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and CARE (https://www.gida-global.org/care) data
management principles were followed

N : : : for Human
Metadata Characterization of pluripotency and the undifferentiated state (PSCs only) St C Il
em Ce
Reference Page reported Reference Page reported .
Describe the source of the cells/cell line including: section in manuscript Describe the following: section in manuscript Use in
Name (or names)/alias of line 1.4;5.1.2 Assay methodology 2.1;2.2;5.2; Research
. . . Appendix 4
Unique ID/registry # (name of registry) 1.4
> = Quantitative results along with statistical analysis 2.1;2.2;5.2;
Source (vendor and catalog number if obtained 4.1.1: 5.1 Appendix 4
commercially); biopsy site and derivation details (if
derived) Timing of analysis in relation to key experiments reported 2.1;2.2;5.2
Additional metadata as applicable (e.g., sex, ethnicity, 4.1.2;54.1 .
disease information, known mutations, etc.) Confirmation of cell type (TSCs only)
4 - . Reference Page reported
Culture details Describe the characterization of the following: section in manuscript
Describe methods used for isolation, maintenance, and Referoice Bage eare Starting population(s) with recognized markers and methods 4.1; 4.3.1; 5.4.1
preservation of the cells including: section in manuscript Phenotype of expanded cells 4.1:4.3.1: 5.4.1
Passaging/dissociation/split ratio 3.2,4.2.2;511 Demonstration of lineage potential 4.1:4.31
Freezing and thawing 5.1.1
Culture reagents used (e.g., media, matrices, growth 4.22;511 Molecular-characterization
factors, etc.) with vendor and catalog number . . Reference Page report t I\ﬁ%m Hﬂ&
The passage number of the cryopreserved/characterized 1.2; 3.2.2; 5.1.1 Describe the following: section AN
Master Cell Bank or Working Cell Bank stocks used, and Confirmation of disease mutation (if applicable) 4.3.4 \ _ﬁ P'U
the number of subsequent passages prior to and during > - - = - (e "bl [ =]
experimentation Confirmation of genetic modification (if applicable) 4.4.3:4.4.4 I
. o Experimental details %ﬁ H%@F’*ﬂ/\ E
Basic characterization P
% 4 ¥ ” Reference Page report
Describe the assessment of the following including Reference Page reported Describe the following: section in manuscrip)
when they were performed relative to the experiments: section in manuscript . - 5 =
Information regarding the experimental unit or sample 4.4.4;54.2
Authentication 1.3; Appendix 1 type for each experiment (e.g. individuals, cell lines,
) clones, tissues, organoids, devices, batches, cells, etc.)
Mycoplasma 1.6; Appendix 1
= - - > - ” Number of replicates (biological/technical) 4.2.2;54.2
Sterility (bacteriostasis/fungistasis) 1.6: Appendix 3
: coo Data practices
Genomic characterization B
Reference Page reported
: i B 2 2 Reference Page reported Information on: section in manuscript
Describe the genomic characterization including: section in manuscript
- . . T 1 tatistical th 4.4.1;5.4.2
Methodology used including sufficient detail to allow an 3.1;5.3; Ststical methody iised 2
assessment of sensitivity (e.g. the number of cells Appendix 5 Inclusion of the data and annotation code/software used for 5.4.4
analyzed/resolution/depth of analysis) phenotype classification for computationally derived
> - classifiers (if applicable)
Timing of analysis in relation to key experiments reported 3.2
Verification that FAIR (https://www.go-fair.org/fair-principles) 5.4.4

https://www.cell.com/action/showPdf?pii=S2213-6711%2823%2900309-0
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nature

International journal of science

The human body is a mosaic of different genomes

Survey finds that ‘normal” human tissues are riddled with mutations.
Nature (NEWS on 06 June 2019)

https://www.nature.com/articles/d41586-019-01780-9

RESEARCH ARTICLE

RNA sequence analysis reveals macroscopic somatic
clonal expansion across normal tissues

Keren Yizhak', Frangois Aguet’, Jaegil Kim', Julian M. Hess’, Kirsten Kiibler'%®, Jonna Grimsby', Ruslana Frazer', Hailei generates cells that differ genetica”y at speciﬂc loci within the genome. To explore how this
1 Ni 1.2 i 1 Dimitri Livitz' Xi il Ei ich- 1.2 1 i - A . . . . . . A .
Zhang', Nicholas J. Haradhvala'-“, Daniel Rosebrock', Dimitri Livitz', Xiao Li', Eila Arich-Landkof'-“, Noam Shoresh’, Chip genetic dlversny in individuals contributes to dlsease, Yizhak et al. developed a method to

Stewart', Ayellet V. Segré’-34, Philip A. Branton, Paz Polak’, Kristin G. Ardlie’, Gad Getz':%37" ) ) ) . ) .
"Broad Institute of MIT and Harvard, Cambridge, MA, USA. detect mutations from RNA sequencing data (see the Perspective by Tomasetti). Applying this

Somatic mosaicism in normal tissues

Somatic cells can accumulate mutations over the course of an individual's lifetime. This

Zcenter for Cancer Research, Massachusetts General Hospital, Boston, MA, USA method to Cancer Genome Atlas samples and normal samples from the Genotype-Tissue
3H, d Medical School, Boston, MA, USA. ’ ; . . : .

p gt epagr e Expression (GTEXx) project generated a tissue-specific study of mutation accumulation.
Ocular Genomics Institute, Department of Ophthalmology, Massachusetts Eye and Ear, Boston, MA, USA.

SBiorepositories and Biospecimen Research Branch, Cancer Diagnosis Program, National Cancer Institute, Bethesda, MD, USA Somatic mutations were detected in nearly all individuals and across many normal human
S0ncological Sciences, Icahn School of Medicine at Mount Sinai Hospital, New York, NY, USA. tiSSUGS in genomic regions called cancer hOtSpOtS and in genes that play a role in cancer.

7Department of Pathology, Massachusetts General Hospital, Boston, MA, USA

T S—_— Interestingly, the skin, lung, and esophagus exhibited the most mutations, suggesting that the

Rl SRS environment generates many human mutations.

Science 07 Jun 2019:

R (RE] [FUCRRVER] ERATBHELHR

“Researchers now need to find ways to sort out

which of those cells will become tumours and which are ‘normal’ ”
Cristian Tomasetti, Johns Hopkins Medicine

Promoting excellence in stem cell science and applications to human health.
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Supplements

Japanese Guideline Documents for the RM Safety Act (non-commercial clinical
studies) and the PMD Act (commercial clinical trials)

Promoting excellence in stem cell science and applications to human health.
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Potential Hazards for the Tumorigenicity Risk of
Pluripotent Stem Cell-Derived Therapeutic Products

-

1. Contamination with Tumorigenic Cellular Impurities 1 ee (&)

a. Malignant Transformed Cells
b. Residual ES/iPS Cells

in vitro (or in vivo) tests ]
d (&

‘ d (&

* Quantitative evaluation is possible.

in vivo tumorigenicity tests

(& biodistribution studies) using ‘ *  Their impact could depend on the micro-
immunodeficient animals environment of the engraftment site.

Test methods are NOT standardized/harmonized

Genomic Instabilit : : . )
Y in the international community.

Cancer-Related Genomic Mutations
Currently, we have no information
that enables to predict
their impact in specific cell types/products.

IMPORTANT MISSING INFORMATION
in the Risk Management

Further basic studies are necessary to establish
test methods for sound scientific decision-making.




Annex of Notification 0309-1 issued March 9, 2021 ®

by the Director of Research and Development Division, Health Policy Bureau, MHLW

A Revised Version of the Annex of

_ Notification 0613-3 issued June 13, 2016
Title:
“Points for certified special committees for regenerative medicine to
consider when evaluating tumorigenicity assessment in ?rovmon plans of
regenerative medicine using human pluripotent stem cells”

Scope:

Regenerative medicine using hPSCs under the Act on the Safety of Regenerative Medicine
(RM Safety Act)

Contents:

Discussions of a scientific research group of MHLW on safety assessment of transplanted
cells for implementing clinical research using iPS/ES cells

https://www.mhlw.go.jp/content/000750507.pdf (in Japanese) 34
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Development Pathways for RM products in Japan ®

0 Conventional development pathway

Non-
commercial Clinical Trial

Clinical (confirmation of efficacy and safety)
Study

Approval Marketing

Similar to IND/IMP and MAA in US and EU/UK &

O Special deyelopment pathway that accommodates early practical application of RM products

Non-
commercial
Clinical

Clinical Trial

(likely to predict
efficacy, and |
confirming safety) Approva

Conditional/
Term-limited

Marketing
Further confirmation
of efficacy and safety

Approval Marketing
(or Revocation) Continues

Study

Post-marketing safety measures must be taken,

\ I including prior informed consent of risk to patients
Y Y
RM Safety Act PMD Act + GCTP (GMP for RM products) + the other GXPs \
(including Reviewed by PMDA and MHLW
. GCTP) Reviewed by Accredited Committees (or Accredited
\ Special Committees) for Regenerative Medicine, not by PMDA

the Scope of Annex of Notification 0309-1 (2021)




Annex of Notification.0309—1 issued I\/Iqrch 9,_ 2921 _ o
PTC for evaluation of tumorlgenluty assessment In provision plans
of RM using human PSCs

[ 0. Introduction ]

1. Points to consider on safety required in pluripotent stem cells as raw material

1) Surplus embryos and cells as raw materials
(2) Genomic indicators that cannot rule out tumorigenicity in pluripotent stem cells to be used as raw material ]

2. Points of review for tumorigenicity assessment of pluripotent stem cell-derived products
(1) Quality of raw materials
(2) Invitro study of the final product
(3) Tn vivo tumorigenicity test of the final product
(4) Risk management plan
(5) Appropriateness of the provision plan from the viewpoint of potential benefit

[ 3. Reference information ]

https://www.mhlw.go.jp/content/000750507.pdf (in Japanese) 36
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Annex of Notification 0309-1 issued March 9, 2021
Introduction (excerpt)

“Among non-clinical studies for the risk assessment of products derived from
pluripotent stem cells (PSCs), the requirements for the evaluation of their
tumorigenicity have not yet been established.”

‘“The purpose of this report is to accumulate scientific data \

(

that will contribute to the future development of

therapies using PSC-derived products

in order to bring them to patients AU CRIRGIEREN R feoly [ (IR T | RIGEIE
under the PMD Act, the costs of WGS conducted

\ safely and as quickly as possible.”

prior to non-commercial clinical studies of PSC-
derived products under the RM Safety Act are
usually covered by public research funds.

https://www.mhlw.go.jp/content/000750507.pdf (in Japanese)
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. )
5.0 Reporting &

Standards

for Human
5.3 Genomic Characterization q‘ G
“The purpose of this report is to accumulate scientific data

that will contribute to the future development of pes not preclude

sidered.
therapies using PSC-derived products

in order to bring them to patients -acquired genomic

. ] an somatic cells.
safely and as quickly as possible.” /1;

the effects of mutations
on the traits may depend on the cell type of interest and their surrounding environment.

® Therefore, the accumulation of knowledge on the relationship between culture-associated cellular trait
changes and culture-acquired genomic mutations is important as a common resource for the stem cell
research community to inform the scientifically valid interpretation of experimental results.
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Annex of Notification.0309—1 issued I\/Iqrch 9,_ 2921 _ o
PTC for evaluation of tumorlgenluty assessment In provision plans
of RM using human PSCs

[ 0. Introduction ]

1. Points to consider on safety required in pluripotent stem cells as raw material

1) Surplus embryos and cells as raw materials
(2) Genomic indicators that cannot rule out tumorigenicity in pluripotent stem cells to be used as raw material ]

2. Points of review for tumorigenicity assessment of pluripotent stem cell-derived products
(1) Quality of raw materials
(2) Invitro study of the final product
(3) Tn vivo tumorigenicity test of the final product
(4) Risk management plan
(5) Appropriateness of the provision plan from the viewpoint of potential benefit

[ 3. Reference information ]

https://www.mhlw.go.jp/content/000750507.pdf (in Japanese) 39
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Annex of Notification 0309-1 issued March 9, 2021
Genomic indicators that cannot rule out tumorigenicity in pluripotent
stem cells to be used as raw material (excerpt)

“Confirm:
— Chromosomal abnormalities (conventional karyotyping or G-band)

— SNVs/Indels of tumor-related genes (COSMIC Cancer Gene Census Tierl
http://cancer.sanger.ac.uk/census,

“Shibata’s list” https://www.pmda.go.jp/files/000152599.pdf )

& Structural abnormalities including copy number variants (CNVs)
— Significant residual external factors that may promote tumors

| approx. 600 genes in total |

If an abnormality related to any of the above 3 items is found, a strict assessment of risks and
potential benefits should be conducted to determine the appropriateness of clinical use. PSCs that
satisfy these items may be allowed for clinical use under the Act on the Safety of Regenerative
Medicine. The explanation document upon consent to the subjectﬁs) should be confirmed to obtain
a clear explanation about genomic analysis of pluripotent stem cells to be used as raw material,
including the fact that there are still many unknown factors.”

https://www.mhlw.go.jp/content/000750507.pdf (in Japanese)
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Annex of Notification.0309—1 issued I\/Iqrch 9,_ 2921 _ o
PTC for evaluation of tumorlgenluty assessment In provision plans
of RM using human PSCs

[ 0. Introduction ]

1. Points to consider on safety required in pluripotent stem cells as raw material

1) Surplus embryos and cells as raw materials
(2) Genomic indicators that cannot rule out tumorigenicity in pluripotent stem cells to be used as raw material ]

2. Points of review for tumorigenicity assessment of pluripotent stem cell-derived products
(1) Quality of raw materials
(2) Invitro study of the final product
(3) Tn vivo tumorigenicity test of the final product
(4) Risk management plan
(5) Appropriateness of the provision plan from the viewpoint of potential benefit

[ 3. Reference information ]

https://www.mhlw.go.jp/content/000750507.pdf (in Japanese)
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Annex of Notification 0309-1 issued March 9, 2021
In vitro study of the final product (excerpt)

“Confirm:
— A) Chromosomal abnormalities (conventional karyotyping or G-band)
B) SNVs/Indels of tumor-related genes
(COSMIC Cancer Gene Census Tierl http://cancer.sanger.ac.uk/census
and “Shibata’s list” https://www.pmda.go.jp/files/000152599.pdf )
& Structural abnormalities including copy number variants (CNVs)

* Mutations added by updating the list of cancer-related genes [If the¥ are found in the final product already
adlgniniszt?]red in a clinical trial, the risk should be assessed, and the information should be provided to the
subject(s)].

* Residual undifferentiated PSCs

— Unexpected cell transformation & abnormal growth of cells other than the desired cells when cultured longer
than the culture period.

If an abnormality related to any of the above 4 items is found, use is not recommended in principle, but in some cases,
use may be justitied after a strict assessment of risks and potential benefits to validate the target disease, _
administration method, etc. The explanation document upon consent to the subject(s) should be confirmed to obtain
a clear explanation about the risks and benefits.”

https://www.mhlw.go.jp/content/000750507.pdf (in Japanese)
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Annex of Notification.0309—1 issued I\/Iqrch 9,_ 2921 _ o
PTC for evaluation of tumorlgenluty assessment In provision plans
of RM using human PSCs

[ 0. Introduction ]

1. Points to consider on safety required in pluripotent stem cells as raw material

1) Surplus embryos and cells as raw materials
(2) Genomic indicators that cannot rule out tumorigenicity in pluripotent stem cells to be used as raw material ]

2. Points of review for tumorigenicity assessment of pluripotent stem cell-derived products
(1) Quality of raw materials
(2) Invitro study of the final product
(3) Tn vivo tumorigenicity test of the final product
(4) Risk management plan
(5) Appropriateness of the provision plan from the viewpoint of potential benefit

[ 3. Reference information ]

https://www.mhlw.go.jp/content/000750507.pdf (in Japanese) 43
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Annex of Notification 0309-1 issued March 9, 2021

Reference Information (excerpt)

“If any mutations could be scientifically apparent as having a relationship with safety, such as tumorigenicity
in_cell products, tests such as the following would improve the safety of cell products:

(1)Test to detect known tumor-related SNV/Indel and CNV after long-term culture
(2)Test to detect known tumor-related epigenome changed after long-term culture

(3)Test to detect genomic mutations with known correlation with functional abnormalities in differentiated
cells of cell products or with known relationship with the target disease

However, in particular with pluripotent stem cell-derived products, it is still extremely novel and risk prediction
is difficult. Therefore, it is recommended to confirm genomic mutations that are known to be related to any
tumor occurrences and to other adverse events, as reference information (supplementary information for

https://www.mhlw.go.jp/content/000750507.pdf (in Japanese)

reassurance) for discussions on ensuring safety. It’s just a recommendation for reassurance,
not a strict regulatory requirement.

In other words, it is necessary to clarify the functionality of testing methods, such as the analytical limit of
detection of low-allele frequency genomic mutation, and confirm the above points (1) to (3). The decision on
clinical administration of pluripotent stem cell-derived products that have been detected to have the
mutations in points (1) to (3) should be made, considering the seriousness of disease of the patient and

rgency for treatment.” ey . . . ey
urgency tor treatment :l.‘ “Validation of analytical procedures” is critical.
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“Points to Consider for Detection of Undifferentiated Pluripotent Stem Cells/Transformed Cells,
Tumorigenicity Testing and Genomic Stability Evaluation of Human Cell-Processed Products”

(Annex of Notification No. 0627-1 Issued on June 27, 2019, Pharmaceutical and Food Safety Bureau, MHLW)

Table of Contents
1. Introduction
2. Position of This Document
3. Glossaries
4. General Considerations
5. Tumorigenicity Tests for Human ES/iPS Cell-Processed Products
5.1 Tumorigenicity Tests for Quality Characterization of Starting Cell Substrate
5.2 Tests for Quantification of Tumorigenic Cells in Intermediate or Final Products
5.2.1. Tests for detection of undifferentiated pluripotent stem cells in intermediate or final products
5.2.1.1. In vitro studies
5.2.1.2. In vivo studies
5.2.2. Tests for detection of transformed cells in intermediate or final products
5.2.2.1. In vitro studies
5.2.2.2. In vivo studies
5.3 Tests to Evaluate the Tumorigenic Potential of End-product Cells at the Site of Engraftment in Human
5.3.1. Selection of test animals
5.3.2. Selection of control cells
5.3.3. Number of test animals
5.3.4. Site, repeat number and mode of cell administration
5.3.5. Duration of observation
5.3.6. Observation of the site of administration
5.3.7. Pathological evaluation of the site of administration
5.3.8. Interpretation of the results
6. Tumorigenicity-related Studies for Human Somatic Cell-processed/Somatic Stem Cell-processed Products
6.1. Tumorigenicity Tests for Quality Characterization of Starting Cell Substrate
6.2. Considerations for Tumorigenicity Testing for Final Products
7. General Considerations for Genomic Stability
Reference literature
Tables Details of detection methods for residual undifferentiated iPS/ES cells and malignant transformed cells
Reference information (experimental protocols of the test methods)
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O
Annex of Notification No. 0627-1 Issued on June 27, 2019, MHLW
7. General Considerations for Genomic Stability (excerpt)

“Reduced genetic stability is a potential hazard with respect to tumorigenic risk
because it is presumed to increase the probability of transformed cells through the
increased probability of karyotypic abnormalities and genetic mutations.

Information from FISH and next-generation sequencing should be scientifically
validated for relevance to tumorigenicity and evaluated for appropriateness for use

as a test method, while the_sensitivity of detection to genetic changes (type of
mutation and its allele frequency) and the availability of appropriate controls

should be considered as issues.”

https://www.pmda.go.jp/files/000230351.pdf (in Japanese)
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