head, 2011 ] 17 12 0.645 0.604 0.689 5.01
Chiu, 2013 P —— 30 107 1841 1328 2.552 2.45
Chiu, 2013 1 | 31 107 1217 1.175 1.261 5.17
Ruiz, 2013 e 51 53 0.831 0.607 1.136 2.56
Yamamoto, 2013 : 23 13 1.012 0.531 1.927 0.96
Zhang, 2013 o 153 120 0.865 0.811 0.922 5.02
Bu, 2014 3 128 135 1228 1.079 1.399 444
Rembach, 2014 125 577 1013 0.953 1.077 5.04
Wang, 2014 97 122 0991 0.979 1.003 5.23
Jiao. 2015 e 156 129 1.387 1.168 1.648 3.98
Kim, 2015 = 100 46 0.865 0.759 0.986 443
Janelidze, 2016 =, | 57 274 0.673 0.581 0.780 4,25
All Studies *.E,') 2336 4452 1.031 0.962 1.106 100
p=0.38718
0.2 0.4 06 1 2 5




Highly sensitive and precise mass spec methods work
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Plasma A A in the Insight46 cohort

Study design: Insight46 - epidemiological study people born 1946 (n= 414 cognitively unimpaired)
APOE genotype, neuropsych testing, amyloid PET
Plasma A A42, AA42/40 using immunoassay ( Simoa) and IP LC-MS/MS

Unadjusted ROC analyses Simoa vs LC-MS cognitively normal n = 414

2 —— SimoaABi2 0568 —— LONSABI42:073%
- —— SimoaA40: 0,536 ——— LC-MS AB1-40: 0492
— SimoaAB42/40: 0.608 LC-MS AB1-42/1-40: 0.819
0 —— LC-MS AB1-38: 0.501
o)
2
3o
% g ] ROC AUC for amyloid PET positivity:
mm Simoa AA42/40  0.61
g 1 IP-MS AA42/40  0.82
o}
Q i
O T T T T
0.00 0.25 0.50 0.75 1.00

1-Specificity

C Plasma A A42 and A A40/42 ratio by IP -MS/MS show high concordance with brain amyloidosis

Keshavan A et al ., Brain 2021



Plasma A a 4/Aa 4 ratio using a fully automated Cobas assay
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Palmqvist et al., unpublished



The challenge

Baseline plasma AB42/A340 Baseline CSF AB42/AB40
by baseline amyloid PET status by baseline amyloid PET status
A B
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% 0124 0 o ode ®
O @ o
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B
0.10 ' ; : .
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The fold reduction in CSFAbr at i o i s much greater than in plas

Schindler et al., Neurology, 2019
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Diagnosing amyloid pathology with a blood test: are we there yet?

Group level enrichment/screening: Yes

Individual diagnostics: No, or maybe, but with great caution



T = tau pathology



AlVES, VLU
Craig-Schapiro, 2010
Craig-Schapiro, 2010
Exalto, 2010
Hertze, 2010
Landgren, 2010
Mulder, 2010
Riepe, 2010
Sluimer, 2010
Spies, 2010
Sundeldf, 2010
Thorsell, 2010
Verwey, 2010
Bibl, 2011

Bjerke, 2011
Johansson, 2011
Rami, 2011

Shi, 2011
Tarawneh, 2011
Arlt, 2012

Bartos, 2012

Hall, 2012
Malnar, 2012
Rosén, 2012
Santos, 2012
Tarawneh, 2012
Abraham, 2013
Hu, 2013

Kaerst, 2013
Kandimalla, 2013
Kramberger, 2013
Krut, 2013

Li, 2013

Luo, 2013
Molinuevo, 2013
Molinuevo, 2013
Molinuevo, 2013
Olsson, 2013
Alcolea, 2014
Arodin, 2014
Arodin, 2014
Deuschle, 2014
Duits, 2014
Hanzel, 2014
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Li, 2014
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Slaets, 2014
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CSF PRtau increase only in AD, not in (most) other neurodegenerative diseases
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pTau-181 (fmol/ml)

pTau-217 (fmol/ml)

Differential detection of AD measuring different phospho

-forms of tau iIn CSF
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Different phospho -forms of tau can be measured in plasma

Plasma p-tau231 Plasma p-tau181
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Ashton et al., Acta Neuropathol. 2021



Plasma tests as clinical tools to predict AD  -type dementia
In patients with subjective or mild cognitive impairment

AUC (95% CI)  AIC
Best model fit | Plasma P-tau217 IAPDE Plasma NfL IMHI Memory | IExec. function | | 0.92 (0.89-0.95"* 159

Parsimonious model IPIasma P-tau217 | | APOE I MRI Memory Exec. function 0.92 (0.88-0.95)"* 161
P-tau217, cognition .

and APOE Plasma P-tau217 |APDE Memory Exec. function I 0.90 (0.86-0.94)** 166
P-tau217 and cognition Plasma P-tau217 Memory I Exec. function 0.89 (0.84-0.93)™ 171
P-tau217 only Plasma P-tau217 0.81 (0.75-0.87)" 207

Diagnostic prediction by

o i Clinical prediction 0.72(0.65-0.78) 228
the memory clinic physicians

*P<0.05;"*P < 0.001
vs the clinical prediction

Palmqvist et al., Nature Med. 2021



Establishing a crosgalidated model

Variable
Model coefficient

Variable
Model coefficient

Establishing the logistic regression model in BioFINDER

AUC[95% ClI]

Plasma P-tau217 z-score

0.71

X

Memory
0.53

X

Executive function

0.95

One APOE €4 allele
1.02

Two APOE €4 alleles | _, 0.90 [0.87-0.94]
0.99

Cross-validating the logistic regression model in ADNI

'

Plasma P-tau181 z-score
0.71

X

Memory
0.53

*

Executive function

0.95

1.02

http://predictAD.app

0.99

x | One APOE €4 allele |, | Two APOE €4 alleles —> 0.89[0.85-0.93]

Palmqvist et al., Nature Med. 2021


https://brainapps.shinyapps.io/PredictionADdementia/

Donanemab lowers plasma P -tau217

LS mean log10 change
in plasma P-tau217

-0.20 ‘* | ; | | | ]
0 12 24 36 52 64 76
Weeks

Eli Lilly, unpublished



Aducanumab lowers plasma P

-taul81

TABLE 1. REDUCTIONS IN PHOSPHORYLATED TAU-181 WITH
ADUCANUMAB TREATMENT VS PLACEBO

EMERGE -13% +8% P<0.001
(NCT02484547)
ENGAGE -16% +9% P<0.001
(NCT02477800)

ENGAGE trials.

 Values are with the higher of 2 doses used in the EMERGE and

Hansson O et al., unpublished



Diagnosing AD-type tau pathophysiology with a blood test: are we there yet?

Group level enrichment/screening: Yes

Individual diagnostics: Yes, at least we are getting there



Thanks!!
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GFR Decline as a Surrogate Endpoint for
Progression of CKD

Clinicalvalidation and Regulatory Acceptance of Biomarkers as Surrogate Endpoint
Translational Science in Drug Development: Surrogate Endpoints, Biomarkerdyianel
May 25 2022

Lesley A Inker MD, MS
CoDirector, Chronic Kidney Disealspidemiology Collaboration
Tufts Medical Center &Tufts University School of Medicine, Boston MA
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Background

Kidney disease Is slowly progressive

Clinicalrials to evaluate treatment#o
prevent or slow the progression to kidney
failure requirelong duration of followup,
leading to expensive and complex trials,
or highlyselected subset gharticipants

Doubting of serum creatinine (57%
decline in GFR) is accepted by regulators
but still occurs late in disease course

These challenges have likely contributed
to the paucity of therapies to treatKD

63

Number of RCT in kidney related domains compare
to other medical fields Kriakos et al JASN 2019.
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GFR slope and albuminuria are the two central biomarkers in
CKD

Prognosis of CKD by GFR and albuminuria category

OFFICIAL JOURNAL OF THE INTERNATIONAL SOCIETY OF NEPHROLOGY

Persistent albuminuria categories
Description and range

Al A2 A3
Prognosis of CKD by GFR
and Albuminuria Categories: Nl:rrlmrto Moderately Severely
KDIGO 2012 increased increased increased
supplements omgn | sowoman | sowmo
— <3 mg/mmol 3-30 mg/mmol =30 mg/mmaol

=~"~E G1 Mormal or high =00
2

= & | G2 | Midy decreased 60-89
-

EE

Eo Mildly to moderately

LE s o decreased 45-59
bl

n o Moderately to

'g §. . severely decreased 30-a4
-g 3 G4 Severely decreased 15-29
(3]

@

E G5 Kidney failure <15

KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of
ChronicKidney Disease

Green: low risk (if no other markers of kidney disease, no CKD); Yellow: moderately increased risk;
Orange: high risk; Red, very high risk.



CKD -EPI Investigations of Surrogate
CKD Progression

Endpoints for Trials In

NIH UO1 CKD

EPI includes

evaluation of
urine protein as

surrogate

NKFFDA
Workshop
May 2008

on UP

NKFFDA
Workshop
December 2012
Lesser Decline ir
GFR

NKFFDAEMA
Workshop
March 2018

GFR Slope and UAC

R

CKDBEPI CT Funding in
partnership with NKF and
sponsors

Data identification, acquisition and cleaning;
analyses; method development

Updated literature
search; refined
methods

Continual literature updates;
Enhanced method development

UP, urine protein; GFR, glomerular filtration rate; UACR urine albumin to creatinine ratio; NKF, National Kidney Found



Use of GFR slope as surrogate endpoint

Inker et al JASN 2019 —
Levey et al AJKD 2019 Inker et al AJKD 2014
Greene et al JASN 2019 ___ Levey et al AJKD 2014
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Use of GFR slope as surrogate endpoint

Regardless of cause
Decreased GFR defines CKD
Level of GFR indicates severity

GFR decline is the definition of
progression, for all causes

Compared to time to event
Increased power
Includes fast and sloprogressors

Includes patients who have GFR
decline that might lead to endpoint

even after the end of the trial
67

eGFRcan reflect GFR as well as
non GFR determinants

Nonlinearity
Heterogeneity
Informativecensoring
Acute effects



Challenge of acute e ffects in GFR slope

GFR= N X SNGFR

Control arm
Declining N (number of nephrons)
Stable SNGFR (single-nephron GFR)

Treatment arm
] short-term - ® SNGFR, no change in N

long-term - stable SNGFR, slower declinein N

Chronic Slope \

T.cuwe T# FollowupTime L

Treatment

T, Time
SNGFR, single nephron GFR

Control

Chaudhari and Inker, Current Opinion in Nephrology 202C



Mode
1 Goa

s for computation of GFR  Slope

. Provide a set of models that accommodate the range of

circumstances expected in trials of CKD progression

} Linearity: In general, reasonable assumption that moderate deviations fron
linearity in the chronic phase do not effect overall slope estimates in trials
that are relatively short iuration

1 2-slope model to allow for acutetreatment effect on GFRhat differs
from chronic slope

VoneshE, Tighiouart H,Yingl et aMixed-effects models for slopbased endpoints in clinical
trials of chronic kidneylisease. Stats in Medicine 2019



GFR slope model parameters

}  Informative censoring: For studies with > 15 ESRD/Death events, used shared parameter
models with Weibull survival times

1 Heterogeneity
Between subject: Random slopes and intercepts
Within subject. Power of the means model to allow greater variability at higher
GFR

Treatment effect: Allowed different slope variance in each group to accommodate
nonuniform treatment effects

1 Model Selection
Automated algorithm used to select first the most complicated model (shared
parameter and all of heterogeneity components), followed by models that did not
have one or more of thgparameters

VoneshE, Tighiouart H,Ying et alMixed-effects models for slopbased endpoints in clinical trials of chronic kidney
disease. Stats in Medicine 2019



Trial Level Analyses: evaluate the association between treatment effects
on GFR slope to that of the clinical endpoint across range of

+Individual patienmetaregression
Consistent definitions
Correlation between errors in the estimated treatment effects
+ Within study analyses:
Estimated treatment effects on GFR slo@&RslopeTreatment GFRSlopeControl
Estimated treatment effects on the clinical endpoitSox models, expressed as HR

} Bayesian meteegression toobtain
Estimateof regression line as summarized by slope, intercept, RMSE%and R
Predictionintervals for HR on the clinical endpoints for future trial over a range of
the treatment effect on the mean difference in G$lBpes

Inker L, Heerspink HlighioartH et al GFR Slope as a Surrogate End Point@&MD Progression JASN 2019



Trial -level analyses for the association of treatment effects on 3 year -total
slope and chronic slope vs treatment effects on the clinical endpoint
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Inker L, Heerspink HlighioartH et al GFR Slope as a Surrogate End Point for CKD Progression JASN 2019



Applying Trial Level Analyses to a New RCT

Trial Level Analysis in Previous RCTs q Application in New RCT
0 / KI N OGSNART Sa aOl dzak f| I aa 2ZOAil Goheryestimat& ireadnsny effdcttos surrogate(s) to

based estimates of treatment effects on probability of clinical benefit for newly tested
surrogate & clinical endpoints intervention
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Relative Efficiency (Ratio of Required Sample Sizes)
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Acute effect is critical consideration in
selectionof total vs chronic slope vs
endpoint

GreeneYing et al JASIQ019



Next steps/current work

} Update set of studies to account for well powered studies across more
Interventions

1 Methods work on
Acute effects
Subgroups/interactions

+Joint models to combine slope with albuminusigcan be used in Phase
Il studies with shorter followup



Summary

1 Empirical datasupports use ofsFR decline asurrogate endpoints Iin
RCTs evaluating therapias CKD

1 When applying these data to the design of a future trial, the most
appropriate endpoint for the new trial needs to be considered in the
context of the trial phase, specific population, treatment, and design
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https://www.fda.gov/drugs/drug-safety-and-availability/fda-warns-about-risks-associated-investigational-use-venclexta-multiple-myeloma
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