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Disclaimer
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and should not be attributed to CASSS, its directors, officers,
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Comparability R &

An essential requirement for quality when changing the
manufacturing process of cell therapy products



Essential requirement for changes in the manufacturing process of biological
products, including CTPs

HENIHAZEC N\ (ATEERFORETEOEERDOLEAEN

»  The changes in the manufacturing process should not adversely affect the product safety and
efficacy.

— Itis reasonable and effective to judge the pros and cons of changing the manufacturing method by
evaluating changes in the quality characteristics of the product before and after the change.

— The need for confirmation in non-clinical and clinical trials is also determined by
Comparable?

> HEREBICEO>TOKELHROREMEEMEICHEELEEBERIZTERLENIE
- REZTFORERF. TEAMEROHELOBEFEDOELEZFMI ALKV HIENEEMH
DRI,
— JERRIREER -FRARRERICL DR ELEMND . MBI D NERE THIEA,

the content of the quality characteristics evaluation.



“Comparable”

AR T N

» A conclusion that products have highly similar quality attributes before and
after manufacturing process changes and that no adverse impact on the
safety or efficacy, including immunogenicity, of the drug product occurred.
This conclusion can be based on an analysis of product quality attributes. In
some cases, nonclinical or clinical data might contribute to the conclusion.

> HEIREENROHSAREFEICEVTENVELEZAL, HF O
REREZECREME. HAVFEMNECHEFTERENELTIVERNE
2LV, ChF  BROREFEDDMICE DS TEDIEN BN,
JEERIRERER CRERHEBR DT — 32X T AR ENHDHEELH D,



Basic Approach for Assessment of Comparability Before and

After Manufacturing Process Change (= ICH Q5E)
HEEFAMERTORFE-REEOFEOELRNEZS

1. Attempt to assess and assure the comparability, based on the analysis results of quality attributes
of the product before and after the process change.

2.  When the quality attributes of the product before and after the manufacturing process change
appear to be changed, and the comparability cannot be fully explained, due to reasons such as the
relationship between the quality attributes and safety/efficacy not being fully understood,
consider the comparability assessment with the results of non-clinical or clinical trials.
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Cell Therapy Products are Complex
FHRD N T8 & (425

Limited Characterization Window
(Recognizable Quality Attributes)

Limit of Knowledge

Hidden/Unrecognizable
(but Potentially Critical)
Quality Attributes

--*which creates UNCERTAINTY in the comparability assessment
(BZRARe) mEBEHU T —2DHTRIFMHZFE - REIET A LT LWLV ECFEIND



Challenges in exploring and evaluating CQAs
CQAZIEZE -FL T A NDFRE Test methods for

viral safety, sterility, and

tumorigenicity

> Safety-related CQAs (characteristics and quantity of hazards)
Can you detect hazards and hazardous impurities that may have proliferative potential?
Do you understand the sensitivity of your assays?

= How can you avoid false negatives (and false positives)?

» Efficacy-related CQAs
How do you identify attributes linked to cellular functions that YA LR RS AOEE M
... It’s very difficult for products with unclear mechan EIEE MDA
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EXAMPLE Sato Y, et al., Cytotherapy. 2019;21:1095-1111.

Limits of Detection (LODs) or Minimal Tumor Producing Doses (TPD_; )

of Tumorigenic Cell Detection Tests
EEEEHREHEBROBHER(LODs)FE - (X & /IMES & L E(TPDmin)

Transformed Cells in Normal Cells hiPSCs in Normal Cells
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Test Method Test Method

A) TPD,,, of in vivo tumorigenicity test (HeLa cells/hMSC, s.c. into NOG mice)  Al) TPD,,, of in vivo tumorigenicity test (hiPSCs/hRPE cells, s.c. into NOG mice)

B1) LOD of cell immortalization assay (immortalized hMSCs/hMSCs) A2) TPD,y, of in vivo tumorigenicity test (hiPSCs/hNDF, s.c. into NOG mice)
B2) LOD of cell immortalization assay (HelLa cells/h\MSCs ) B) LOD of flow cytometry (hiPSCs/hRPE cells)

C1) LOD of conventional soft agar colony formation assay (HeLa cells/hMSCs) C1) LOD of conventional qRT-PCR (hiPSCs/hRPE cells)

C2) LOD of digital soft agar colony formation assay (HelLa cells/hMSCs) C2) LOD of droplet digital RT-PCR (hiPSCs/human cardiomyocytes)

D) LOD of highly efficient culture assay (hiPSCs/hMSCs)
E) LOD of GlycoStem-HP method (hiPSCs/HEK293 cells).



Challenges in exploring and evaluating CQAs
CQAZ R - FHli I SR D FR&E

» Safety-related CQAs (characteristics and quantity of hazards)
Can you detect hazards and hazardous impurities that may have proliferative potential?
Do you understand the sensitivity of your assays?

= How can you avoid false negatives (and false positives)?

» Efficacy-related CQAs
How do you identify attributes linked to cellular functions that support efficacy?
... It’s very difficult for products with unclear mechanisms of action.

> REMBEEDCQAVNT—FDELE)
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Cell Therapy Products are Complex
FHRD N T8 & (425

Limited Characterization Window
‘ Efficacy

(Recognizable Quality Attributes)

The mode of action (MOA)
Is unclear in many cases.

!

Need for understanding MOA and
CQAs related to the efficacy
or in vitro potency.

V

Limit of Knowledge

Hidden/Unrecognizable
(but Potentially Critical)
Quality Attributes

| 4

Need for a tool for uncovering hidden CQAs "



Need for technology to understand heterogeneity
FHEHEEBT5-OOHMHPBDE

For example, even when there are a total of 1 million cells, only 10,000 of them
may be effective.

“Visualization” of such heterogeneity and characterization of those 10,000 cells
would make identifying CQAs related to efficacy easier.

BIZIE, MBS 1005 EH - TH, TEDSAMEEZRET SO 1B ELMINENSZED
HY3%,
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EXAMPLE

Stem Cells Translational Medicine, 2023, 12, 379-390

https://doi.org/10.1093/stcltm/szad029
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Angiogenic

VEGF, FGF-2, HGF, STC1,

edullin, TIMP2, ANG1, Sfrp1,

Sfrp2, IGF-1, PIGF, IL-18)

T vascular density and blood flow (VEGF)

T vascular regeneration (HGF)

T S1PR1 mRNA expression (HGF)

1 levels of HGF, VEGF-A, ANG1 (FGF-2)

T levels of FGF-2 (IL-1B)

T endothelial cells differentiation into blood vessels through
SDF1 and PAI-1 (Sfrp2)

1 re-endothelialization via upregulation of VEGF (STC-1)
T epidermal and dermal regeneration (CCL2)

https://www.mdpi.com/genes/genes-13-00949/article_deploy/html/images/genes-13-00949-g001.png
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Evaluation of MSC heterogeneity by single-cell RNA- Seq
mﬂamﬁ m contrlbutedt EGF retlon under Ischemla

Normoxia
o LRRC75A was highly expressed in cell
‘ subpopulation contributed to Miura T etal.,
Lot B MSCs o [ots’ ischemia-induced VEGF secretion. Stem Cells
' : Transl Med.
[ 2023;12:379-390.
Lot.C Lot. D
scRNA-seq

UMAP 2

I

AT}
E . .
?‘i’ Reseach applications
w « Identifying cell subpopulations and
i biomarkers that correlate with
> therapeutic efficacy of MSC-based
A BCDE therapeutic products
y MSC lot * Identifying critical quality attributes
Correlation between cell number and setting specifications for
rate per cluster and VEGF MSC-based therapeutic products
secretion under ischemia among 15

https://doi.org/10.1093/stcltm/szad029

MSC lots



https://doi.org/10.1093/stcltm/szad029

Design of an experimental condition mimicking the
environment of the engraftment site

m Ischemic Tissue

Angiogenic Factors
MSC (e.g., VEGF) Impeded Blood Flow

@-’ ::.3. a— %

Angiogenesis

16



Design of an experimental condition mimicking the
environment of the engraftment site

BM-MSC (P5) Supernatant collected, 800=

seeding RNA isolated Bl Normoxia
l i hid E *k ns ok *x ** * *k ok H_S - Ischemia
: : | 600
Day 0 Day 1 16h 2 an indicator
DMEM S
MSCGM D
Normoxia group 0. 20% Glucose (+) / FBS (-) £ 400 of potency
z 0, 20% i
1]
, MSCGM DMEM =
Ischemia group 0, 20% Glucose (-)/ FBS (-) 200=
O,: 1%
BM-MSC (P5) 0=

L2 L3 L4 L5 L6 L7 L10 L11 L13 L14 SB1
Ischemia

BM-MSCs under ischemia I BM-MSC lines
‘VEGF secretion varies widely between the lines.

Miura T et al., Stem Cells Transl Med.

2023;12:379-390. 17



Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

Single-Cell Transcriptome Experiments

I BM-MSCs under normoxia I [

Cells

UMAP 2

Genes

UMAP 1

BM-MSCs (P5) Single cell libraries Sequencing k Expression profile Visualization j
(11 lines)

The data from the 11 lots of BM-MSCs were
combined and subjected to clustering analysis

to determine the composition of the subsets of
“average BM-MSCs” (BM-MSCs as a population).
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Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

Single-Cell Transcriptome Experiments
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Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

Single-Cell Transcriptome Experiments
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Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

Functional involvement of LRRC75A
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A Draft Guideline Document

AMED Research Project (FY2019-FY2021)

“Research on the Comparability Assessment of Cell-Processed Products Subject to
Changes in Their Manufacturing Process”

[The Japanese draft is already available at: https://www.amed.go.jp/content/000108765.pdf ]



https://www.amed.go.jp/content/000108765.pdf

AMED Research Project (FY2019-FY2021)
“Research on the Comparability Assessment of Cell-Processed Products Subject to

Changes in Their Manufacturing Process”
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GUIDELINE FOR COMPARABILITY OF HUMAN CELL-PROCESSED PRODUCTS | @

SUBJECT TO CHANGES IN THEIR MANUFACTURING PROCESS (DRAFT)

ErEfEM TR ORE TROERICHSIFASEN FEHEICBE T it ()

1.2 T
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1.2 Background

.- The existing ICH documents and relevant domestic
laws and regulations have not specifically addressed
considerations for demonstrating comparability of human
cell-processed products before and after a change to the
manufacturing process. However, several ICH documents
and relevant domestic laws and regulations have
provided referential technical information that can also be
useful for assessing process changes for human cell-
processed product. (Representative examples are shown
in the “References” section of this document.) This
document is intended to provide the guidelines necessary
to take an approach in terms of quality characterization to
demonstrate the comparability of human cell-processed
products before and after a change to the manufacturing
process, mainly based on the ICH Q5E guideline
“Comparability of Biotechnological/Biological Products
Subject to Changes in Their Manufacturing Process.”
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ICH Q5E: COMPARABILITY OF BIOTECHNOLOGICAL/BIOLOGICAL PRODUCTS
SUBJECT TO CHANGES IN THEIR MANUFACTURING PROCESS
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2.2 SWEIZ B’Qﬁ‘é EEHIR 2.2 Quality Considerations
2. 2.1 % 2.2.1 Analytical Techniques
2. 2.2 JFHEAET 2.2.2 Characterisation




GUIDELINE FOR COMPARABILITY OF HUMAN CELL-PROCESSED PRODUCTS

SUBJECT TO CHANGES IN THEIR MANUFACTURING PROCESS (DRAFT)
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1.0 INTRODUCTION
1.1 Objectives of the Guideline

1.2 Background
1.3 Scope
1.3.1 Applicable Products
1.3.2 Characteristics of Applicable Products
1.4 General Principles and Basic Concepts for
Human Cell-Processed Products
1.4.1 General Principles
1.4.2 Basic Concepts for Comparability
Exercise of Human Cell-Processed
Products
2.0 GUIDELINES
2.1 Considerations for the Comparability Exercise
2.2 Quality Considerations
2.2.1 Analytical Techniques
2.2.2 Characterisation




ICH Q5E: COMPARABILITY OF BIOTECHNOLOGICAL/BIOLOGICAL PRODUCTS
SUBJECT TO CHANGES IN THEIR MANUFACTURING PROCESS
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2.2.3 Specifications
2.2.4 Stability
2.3 Manufacturing Process Considerations

2.4 Demonstration of Comparability during
Development

2.5 Nonclinical and Clinical Considerations

2.5.1 Factors to be Considered in Planning
Nonclinical and Clinical Studies

2.5.2 Type of Studies
3.0 GLOSSARY
4.0 REFERENCES
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1.3.2 Characteristics of Applicable Products =*9%=.
(excerpts)

“Applicable human cell-processed products shall refer to
regenerative medicine products specified in the “Act on
Securing Quality, Efficacy and Safety of Products Including
Pharmaceuticals and Medical Devices” that are manufactured
by culturing or otherwise processing human cells. Because
human cell-processed products contain complex and
heterogeneous viable cell components, it should be noted that
their CQAs cannot always be observed comprehensively,
and that they cannot always be characterized using an
existing set of analytical procedures like
biopharmaceuticals (biotechnological/biological products),
which are produced from recombinant or non-recombinant
somatic cell protein expression systems by culture and highly
purified. On the other hand, it is also possible that, in the
evaluation of the comparability of human cell-processed
products, the decision may be made not only on the basis of
characterization, but also on other factors (e.g., rationale
differences in the manufacturing process to be changed).
As for the sufficiency of the comparability assessment
following changes in the manufacturing process of individual
products, the manufacturer should consult with the relevant
regulatory authority. ---”
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1.4.2 Basic Concepts for Comparability
Exercise of Human Cell-Processed

Products (excerpts)

“Unlike low-molecular-weight pharmaceuticals and
biotechnological products subject to ICH Q5E, for human
cell-processed products, there are significant difficulties
in comprehensively analyzing and presenting the quality
attributes of cells as the active ingredient at a molecular
level, whereas it is important to examine the
heterogeneity of cell population, phenotypical changes
attributable to the surrounding environment (e.g.,
differentiation and dedifferentiation), and cellular
responses to the surrounding environment (e.g., release
of bioactive substances).

Therefore, even if all quality attributes measurable with
current technology are listed for human cell-processed
products, it may not always be assured that all critical
quality attributes necessary to fully assure the
comparability of efficacy and safety have been
completely covered and identified. ---”




Conclusions

Because of the complexity and heterogeneity of the cells as the active ingredient of cell therapy
products (CTPs), even if we list all of the quality attributes that we can recognize, it may not be
possible to fully identify and encompass all of the CQAs necessary to assure the efficacy and safety
of the CTPs after their manufacturing changes.

Avoidance of false negatives is critical in the evaluation of safety-related CQAs, and it is
important to understand the sensitivity and specificity of the test methods.

Identification of cell subpopulations and biomarkers that correlate with potency/efficacy
through single-cell transcriptome analysis and other methods, and use of these as CQAs, will
help establish manufacturing methods to reproducibly produce effective CTPs.

In Japan, the draft guideline document for the comparability assessment of CTPs subject to
changes in their manufacturing process has been prepared, based on ICH Q5E.

MpRaEER (CTP) DB THHMIRITEM TTETHS7-H, BAL O 2REHEEINTHIELZELTH,
BELFHRDOCTPOBEMNME L BEMARILT 27-OICHBERCQAZ T NTHE - BT 5 LIFTEAVLWABEELH 5,
REMEEDCQADFHEICHE W TIZBREMEDORBEAREERETHY ., BREORECIHEEZIBIET I LHFEETH S,
VTNV FIFVRIVTM—LBIRBEICKY . Ol BN LERET IMREERC NI F—h—ZREL.
INHLZECQALTH I LI, AL RGERRZERES  RETIREOEILICKRID2EEIONS,
CTPOEZEREORBEORIEEFMICBETI2HMA K74 1E. BETHICHQSEZ B L ICEBEHRTH B,
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