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Especially focusing on tumorigenicity assessment of cell therapy products (CTPs), a national
institute and private companies work together to provide sound science-based and globally
acceptable consensus for safety evaluation policy in the R&D of products. The subjects of research
are as follows: a) organizing the concept of hazards causing tumorigenicity risks and their evaluation
considering domestic and international trends, b) establishment of standard protocols and multisite
validation for tumotigenicity-associated tests to clarify its usefulness and repeatability, c¢) organizing
and reporting the concept of biodistribution testing for transplanted cells, and d) organizing and
reporting the concept of biocomparability evaluation for modification of ingredients and processing.
This research project named as MEASURE is classified into two steps: step 1, search and discussion
on the regulatory policy on tumorigenicity, biocomparability, and biodistribution evaluation; step 2,
experimental multi-site joint research for tumorigenicity assessment.

[Step 1] As for evaluation of tumorigenisity risks of CTPs, we surveyed and compared guidelines
issued by Japan, US and EU. Since three parties have built no consensus in testing methods or
concepts for tumorigenicity of CTPs, international standardization was expected to promote the
product development. Interviews with key opinion leaders (KOLs) allowed us to obtain opinions on
tumorigenicity risks associated with genomic instability of iPS cells. As evaluation of the genomic
instability has not been established, its scientific research should be advanced. As for biodistribution
of transplanted CTPs, we surveyed guidelines issued by PMDA, FDA, EMA and ISSCR, and
summarized their difference in positions of biodistribution testing. The biodistribution testing of
CTPs seems to be commonly necessary for confirming efficacy and toxicity/safety of products. We also
surveyed testing methods for biodistribution and states of the biodistribution evaluation in clinical
research conducted in Japan, US and EU. Interviews with KOLs were performed to obtain
information on the meaning of biodistribution testing for product development, handling of results,
and testing methods. As for biocomparability of CTPs, we mainly discussed how to proceed with R&D
of pluripotent stem cell (PSC)-derived products in respect of product quality after summarizing
domestic regulation and surveying foreign countries. However, it was challenging for the team to
organize standard views on biocomparability of CTPs, owing to variation of cell conditions.
Interviews with KOLs was performed to obtain opinions based on the investigation.

Several methods for in vivo and in vitro tumorigenicity testing were selected to validate in
multisite facilities, following discussion of results from investigation. As qPCR method was quite
easy and generally used for biodistribution evaluation of CTPs, preliminary experiments using gPCR
were performed to prepare a standard protocol.

[Step 2] We studied the in vivo and in vitro tumorigenicity-associated tests selected for multisite
validation to prepare standard protocols. In vivo tumorigenicity testing, a PCR method, and a highly
efficient amplification method were selected for detection of residual undifferentiated iPS cells. A
digital soft agar colony formation assay and a cell growth analysis were selected for detection of
transformed cells. To obtain basic data of TPDso for in vivo tumorigenicity testing, severe
immunodeficient NOG mice were subcutaneously injected with HEK293 cells, mesenchymal stem

cells and Matrigel, and their tumor formation was monitored.



Reporting on our activities, we internationally coordinated with the Health and Environmental
Sciences Institute (HESI) and associated scientific societies, and shared information on our research

project with companies and regulators in the US and EU.
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Especially focusing on tumorigenicity assessment of cell therapy products (CTPs), a national
institute and private companies work together to provide sound science-based and globally
acceptable consensus for safety evaluation policy in the R&D of products. The subjects of research
are as follows: a) organizing the concept of hazards causing tumorigenicity risks and their
evaluation considering domestic and international trends, b) establishment of standard protocols
and multisite validation for tumotigenicity-associated tests to clarify its usefulness and
repeatability, ¢) organizing and reporting the concept of biodistribution testing for transplanted
cells, and d) organizing and reporting the concept of biocomparability evaluation for modification
of ingredients and processing. This research project named as MEASURE is classified into two
steps: step 1, search and discussion on the regulatory policy on tumorigenicity, biocomparability,
and biodistribution evaluation; step 2, experimental multi-site joint research for tumorigenicity
assessment.

[Step 1] As for evaluation of tumorigenisity risks of CTPs, we surveyed and compared
guidelines issued by Japan, US and EU. Since three parties have built no consensus in testing
methods or concepts for tumorigenicity of CTPs, international standardization was expected to
promote the product development. Interviews with key opinion leaders (KOLs) allowed us to
obtain opinions on tumorigenicity risks associated with genomic instability of iPS cells. As
evaluation of the genomic instability has not been established, its scientific research should be
advanced. As for biodistribution of transplanted CTPs, we surveyed guidelines issued by PMDA,
FDA, EMA and ISSCR, and summarized their difference in positions of biodistribution testing.
The biodistribution testing of CTPs seems to be commonly necessary for confirming efficacy and
toxicity/safety of products. We also surveyed testing methods for biodistribution and states of the
biodistribution evaluation in clinical research conducted in Japan, US and EU. Interviews with
KOLs were performed to obtain information on the meaning of biodistribution testing for product
development, handling of results, and testing methods. As for biocomparability of CTPs, we
mainly discussed how to proceed with R&D of pluripotent stem cell (PSC)-derived products in
respect of product quality after summarizing domestic regulation and surveying foreign countries.
However, it was challenging for the team to organize standard views on biocomparability of CTPs,
owing to variation of cell conditions. Interviews with KOLs was performed to obtain opinions
based on the investigation.

Several methods for in vivo and in vitro tumorigenicity testing were selected to validate in
multisite facilities, following discussion of results from investigation. As qPCR method was quite
easy and generally used for biodistribution evaluation of CTPs, preliminary experiments using
qPCR were performed to prepare a standard protocol.

[Step 2] We studied the in vivo and in vitro tumorigenicity-associated tests selected for
multisite validation to prepare standard protocols. In vivo tumorigenicity testing, a PCR method,
and a highly efficient amplification method were selected for detection of residual
undifferentiated iPS cells. A digital soft agar colony formation assay and a cell growth analysis
were selected for detection of transformed cells. To obtain basic data of TPDso for in vivo
tumorigenicity testing, severe immunodeficient NOG mice were subcutaneously injected with

3



HEK293 cells, mesenchymal stem cells and Matrigel, and their tumor formation was monitored.
Reporting on our activities, we internationally coordinated with the Health and Environmental
Sciences Institute (HESI) and associated scientific societies, and shared information on our

research project with companies and regulators in the US and EU.
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Especially focusing on tumorigenicity assessment of cell therapy products (CTPs), a national
institute and private companies work together to provide sound science-based and globally
acceptable consensus for safety evaluation policy in the R&D of products. The subjects of
research are as follows: a) organizing the concept of hazards causing tumorigenicity risks and
their evaluation considering domestic and international trends, b) establishment of standard
protocols and multisite validation for tumotigenicity-associated tests to clarify its usefulness and
repeatability, ¢) organizing and reporting the concept of biodistribution testing for transplanted
cells, and d) organizing and reporting the concept of biocomparability evaluation for modification
of ingredients and processing. This research project named as MEASURE is classified into two
steps: step 1, search and discussion on the regulatory policy on tumorigenicity, biocomparability,
and biodistribution evaluation; step 2, experimental multi-site joint research for tumorigenicity
assessment.

[Step 1] As for evaluation of tumorigenisity risks of CTPs, we surveyed and compared
guidelines issued by Japan, US and EU. Since three parties have built no consensus in testing
methods or concepts for tumorigenicity of CTPs, international standardization was expected to
promote the product development. Interviews with key opinion leaders (KOLs) allowed us to
obtain opinions on tumorigenicity risks associated with genomic instability of iPS cells. As
evaluation of the genomic instability has not been established, its scientific research should be
advanced. As for biodistribution of transplanted CTPs, we surveyed guidelines issued by PMDA,
FDA, EMA and ISSCR, and summarized their difference in positions of biodistribution testing.
The biodistribution testing of CTPs seems to be commonly necessary for confirming efficacy and
toxicity/safety of products. We also surveyed testing methods for biodistribution and states of the
biodistribution evaluation in clinical research conducted in Japan, US and EU. Interviews with
KOLs were performed to obtain information on the meaning of biodistribution testing for
product development, handling of results, and testing methods. As for biocomparability of CTPs,
we mainly discussed how to proceed with R&D of pluripotent stem cell (PSC)-derived products in
respect of product quality after summarizing domestic regulation and surveying foreign
countries. However, it was challenging for the team to organize standard views on
biocomparability of CTPs, owing to variation of cell conditions. Interviews with KOLs was
performed to obtain opinions based on the investigation.

Several methods for in vivo and in vitro tumorigenicity testing were selected to validate in
multisite facilities, following discussion of results from investigation. As qPCR method was quite
easy and generally used for biodistribution evaluation of CTPs, preliminary experiments using
qPCR were performed to prepare a standard protocol.

[Step 2] We studied the in vivo and in vitro tumorigenicity-associated tests selected for
multisite validation to prepare standard protocols. In vivo tumorigenicity testing, a PCR method,
and a highly efficient amplification method were selected for detection of residual
undifferentiated iPS cells. A digital soft agar colony formation assay and a cell growth analysis
were selected for detection of transformed cells. To obtain basic data of TPDso for in vivo

tumorigenicity testing, severe immunodeficient NOG mice were subcutaneously injected with

3



HEK293 cells, mesenchymal stem cells and Matrigel, and their tumor formation was monitored.
Reporting on our activities, we internationally coordinated with the Health and
Environmental Sciences Institute (HESI) and associated scientific societies, and shared

information on our research project with companies and regulators in the US and EU.
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Especially focusing on tumorigenicity assessment of cell therapy products (CTPs), a national
institute and private companies work together to provide sound science-based and globally
acceptable consensus for safety evaluation policy in the R&D of products. The subjects of
research are as follows: a) organizing the concept of hazards causing tumorigenicity risks and
their evaluation considering domestic and international trends, b) establishment of standard
protocols and multisite validation for tumotigenicity-associated tests to clarify its usefulness and
repeatability, ¢) organizing and reporting the concept of biodistribution testing for transplanted
cells, and d) organizing and reporting the concept of biocomparability evaluation for modification
of ingredients and processing. This research project named as MEASURE is classified into two
steps: step 1, search and discussion on the regulatory policy on tumorigenicity, biocomparability,
and biodistribution evaluation; step 2, experimental multi-site joint research for tumorigenicity
assessment.

[Step 1] As for evaluation of tumorigenisity risks of CTPs, we surveyed and compared
guidelines issued by Japan, US and EU. Since three parties have built no consensus in testing
methods or concepts for tumorigenicity of CTPs, international standardization was expected to
promote the product development. Interviews with key opinion leaders (KOLs) allowed us to
obtain opinions on tumorigenicity risks associated with genomic instability of iPS cells. As
evaluation of the genomic instability has not been established, its scientific research should be
advanced. As for biodistribution of transplanted CTPs, we surveyed guidelines issued by PMDA,
FDA, EMA and ISSCR, and summarized their difference in positions of biodistribution testing.
The biodistribution testing of CTPs seems to be commonly necessary for confirming efficacy and
toxicity/safety of products. We also surveyed testing methods for biodistribution and states of the
biodistribution evaluation in clinical research conducted in Japan, US and EU. Interviews with
KOLs were performed to obtain information on the meaning of biodistribution testing for
product development, handling of results, and testing methods. As for biocomparability of CTPs,
we mainly discussed how to proceed with R&D of pluripotent stem cell (PSC)-derived products in
respect of product quality after summarizing domestic regulation and surveying foreign
countries. However, it was challenging for the team to organize standard views on
biocomparability of CTPs, owing to variation of cell conditions. Interviews with KOLs was
performed to obtain opinions based on the investigation.

Several methods for in vivo and in vitro tumorigenicity testing were selected to validate in
multisite facilities, following discussion of results from investigation. As qPCR method was quite
easy and generally used for biodistribution evaluation of CTPs, preliminary experiments using
qPCR were performed to prepare a standard protocol.

[Step 2] We studied the in vivo and in vitro tumorigenicity-associated tests selected for
multisite validation to prepare standard protocols. In vivo tumorigenicity testing, a PCR method,
and a highly efficient amplification method were selected for detection of residual
undifferentiated iPS cells. A digital soft agar colony formation assay and a cell growth analysis
were selected for detection of transformed cells. To obtain basic data of TPDso for in vivo

tumorigenicity testing, severe immunodeficient NOG mice were subcutaneously injected with

3



HEK293 cells, mesenchymal stem cells and Matrigel, and their tumor formation was monitored.
Reporting on our activities, we internationally coordinated with the Health and
Environmental Sciences Institute (HESI) and associated scientific societies, and shared

information on our research project with companies and regulators in the US and EU.



III. RO~ DFEE

(1) 25k MEZICBT 2m % (ENEEo M, [EHEEEE #)
FRRtHEAR L,
(2) &« VURV T LFEIBITDHAHE - RAX —FER

1.

Challenges for standardization of tumorigenicity-associated testing methods for human

cell-based therapeutic products: introduction of a draft guidance document, 88, ZZH%,
%5 16 Al HARAERFRH R, 2017/3/7, HN.

Consideration for ensuring the quality and comparability of pluripotent stem cell-derived

products, FEH, SCRIEA, 5 16 [0 B ARARRAR RS, 2017/3/7, [EN.

Draft protocols of in vivo and in vitro testing methods for tumorigenicity evaluation, 15,

WEMEEZ, % 16 [ AAFAER SRS, 2017/3/7, [EA.

Evaluation of biodistribution of pluripotent stem cell-derived products, H8H, =415, 2

16 [Al H AR AEER RS S, 2017/3/7, FA.

FIRM-CoNCEPT supports “MEASURE”, H§d, [IAEE], World Stem Cell Summit 16,

2016/12/8, [E4}.

Scientific challenges for the safety of cell-based therapeutic products—Development of

testing methods for tumorigenicity assessment—, 88, EiE[5TR, World Stem Cell Summit

16, 2016/12/8, [E 4.

(3) TEIRE DR « Heffdihithe ) (x4 200 A
FrrcHHZR L,

(4) Frafii
FricsF e L,



(kA 4)
[16bk0104061h0401]
VR 294 5H 31H

Rk 28 K %GR BF 4E B % R WS

I EAER

¥ 4 BAERRFEAMLIIEEE

Research Project for Practical Applications of Regenerative Medicine

WFZERRFSARE S« AN CAY S, O dE SR 2 35 1 5 2 hi sk JL R AF2E
Multisite evaluation study on analytical methods for non—clinical safety

assessment of human—derived regenerative medical products

WREBRFE Y [ESCEIES RS RAEMEET A - MR R R R iR
FriE &k K4 : Yoji Sato, Head, Division of Cell-Based Therapeutic Products, National Institute

of Health Sciences

£ i O FERk28FE10H 11 H ~ FRk2943 A 31 H

Sy HbFgE WFFEketE ., GG DN Y F— g o el - S ERBR O E NS ) A R A
PrIEiRE A JLQONES|ESTEE; AR

Research management, validation of tumorigenicity—associated tests, survey of
domestic and international trends in safety and quality assessment, and

international coordination

MFEBR%E s BFE WHE, B 17 A L 2SR MFEAT A ERMEET e~ 2 —Y v —
FiEd #&%Hk K4 : Akihiko Azuma, Research Manager, Regenerative Medicine Research Laboratory,
Research & Development Management Headquarters, FUJIFILM Corporation.



II. FBROME (RIEHERE)

AMFSECTITRAT, MR TR OEBEMEFMmICE R A2 Y T, BEREFROF—AIZELY . O
BHRAEY 2T 2HET 2P — e ZOMIOB 2 5%, EWANEImEZETE 2 >S5 L L h
(2. @SR BERBRE IOV T, BT o Fa— L AER L. SR8\ T - BFET 5
Z Tk, UEREABIEOA N - BEMEZBH LML, ZOMEE S L ICEBERIMHEAIZ BN T
BEITV, EEEECEX D, 2BWT LT, EEGMANICREE L. 2 2OE, @K5%D
R HRAM O HANEIRERHT ) &K O@RECEEDZE B % OGO T E RIS (Zon
T, B2 LUEENICENMNIERT D Z 82k, EHERRAORMORERZ X%, A5
7'm Y= % MEASURE &4 10 @GR I ONC AR PN B REREAT S O B[R] S5 M A 2 B
Liggnm c MEEITO AT v 7 1 & @EEEERERER L K RN B BRI B 2 ERAVMREE L
ITOAT v 72 LIZREL I CTHERM LT,

(A7 v 7" 1] Ml TRE OEREGE Y A 7 FHUIEIZ DWW T, B« K -BROTA T4 &tk
THZEICRY AT, 3BT AEH NS IE - B2 F TR OCONBIRTH
v HRIN TELS OBRFE OAEL D722 b 3 ] T OEFERY 2R ML 23 Wi F S 7z, Key Opinion
Leader (KOL) (Zxf79 51 ¥ B a—IZBWTIL, iPS HifaD S ) ARZEMEIC X D EEENEY 2
JIZOWTCEREGZ, 7 DALEOFMIARMSL T, SBRBFHRBEEEZED D NERH D
EWGyino Tz, B SRR ORNENREIZ ST, PMDA, FDA, EMA ¥ OVISSCR 726317 X1
TWDHA RTA EZITV, KNERERBR O E ST OMHIES L £ & O, MIaBREERIT,
HINERP M/ N T — & BT HARME R L THOWONOIRETHDL W) mTHEL Twn
Too FEIARNENRERBR L K O A KRR O B PR BRBRIZ 38 1T 2 AR N BN RE ZFA 0 FEfa IR I SV Tl 24T
STz, ENERERER OB/ ERER G LoEsR, RO, HiEmEICET 2 HRINE L
HigE LT, KOL IZE RMBEE - BRAHZ I LT, SERSEMEFHMGIZ WL, EROERT O
WOUEE B LG ANE OFRA 2 F2h L7z 1T, ZReMEs MmN T8RS 2 frO IS HFZEBR S8 O 5 & VB
ORI HRERNSHE LTz, L L7ed bR BRI OREN LI ICHhTc > Ty, F—2h&
L CHEER R A I 8D 2 Z L R CTH o7z, £ 2 TG RICESE, BN KOL A 4 b=
— % Eh L CRREST,

EIEGERBIEICB LT, AR RO - BE L. ZHRERAY 7 — g VRBRIZE N T
FEUEAL T~ X S AR 2 in vivo BRERIS LUV in vitro ARBRICEB W TGEE L7z, RNEIREERIEIC
B L Tl bREN S TH 5 qPCRIZHOWNT T Bk 2 — AERD 72D O Pl & Eiti L 7=,

[(RT w7 2] A7 v 71 TIEE LI BGEET N ERRETH 5. Ro(bZ Rtk 2 i
T %~ U AEEGERERE, PCRIER O ERGE & IWEEBEMRA RS 27 02 W iR0ER =
7 = — A M OSSR MR I DD THEE T 1 b 20— UAERRIZ 1) 72 T Y 7 2R oD i & 7
R 1T o 7o, BT — 2 BSIZ oW T, BERE R NOG ~ 7 AZ~ MU ks L hHZE
Fupiiia & 2 HEK293 itk z &5 L, £ D@2 E L7z,

EBSEEEIZ IV T AWFIERUR 2 IR VPN B AT 5 BT, NPO IE AN Th L B
FZekERE (HESD &S Ll L, BOROBZESCHEI Y RIC AR OF @A IE L,



Especially focusing on tumorigenicity assessment of cell therapy products (CTPs), a national
institute and private companies work together to provide sound science-based and globally
acceptable consensus for safety evaluation policy in the R&D of products. The subjects of
research are as follows: a) organizing the concept of hazards causing tumorigenicity risks and
their evaluation considering domestic and international trends, b) establishment of standard
protocols and multisite validation for tumotigenicity-associated tests to clarify its usefulness and
repeatability, ¢) organizing and reporting the concept of biodistribution testing for transplanted
cells, and d) organizing and reporting the concept of biocomparability evaluation for modification
of ingredients and processing. This research project named as MEASURE is classified into two
steps: step 1, search and discussion on the regulatory policy on tumorigenicity, biocomparability,
and biodistribution evaluation; step 2, experimental multi-site joint research for tumorigenicity
assessment.

[Step 1] As for evaluation of tumorigenisity risks of CTPs, we surveyed and compared
guidelines issued by Japan, US and EU. Since three parties have built no consensus in testing
methods or concepts for tumorigenicity of CTPs, international standardization was expected to
promote the product development. Interviews with key opinion leaders (KOLs) allowed us to
obtain opinions on tumorigenicity risks associated with genomic instability of iPS cells. As
evaluation of the genomic instability has not been established, its scientific research should be
advanced. As for biodistribution of transplanted CTPs, we surveyed guidelines issued by PMDA,
FDA, EMA and ISSCR, and summarized their difference in positions of biodistribution testing.
The biodistribution testing of CTPs seems to be commonly necessary for confirming efficacy and
toxicity/safety of products. We also surveyed testing methods for biodistribution and states of the
biodistribution evaluation in clinical research conducted in Japan, US and EU. Interviews with
KOLs were performed to obtain information on the meaning of biodistribution testing for
product development, handling of results, and testing methods. As for biocomparability of CTPs,
we mainly discussed how to proceed with R&D of pluripotent stem cell (PSC)-derived products in
respect of product quality after summarizing domestic regulation and surveying foreign
countries. However, it was challenging for the team to organize standard views on
biocomparability of CTPs, owing to variation of cell conditions. Interviews with KOLs was
performed to obtain opinions based on the investigation.

Several methods for in vivo and in vitro tumorigenicity testing were selected to validate in
multisite facilities, following discussion of results from investigation. As qPCR method was quite
easy and generally used for biodistribution evaluation of CTPs, preliminary experiments using
qPCR were performed to prepare a standard protocol.

[Step 2] We studied the in vivo and in vitro tumorigenicity-associated tests selected for
multisite validation to prepare standard protocols. In vivo tumorigenicity testing, a PCR method,
and a highly efficient amplification method were selected for detection of residual
undifferentiated iPS cells. A digital soft agar colony formation assay and a cell growth analysis
were selected for detection of transformed cells. To obtain basic data of TPDso for in vivo

tumorigenicity testing, severe immunodeficient NOG mice were subcutaneously injected with

3



HEK293 cells, mesenchymal stem cells and Matrigel, and their tumor formation was monitored.
Reporting on our activities, we internationally coordinated with the Health and
Environmental Sciences Institute (HESI) and associated scientific societies, and shared

information on our research project with companies and regulators in the US and EU.
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