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Patient Perspective Internal Medicine
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Fourteen global consortia collaborating with 1,450+ scientists and 84 organizations

www.c-path.org/camd
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C-PATH CLINICAL DATA CONTRIBUTIONS CAMD

CRITICAL PATH INSTITUTE

£0000 Growing Clinical Data Contributions Clinical studies: 97
55000 Subjects: 54,044
50000
T1D
45000
mD D
40000 uchenne Muscular Dystrophy
35000 u Kidney healthy volunteer study
.3 30000 - Polycystic kidney disease
Q
‘S 25000 - ; -
[ .
3 Multiple sclerosis Growmg
20000 -~ o
¥ Tuberculosis expertise
15000 - in
B Parkinson's disease .
10000 - degenerative
5000 - H Alzheimer's disease diseases
P——
0 - T

Jan 2015 Apr-17

Note: Nonclinical 116 studies; 6296 subjects.

ReSeqTB: 3558 Individual solates

www.c-path.org/camd
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COALITION AGAINST MAJOR (CAMD
DISEASES (CAMD) CAM

IVI i SS i o n Academic
Experts
To develop, as a pre-

Government
competitive consortium, Ree Agencies
new technologies and
methods to accelerate the Coalition Against Major Diseases
development and review .

. Alzheimer’s Disease
Of medlcal prOdUCtS for and other related dementias
treating Alzheimer’s Disease (C/-\N\D
and dementias of related - i

Companies Groups

neurodegenerative diseases.

Research

Foundations

Focus

Advancement of regulatory science supporting Drug Development Tools (DDTs) for
Alzheimer disease and related dementias with impaired cognition and function.

www.c-path.org/camd
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AD AS-cog {(change fom basealina)

STEP 1: DATA STANDARDS

CAMD

CRITICAL PATH INSTITUTE

symptomatic drug
regsponse

Time (Week)

52

CDISC
‘Standardized Data’

v

1 Study Number »  Vist Nember & MMEE » ADAS-og
2] i bi -

Deterioration

X
‘—‘:—1 1 | Soudy Nember w | Vit Numbe: »

M - |

WM ADAS<Dg *

(o}
10 | Sty Nember % | Vet Nombes » [ MMSE = ADAS<og »
|21 i L

a B 1 E

Integrated Data

Romero K., et al. Striving for an integrated drug development
process for neurodegeneration: The Coalition Against Major
Diseases. Neurodegen. Dis. Manage. 2011;1(5): 379-85.

www.c-path.org/camd
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STEP 2: AD DRUG-DISEASE-TRIAL MODEL
( cavo

I nteg ra t i n g t h e ADNI Auzemess Dsease Neuomasine nmanve

ini ialist’ « Natural Hist
Clinical Trialists T Y 16 oatients
Worl d « Patient Specific Factors :

» Imaging and CSF Biomarkers

Trial Design
Options Doses/

Longitudinal Dru N Duration/Sampling
Di%.ease Model B - > Enrichment (BMx, etc.)

Dropouts " .
Literature Meta-Data 3 Sponsor Proprietary Data

* 73 Trials (1990 to Present) > II(':It:\%'I'::::lei < + o Preclinical
* Interstudy variability Mod |g "~ * Related products
« Effects of marketed oae + « Hypothesized effects

therapeutics (magnitute of novel therapy

onset, offset) Statistic . Range of Possible

SHES Outcomes
17,235 patients 1
CAMD
Hlow to request access
To CAMD database: * 9 trials, 3223 patients :
www.codr.c-path.org « Interpatient Variability
. « Patient Specific Factors

Today >6500 patients « Placebo Effect

www.c-path.org/camd
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http://www.codr.c-path.org/

STEP 3: USE

( camo

Balancing power, sample size, and duration, given

varying effect magnitudes

Crossover

107 91 weeks

40% +—++

Power

100 200 300 400 500 600

Number of Subjects

0% Ly

Power

Parallel

1.0 A

0.2 -

0.0 4

78 weeks

50% »—we—x
40% +—+—+

300 Lt

Better power
~50% Cost Savings
Less time

100 200 300 400 500 600

Mumber of Subjects

www.c-path.org/camd
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AD DRUG DISEASE TRIAL MODEL -
THE REGULATORY PATH

CAMD

The total journey took 1,317 days (3 years, 7 months and 9 days)

- OnJune 12,2013 the FDA

determined the CTS tool was
“Fit for Purpose.”

7

FDA

On September 19, 2013 the EMA
determined the CTS tool was

“Qualified for Use.”

Submission for Regulatory Evaluation

NOVEMBER 22, 2011 Comments received

AUGUST 22, 2012
Responses to FDA

MARCH 27, 2012

JANUARY 7, 2013

Detailed discussion
with FDA regarding

JUNE 12, 2013

AD trial simulation
tool deemed fit for

X,

O

AUGUST 23,2010 SepTEMBER 1,2010  submission to EMA

SAWP meeting

Face-to-face

—_— Submission from FDA submitted the programming purpose as a drug
APRIL 22, 2010 APRIL 28, 2010 to FDA ey dvelopmentite)
FDA Written Meeting with
NOVEMBER 3, 2009 DECEMBER 21,2009 DECEMBER 23, 2009 feedback CDER Alzheimer’s
CAMD Coordinating FDA Letter of Intent ~ Cover letter and Disease Modeling
Committee Meeting Briefing Booklet Review Team
; to FDA
I
Briefing
Letter of Intent package
to EMA to EMA Written response SA meeting - )
from EMA ith EMA AD trial simulation
FEBRUARY 10, 2010 JUNE, 2010 wit

tool qualified for

>

J

with CAMD meeting with SAWP  use in trial design
EURQPE{\N\MEPICLNES AGEI\\JC‘\I( MARCH 20, 2013 JUNE 4, 2013 JUNE 7, 2013 JUNE 27, 2013
www.c-path.org/camd
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CAMD’S ALZHEIMER'’S DISEASE DATABASE CAMD
(OCTOBER 10, 2016) (% change over the last 4 months) (

CAMD joined GAAIN — December 2015

CAMD’S ALZHEIMER’S DISEASE DATABASE

247 343 39 Y

Organizations Individuals Academic
Institutions
QES'I?I; Amnrst Cotuige R gRee CRRer

ALZFORUM ) ok

UNIVERSITAT

BILL & MELINDA GATES prEE
foundation [ eemoncoenen
GE Global Research WG SEOUL
Genentech e U

GlaxoSmithKline
National Institutes of Health
The Michael J. Fox Foundation

...and others

gUNIVERSITY THE UNIVERSITY
oF ABERDEEN OF AUCKLAND

‘ UNIVERSITY OF CAPE TOWN
=) . x

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

UNIVERSITATS
= | INTK UM PRUBURG -

...and others
www.c-path.org/camd
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CAMD CLINICAL TRIAL SIMULATION TOOL (CAMD
(OCTOBER 10, 2016) (% change over the last 4 months)

CAMD’S CLINICAL TRIAL SIMULATION TOOL FOR ALZHEIMER’S DISEASE

58 72 (RSN +13%

Academic

Organizations Individuals o
Institutions

A

AstraZeneca G HARVARD et lanlne
Biogen
Bristol-Myers Squibb K9 sicvoen  Imperial College
. POLITICAL SCIENCE m London
Lilly
Merck 1) JITFOTTIN VACHE R
Pfizer
&%z USC University of
Ta ke d a @ Penn gouth[gm Cal%{ornia

..and others ...and others

www.c-path.org/camd
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MAXIMIZING THE USE OF PRE-COMPETITIVE
DATA (EAMD-

Accelerate new drug development tools and data acquisition

v
Mild-to-Moderate NC I Presymptomatic
AD AD

* CDR-SB
* ICV-vMRI

Natural
History
{Cohort)
Studies

- Drug effects
* Biomarkers Drop-out rates
Placebo effect
s ™

Observational Dg@ 2 N Clinical Trial
and Clinical Aot Uiy, Modeling Simulation
Studies anfi : Comprehensive in Tool
Harmonization silico model of early
AD progression
. A

www.c-path.org/camd
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ALZHEIMER'’S DISEASE (AD) STAGES

CAMD
Our dilemma: What to measure and when?
Preclinical AD
No cognitive complaints
- No COAs
MCI Due to AD
Dementia Due to AD
* Current outcomes * Current outcomes focused  CurrentPRO

insensitive on aMCI to Moderate AD outcomes unreliable
Pa.t!ent enrichmentis Ve ~
critical

Pre-Dementia =m) Dementia

Memory complaints —> Cognitive Impairment  —> Cognitive, Function

Pre-Symptomatic MCI / ProdromalAD  Mild M

No apparent symptoms Symptoms Current diagnosis & |

www.c-path.org/camd
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IMPAIRED MOBILITY/FRAILTY, SLEEP AND COGNITION ARE
PROMINENT ACROSS NEURODEGERATIVE DISEASES (CAMD

Functional Impact:

* Social life and social participation
Work/life

Alzheimer’s

Disease

Symptoms & Signs

Cognitive
impairments
Speech problems
Depression
Sleeping changes
Gait slowed
Dizziness/vertigo
Swallowing
(advanced stages)
Pain

* Relationships and family
* Independence

Parkinson’s
Disease

Multiple
Sclerosis

m :
. D

Symptoms & Signs Symptoms & Signs Symptoms & Signs

* Tremor * Depression * Irritability

*  Walking & gait *  Pain * Depression
impairment *  Numbness/tingling * Pain

* Spasticity * Sexual dysfunction * Fatigue

* Pain * Fatigue * Sleeping problems

* Depression * Spasticity * Spasticity

* Bowel/bladder problems < Lower & upper extremity * Walking impairment

* Fatigue impairments e Upper & lower extremity

* Sleeping impaired * Walking impairment impairments

* Dizziness/vertigo * Bowel/bladder problems * Dizziness/vertigo

* Cognitive impairments * Dizziness/vertigo * Cognitive impairments

* Speech problems * Cognitive impairments * Speech problems

* Speech problems
* Sleeping impaired

www.c-path.org/camd
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AGE-RELATED NEURODEGENERATIVE DISEASES

120

100

Tsunami of Elderly

) S~ SSN—— .

Figure 1: Number of Persons 65+,

1900 to 2060 (numbers in millions)
|

N

!
+135% %82

823

+61%
+28% 564

1900 1920 1940 1960 1980 2000 2013 2020 2040 2060
Year [as of July 1)

NOTE: INCREMENTS IN YEARS ARE UNEVEN.

SOURCE: U.S. CENSUS BUREAU, POPULATION ESTIMATES AND PROJECTIONS.

CAMD

[+ AL PATH INSTITUT

“Alzheimer's disease is the sixth-
leading cause of death in the United
States and the only cause of death
among the top 10 in the United States
that cannot be prevented, cured or
even slowed”

- Alzheimer’s Association

~477,000 new AD patients
diagnosed each year in the U.S.

(’Q’Wx

J)

Since 2000, deaths
from heart dise Ve

decreased by 147

while deaths from
Alzheimer’s disease have
increased by 89%

www.c-path.org/camd
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DEFINING DISEASE
( camo

Requires a composite assessment =

< . D

Observer / Performance Outcomes Patient & Physician Reported Outcomes
Genetics Examination Temperature . Cognition (MMSE, CDR-SB, etc.)

m ®:'D *  Behavior (sleep/mood scales — QOL-AD, GDS)

*  Motor function (UDPRS)
Vision  Forgetfulness Infection ~ Mobility *  Balance & Coordination

*  Sensation (NRS, etc.)
o *  Autonomic
o) .
~
Gl/Lung/ Kidney EKG EEG/
Glucose tests function HR/BP  Sleep/ Fatigue ﬁ

Imaging Modalities

OB @

Outcome decisions
* Diagnoses
* Treatment algorithm

www.c-path.org/camd
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WHAT ELEMENTS CAN BE USED

FOR BMD ASSESSMENTS?

CAMD

AL PATH INSTITUTE

Roadmap to PATIENT-FOCUSED OUTCOME MEASUREMENT in Clinical Trials

Disease or Condition

Understanding the 1

A. Natural history of the

disease or condition
Onset/Duration/ Resolution
Diagnosis

Pathophysiclogy

Ranpe of manifestations

. Patient subpopulations

By severity
By onset
By comorbidities

By phenotyps

Haalth care anvironment
Treatment alternatives

Clinical care standards

Health care systemn perspective

. Patient/caregiver perspectives
Definition of treatment benefit
Benefit-risk tradeotfs

Impact of disease

A. ldentify conceptis) of interest [COI)
for meaningful treatment benefit,

Conceptualizing
Treatment Benefit

i.e., How a patientz
Survives

Feels (e, symploms)
Functions

. Define context of usa (COU)

for clinical triak

Disease/Condition entry criteria
Climical trial design
Endpoint positioning

Selecting/Developing
the Outcome Measure

A. Saarch for existing COA measuring COl in COLU:

Measure exists

Measure exists but needs o be modified

Mo measure exists
Measure under development

. Bagin COA development

methods research)

for use in exploratory studies

3

= Document content validity (qualitative or mixed

- Ewvaluate cross-sectional measurement properties
(reliability and construct validity)

- Create user manual

- Consider submitting to FDA for COA gqualification

. Select clinical outcome assessment

(COA) type:
Patient-Reported Outcome (PRO)

Observer-Reported Outcome (ObsRO)
Clinician-Reported Outcome {ClinRO)

Performance Outcome
(rmotor, sensory, cognition)

C. Complete COA development:
= Document longitudinal measurement properties
{construct validity, ability to detect change)

= Document guidelines for interpretation of treatment

benefit and relationship to claim

= Update user manual
= Submit to FD& for COA gualification as effectiveness

endpoint to support claims

www.c-path.org/camd
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BMDs HAVE THE POTENTIAL TO PROVIDE
ObRO and PerfO ASSESSMENTS (CAMD

| T ——— S m LISF::lodandDrugA:h-rm:l;:h-:h?
Selecting the COA type S

‘T e

Consider appropriateness of COA type

Unobservable concepts Observable concepts
(e.g., feelings) (e.g., signs, events, behaviors) -
=N

Clinical No clinical

»

Functional

judgment judg nent
needed et i performance
Self- rleport?

®
<
O

SN S

o o @

www.c-path.org/camd
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HIGH LEVEL CONCEPTS-OF-INTEREST (COI)
ACROSS NEURODEGERATIVE DISEASES ( CAMD

PREFERRED OBJECTIVE:
Create standards with utility across diseases

Sleep

Mobility/ Cognition
. e Sleep onset :
Frailty . WASO e Attention
* QGait e Verbal fluency

Falls * Total sleep

* Time OOH

Alzheimer Parkinson
disease disease

Multiple Huntington
Sclerosis disease

www.c-path.org/camd
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CDISC STANDARDS FOR BMDs

Concepts-of-Interest (COls): Mobility/Frailty, Sleep & Cognition

across neurodegenerative diseases

DRAFT Timeline of activities:

1Q 2017

Wlagilz t2viczs 10 Clinfeal frials for
INENIGIoIcUDISEUSES IS G}
StanaarasiEVeIopents
CDISC STANDARDS WORKSHOP

Friday, March 10, 2017
(8:00a.m. —4:00 p.m.)

The Coaliion Agamst major = Pointe Hilton Tapatio Cliffs
Diseases (CAMD), a consortium Resort | Phoenix, AZ

within the Critical Path Institute, is . o
focused on  accelerating  the Meeting Objectives
regulatory sciences required to

* Review theexistingstandards that
advance innovative treatments for

apply to mobile devicesthatcould
be implemented in clinical drug
trials and longitudinal disease
progression studies

= Identify/prioritize existing gaps

= Developaplan to acceleratethe
creation/implementation of CDISC
standards required for future
registration studies thatassess
mobility, sleep and cognitive
perfarmance

Alzheimer Disease and related
neurodegenerative diseases with
impaired cognition and function.

In collaboration with The Clinical
Data Interchange Standards
Consortium (CDISC), CAMD will
sponsor a workshop to advance the
understanding of the data
standards required to integrate
data across clinical drug trials using
mobile device technologies.

Please register using the following
LINK.

@ cisc Em (e

* Determine existing
standards and gaps

* Devise plan to
address

* Identify funding

sources

2Q 2017
I

Biorrzirie
Moasiitorirg

\Davica Werisnao

Advancing CDISC Standards for

/ Biosensors Assessments in
Neurological Clinical Drug Trials

Bethesda North Marriott
Hotel and Conference Center
Bethesda, MD

Meeting Overview/Objectives:

* Review contemporary use cases
for remote biosensor
assessments of three domains of
function that are impacted by
Neurological Disorders
(mobility/sleep/cognition).

* Review &address keyregulatory
considerations forvarious
Contexts-of-Use.

* Convene CDISCstandards experts
to advance a planthat enables
data aggregation across.
technology platformsto create
disease progression models in
terms of these 3 key domains,
and to potentially understand the
impact of treatmentintervention
duringclinical drug trials.

Day 1: May 9 (8:00 am — 5:00 pm)

* Concepts-of-Interest:
Mobility, Sleep, &
Cognition

* Biometric Monitoring
Device (BMD) Technologies

* Regulatory Considerations

Day 2: May 10 (8:00 am — 1:00 pm)
* CDISC Standards
Development

Invited Participants: Cambridge Cognition,
Cognivue™, CogState, FDA (CDER & CDRH),
Intel, IMPACT™, IXICO, MIFF, Withings

(Nekia), etc Please register using the following LINK!

CRITICAL PATH For further iformation or spacial requests, pleasa contact
INSTITUTE Stephen P. Arnerié | Executive Director CAMD |
} pE——— Critical PathInstitute | 1730 East River R

* Understand BMD
landscape for COls

* Highlight regulatory
considerations

* Socialize plan forward

(

CAMD

3Q 2017

Engage dedicated
Subject Matter
Experts (SMEs) to
develop CDISC
standards for
existing gaps

12-18 mo. process)
Contingent on
getting into
pipeline with
CDISC!

www.c-path.org/camd
19



CDISC STANDARDS ARE REQUIRED FOR

REGISTRATION SUBMISSIONS

When will eSTUDY data
||I be required?

eStudy Guidance

Binding Guidance— Requires
that studies are compliant
with the standards outlined
in the FDA Data Standards

- Catalf.:ug

December

Provlding Regulatory
Submissions

In Electronic Format —
Standardized Siudy Thata

Cnandance for Indwsany

.
el ml i, mv

Final December
Published 17
December, 2014 2016

( cavo

LY U.S. FOOD & DRUG

ADMINISTRATION

From presentation
by Mary Ann Slack

Compliance

i
Studies starting**
after MUST use the
standards in the Data
Catalog (NDAs,

= ANDAs, BLAs)

*36 months for INDs

**Study Start Date in the SDTM Trial Summary Domain (TSPARMCD = 55TDTC).

www.c-path.org/camd
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CDISC STANDARDS ARE FOUNDATIONAL CAMD
IN CREATING ACTIONABLE DATABASES ( s

Many aspects of the infrastructure required to

understand disease progression and

treatment impact in clinical drug trials already
CDISC SHARE library overview exist (from CDISC 2017 Training Materials)

Achieving Interoperability Acquisition, archive and interchange of metadata, data & audit trail
for clinical research studies.

BRIDG

ICIlnlcaI Information Exchange | _
O &
CLINICAL & NON-CLINICAL RESEARCH \\‘ h Q
Medical Record —_—

eCRF
mn
Smdyoedgn (DISC-Lab

Controlled Terminology

HL7 RIM

HEALTHCARE

THERAPEUTIC AREA STANDARDS & QUESTIONNAIRES
CDISC SHARE

Central/Local Labs

N Foundational Standards I Oot: Bchange I Semantics

CDISC standards are required for registrations studies at FDA, PMDA, etc.

www.c-path.org/camd
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CDISC STANDARDS ARE BECOMING
GLOBAL REQUIREMENTS CAMD

CRITICAL PATH INSTITUTE
. C D | SC Strength Through Collaboration Subscribe Contact Create an Account Login
Enter your keywords
About ~ Standards ~ Partnerships ~ Resources ~ News « Education ~ Events ~ Membership «
HOME / RESOURCES / GLOBAL REGULATORY REQUIREMENTS

CDISC updates this page with announcements from regulatory authorities (FDA, PMDA, EMA, etc.). We encourage readers to check for new announcements directly with
the appropriate agency.
Announcements https://www.cdisc.org/resources/impending-regulatory-requirements
From FDA:

+ Data Standards Catalog (September 2016) specifies using CDISC Controlled Terminology, SEND, SDTM, ADaM, and Define-XML standards.

+ Study Data Technical Conformance Guide (March 2017) specifies rules for using CDISC standards on submissions to FDA CDER and CBER.

+ Study Data Standards: What You Need to Know (June 2016)

+ Section 5 of Prescription Drug User Fee Act (PDUFA) VI Proposed Commitment Letter addresses “Enhancing Capacity to Support Analysis Data Standards for Product

Development and Review.”
+ Guidance on Providing Regulatory Submissions in Electronic Format (December 2014) requires submissions in an electronic format specified by the agency
beginning 24 months from the issuance of this document.

From PMDA:

+ Advanced Review with Electronic Data Promotion Group

+ Motification on Practical Operations of Electronic Study Data (April 2015)

+ Question and Answer Guide Regarding Notification on Practical Operations of Electronic Study Data Submissions (April 2015)

+ Technical Conformance Guide on Electronic Study Data Submissions (April 2015)

+ PMDA Data Standard Catalog (July 2015)
From China FDA (CFDA):

+ CFDA has endorsed CDISC standards in their Clinical Trial Data Management Technology Guide (July 2016)

www.c-path.org/camd
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https://www.cdisc.org/resources/impending-regulatory-requirements

AD TAUG v1.0/AD TAUG v2.0

CAMD

Concepts covered by the

Alzheimer's CDISC User .CD|SC

. Therapeutic Area Data Standards
G u Id e User Guide for Alzheimer’s Disease
and Mild Cognitive Impairment
ApoE Genotype Version 2.0
Family History of AD CFAST Abheitmer's Development Team

Volumetric MRI

PET, PET/CT (FDG, Florbetapir,
PiB) www.cdisc.org/therapeutic
CSF Biomarkers and Sampling
Outcome Assessment Scales

ADAS-COG
CDR Alzheimer’s
&

?X(LIT Alzheimer’s & Dementia: Translational Research & Clinical Interventions Il (2017) 1-11 %

MOdIfled HaCthkI Featured Article

DAD Accelerating drug development for Alzheimer’s disease through the use

ADCS-ADL MCI ST -

- of data standards
NPI
CGl Jon Neville®, Steve Kopko”, Klaus Romero®, Brian Corrigan®, Bob Statford®, Elizabeth LeRoy".
Steve Broadbent®, Martin Cisneroz’, Ethan Wilson®, Eric Reiman', Hugo Vanderstichele®,

GDS Stephen P. Arneri¢®, Diane Stephenson™*

www.c-path.org/camd
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AVAILABLE CDISC STANDARDS -
Status of CDISC Standard Development for Key Brain Diseases ( '

All CDISC Therapeutic Area User Guides can be accessed free at: www.cdisc.orgwww.cdisc.org

In In
YES

Alzheimer’s (AD)
V2.0

*°
Sclerosis (ALS)

°
Disorder (ASD)

*°
Disease (HD)

(MS)

(PD) V1.0

Traumatic Brain YES
Injury

V3.0

YES

YES

Structural and fluid biomarkers integrated into
V2.0; Future plans for presymptomatic stages
of the disease that include biometric
monitoring devices (V3.0)

Biomarkers not included.

Plans to integrate biomarkers across
modalities
Contains imaging biomarkers

Plans to integrate CSF biomarkers and PET
standards into V2.0

Imaging and fluid biomarkers included

www.c-path.org/camd
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http://www.cdisc.org/

MEASURES TO SUPPORT CONCEPTS-OF-INTEREST

¥

Mobility/
Frailty

Manufacturer (ID)

Identifiers
Algorithm(s)

*  Anatomical
or remote locations

Properties

- - - - -

~

Time and distance infout of home
\oice

Dyskinesias and tremors

Motor fluctuations

ADLs

Grip strength

Sleep

c
9
g5

]
o
(=]

Ay

- - -

Gait and falls j
>

Sleep onset latency

Total sleep time

Wake after sleep onset

Quality of sleep time (REM vs. non-
REM)

Excessive daytime sleepiness
Daytime sleep

N

Cognition

-

- - - - - -

Artention

Delayed recall

Speed of information processing
Spatial memory

Executive function

IADLs J

§
------------------------------

Transformed ‘i’

CAMD

KEY LEARNINGS

Many fundamental CDISC
standards exist

Metadata is critical to
understand context of an
assessment

Composites may provide a
more powerful and
contextually meaningful
assessment

Mood (e.g., depression) and
pain may be important factors
in assessments

Need to understand the
priorities of Patients and
Caregivers

https://c-path.org/mobile-devices-in-

clinical-trials-for-neurological-diseases-

M Quantitative
il  Assessment

cdisc-standards-development/

www.c-path.org/camd
25



https://c-path.org/mobile-devices-in-clinical-trials-for-neurological-diseases-cdisc-standards-development/

FRAILTY: HOW IS IT DEFINED?

CAMD
* Frailty was defined as a clinical syndrome in which three or more of the S —
following criteria were present:
1. unintentional weight loss (10 lbs in past year)
2. self-reported exhaustion Dr. Jane Mohler
3. low physical activity University of Arizona
4. weakness (grip strength)
5. slow walking speed
5,317 men and women 65 years and older
Mot Frail [0 criteria): 48%
intermediate (1-2): 45% Non-frail = Pre-frail m Frail
Frail |3-5); 07%
1: Fried LP, et al., (2001)
* Frailty is a hyperinflammatory geriatric syndrome
resulting from age-related cumulative declines across
multiple physiologic systems, with impaired homeostatic
reserve and a reduced capacity of the organism to resist
stress.
Resilience FUNCTION Frailty
) FRAILTY = Biological Aging

Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: Evidence for a phenotype. J
Gerontol a-Biol 2001;56:M146-M56.
www.c-path.org/camd
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IMPORTANCE OF FRAILTY ASSESSMENT (CAMD

* More sensitive predictor of outcomes than

; 1,2
IS age Dr. Jane Mohler

University of Ari
* Frail patients are 2.5 times longer length of niversity of Arizona

stay, and 20 times as likely to be discharged
to a nursing home ?

* American College of Surgeons guidelines:
“frailty score” for optimal perioperative
decision-making, management, and
discharge strategy 3

* Elders underrepresented in clinical trials
(esp. those >70. We can’t assume they are
equal to younger patients*

1: Winograd CH, et al. (1991); 2: Makary MA, et al. (2010); 3: Chow WB et al., (2012); 4:JCO November 15, 2004
vol. 22 no. 22 4626-4631

www.c-path.org/camd
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ASSESSMENTS OF FRAILTY

HISTORICAL

SENSOR -
BASED

Dr. Jane Mohler
University of Arizona

Single Markers
— Grip strength
— Walking speed

* Functional Decline Instruments

* ADL

* Gl

Phenotypic Frailty Indices

— CHS (Fried) index
— SOF index
— FRAIL index

Multi-dimensional Indices

— Rockwood
— FI-CGA-10
- MPI

— SHERPA
— HARP

Iner

(gyroscopes &
accelerometers)
Gait-based

tial Sensors

Greene, BR, 2014

TUG

Schwenk, M. 2014

Gait speed
Walking bout duration variability

Merchant, R.A., 2016

Trunk posture

Majafi,B, 2014

Stand and Flop

Bahureksa, L, 2017

Gait speed
Stride length
Stride time

Inertial Sensors
(eyroscopes &
accelerometers)

Toosizadeh,N.

Upper extremity function

Upper Extremity Based

Dynamometer Schwenk, M. 2014; Grip strength
Greene, BR, 2014

ECG Parvaneh, 2017 Heart rate variability

CAMD

www.c-path.org/camd

28



FRAILTY IS ASSOCIATED WITH MCI

157

Prevalence of MCI (%)
S

520

0 1 2
Simple Frail Score

Odlds ratios for MCI

Mo adjustment
SF score OR [95% CI)
0 1

1 2.6 [1.7-4.2]
2 7.4 [4.3-12.8]
Adjustmentl

SF score OR [95% CI)
0 1

1 1.6 [0.9-2.6]
2 4.6 [1.9-6.9]

Adjustment2 (n=730)
SF score OR [95% CI]
0 1
1 1.3 [0.8-2.4]
2 3.0 [1.4-6.4]

P

<.,0001
<,0001

.08
.0001

.30
007

CAMD

SCIENTIFIC REP{I:;}RTS

OPEN Office-based simple frailty score

“and central blood pressure predict
“mild cognitive impairment in an

apparently healthy Japanese

Accepted: 15 March 2017
Published: 13 April 2017 :

population: J-SHIPP study

Maya Ohara’, Katsuhiko Kohara?, Yoko Okada’, Masayuki Ochit, Tokihisa Nagai',
: Yasumasa Ohyagi’, Yasuharu Tabara® & Michiya Igase
- r

i

Figure 1. Simple frailty score and the presence of mild cognitive impairment. The closed column indicates

the number of participants with mild cognitive impairment (MCI), and the open column indicates those

without MCI. The number in the column represents the number of participants. The odds ratio on the right
side indicates the odds ratio of a simple frailty (SF) score of 1 and a 5F score of 2 to an 5F score of 0 for the
presence of MCI. Adjustment 1: adjusted for age and sex. Adjustment 2: adjusted for age, sex, body mass index,
mean blood pressure, triglyceride, total cholesterol, high-density lipoprotein cholesterol, glucose, insulin, use
of antihypertensive drugs, antidyslipidemic drugs, diabetic drugs, current smoking, physical activity and the
presence of silent cerebral infarctions and white matter hyperintensity. Adjustment was performed by logistic
regression analyses for the presence of MCI. OR,, odds ratio; CI. confidence interval.

www.c-path.org/camd
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SURVEY: THE VOICE OF THOSE WHO CARE
CAMD

CAM COALITION AGAINST

MAJOR DISEASES LINK:
Critical Path Institute https://www.surveymonkey.com
/r/quality-of-lifesurvey

QUALITY-OF-LIFE SURVEY FOR NEUROLOGICAL AND PSYCHIATRIC DISEASES:
THE VOICE OF THOSE WHO CARE

Understanding what is most valued by the patient and their caregivers regarding innovative treatments for chronic diseases is of growing
importance to regulators [e.g., U.5. Food and Drug Administration (FDA), European Medicines Agency (EMA), and Japan's Pharmaceutical and
Medical Device Agency (PMDA)), healthcare providers (i.e., medical professionals and insurers), and the healthcare industry (ie.,
pharmaceuticals and medical devices).

Chronic neurological and psychiatric diseases including Alzheimer's disease, Parkinson’s disease, Multiple Sclerosis, Huntington's disease,
Amyotrophic Lateral Sclerosis, Depression and Schizophrenia share some common core symptoms. As these symptoms can vary during the
course of these diseases, the Coalition Against Major Diseases (CAMD) has focused this survey on three areas that can profoundly influence
the individual's quality-of-life (QoL): mobility, sleep and cognition (i.e., memaory).

CAMD is a consortium of non-profit and for-profit organizations working to improve and accelerate drug development for brain diseases
(https./c-path.org/programs/camd/). CAMD has experienced first-hand how the ability to share key data can accelerate and improve the delivery
of effective therapies to patients.

Please answer the following questions to help us understand what is most important to you in developing, approving and providing “medicines
that matter”. All answers will remain anonymous.

www.c-path.org/camd
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DIGITAL DRUG DEVELOPMENT TOOLS

Qualifying Biometric Monitoring Devices (BMDs)
for specific Contexts-of-Use

CAMD

HOW

Continuous physiological

WHAT VALY,

Improve our understanding
of real-time changes in
UNCTION during th
progression of life in health
8udisease

Data (signal output) monitoring with devices

collected from a biosensor (wearables/smart phones,
that measures a biological clothing,
response implants/ingestible, remote

| biosensors
* .

Wearable Sensors

AHEADoFTIME

| think the biggest 7 E’% S b=
innovations of the anncos s
21st century will be oo - ——

i ~ ~ FWD Health
a? the |mersect|0n Of " ‘ — i _,,..THE FUTURE OF SENSORS ishboard Tracks Exercise Reglmes -
blOlogy and ; N mllﬁgwered Insurance Prices - - —-—

technology. A new
era is beginning.

Digestible Sensors v
. Passive data gathering
2. Meaningful interpretation .

. Internal sensors attached to |

body's organs W
Sensor-enabled can moni
. Pt .

www.c-path.org/camd

Biostamp or electropig

University of Illinois #MC10 '
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COGNITION AND “INSTRUMENTAL ACTIVITIES
OF DAILY LIVING” (C"W‘D

Premise: Cognition is a key lens through which we ‘view the world’, and how we
can focus/functionally organize our “instrumental activities of daily living”.

Cognition

Hypothesis: Changes or increased variance in the key functional domains of

“instrumental activities of daily living” should reflect current (and potentially
future) changes in cognitive function.

www.c-path.org/camd
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BIOMETRIC MONITORING DEVICES (BMDs) (CAMD

Measuring ‘Signs’ Related to Qol

BMDs have the potential to measure signs related to all domains of function
comprising what is viewed as Instrumental Activities of Daily Living

Mental Function Social Engagement

* Working memory * Friends/family

* Attention | * Mood

* Wakefulness/sleep ‘ \ * Social interaction/
* Long-term memory employment

IADLs —

|

| Quality of Life |
Surrogate

¥ Physical Function

Mobility ¥ Health Maintenance

Frailty I - Injury &sickness
| * Surgery,

Drug disposition/ ). ° Disease

metabolism \

www.c-path.org/camd
33



BMDs THE POTENTIAL TO CREATE MORE
SENSITIVE ASSESSMENTS OF PHYSIOLOGICAL (CAMD
AND BEHAVIOR SIGNS OF HEALTH AND DISEASE

The Progression of Chronic CNS Diseases
A

Presvymptomatic Prodromal Manifest

(normal) Disease Disease

N existing COAs &
more sensitive assessments of

B We need to be here :
i : Current biomarkers,
to treat the earliest stages of disease detected by
i ] approved treatments
physiologic and behavioral signs PP

www.c-path.org/camd
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CORE SIGNS & o o CAMD

SYMPTOMS Anvity

Agitation

sleep : Cognition
Total sleep time

Sleep efficiency ' Core Disease Attention

Wake after sleep Symptoms Delayed recall

onset « Disease stage Speed of

Sleep onset e Treatment information
latency effect processing
Excessive daytime Spatial memory
sleepiness Executive function

IADLs
GOAL: my/ﬁailty

7

* Time and distance in/out

To develop ' ortdineg
appropriate Yuice

Dyskinesias and tremors
Contexts-of-Use Motor fluctuations

ADLs
Grip strength
Gait and falls

www.c-path.org/camd
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SUMMARY OF THE POTENTIAL FOR BMDs (CAMD

Ability to:

Improve sensitivity to detect/assess disease progression and
treatment interventions

Support label claims for innovative treatments
Create novel assessments of pre-manifest disease
Provide assessments in compliance of Good Clinical Practice

Provide novel quantitative composite assessments of Qol,
and health care delivery

www.c-path.org/camd
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TECHNOLOGY ATTRIBUTES AND GAPS CAMD
Concept-of-Interest measured: ( B

CONSIDERATION | ATTRIBUTE COMMENTS

510K compliant
FDA cleared for
specific use case

Time stamp of data
acquisition

Biometric
validation of user

Analytical
validation

Clinical validation

Secure data
transfer

GCP compliant for
audit trail

www.c-path.org/camd
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WORKSHOP DELIVERABLES CAMD

Critical Path Institute

Identify current gaps in data standards and
approaches to validation required to advance
clinical Drug Development Tools that assess
Physical Function/Frailty, Sleep and Cognition
using Biometric Monitoring Devices (BMDs)

Fill these gaps to enable the use of BMDs in o .
Registration Studies, and the creation of ' :
actionable databases of disease progression, and
treatment responses across neurological & ,
psychiatric diseases - ﬁ
‘e

Create a publication outlining the state of the * _ ¢
field and considerations for advancement of /%

these devices for use in clinical registration trials "e_ { .4
L

www.c-path.org/camd
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DAY 2: METADATA FOR ASSESSMENT

INTERPRETATION

Action Position

Action Specifier

Agction Phase Action 1D

Action Sub Phasze

Action Snomed
Symptom Mame

Symptom Severity N Symptom ID
mptom Snomed

Paradigm Score

Section Score

Symptom Trajectory

Paradigm Mame
Paradigm Section

Sub-Section Action Position

Sub-Section Action Specifier
x Sub-Section Action ID
Sub-Section Action Phaze

Sub-Section ActionSub Phasze 7

Paradigm Sub-Section

Sub-Section Score

Functional Test of 4/
Device SN
Device Firmware
 Device ID
Device Modsl 7
Device Brand i.
v
Functional Test of
Senzor Type
Sampling Freguen
9 i Sensor Parameters
Gain
Measurement of
Sensor ID
Units Sensor Subtype
Range
Resolution

Sensor Relationships ¥

Observation ID

Faradigm ID

Signal ID

CAMD

CRITICAL PATH INSTITUTE

[ Local (for now) ]
_____| Algorithm DB
Processed DataDB | ]
"Ii ﬂl‘-

v

Algoritnm Outputs

—

Time ki
Time Series DB r‘%
Sensor Data Stream

" Age

Dissase State

; Handedness

Side
Anatomy ID " Anatomy Snomed

Orientation

Structure ID

Location Mame
Location 1D

Location Sub Specifier
Structure Relationships

-

www.c-path.org/camd
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Thank you!

ARIZONA
ALZHEIMER’'S
CONSORTIUM

www.c-path.org/camd

CRITICAL PATH
INSTITUTE

Pharmaceutical Industry

AbbVie Inc.

Biogen

Boehringer Ingelheim Pharmaceuticals,
Inc.

Eisai

Eli Lilly and Company

Roche/ Genentech

Johnson & Johnson Pharmaceutical
Research & Development, LLC
Merck, Sharp & Dohme Corp.
Novartis Pharmaceutical

Pfizer, Inc.

Takeda

Govemment and Regulatory Agencies

European Medicines Agency (EMA)
National Institute of Neurological
Disorders and Stroke (NINDS)
National Institute on Aging (NIA)
U.S. Food and Drug Administration
(FDA)

National Institutes of Health (NIH)

Non-profit Research Organizations

Alzheimer’s Association
UsAgainstAlzheimer’s Network
Alzheimer’s Research UK

Alzheimer’s Drug Discovery Foundation
CHDI Foundation




DISCUSSION
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