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Practical Considerations

ANorrinterventional/observational studies or registries to
understand the clinical course of a rare disease

ACapture of real world data longitudinally with an intended
regulatory use

AData sharing considerations

AExamples (trial simulation, disease staging)
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Fit for Use Data Considerations

Reliable Relevant

Represents the population of
Interest and can answer the
research question in the clinice

Representshe intended
underlying medical concepts anc
thus areconsideredrustworthy

and credible context of interest
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First StepPreparation Work

ABegin with the end in mind

AGather input and landscape what has been done
AGet input from persons with lived experience, clinicians
ALiterature review
ADefine the unmet need, avoid duplication

AHow are you going to collect the data and from whom?

ARefine data collection strategy to sufficiently address your
guestions but not overly burdensome

AUse global unique identifiers to account for participation in
multiple research efforts



Protocol Elements

Population*

Diseasaelated*

Outcome assessments

Inclusion/exclusion criteria
Demographics
Concurrent treatments

T> T T
T> T

Signs and symptoms and severity A
Age at onset/diagnosis

Family history

Genotype

Biomarkers

Too oo o o o

Clinician/observer reported outcomesA
Patient reported outcomes
Measurement scales A
Assessments/tests (MRI, FVC, labs) A
A Interviews/free text diaries

T> J> T T

Consider all comers vs subpopulatio
Presymptomatic vs symptomatic

|dentify areas of interest in multiorga
impacted disease (brain vs liver?)

Exploratory, clinical vs regulatory
grade

Qualitative

Describe measurement methods anc
how the test was performed

* Variables that could be covariates or be used to enrich the study population or usefully for

matching criteria (external controls)



Protocol Elements

General methods

Analysis Plan

Quality

A Who/where/how/data collected? A Clear, standards, definitions and
A Duration of study overall and for the measurement methods
subject A Consider forms with structured data
A Schedule of events elements
A Number of sites
A Total N

A Statistical methods will be based upc A Consider sources of bias

your questions A Interim analysis plans may help
A Inter/intra-rater reliability for identify high sources of variability
assessments A Are raw measurements being

A Plan for analyzing with missing data collected vs algorithm derived data?
subjects lost to follow up

A Audit plan and documentation/trail A Documentation of amendments and
A Quality checks and correction justification
A Data access and reproducibility A Can the data be readily reproduced?
A Amendmentscontinued relevance A Includes security

and updates A Protections
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Clinical Outcome Assessments

A Priorities in natural history studies should consider those that have been associated with
measuring clinical benefit (improvement in how a patient feels, functions or survives)

A Should be meaningful to the patient

A Example: May not provide a clinically meaningful information
A Clinician reporting exam changes of decreased vibratory sense

A Changes may suggest a change in the disease status but do not reflect any impact o
patient symptoms or daily functioning

AExample: Does provide clinically meaningful information
ANumbness in hands that interferes with the ability to button clothes
AWeakness in hands that interferes with ability to hold spoon and eat

Aal 1S &adz2NB GKFEGO GKS [/ h! KFa &dzLLl2 NI T2 NJ
planned)

A Methods to collect and assure reproducibility should be described



Framework for Biology -Driven Disease Staging

CRITICAL PATH
INSTITUTE

Stage 0: ALS Disease Name

Stage 1: Biomarkers of pathogenesis

Stage 2: Clinical sign or symptom

Stage 3: Functional change

Mild Moderate
Landmark(s): Landmark(s): Landmark(s): Landmarks:
Genetic diagnosis | NfL? DHT? Functional capacity
Early pathological | Mutated protein ClinRO? Effects on ADL
changes (i.,e., SOD1)? PRO?
Demographics Imaging? Biomarker change?

Severe

Each data field should have descriptions and information (meta data)
about how and when it is collected.

a2RATASR FNRY wS IREQetlarddt Keurdlily 2022 PMNID:i357 6693

Abbreviations:

NfL= neurofilament light chain
DHT = digital health technology
ClinRGC= clinician reported outcoms
PRO = patient reported outcome
ADL = activities of daily living

10



Clinical Trial Simulation Tool

Trial design parameters:
» Study duration
+ Assessment frequency

DMD Clinical Trial Simulator - Version 1.0

Simulate clinical trials on patients with Duchenne Muscular Dystrophy

Baseline Patient features:
- FVC
+ Age
* Race
» del 3-7/skip-44 mutation

Assumed drug effects:

* % changes to model
parameters to mimic
drug effects

» Adjustable times to
effect

[ ————————————————————  —————————————————
oo
Total Number of Subjects: Baseline Score Interval:

[°] -
100 —
Duration of Subjects Follow-up (Years): i
. o - Baseline Age Interval (Years):
<] [ 10] =
—
Assessment Interval (Months):
. ) - % of Asian in the population
—_— 200
% of patients with mutation del 3-7/skip-44
Assumed Drug Effects °] an
% Increase in Gmax Estimated 50%
o] 00 Effect time
[months)
MNumber of Simulations:
N N 100
% IncreaseinG 503 Effect time
] 0 [months)

N &

L
% Decrease in DPmax 50% Effect time
] 20 (months)

&
% Increase in DP50 50% Effect time
[} w0 [months)

e —

Select X- axis:

Trial time

CRITICAL PATH
INSTITUTE

Plotting window by user

chosen time metric:

» Plots by age groups

» Plots by time in study

* Provides mouse-over
quantitative values

Contact us:

Developed by Karthik Lingineni, Juan Francisco Morales & Sarah Kim on behalf of the C-Path's D-RSC. E-mail sarahkim@cop.ufl edu with questions or comments.

Number of trials to simulate

F 3

Simulation output export

feature:

» Export virtual patient
data

» Export plots

« Export power estimates

A Modetbased Clinical Trial Simulation Tool to Optimize Clinical Trial Design of Studies to Investigate Efficacy of Poteataigs for Duchenne Muscular Dystrophy Briefing

Document submi t tfoeRurpose Initiative CoRsDitatids andFAdvtice pathway. Revisions submitted to FDA/EMA
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Raw data OMOPed data

( CRITICAL PATH
Data Standard Considerations

Multiple SAS/R Coding Standardized Analytics

AData dictionary (meta data) describing .

database/tables, variable definitions and
standards should be outlined prior to collection ¢ ., ...

data Is essential
> 1 K

AData can be further standardized to a common S'
data model to depending on the intended & O
audience and use case

ACommon data models (including terms, forma
and vocabularies) allow for data from different
sources to be combined more reproducibly

A SDTMCDISC
A OMOP




Sharingof Data IRB-$ - «~ TX3J° - «”
Z &XTX«® Z XTZ &J°J

AAnonymized: Identifiers are removed from patient data, and no
code existgo link patient identifiers to patient data

ADe-identified : Direct identifiers are removed from patient data,
but a link existshetween coded data and identifiers

A Coded link not sharedindividuals associated with the creation of thdata

maintain a link, but the link is not shared with investigators using the data for
research.

A Coded link shared: The link is shared with investigators using the

Study/Registry data for research.



Example Consent Form Language for Data Sharing

AZTo ensure that your information collected for this Natural History/Registry
will be kept private, your name or other information that could be used to
identify you will not be used whenever possible. A code will be used to
identify your information, and the key linking the code to information that
could be used to identify you will not be shared, except with others as needed
G062 YrFrylI3S G4KS wS3IAadNE e

AGLRSYUATASNAE gAff 0SS NBY2UOSR TNRY &2
identifiable biospecimens collected for this Study/Registry and then your
iInformation/biospecimens will be used for future research studies or
distributed to other investigators for future research studies without
FRRAGAZ2Y LT AYTF2NNX¥SR O2yaSyidoé



THANK YQOU!

Questions?

Building a rare disease

community that works. Together.

c-path.org
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Disclosures

FACOMS is primarily funded by community fundraising events

FDA funded a-§ear FACHILD pediatric study

Industry sponsorships do not directly fund the EAMS study

FARA has no additional disclosures to report
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2003

FARAaunched
Clinical Outcome
Assessments study.

2012

Met with FDA to
validate endpoints.

2021

C! w! Q& bl 0dzNJ €
studyprovided

confirmatory evidence

through a propensity
matched study.

Ledto first approval for
CNASRNBAOKQa

| Aad2NE
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Systemic Data Collection

Understand natural history of FA

How FACOMS began:

=_] / clinical data
| @ 1 1
— = — Disease Measures
\ Develop outcome measures ar

inform clinical trial design

COAs for FA Natural History Visits Begin

MIDA . 2003: Cefunded grant f 2%(_)6 ; EARA Corrllrrrll_its to
unding the natural history
FARA‘ study and network

Research

Clinical Network

Create a network of clinical

FARS, ADL, staging scale NOTE: Not research centers in FA that will
ABorrowed measures from MS - NO provide quantitative clinical data

OHPT, T25FW, PATA, Low designed to be on patients.
Contrast Letter Acuity, MSQLI a control arm

for trials

A Original to FA

Friedreich’s
Ataxia
Research
Alliance



FACOMS Study Design

Inclusion

Genetically confirmed FA
All ages and stages
Representative population

Annual Visits

Nearly all inperson visits (except
some from 2022022 due to
COVID)

Prospective, Longitudinal

Intentionally forwardlooking

Longterm commitment
commensurate with the rate of
disease progression

Consistency

Treated it as a nointerventional trial
¢ same protocol, visit schedules,
sops/standardized procedures, data
collection across all sites

Friedreich’s
Ataxia
Research
Alliance




Quality of the Data

Query
Management and

NINDS Audit Trall

Site Training

Engaged an
i bC: electroni EXTERNA SOPs and CRF
eDC: electronic S an S
elements data capture; P'fA\RdTN ER for Assessments
Added MedDRA and or data
WHO coding management and
oversight

Friedreich’s
Ataxia
Research
Alliance



Peerreviewed publications share longitudinal
data with the FA research community

> J Neuroophthalmol. 2020 Jun;40(2):213-217. doi: 10.1097/WNQ.0000000000000878.

Multicenter Study > Diabetes Res Clin Pract. 2022 Apr;186:109828. Correlation of Visual Quality of Life With Clinical and
doi: 10.1016/j.diabres.2022.109828. Epub 2022 Mar 14. Visual Status in Friedreich Ataxia

FriEdIEiCh' S AtaXia IEIated DiabeteS: Epide[ Parisa Afsharian 1, Rachel Nolan-Kenney, Abigail E Lynch, Laura J Balcer, David R Lynch
and management nractices

Observational Study ~ > Ann Clin Transl Neurol. 2021 JU 5"\ "Gjin Transl Neurol: 2020 Sep;7(9):1708-1712. doi: 10.1002/acn3.51118. Eoub 2020 Aug 7.
doi: 10.1002/acn3.51352. Epub 2021 May 5.

Jaclyn Tamaroff 1, Anna DeDi
Karla Leavens 4, Christian Rul

e e Ly .| Test-retest reliability of the F
Scoliosis in Friedreich's ataxia: | rating scale

characterization in a l12roa hatasr
> Neurol Genet. 2019 Oct 29;5(6):371. doi: 10.1212/NXG.0000000000000371.

eCollection 2019 Dec.

>30 articles

Christian Rummey ', John M Flynn 2, L pu blIShed

: 5 6 . . ° .
George Wilmot 2, Sub fi Subrameny % peychometric properties of the Friedreich A based on the
> EClinicalMedicine. 2020 Jan 8;18:100213. doi: 10.1016/j.eclinm.2019.1 Rating Scale o z ¥« o
audzRe Q3

eCollection 2020 Jan.

Christian Rummey ?, Louise A Corben ', Martin B Delatycki 7, S H Subramony 1,

PrediCtorS Of loss Of amblﬂ-ation in FriE Khalaf Bushara 1, Christopher M Gomez 1, Joseph Chad Hoyle 1, Grace Yoon ', Bernard k.

Katherine D Mathews 1, George Wilmot 1, Theresa Zesiewicz 1, Susan Perlman ?,
Jennifer M Farmer 1, David R Lynch

Christian Rummey ', Jennifer M Farmer 2, David R Lynch 3

Friedreich’s
Ataxia
Research

Alliance



FACOMS

Data Evolution : Population=

‘: 150

C)
© 100
50

10 20 30 40 50 60 70 80

Focus on _ _ _
Originally pediatric Achieved this shift through. age

enrolled enrollment A Patient community outreach and education
mostly aduli A Added sites with pediatric neurologist Pls

later-stage Emphasis on A Additional fundingz FDA/NIH grant
reducing time

from dx to
enrollment Goal’

An enrolled population
representative of FA across
all stages, genotypes and

Friedreich’
phenotypes Maxia
Allance.




Data Evolution : Assessments

Uncaptured Data from Age of Onset
until Enrollment in FACOMS

400

FA primarily begins
In childhood

300

200

Individuals

Goal: Capture data

100

- Age at Baseline beginning at
« A f Onset
i it symptom onset

0 5 10 15
Years




Data Evolution : Reducing variability and increasing consistency
with our youngest children

MFARS
g
E AVariability inmFARS8yo
AWorking on more reliable
1t + measurements
Pt ¢ b AChangen Upright Stability
d | ) i L . reveals milestones gained from

<8y 8-11y  12-15y 16-24y 25-40y  >40y
Upper Limb Function (FARS B) Upright Stability (FARS E)

3

birth to 11yo and the tragedy of
losing function after 11yo.

Mean Annual Changes (grey bars),
Estimated Changes (95%Cl, point ranges)

1 [ 4
of ) + ........ oo e — + ........ + ..... o | WURR IO N O R + .....

<8y 811y 12-15y 16-24y 25-40y  >40y <8y 811y  12-15y 16-24y 25-40y  >40y
Rummey C, et al, Neurology 2022;99:e149%10.

Friedreich’s
Ataxia
Research
Alliance



Consistency and Comparability

Duration Investigators
Study initiated in 2003 and Same sites/investigators are
still ongoing today with strong conducting both the history

participant retention study and clinical trials

Assessments Contemporary Data
The natural history study uses Collection of the natural history

the same assessments as dataset is contemporary to
clinical trials clinical trials

Friedreich’s
Ataxia
Research
Alliance
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Regulatory Engagement

FA Meetings
&

ExternallyLed
Patient

Conferences
Sponsor

Meetings Focused Drug

Dev Meeting

2013: Clinical conference A Began in 2017

with FDA and EMA _ _ _ A FAICDyntegrated Collaborative Database)

A Presented first 10 years of A Confidential meetings Alncludes FACOMS & trial data AHelped FDA and industry
data A FARA attends as a guest of AAvailable to industry partners understand the

A Informal feedback our industry partner sponsors, FDA, and RDDAP lived experience of FA

A Beginning of evolution A Opportunity to discuss how A pata in CDISC STDM standard 2Communicated outcomes
from FARS tmFARS natural history data informs that are valued by the

trial design and endpoints community

Friedreich’s
Ataxia
Research
Alliance




¢tKS tI 0K (02 GKS CANARGO ! LILIN

® 2017 2023
2009 : Second clinical trial launched. - e
NIf2 target first : 5021 FDA approves firsever :
reported by researc - Natural history data informed treatment for :
group in France @ : trial design &endptselection.  FARA /& coordinates CNRA SRNEB A OKQ:
4 : ’ a petition to SKYCLARYS:
: . : e 2020 - Reata and the FDA :
5\3 : Multiple 74,000+ signatures
: QQ‘ : meetings : collected!
: with FDA

® 2022
Reata initiates
rolling submission of
NDA for
omaveloxolone

2013
California research group links
Nrf2 to pathophysiology in FA

Mice

FARA == 20159

= seeks OUt  First clinical trial launched.

Reata: a company with a ) o

drug targetingthe ¢ NA I f O2y RdzOuU SR
pathway  Natural History studgites, by

Natural History studynvestigators.

a1

62021

yyyyyy

confirmatory evidence
through a propensitymatched study.

Friedreich’s
Ataxia
Research
Alliance



Use of Natural History iskyclarysApproval

Propensity-Matched Analysis
Comparable Baseline Characteristics

Demographics and baseline characteristics balanced between the two groups

Median treatment/follow-up duration of approximately 3 years

Demographics and Baseline Characteristics for Primary Pooled Population

Matched FA-COMS MOXIle Extension

Characteristic Statistic

(n=136) (n=136)
Age (years) Mean (SD) 26.2 (13.72) 26.6 (7.26) . .
AgeatFAOnset  Mean (SD) 15.2 (10.48) 15.5 (5.30) This an alySIS served
Sex, Female N (%) 70 (51.5%) 70 (51.5%) .
MFARS Mean (SD) 41.0 (16.10) 42.2 (12.60) as one piece of
Gait Mean (SD) 2.7 (1.69) 2.8 (1.36) confirmato ry

evidence for the
NDA submission

AAAAAAAAAAAAAAAA Friedreich's
Ataxia
Research
Alliance



C!lw! Qa bl ddzNFf | Aad2NE { {dzR
path to the first approval

Trial DESigﬂData from natural history study informed
power analysis

Natural Histor : _
sudy Primary Outcome Measuresegulatory
data and the alignment
associated _ _
infrastructure added Data Quallty and COnSIStenCyEnical trial sites
significant value were also Natural History Study sites. Study Pls were familiar

with the endpoint measurement. Resulted in reduced variability
better confidence in the quality of the data.

Confirmatory eVidenCel?ropensitymatched study
was possible because there was a representative cohort enrolls

in the natural history study
m Friedreich's
Ataxia
Research
Alliance




C!w! Q& blddzNYf | Aa02NE acd

2003 2012 2021 2024
& beyond

FARA launches Meeting with FDA C! w! Q& b I { dzNQortinuediniesttent:
Clinical Outcome to validate study provides t 23A0A2yAy3 (2 adzl
Assessments study. endpoints. confirmatory evidence  ¢linical trials.
through a propensity :
matched study. Keeping the data contemporary.

Developing and validating the next

Leads to first approval for - generation of clinical trial endpoints.
CNASRNBAOK Qélobgl }’éécll'l__' Al D

Friedreich’s
Ataxia
Research
Alliance



Expanding Global Reach

g

®

Started with 6 sites Grown to 33 sites
across the USA A Focused on: across 5 continents
Adding sites
A Funding for travel
A Enrolling subjects in

multiple studies at
the same visits



THE

’\ ¢y FAGCC

GLOBAL CLINICAL CONSORTIUM

Scientific Steering Committee

Co-chairs: David Lynch (US) &6rgSchulz (DE)
SSC Members: Massimd?andolfa/CA),

Funding, Management, & Clinical Operations
Jennifer Farmer, CEO FARA & FARA Europe

Kathy Mathews (USI)ouiseCorben (AUS), Cait Monette, FARA
CaterinaMariotti (IT), PaolaGiunti (UK)

Clobaliisaiatleint All Clinical Site Investigators / FA GCC Members
Advocacy .
Organizations 33 Global Sites, as of May 2024

T AT
Working Groups

Mood and Cognition Pediatric Late stage

Friedreich’s
Ataxia
Research
Alliance




THE

8¢ FAGCC

GLOBAL CLINICAL CONSORTIUM

UNIFAI Stu dy . Core data elements

Natural History EnrO”mentS Supplemental tests and surveys

Other FA trials

(Industry and Academic Partnerships)

All
patients

Other non-interventional
studies

(e.g. Biomarker or Pediatric substudies)

Friedreich’s
Ataxia
Research
Alliance



Growing Investment

32‘)‘ Thigith_JA

2024and beyond

$175,000 $1,000,000 $2,000,000
150 subjects >1,000 subjects >3,000 subjects
6 sites 14 sites 33 sites




Looking ahead: Expanding and Improving

=

R

Younger Latestage thj:ggr ”
Children ut
Adults research
Capture data that describes Data collection in late stages of disease, Longitudinal data answers basic
the earliest onset of disease despite the challenges of travel questions and prompts a new
Refine outcome measures Study population should be round of deeper inquiries
for young children contemporary with the population

Friedreich’s
Ataxia
Research
Alliance




Thank You!

Acknowledgements:

FACOMS Site Investigators
CNASRNBAOKQa ! iFEAI O2YYdy

for participating in our natural history study, clinical trials, and for raising funds to enable these efforts
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Leveraging Natural History Data
for Rare Disease Drug

Development and Approval:

Demonstrated Increased Survival in MoCD
Type A Patients Treated With Fosdenopterin

Ronen Spiegel, MD

Clinical Associate Professor, Director of Pediatric B Department,
and Head of Center for Rare Diseases, Emek Medical Center, Afula, Israel

Liza Squires, MD

Former Chief Medical Officer, Origin Biosciences
Sentynl Therapeurtics, Inc.

Y SENTYNL

THERAPEUTICS, INC.
Developed and approved for use in the US only.



I Molybdenum Cofactor Deficiency (MoCD) Type A

A Rare, autosomal-recessive in-born error of metabolilszm Signs and symptoms often

caused by pathogenic variants in the MOCS1 gene?t present in the first hours to
A Rapidly progressive, irreversible neurologic damage due weeks of lifel

to loss of the MoCo-dependent enzyme sulfite oxidase,

resulting in neurotoxic sulfite accumulation?®-3 m/\M\A Intractable

' Seizures
A Patients rarely survive beyond the first few years of lifel w
A Early diagnosis is crucial ()
_ Feeding

A Biomarkers!4 Difficulties W 6

A Decreasing, low, or undetectable plasma or urinary uric acid

Abnormal

A Increased plasma and urine xanthine/hypoxanthine
Neuro Examination

A Increased urinary sulfites

e

A Increased SSC in the plasma and urine

MoCD, molybdenum cofactor deficiency; MoCo, molybdenum cofactor; MOCS1, molybdenum cofactor synthesis 1; SSC, S-sulfocysteine. ¢
1. Atwal PS, et al. Mol Genet Metab. 2016;117:1-4; 2. Reiss J, et al. Hum Mutat. 2011;32:10-18; 3. Mechler K, et al. Genet Med. 2015;17:965-970; 4. Kumar A, et al. J Clin Invest. 44 {”

2017;127:4365-4378
Developed and approved for use in the US only.



Biochemical Pathology of MoCD?*3

In Healthy Child

GTP

|
MOCS1

¥

S-sulfocysteine
(SSC)

cPMP

|
MOCS2
MOCS3

V

A
1

Sulfite (SO,2)

MPT

|
GPHN

V

= -

MoCo

Sulfite (SO3%)

Inactive
Sulfite
Oxidase

|
Active Sulfite
Oxidase

l

Sulfate (SO,%)

\

@

>QC>

GTP

GPHN

{

MoCo

In Child With MoCD Type A

Inactive
Sulfite
Oxidase

v

1S—sulfocysteine ~
(SSC)
y - @D
®
_ Brain
1 Sulfite (SO3%) ~ Damage
$ sulfite (S042) ~
I
S N
| - QD
_

cPMP, cyclic pyranopterin monophosphate; GPHN, gephyrin; GTP, guanosine triphosphate; MoCD, molybdenum cofactor deficiency; MoCo, molybdenum cofactor; MOCS1/2/3, molybdenum

cofactor synthesis 1/2/3; MPT, molybdopterin.

1. Reiss J, et al. Hum Mutat. 2011;32:10-18; 2. Atwal PS, et al. Mol Genet Metab. 2016;117:1-4; 3. Kumar A, et al. J Clin Invest. 2017;127:4365-4378.

7

Developed and approved for use in the US only.



I Epidemiology of MoCD: An Ultra-Rare Disease

MoCD Occurs Worl dwide, Wi th AHot Spot

Poland’ l
-
3

-
Netherland
2N
e,
7
N

MoCD is an ultra-rare,
pan-ethnic disease

>100

cases reported in the literature, but
MoCD is likely underdiagnosed,
and numbers may be higher?

WSS
. S oM
S e

An iterative computational and
biochemical model estimates the
worldwide incidence of MoCD Type A

is 1:342,000 to 411,000 births®

Australia

MoCD, molybdenum cofactor deficiency.

1. Spiegel R, et al. A natural history study of molybdenum cofactor and isolated sulfite oxidase deficiencies. Presented at the 2019 SSIEM meeting; September 3-6, 2019; Rotterdam, The \.’
Netherlands; 2. NIH. https://ghr.nim.nih.gov/condition/molybdenum-cofactor-deficiency. Accessed April 25, 2024; 3. Mayr SJ, et al. Forecasting the incidence of rare diseases: an iterative 46 ’
computational and biochemical approach in molybdenum cofactor deficiency type A. Presented at the 2019 SSIEM meeting; September 3-6, 2019; Rotterdam, The Netherlands. \

Developed and approved for use in the US only.


https://ghr.nlm.nih.gov/condition/molybdenum-cofactor-deficiency.%20Accessed%20April%2025

cPMP Replacement Therapy | First-in-Human Experience
Herald Sun

A NEWS BREAKING NEWS  LOCAL  VICTORIA  EDUCATION  LAW & ORDER

A Prof Guenter Schwarz in Cologne, Germany, Melbourne doctors pioneer cure for
discovers that cPMP is produced as a natural fatal brain disease MoCD
chemical byproduct by Escherichia coli ©®
Successful Treatment of Molybdenum Gofactor ' i
A Selects for strains of Escherichia coli to Deficiency Type AWith cPMP R s
manufacture recombinant form of cPMP = il T At Tabgrose /e
ADr SchwatestsccBMPliraMOCS1- ST o] e
knockout mouse model, showing its potential as — What next for the miracle MoCD cure?
replacement therapy
A First baby is treated with recombinant cPMP and
shows rapid biochemical response in 2008
A Colbourne Pharmaceuticals begins named-
patient program with recombinant cPMP
Dr Guenter Schwarz
cPMP, cyclic pyranopterin monophosphate; MoCD, molybdenum cofactor deficiency; MOCS1, molybdenum cofactor synthesis 1. ¢
o
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I First 10 Years of Recombinant cPMP Therapy

EEEEEEEEEBEE- 4o apooved reatments; supporive

Murine PoC care only
G. Schwarz A No patient advocacy group
Orphatec/Colbourne: rcPMP development A 10 patients with MoCD Type A treated
G. Schwarz, CEO with recombinant cPMP gave consent
Alexion for retrospective data
“ A Named-patient use, with each dose
acquisition prepared by fermentation in the lab

Named-patient Use A Unethical to initiate a randomized,
rcPMP available via Colbourne placebo-controlled trial in patients

with an ultra-rare and fatal disease

cPMP, cyclic pyranopterin monophosphate; MoCD, molybdenum cofactor deficiency; rcPMP, recombinant cyclic pyranopterin monophosphate.

48 {"
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Natural History Study Design (MCD-502)

Multinational, multicenter, retrospective, and prospective study in patients with MoCD or isolated SOX deficiency

Primary Objective _
b _ _ _ _ Confirmed MoCD Type A
v To characterize the natural history of patients with
MoCD by (N =37)

A Documenting the natural progression of the
( , disease

A Developing a more complete understanding of

A

the phenotype v y
A Describing the clinical and biochemical Deceased Cohort Living Cohort
variability of the condition (n = 20) (n =17)

Inclusion Criteria
v MoCD or isolated SOX deficiency

\ 4

A Clinical and biochemical diagnosis : : :
Elevated SSC levels i g | Complete medical history through time of enroliment
o Hievaled 5oL IEVEIS In Urine, serim, or plasma collected retrospectively for all patients
o Positive urine sulfite dipstick
(N =37)
- _ End of the study was defined as
OR o ) Egltggt%rd“;:ggsg:cht?\;él(;fg r14) the last visit for the last patient
v Genetic diagnosis 12 months, including survival data gptrﬁ(lelesc':dr&;he prospective arm

MoCD, molybdenum cofactor deficiency; SOX, sulfite oxidase. \"
“ Wl
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Natural History Data as a
Surrogate Placebo Group
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I Clinical Development of Fosdenopterin (cPMP)

Colbourne Alexion Origin Sentynl
Named-patient Use FDA  EMA
2021 2022 2024
rcPMP available via Colbourne <R
2022

Retrospective
Observational Study

rcPMP Prospective, Phase 2,
Dose-escalation, Open-label Study

Fosdenopterin

Natural History
. . . H
A multinational, multicenter
: Study :
study to characterize the natural Prospective,
history of MoCD Type A Phase 2, Open-label Study

Fosdenopterin

cPMP, cyclic pyranopterin monophosphate; MoCD, molybdenum cofactor deficiency; rcPMP, recombinant cyclic pyranopterin monophosphate. \.’
i

Developed and approved for use in the US only.



I cPMP Clinical Development Program: Using Natural History Data

Objectives Key Variables Assessed

A Summarize clinical efficacy of cPMP (inclusive of In the Clinical Studies

both recombinant cPMP and fosdenopterin)

Wﬁ"ﬂ
A Retrospective, observational study (MCD-501) @ Baseline characteristics E Growth parameters
A Phase 2, open-label, dose-escalation study
(MCD-201) @ Overall survival % GMFCS-ER
A Phase 2/3 open-label study (MCD-202)
_ _ _ ﬁ% Biomarkers @ Seizures
A Interpret the response to cPMP in patients with =
MoCD Type A ( § Feeding patterns Neurologic examinations
W @

A Compare the survival rate of children with MoCD
Type A treated with cPMP replacement therapy
with the survival rate of untreated patients with
MoCD Type A from a natural history study

TR
rslc) Developmental assessments

cPMP, cyclic pyranopterin monophosphate; GMFCS, Gross Motor Function Classification System-Expanded and Revised; MoCD, molybdenum cofactor deficiency. \.'
2 il
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I Full Analysis Set

Patients with MoCD Type A treated with cPMP replacement therapy
(recombinant cPMP and/or fosdenopterin) from 1 retrospective, observational
study and 2 prospective, open-label, single-arm studies (N = 13)

VS

Patients with MoCD Type A who were enrolled in a multinational, multicenter,
retrospective/prospective natural history study (N = 37)

cPMP, cyclic pyranopterin monophosphate; MoCD, molybdenum cofactor deficiency.

53 {”
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I Patient Demographics

cPMP-Treated Patients

Characteristics, n (%) (N =13)
Male 7 (53.8)
Female 6 (46.2)
Region of birth
North America 2 (15.4)
Europe 6 (46.2)
Rest of world 5 (38.5)
Age of first MoCD symptom category
O 28 days 13 (100)
> 28 days 0

Untreated Controls

(N =37)
28 (75.7)
9 (24.3)

3(8.1)
14 (37.8)
20 (54.1)

33 (89.2)
4 (10.8)

cPMP, cyclic pyranopterin monophosphate; MoCD, molybdenum cofactor deficiency.

Y
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I MoCD Presenting Signs and Symptoms

cPMP-Treated Patients Untreated Controls

Parameters, n (%) (N =13) (N =37)
Seizures 9 (69.2) 34 (91.9)
Feeding difficulties 8 (61.5) 31 (83.8)
High-pitched cry 7 (53.8) 16 (43.2)
Exaggerated startle response 5 (38.5) 12 (32.4)
Number of reported other symptoms? 21 20

cPMP, cyclic pyranopterin monophosphate; MoCD, molybdenum cofactor deficiency. ¢
aQOther signs and symptoms included but were not limited to metabolic acidosis, hypertonia, hypotonia, encephalopathy, intracranial hemorrhage. 55 {"
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cPMP Replacement Therapy Improves Overall Survival

10 - 1-year Survival 2-year Survival
- CPMP_Treated Pa‘“ents cPMP replacement 92% 84%
% 08 - Natural history controls 75% 70%
S : (N = 13) Median: NE (95% ClI: 15.9, NE) P =.0222
Qo The rate of death for patients in the untreated control
o group was 4.6 times that of the patients who received
& 0.6 - cPMP replacement therapy
©
=
2
>
B 041 Untreated Controls
C=5 O=@® o )
5} (N = 37) Median: 50.7 (95% CI: 28.4, 99.0)
> 0.2 -
@

O =Censored
0.0 -

0 24 48 72 96 120 144 168 192 216 240 264 288 312 336 360 384 408 432 456 480 504 528 552

Time to death, months

cPMP/rcPMP 1311 9 8 77 6 6 543 10
Not Treated 37272419171311109 8 55542 2222211111111111111111111111110

cPMP, cyclic pyranopterin monophosphate; NE, not evaluable; rcPMP, recombinant cyclic pyranopterin monophosphate.

56 {"
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cPMP Replacement Therapy Improved Overall Survival:
Genotype-Matched Controls

1l-year 2-year 3-year
Survival Survival Survival
1.0
I cPMP replacement
. 92% 84% 84%
cPMP-Treated Patients
=> @ Natural history
= 0.8 - _ 67% 61% 55%
= (N = 13) Median: NE (95% CI: 15.9, NE) P =.0121 controls ’ ’ ’
_g The rate of death for patients in the untreated control group
o 06 - was 5.6 times that of the patients who received
o cPMP replacement therapy
'
=
S 04 -
>
wn
Untreated Controls
0.2 7
(N = 18) Median: 47.8 (95% CI: 10.4, 99.0)
O =Censored
0.0 T T T T T T T T T T T T T T ]

0O 12 24 36 48 60 72 84 96 108 120 132 144 156 168
Time to death, months

cPMP/rcPMP 13 11 9 8 7 7 6 6 5 4 3 1 0
1 1 1

Not Treated 18 12 10 9 7 4 4 4 3 2 1 0

cPMP, cyclic pyranopterin monophosphate; NE, not evaluable; rcPMP, recombinant cyclic pyranopterin monophosphate. \.'
"
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I Urine SSC Levels in cPMP-treated Patients vs Controls

S-sulfocysteine/creatinine, cPMP-Treated Patients Untreated Controls
umol/mmol (N=12) (N =37)
Baseline, first value, n 12 22

Mean (SD) 181.1 (282.53) 136.3 (87.21)
Last visit, n 12 22

Mean (SD) 11.4 (6.87) 156.6 (100.70)
Change to last visit, n 12 18

Mean (SD) 1169.6 (282. 44) 24.8(104.61)

Pathological values of S-sulfocysteine are > 50 e mol/mmol creatinine

cPMP, cyclic pyranopterin monophosphate. \"
U
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I Sitting Unassisted in cPMP-Treated Patients vs Controls

Unassisted Sitting by Unassisted Sitting at
12 Months? Any Time?

70 - 70 -
60 - 60 -
S 50 - S 50 -
£ 40 - £ 40 -
= 30 - = 30 A
O 20 - O o0 A
10 + 10 -
0 - 0 -

cPMP-Treated Untreated cPMP-Treated Untreated

Patients Controls Patients Controls

(n=7) (n=27) (n=8) (n=27)

cPMP, cyclic pyranopterin monophosphate. ¢
aUnassisted sitting was measured as ability to sit independently for 30 seconds. 59 {”
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I Achievement of GMFCS Level 1 in cPMP-Treated Patients vs Controls

50 -
X S 40 -
n %)

% % 30 -
o (ol 10 -
O |

cPMP-Treated Untreated cPMP-Treated Untreated

Patients Controls Patients Controls

(n=7) (n=7) (n = 8) (n=11)

GMFCS-ER Level | represents the highest-rated functioning level on this scale. Children aged
2 and older who are rated as Level | are able to walk independently and, by age 6, can
perform higher-level gross motor skills such as running, jumping, and stair climbing.

cPMP, cyclic pyranopterin monophosphate; GMFCS-ER, Gross Motor Function Classification System Expanded and Revised. \.'
o
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I Oral Feeding in cPMP-Treated Patients vs Controls

70 - -
1.0 cPMP-treated patients were
08 5.3 times more likely to feed
o ' orally at the last assessment
S < VS untreated controls
- 2 0.6
2 =
= = i
@ S 541 . CPMP-Treated Patients
& £ Untreated Controls
0.2
O = Censored
0.0 -I 1 1 1 1 1 1 1 1 1 1 1
(n=13) (n=37) O 100 200 300 400 500
Time, Months
B cPMP Treated B Untreated Controls
cPMP Treated: N = 12; Median, 75.0 (95% CI: 0.2, NE)
- Untreated Controls: N = 37; Median, 10.5 (95% CI: 4.9, 53.6)
cPMP, cyclic pyranopterin monophosphate; NE = not estimable. ¢
aSustained nonoral feeding was defined as the time at which the patient never subsequently returned to an oral method of feeding 61 {”
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Safety of cPMP

A Most treatment adverse events were mild to moderate, and not related to study drug

A Most common side effects in fosdenopterin-treated patients were infusion catheteri related complications, pyrexia (fever), viral infection,
pneumonia, otitis media (ear infection), vomiting, cough/sneezing, viral upper respiratory infection (common cold/flu-like infection),
gastroenteritis (stomach flu-like symptoms), diarrhea, and bacteremia (bacteria in the blood)

A Side effects for recombinant cPMP-treated patients were similar to the side effects among fosdenopterin-treated patients
A There were no discontinuations or dose modifications due to adverse events
A 2 deaths were noted in the retrospective data

A 1 patient died due to necrotizing enterocolitis judged as possibly related to study drug

A 1 patient died due to respiratory syncytial virus pneumonia unrelated to study treatment

Potential for Photosensitivity
A cPMP (fosdenopterin) can make the patient oversensitive to sunlight

A Patients or their caregivers are advised to avoid or minimize patient exposure to sunlight and artificial UV light and adopt precautionary
measures when exposed to the sun, including wearing protective clothing and sunglasses, and using broad-spectrum sunscreen with
high SPF in patients 6 months of age and older

A If photosensitivity occurs, caregivers/patients are advised to seek medical attention immediately and consider a dermatological
evaluation

cPMP, cyclic pyranopterin monophosphate; SPF, sun protection factor; UV, ultraviolet.

62 {"
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Conclusions Leading to the Approval of Fosdenopterin for
MoCD Type A

& ™M

Q

Patients treated with Patients treated with cPMP  Additional confirmatory cPMP (fosdenopterin)
cPMP had improved demonstrated decreased evidence was provided was safe and
overall survival when urine SSC levels when by the animal model well-tolerated

compared with untreated compared with untreated of MoCD Type A
historical controls historical controls

!
cPMP, cyclic pyranopterin monophosphate; MoCD, molybdenum cofactor deficiency. ¢
Farrell S, et al. J Inherit Metab Dis. 2021;44:1085-1087. 63 "’
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I Natural History Studies

Provide an opportunity to:
A Characterize ultra-rare and rare disorders
A Develop appropriate disease biomarkers
A Ethically study potentially life-saving treatments

A Facilitate the development of therapeutics in ultra-rare and rare disorders

-

Developed and approved for use in the US only.



Thank You
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primary hyperoxaluria

FDA Symposium
May 13, 2024

John C Lieske, MD, FASN
Mayo Clinic Division of Nephrology and Hypertension

RARE KIDNEY STONE
CONSORTIUM

MAYO
CLINIC

@y



MAYO
CLINIC

@y

Disclosures

Relevant Financial Relationship(s)

Grant funding* and consulting@:

Allena*@

Alnylam*@
BioMarin @
Chinook @
Dicerna/ Novo Nordisc*@
Federation Bio®
Novobiome®@
Orfan Bridgebio®@
Oxidien @
OxThera*@
Precision Biosciences @
Synlogic*@
Off Label Usage

None

©2018 MFMER | 3739574-69



Outline

APrimary Hyperoxaluria

AKey Role of Patient Advocacy Group (PAG) and ASN to
develop registry, disease background, and ultimately engage
FDA under the auspices of the Kidney Health Initiative

AKey natural history features that informed treatment efficacy
measures

AUltimate outcome of efforts
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Primary Hyperoxaluria: Hepatic oxalate overproduction

2 GRHPR
Serine Hydroxypyruvate > Hyd roxypyruvate — D-glycerate
AG -
Peroxisome NADPH NADPH
Pyruvate Alanine H205
NAGT
— O GRHPR
Glycine[Tlyoxylatd — Glycolate/——clycolatee Glyoxylate
SR »
g NADP+ NADPHZ | D H
Cytosol OXALATE | NP OXALATE
Gl}fc\olate ______
S~ GRHPR
: HOGA :
Hydroxyproline --———--» 4-hydroxy-Z-oxoglutarat - ruvate + glyvoxylate

rMitochondrion

PH type 1 (30%): AGT
PH type 2 (10%): GRHPR
PH type 3 (60%): HOGA

Enzymes implicated

PH 1 and PH2;
Cytosolic LDH
GlyoxalateY Ox al at e

PH3: ??

Ancillary tests

PH1: ¢ glycol ate
PH2: ¢ glycerate
P H3 : -hydroAyglutarate




MAYO

Hyperoxaluria

High concentrations of oxalate in urine lead to stones, nephrocalcinosis, CKD,
and kidney failure, and can result in systemic oxalosis causing multiorgan

damage.

Types of Hyperoxaluria

APrimary hyperoxaluria (PH) due to increased hepatic oxalate production caused
by any of three known genetic defects in glyoxylate and hydroxyproline
metabolism in the liver.

Rare disease: 1-3 per million population

A Enteric hyperoxaluria (EH) caused by fat malabsorption which leads to high
absorption of oxalate in small intestine.

Estimated to affect ~150,000 patients

CLINIC
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What is oxalate?

TABLE 3. Foods with high oxalate content

g OH &
Food Serving size Oxalate (mg) ‘L,.H."-.l.ll .r'r'{ LT 14 AN

Rhubarb Z cup 720-1032 O — jr . SLIEEEY
Spinach 3 cup 570-675 f "'a:‘\ R { iy
Beetroot 2 cup 573 : R : S
Swiss chard 1cup 568

Pokeweed 1 cup 390

Cocoa powder 1 ounce 174

Okra 3 cup 117

Wheat germ 1 ounce 75

Tea (4 min infusion) 1 teaspoon 72

Green gooseberries 3 cup 66

Collards 3 cup 63

Crackers, soybean 1 ounce 58

Pecans 1 ounce [518)

Peanuts 1 ounce 52

Grits, white corn z cUp 50

Sweet potato 2 cup 34

Chocolate 1 ounce 33

Black raspberries 3 cup 32

Leek 3 cup 23

Celery 2 stalks (80 g) 16

Rutabaga 3 cup 16

Eggplant 1 cup 15

Summer squash 1cup 14

Blackberries 3 cup 13

Green beans 3 cup 11

Blueberries 3 cup 11

Currants, red 1 cup 11

Dewberries % cup 10

Black pepper 1 tsp 8

Green pepper % cup 8

MAYO
CLINIC
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Time machine travel to 2016

Increasing possibility for clinical trials In
oxalate-related diseases

A Alter gastrointestinal oxalate absorption and/or secretion
AManipulate the gastrointestinal microbiome *
A Oral oxalate degrading enzymes *

AlInhibition or manipulation of hepatic enzyme pathways

A SIRNA *

A Small molecules *
A Chaperones *

MAYO
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2016 OHF Annual Scientific Advisory Board meeting

APrimary and enteric hyperoxaluria are rare diseases

AClinical trials with renal function, CKD, kidney failure, or kidney
stones are not feasible

AThe FDA is increasingly receptive to alternatives to these hard
clinical endpoints, as long as well-justified

ADuchenne muscular dystrophy is one example

Aldea of an FDA white paper on oxalate studies discussed with
scientific, industry, and patient representatives at a half day
meeting.

AConcept enthusiastically endorsed by all present
ADespite being an Aunfunded mand

MAYO
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OHF team to DC in Spring 2016
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Stop 1: ASN Em

KIDNEY HEALTH INITIATIVE

AThe mission of KHI is to advance scientific
understanding of the kidney health and patient
safety implications of new and existing medical
products and to foster development of
therapies for diseases that affect the kidney by
creating a collaborative environment in which
the FDA and the greater nephrology community
can interact to optimize the evaluation of drugs,
devices, biologics, and food products.

https://www.asn-online.org/khi/

MAYO
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https://www.asn-online.org/khi/

Who can join KHI?

AKHI is a collaborative environment for all stakeholders in the kidney
community to help foster development of optimum therapies for
diseases that affect the kidney. KHI members may include:

A Patient organizations

A Health professional organizations

AResearch Institutions

A Foundations

A Pharmaceutical and biotechnology companies
A Device manufacturers

A Dialysis providers

AUS and international government agencies

MAYO
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Current KHI projects (2016)

A Advancing Technologies to Facilitate Remote Management of Patient Self-Care in Renal Replacement
Therapy (RRT)

A Clinical Trial Endpoints for Dialysis Vascular Access

A Data Harmonization in Kidney Transplant

A Data Standards in Diabetic Kidney Disease

A Development of a Roadmap for Innovations in Renal Replacement Therapy (RRT)
A ldentifying Surrogate Endpoints for Clinical Trials in IgA Nephropathy

A Overcoming Barriers to Drug Development in Children with CKD

A Pragmatic Trials in Dialysis: Challenges and Opportunities

A Prioritizing Symptoms of ESRD Patients for Developing Therapeutic Interventions

A Regulatory Policies and Positions Affecting Device Approval in the US: Tools to Assess the Process and
Foster Device Development for Patients with Kidney Disease

A Workshop to Elucidate Role of Patient Preferences in Support of CDRH Regulatory Actions in Kidney
Disease

MAYO
CLINIC
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Stop 2: FDA meeting

AWel | attended A1 hro meeting wit

Aln general seemed receptive to our message that large clinical
trials with hard endpoints are not feasible

AThere is a mechanism to submit paperwork to validate a
surrogate endpoint (like oxalate), but was mentioned maybe
not be the best approach

ANo firm advice r/e next best steps

MAYO
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Kidney Health Initiative (KHI)

AOHF proposal submitted for mid 2016 cycle to help with developing
guidance for appropriate endpoints in hyperoxaluria trials

AWell received but ultimately not approved

AFeedback: Not eager to take on n
with all the lab work, etc. that effort might entall

APlan to reapply for Spring 2017 cycle, and attend stakeholders
meeting in May 2017

AOHF and several officers are now KHI members

MAYO
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OHF SAB meeting 2017

AWhile waiting to reapply to KHI, we have decided now is the
time to seize our momentum and work on a summary document
that will:

Abe used when we engage the FDA in further discussion,
hopefully culminating in the request from them for us to
develop a guidance document

Aform the basis (or starting point) for this comprehensive
guidance document




Biology of oxalate, including biosynthetic pathways
Renal and gastrointestinal oxalate transport
Genetics of Primary Hyperoxaluria

Pathophysiology of enteric hyperoxaluria

Diagnosis of hyperoxaluria, including algorithms

and laboratory issues WO I’kg Ffou pS
Pathophysiology of calcium oxalate kidney stones

and nephrocalcinosis in hyperoxaluric states

Treatment strategies for hyperoxaluria- current and
future
The clinical needs for hyperoxaluria trials from the

patients” perspective

T Lowther B Cellini J Knight C Danpure T McGregor A Quinn

Rholmes D Goldfarb D Sas E Lindner
D Milliner E Salido Y Frishberg M Baum
A Kausz J Asplin D Assimos

J Asplin D Milliner Y Frishberg M Hatch J Knight A Kauz

D Goldfarb D Sas R Holmes J Lieske A Kausz E Lindner
D Assimos T Lowther T McGregor E Salido B Cellini  AQuinn

%ﬁ% B Kissinger K Hollander J Subramanyam | Aquino
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Subsequent Timeline

AFebruary 25, 2017
A Working meeting

AMarch-April 2017
A Small group follow-up

AMay-June 2017
A Roll into one document

Aduly 2017
ADiscussions at OHF workshop

MAYO
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KHI Project

A May-Sept 2017 Application submitted to KHI and approved

A Initial stakeholders meeting Feb 22, 2018.
A Good representation from industry, academia, patients and families.

Specific Objectives

1. Consensus recommendations for potential surrogate endpoints
A Identify candidate surrogate markers for clinical trials in hyperoxaluria
A Critically assess candidate measures for appropriateness

A Identify aPs in the data and future research needs to fully establish acceptable biochemical
marker(% or clinical trials in hyperoxaluria

2. Develop recommendations for industry guidelines for expedited clinical trials and approvals
A Identify characteristics of patients with differing risks of progression

A Develop a consensus statement of risk tolerance of hyperoxaluric patients/families for clinical trial
participation and medication use

MAYO
CLINIC
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Surrogate End Points for Clinical Trials

IEndpoint markers for clinical trials are expected meet the following criteria

IABiologic plausibility that the biochemical marker is on the biologic pathway to a hpard
endpoint such as kidney failure or death

A Epidemiologic or othetlata showing consistent association between the biochem|cal
marker and the clinical outcomef interest

IAANny availabl@lata from clinical trials showing that the effects of treatment on the
candidate marker largely account for their effects on clinical outcome

IAAN assessment of quantitative effecin the endpoint marker that iseeded to be
clinically significant

MAYO
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PH Registry Enrolilment March-2023

Total
(N=603)

Sex, n (%)

M 326 (54.4%)

F 273 (45.6%)

Not Recorded 4
Race, n (%)

Am. Indian 3 (0.5%)

Asian 126 (20.9%)

African American 14 (2.3%)

Hawaiian 2 (0.3%)

White 357 (59.2%)

Not Disclosed 101 (16.7%)
Ethnicity, n (%)

Hispanic or Latino 34 (5.6%)

Non Hispanic or Latino 339 (56.2%)

Not Disclosed 230 (38.1%)
Deceased, n (%)

No 534 (88.6%)

Yes 69 (11.4%)

MAYO
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PH Registry Enroliment March-2023

Renal Failure, n (%)

No
Yes

Patients with Serum Labs

N

Mean (SD)

Median
Range

Patients with Urine Labs

N

Mean (SD)

Median
Range

Year LFU, n (%)

<=2019
2020
2021
2022
2023

FU Years
N

Median
Range

Mean (SD)

349 (57.9%)
254 (42.1%)

539
7.5 (7.70)
5
1.0, 46.0

490
6.6 (6.48)
4
1.0, 30.0

417 (69.2%)
62 (10.3%)
45 (7.5%)
67 (11.1%)
12 (2.0%)

603
9.1 (11.59)
4.9
0.0, 64.1
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Urine oxalate is a key risk factor for kidney failure in PH

100 —=—— <1.1
RARE KIDNEY STONE
CONSORTIUM o 80
(=)
]
o UOx quartile
S 40 mM/day
)
[<b]
[ ..
- 20
HR=3.4 (95% CIl: 1.4-7.9) >2 4
P=0.005
0
0 10 20 30
Years after diagnosis
Urine oxalate Survival estimate, % (number at risk)
<1.1 100 (42) 96 (7) 96 (1) —
1.1-<1.6 100 (42) 95 (8) 95 (5) 95 (2)

1.6-<2.4 100 (42) 91 (19) 73 (10) 65 (6)

224 100 (42) 85 (19) 42 (6) 23 (2) -
m Zhao et al Clin J Am Soc Nephrol 11: 1191 126, 2016




Kidney failure is common in PH 1 and PH2,
especially in PH1

100 ]
¢ PH3
90
80

70

Percent without kidney

failure 0
40

- PH2

30

20+ Type of PH Eventsftotal Time point KM est. (95% CI)
—— PH1 213/352 40 36.2 (30.4—43.0%)
| —— PH2 11/48 40 65.8 (48.8-88.8%)
10 PH 3 156 40 97.1(91.8-100%) - P H 1
D | | | 1 | | | | 1 | 1 ]
0 5 10 15 20 25 30 35 40 45 50 55 60
RARE KIDNEY STONE Age at ESKD
CONSORTIUM Patients-at-risk
PH1 352 286 255 211 169 140 116 79 65 48 K} 16 10

PHZ 48 44 31 25 24 21 16 15 13 12 " 9 5

PH3 56 41 32 24 21 18 16 15 15 13 " 9 T _
w al Clin 3 Am Soc Nephrol 11: 1191 126, 2016




Al PH3

Kidney stones are equally
common in all PH types and
across the decades
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eGFR declines more dramatically at lower CKD stages
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Oxalosis
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Plasma oxalate increases markedly at low eGFR In PH1
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Plasma oxalate over time on dialysis in PH1
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Oxalosis over time on dialysis

Before Dialysis Year 1 After Dialysis
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KHI Endpoints for Clinical Trials in Hyperoxaluria: Outcomes
A group of candidate markers compiled for evaluation.

Promising candidates underwent rigorous examination via detailed literature review
Biomarkers/endpoints evaluated sequentially on biweekly calls

Several remained as viable candidates
Plasma oxalate
Urine oxalate
Change in eGFR
Stone events

Workgroups summarized reviews
Compiled into a draft report

Paper draft Back and forth with FDA: published 2020

PH patient group building on white paper, sought experience of others re: patient/family risk
tolerance for clinical trials, new therapies.
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Endpoints for Clinical Trials in Hyperoxaluria: KHI PH deliverables

Editorial > Am J Kidney Dis. 2021 Oct 8;50272-6386(21)00895-7. doi: 10.1053/j.ajkd.2021.09.005.
Online ahead of print.

End Points for Clinical Trials in Hyperoxaluria: Case
Study of Patient-Focused Drug Development in a
Rare Disease

AJKD*

John C Lieske T, Meaghan A Malley 2 Melissa West 2, Kim Hollander 3,
Dawn S Milliner 4

Affiliations + expand
PMID: 34634431 DOI: 10.1053/].ajkd.2021.09.005

MAYO
CLINIC

Y

©2018 MFMER | 3739574-98



