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TODAY'S AGENDA

RS0

Existing Importance Consensus-
Guidance & of COU Based Guidance
Standards & Best Practices




NA3RsC mission is to advance science,
innovation, & research animal welfare.
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NA3RsC's strategy is to identify initiatives with

Strong Evidence

' Big Impact

AR

-~ Real-World Practicality




We currently have six key 3Rs initiatives.

@

Rodent Health Microphysiological Translational
Monitoring Systems Digital Biomarkers

Refinement 3Rs Certification Compassion
Course Fatigue Resiliency



Our MPS group is unique because it's
situated in an organization that
recoghnizes the value and necessity of
animal research.

We are committed to
advancing all three "Rs.™



Microphysiological systems

7

Increasing industry adoption & regulatory
acceptance to replace animals, where
scientifically appropriate.




There are 3 key stakeholders for MPS.

Regulators End-Users

Developers



Our group is unique because it's
focused on developers with
commercially-available
systems.



Developers are in a key position to guide &
assist MPS use & acceptance.

=

Promise Limitations Tailored R&D




40 institutions (28 developers) are members.
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Our initiative focuses on four key efforts.

End-user Regulatory
Interfacing Acceptance

Education

Technol



NA3RsC has created a user-friendly
technology hub

MPS Technology Hub

Commercially accessible microphysiological systems.

Are you interested in using an MPS system in your research? Below you can see commercially available platforms
easily sorted by tissue types. We also list if companies offer products or services, key publications, and contact
information. Our aim s to provide an intuitive and consolidated map of the fast-growing MPS field and to stimulate
impactful interactions between industry, regulatory, and technology providers.
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Our initiative focuses on four key efforts.

End-user Regulatory
Interfacing Acceptance

Education

Technol
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Regulatory guidance on acceptance criteria is lacking,.




Historically, alternative methods have been evaluated
based on comparison with /n vivo test methods
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MPS data currently complements traditional methods,
rather than replacing it.
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Regulatory agencies (FDA/CDER) generally support the
development of & are receptive to MPS.




There are current regulatory efforts to advance the
MPS field which may be applied to development of
guidance & standards.
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European

Commission A Strategic Roadmap for Establishing

New Approaches to Evaluate the Safety

: . New Approach e
of Chemicals and Medical Products
Advancing New Alternative Methods Work Plan wo il in the United States
M eth O d 0 log I es at F DA Zeduur\g use of animals in cher al testing organ-on-chip
i of Rl D Putting Science into Standards
FDA Webinar Series on Alternative Methods: June 2020
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Showcasing cutting-edge technologies for
disease modeling, efficacy, and safety

NATIONAL ACADEMY

OF SCIENCES EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

Microphysiological Systems: Bridging Human and Animal
Research - A Workshop

Meeting Report:

First EMA workshop on non-animal approaches in support MPSCoRe Spring Workshop

of medicinal product development - challenges and "

opportunities for use of micro-physiological systems April _1’ 2021 . .
Session 1: MPS Models for Testing Therapeutics

(EMA/CHMP/SWP/250438/2018)
5 October 2017, European Medicines Agency, London




FDA's Innovative Science & Technology Approaches for
New Drugs (ISTAND) can be used for MPS.

* Allow developers to pre-
qualify a new drug
development tool (e.g., MPS)

for a broad context of use 3-Step Qualification
popae Qualified DDT
 Removes responsibility

from end-user

Public Meeting*
 Once qualifieql. the tool will White Paper’
be seen as reliable for Guidance!

specific application and
context of use within
regulatory review

Launched in December 2020



There are current regulatory efforts to advance the
MPS field which may be applied to development of
guidance & standards.

=

Publications Research ICH Guideline

(NAMS, etc.) Revision
Existing qualification & Conferences & Meetings
Pilot initiatives NAS, NIH, FDA, MS, PSIS, etc.

Clippinger et al., 2018



The FDA is actively evaluating MPS for a number
of contexts of use.
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Current MPS use is far from its full potential.

Formal

Case by Acceptance

In-House Case & Guideline
Screening Regulatory Driven
Use Pivotal
S BN Studies




In-House
Screening: End-
Users are already
being used for
internal portfolio
decision making,.

Marx et al. Altex. 2021

MPS-based No. of | Area of use MPS- End user Reference
organ/tissue model | cases | (drug development phase) supplier (if available)
Blood vessel, 5 Target identification, validation and AIST Daiichi-Sankyo Satoh et al., 2016
vasculature compound selection
Discovery (scleroderma) Mimetas Galapagos -
Systems toxicology for consumer products Mimetas Philip Morris Poussin et al.,2020
Pharmacokinetics and pharmacology Mimetas undisclosed -
Target identification and validation Mimetas NovoNordisk -
Bone marrow 4 Preclinical safety TissUse AstraZeneca Sieber et al., 2018
Preclinical safety Emulate AstraZeneca Chou et al., 2018
Preclinical safety TissUse Roche -
Preclinical safety TissUse Bayer -
Gut epithelium 4 Discovery (inflammatory bowel disease) Mimetas Galapagos Beaurivage et al.,
2019
Discovery Mimetas Roche -
Clinical development Mimetas Roche -
Preclinical safety Emulate Roche -
Lung 3 Discovery (alveolus) Wyss undisclosed Huh et al., 2012
Drug efficacy (epithelium) Wyss Pfizer, Merck USA | Benam et al., 2016b
Preclinical safety Emulate Roche -
Liver 2 Pharmacological and toxicological effects Emulate AstraZeneca Foster et al., 2019
Preclinical safety — assessment of species Emulate J&J, AstraZeneca | Jang etal., 2019
(rat, dog & human)
Ocular compartment | 1 Discovery FhIGB/ Roche Achberger et al., 2019
EKUT
Kidney epithelium 1 Pharmacokinetics and pharmacology Mimetas undisclosed Vormann et al., 2018
Liver-Pancreas 1 Target validation / identification TissUse AstraZeneca Bauer et al., 2017
Liver-Thyroid 1 Preclinical safety — assessment of TissUse Bayer Kihnlenz et al., 2019
species-specificity (rat and human)
Skin-Tumor 1 Preclinical safety & efficacy TissUse Bayer Hubner et al., 2019

Abbreviations: Wyss, Wyss Institute at Harvard, Boston, MA, USA; AIST, National Institute of Advanced Industrial Sciences, Tokyo, Japan;
Fh IGB, Fraunhofer Institute for Interfacial Engineering and Biotechnology, Stuttgart, Germany; EKUT, Eberhard Karls University, Tabingen,

Germany




MPS have successfully been used in several IND studies for

large/small molecules & immunotherapeutics safety
assessment

Barrier integrity Cytotoxicity Inflammation
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In these cases, animal tests are not useful due to species specificity

(AlveoliX Alveoloar Barrier Model, Stucki et al 2018 Sci Report, Raggi et al 2020 ERJ)



Case by Case: The FDA accepted label expansion
using only MPS Data

* Vertex Pharmaceuticals
« Treatment of cystic fibrosis

 Qualification for new genotypes of patients with
mutations in the cystic fibrosis transmembrane
conductance regulatory (CFTR) gene

« MPS were used in a focused assay with defined
electrophysiological alterations to evaluate efficacy of
a drug



Gaining consistent & clear regulatory
acceptance is critical for the field.
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Existing Importance Consensus-
Guidance & of Contexts Based Guidance
Standards of Use (COU) & Best Practices




Context of use is a concise definition of the
manner & purpose of a MPS use.

« Determines how much “validation/ qualification” is needed for a
particular assay

« Defines the domain, boundaries, & limitations for acceptable use
as justified by data

Manner Purpose Boundaries

(Amy Avila on MPS: Bridging human & Animal Research as NAM for Improving Predictability & Helping 3Rs, FDA/CDER, 2021)



Defining context of use is essential for
regulatory acceptance of MPS.

« MPS are drug development tools

« As such, MPS could be qualified for a specific context of
use across drug development programs which would...

& @

Increase availability Accelerate the Enhance knowledge of
of effective drugs drug development cycle developed drugs




NA3RsC is collecting data on commercially
available technologies.

Context of Use
Document



Commercial contexts of use are diverse

Target Identification & Validation I
Compound Optimization I
Drug Safety -
Drug Efficacy - Non-Oncology
Drug Pharmokinetics & Pharmocology
Drug Efficacy - Other
Clinical Development
Drug Efficacy - Immuno-Oncology

o 20 40 60 80 100

Number of Microphysiological Systems
“*NA3RsC MPS Initiative Internal Data™



6%

MPS Need Urgent Drug Gaps in Animal
By COU Development Areas Models

Our goalis to identify a few greatly needed
COUs from end-users that

developers can commercially provide &
regulators support.




Drug-Induced Liver Toxicity may be a key context of use to
focus on (1) Due to high species-specific physiology

of the most The two that are the
important drug same only metabolize

metabolizing enzymes
are different between
humans & animal models

Jang et al. 2019.



Drug-Induced Liver Toxicity may be a key context of use to
focus on (2) developers can provide fully human, highly
complex, predictive MPS liver models
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This is an opportunlty to create cllnlcally
relevant, built for purpose guidance that
ultimately replaces some animal research.



Write an opinion paper to guide regulators
from the developers point of view.




MPS can learn from animal models

* Animal model systems include variability between labs
(species, strain, housing, husbandry, diet, measures,
etc.) but little variability within labs (unlike a human
population).

« Animal models are not necessarily reproducible or
translational to humans. In part, reflects species-
specific physiology

» Therefore, our stance is that animal model systems

should not necessarily be held as the gold standard.
Rather the gold standard should be response in human

patients.



Animal models can be qualified via the
FDA AMQP

* It is voluntary
* Needs to support multiple IND programs

* Need to show it is a suitable system with regards to the
drugs mechanism of action and translatability to human

- Ideally follows GLP regulations (good practice/QC
aspect)



There are two key areas to consider
when qualifying MPS models.

* Replicability & Reproducibility = consistent results within and
between laboratories

» Translation = extent that test method correctly predicts in
vivo effects
« Animal MPS to animal /n vivo
« Human MPS to human /n vivo

« Mechanistically relevant human specific endpoints/biomarkers
that allow for accurate prediction of human in vivo effects

- Recapitulation of important in vivo physiological (e.g., morphology,
function, proteome, metabolome) & pathophysiological conditions




MPS systems can have robust reproducibility.

Quality control results from 17 months of manufacturing batches (thousands of organoids)

Structural Reproducibility . . .
Spheroid diameter Consistent baseline activity
\ . 12.0
! (BREH | BERET f
4 ’ 8.0 U “": N
9+/-2 peaks
700 “0 - 384 wells/plate
- 17 months of mfg
600 0.0

microns

Mean Spheroid
Diameter

665 +/-17.2mM

Ave. Count (10min)

Consistent Pharmacology |
lon channel activity
4-AP
20

1.5
1.0
0.5
0.0

10.0 100.0

“All compound tests are peak count
normalized to DMSO controls

0.5

0.0

Consistent Pharmacology Ii
Key neurotransmitter responses
Muscimol CNQX
15
1.0
. 0.0
001 010 10 10.0 01 100 1000
GABA Kainic Acid
1.6
1.2
0.8
0.0 -
100 1000 01 10 100 1000

Concentration (mM)

Reproducible longitudinal structural and functional QC

demonstrate stable cellular processes across manufacturing batches

(Vyant Bio Data)



Human MPS to Human In Vivo translation has increased
patients’ progression free survival (PFS) time

20— With MPS-aided
decision making,
all patient's PFS time
more than doubled

-
L8y
1

PFS (months)
>
1

5 -
With traditional
decision making%
historical media ,' 5 ;', ; 5', f'; ;
PFSis ~2.5

months Kiyatec Model, Shuford et al. Neurooncol Adv. 2021



Recapitulation of important in vivo physiological &
pathophysiological conditions with human
specific endpoints

Neurite Outgrowth Synapse Formation Neural Function
Control '
Control
- j
R-l_r éé 600 :'E-;‘
Rhett *
Disease

(Vyant Bio Model, Trujillo et al., 2020)



Qualification of MPS models

 Biological characterization by structural and functional
integrity. Define and evaluate criteria for physiological
relevance and pathophysiology (identification of
plausible biomarker)

* Qualification by reference compounds. Testing of in
vivo positive and negative compounds. Comparison
with in vitro data.

« Technical feasibility
» Testing assays for specific biomarker (e.g., clinical)



Biological characterization by structural and
functional integrity.

Soma

Axon

Brain Slice

Cortical neurons on-a-chip

(Ananda Devices Model)



Qualification by reference compounds

Non-Cytotoxic

Ketorolac Tromethamine - 72 h
150

-

(=]

o
1

Viability (%)
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0 T T T T 1
8 16 32 | 64 128 256

Concentrjtion (M)

Cells remain viable at all concentrations
even after 72 hours of incubation

Cytotoxic

Doxorubicin - 24 h

150

-

(=]

o
1

Viability (%)
S

I 1
4 8 16 3 64 128
Concentration (uM)

Cells viability decreases in a dose-
dependent manner to known toxins

(Newcell Bio Model, Dr Valeria Chichagova & Dr. Carol de Santis)



While qualifying MPS models, the
following should be considered:

* High scalability enables pragmatic industrial
application and data production

- Validation by consortium (stakeholder from industry
and/or academia)

 Early Involvement of regulatory bodies/stakeholders
(FDA, EMA, JRC ECVAM, NIEHS, etc)



Guidance should follow
the /n vivo model qualification criteria,
discussing best practices, &

MPS should be held to the
same standard as animal models.
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Ultimately, our aim iIs to create
global harmonized guidance for MPS
to make this technology as
regulatory accepted

as in vivo methods.
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Thank you to our MPS initiative members.
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Visit NA3RsC.org to learn more &
join us to further the 3Rs.

Email me: meglafollette@na3rsc.org

REFINE. REDUCE. REPLACE.



