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efficacy
No disease-modifying effects

COX2 : cyclooxygenase 2 ; NSAID : non-steroidal anti-inflammatory drug
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1. F ¥{] s (Marrow stimulation techniques)

Multiple drilling
[ Abrasion arthroplasty
Microfracture
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(Autogenous osteochondral transplantation)
Mosaicplasty
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(Autologous Chondrocyte Implantation, ACI)
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Specialized cells of the skeletal tissues

Bone marrow MSCs Differentiation - " 'qu
i s Adipocyte | Chondrocyte | Osteocyte
o / {fat} (eartilage) (bone)

—
self-renewal
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Kartigen® 3 #i5  %--
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Pipeline
Stages Stage 1 Stage 2 Stage 3 Stage 4
(Defined stage)
MSCs still keep its MSCs toward Regulated cells started to | MSCs were completely

phenotype

chondrogenesis but no
ECM expression yet.

produce ECM but no
lacunar develop ed yet.
The regulated cells in this
stage were defined as
chondrocyte-like cell; we
may call it as immature
chondrocyte as well.

regulated into matured
chondrocyte; where ECM
and lacunar were all
developed.

ECM expression

o]

Lacunar formation

The picture of repair
tissue and host tissue (the
defect on swine articular
cartilage)

X

% “

Before pre-chondrocyte, the MSCs still keep the pliable

ability that would be differentiated into osteoclinage
cell and recovered as fibro-cartilage.

If MSCs were regulated
into the chondrocyte-like
cell and implanted into
the defect site, it would
be fully recovered by
hyaline cartilage.

Kartigen®# 45 B #-v. X & 7 & 71

After MSCs comletely
regulated into
chondrocyte, it could not
fully integrate with the
host tissue.
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MSC-derived Chondrocyte Implantation —

Autologous MSC Chondrogenic Kartigen®
in atelocollagen medium for repair

* One-step surgery procedure

* No need to harvest autologous chondrocyte from
cartilage

(Hwa-Chang Liu et al. 2005)

Patients’ Profile

Grade IV chondral defect of osteonecrosis or
osteoarthritis of the medial femoral condyle

Patient demographics

Age (years) 66.4 (47-83)
Sex (M/F) 6/6
Knee (right/left) 7/5

Defect size (cm?) 1.97 (0.91-3.14)




* The non-operated knees were used as control.

* The result was analyzed by student’s t test or Chi square as they could
be applied.
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GAG

Collagen type 11

Case 1 Case 4 Case 8
GAG expression + + +

Collagen type 11 + + +

Discussion
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Case 10
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No valgus osteotomy, nor other
operative procedure was added in
this study. Nevertheless, the
IKDC score improved
significantly at half year,1 year, 2
years and 5 years after operation,
respectively.
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The biopsy specimens revealed :
»high cellular density in the graft.
» The cells were smaller than the original chondrocytes

»There is no lacuna in the cells, which is commonly seen in
mature chondrocytes.
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The implanted bioproduct demonstrated the
existence of GAG and collagen II

GAG stain Collagen Type II stain
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The implanted tissue 1s softer than original
cartilage. It has cushion effect and may become
harder in the future.

Integration of cartilage between the recipient site
and chondral graft is good, there 1s no gap.

#

Post OP

26

13



By MRI & X-ray result, the implanted chondral
tissue seemed to be able to maintain the joint
space, even at 5 years after operation.

Pre-OP |:> Post-OP 5 years
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Summary

12 patients with chondral defects of grade IV were treated with
stem-cell-derived chondral cells. Except one patient died of
malignancy, not related to the study. The remained 11 patients were
followed up for 41 to 79 months (average 62.5 months).

IKDC score at half year and 1 year after operation showed
significant improvement of the knee function (from 46.12 to 68.29
and 77.35, respectively). This score was maintained in the
following 2 and 5 years.

Arthroscopy appearance of 6 patients demonstrated good recovery
of cartilage along with the nearly full score of ICRS assessment.

Biopsies of implanted tissue revealed the presence of GAGs and
type II collagen productions.
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Summary

The induced chondral cells were similar to mature chondrocytes,
but without lacuna, and become layered hyaline cartilage in the
follow up period.

The induced cells were able to maintain the joint space as
confirmed by radiographs and MRI analysis.

No complications such as deep vein thrombosis, infection or
tumor formation (chondrosarcoma and synovial chondromatosis)
was found.

The stem-cell-derived chondral cells seems effective in repairing
full-thickness chondral defect. We name the cells Kartigen °
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Thank you for your attention

30
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(Corrective and preventive action, CAPA)
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CAPA System

* The role of a CAPA system is to continuously improve product and
processes in the Quality system

* CAPA is a continuous Quality improvement subsystem

* CAPA 1s Facts and data driven

* CAPA decision making is based on risk assessment and impact
assessment

* Risk assessment is performed on three levels:
End-user, compliance and business
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o CAPAE I ZHecid a3 kit
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Purpose of the CAPA Subsystem
HL AT e+ ks

To collect and analyze information to identify actual and potential product
and quality problems

To investigate product and quality problems and take appropriate and
effective corrective or preventive action

To verify or validate the effectiveness of corrective and preventive actions
To communicate corrective and preventive actions to the appropriate people
To provide information for management review

To document activities

’Ii%‘fré}*%%%};ﬂ. ) ,"zfi'li‘?vl 3 "’5‘frj@5" A r.‘fr‘%,?ﬁ:a%
A adsfes TR AL T%B‘iA’J PLEDER L TR 4
o T8 BN FE L I feip ]‘7‘:;}4— 3y mP s

v il g AR /i*'? 1 ﬂfr’%p\ }‘j:jdﬁ X5

# i %» SEILF

AV S I Y

2019/10/21 b B B A [ R TR TR i (CAPA) 4

18



Definition

% 1 Correction :
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The basic principle of quality assurance is that a drug should be produced that

is fit for its intended use. This principle incorporates the understanding that the

following conditions exist:

* Quality, safety, and efficacy are designed or built into the product.

* Quality cannot be adequately assured merely by in-process and finished-
product inspection or testing.

» Each step of a manufacturing process is controlled to assure that the
finished product meets all quality attributes including specifications.
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*FDA process validation guidance
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Pharmaceutical Quality System (PQS)

Pharmaceutical Quality System (PQS):
Management system to direct and control a pharmaceutical
company with regard to quality.
#r’r'rr'? & S — L‘r-r"?"’mifﬁ%”ff' ey m?l‘*’%@”,ﬁ °
FDA QSR- & 3§
— Management,
— Design controls,
— Production & process controls,
— Records, Records/documents/change controls,
— Material controls,
— Facility & equipment controls,

— Corrective & Preventive actions.

2019/10/21 £ B3 A I R TR (CAPA) 7
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3.2. Pharmaceutical quality system elements
The elements described below might be, required in part under regional GMP
regulations. However, the Q10 model’s intent is to enhance these elements in order
to promote the lifecycle approach to product quality. These four elements are:

— Process performance and product quality monitoring system;

— Corrective action and preventive action (CAPA) system;

— Change management system;

— Management review of process performance and product quality.
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FDA - The six subsystems of a modern
pharmaceutical quality system(PQS) cGMP
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CONTINUAL IMPROVEMENT OF PROCESS

PERFORMANCE AND

PRODUCT QUALITY

Lifecycle Stage Goals
A&2 PR

Pharmaceutical Quality System Elements
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1. Pharmaceutical Development
LR+

1.  Process Performance and Product
Quality Monitoring System

2. Technology Transfer
FsH

FEMEAE

3. Commercial Manufacturing

4. Product Discontinuation

B AR fr A & ’F‘r;‘; ¥k kL
2. Corrective Action and Preventive
Action (CAPA) System

HL IR 5 R

A g 3. Change Management System
R
4. Management Review of Process
Performance and Product Quality
Az fod S T ehE P
2019/10/21 ' 8 L TE B T/ Tt (CAPA) 11

ICH Q10 Recommends a Product Lifecycle Approach
ICHQI0Z % A &2 @ik = 2

Application of Corrective and Preventive Action System Throughout the Product Lifecycle
FHLACRP RS R EFERASL FFD Y SR

Pharmaceutical Technology Commercial Product
Development Transfer Manufacturing Discontinuation
2R PR 9 FELZA A4
Product or process variability | CAPA can be CAPA should be CAPA should continue
is explored. CAPA used as an used, and the after the product is
methodology is useful where | effective system | effectiveness of discontinued. The impact
corrective actions and for feedback, the actions should | on product remaining on
preventive actions are feedforward, and | be evaluated. the market should be
incorporated into the iterative | continual J&3%:8 * CAPA » | considered, as well as other
design and development improvement. /ARSI j% * | products that might be
process. CAPAH ¥ # % 5 P e affected.
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https://www.tfda.gov/media/85266/download
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The CAPA Life Cycle
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Where to Start? Planning

Success of CAPA depends upon the planning that goes into it.
Plans should include...

1. Establishing Data Sources and Criteria

2. Measuring and Analysis of Data Sources

3. Improvement Plans

4. Input to Management

FRIRTEE

1. f; = ﬁ{s}f; SR ’f‘-"*ﬂ -E

2. ﬁiiﬁi R ’f‘-"/”\ 7

3. it

4. ﬁi;f] -

EHEAT- RV -RE~ S PR AE~T E R 4
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1. Management System
? m ,;li o

2. Collect Data to Determine the Major Cause
Yo B B AT B R F)

3. Root Cause Analysis (RCA)
1WA R F A A7

4. Perform Impact and Risk Assessments
HERRoh w7

5. Determining CAPAs and Document Changes
FE R CAPAfr g 412 #hih it

6. Form a Conclusion

Jr 2Lk f/‘
" =1 E Em

7. Imtlate Effectiveness Checks (ECs)
B3 it & (EC)
8. CAPA Activities for Management Review
CAPAFEY: fre 2% 4
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3.2.2. Correctlve actlon and preventive action (CAPA) system

* The pharmaceutical company should have a system for
implementing corrective actions and preventive actions resulting
from the investigation of complaints, product rejections, non-
conformances, recalls, deviations, audits, regulatory inspections and
findings, and trends from process performance and product quality
monitoring.

o WL TR /’)ﬁ— [ 'vw’ff’ﬁp}zfj?j"t@?ﬁ
© %A 1#%*’@’%??]‘?#*@&& fév’% }i"i‘?ﬂ{‘%bﬁa 7w
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%ﬁ‘p% /TE" | oo

ICH guideline Q10 on pharmaceutical quality system EMA/CHMP/ICH/214732/2007
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4 »ehCAPA & Keehid §5 4

ICH Q10 Require that Management have a formal process for reviewing the
QS ...The review should include:
(a) Measurement of achievement of pharmaceutical quality system
objectives
(b) Assessment of performance indicators that can be used to monitor the
effectiveness of processes within the pharmaceutical quality system,
such as:
(1) Complaint, deviation, CAPA & change management......

ICHQIO g2 A F 7 L iAak%1:QS... % AR 4 ¢
(a) Hrd #mmFH s 3 m
(b) =¥ % 3K jp & Wr.pmg AP ARG ARl sdp i o Bl
(1) #3377 ~ £ ~ CAPAfr¥ { ?, Hl......
¥R FoF A G seCAPAIT I & o
https://www.fda.gov/media/85266/download
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Collect Data to Determine the Major Cause

Analyze processes, work operations, concessions, quality audit reports,
quality records, service records, complaints, returned product, and other
sources of quality data to identify existing and potential causes of
nonconforming product, or other quality problems.

AT EAR 1 TRE T LR w?ﬁ§$4 A AREE - A I3
IRME ek~ 7 1&?%'frﬂ to W’Fﬁ‘ﬁi;;}j%\ s UFET A ERA
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o ZEE /B /R ¥ % % Atypical / Aberrant / Anomalous —
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2019/10/21 b B B A [ R TR TR i (CAPA) 20

26



# | CAPA{c & Hc¥h % iR

2019

Examples of Internal Data Sources LS = S
Process Control Data B A H ] ey
Test/Inspection data L
Device History Records KA R ek
Internal Audits LY 2
Nonconforming material reports * & ¥ Roplap 2
Rework and Scrap/Yield Data ERATITEfosR i/ A £ 2 By
Training records 3 liesr

Examples of External Data Sources 7k 30 fcdy Kk
Adverse Event Reporting LA LR s
FDA FDA
Even similar devices from competitors | & p i $F+ 0§ 113K &
Supplier Controls CCY -l o
Customers kR Z
Complaints P
Servicing repairs TR S 21

Biological Product Deviations

The amended regulation at 21 CFR 600.14 and the new regulation at 21
CFR 606.171 require reporting of any event associated with the
manufacturing, to include testing, processing, packing, labeling, or storage,
or with the holding or distribution of a licensed biological product or a
blood or a blood component, in which the safety, purity, or potency of a
distributed product may be affected. A manufacturer is required to report to
the ......

FDA published a final rule ...... for reporting certain deviations in
manufacturing of Human Cells, Tissues, and Cellular and Tissue-Based
Products (HCT/P)......

..... iz B T\*Fp"’k’ﬁileﬁfﬁgmgl P s itk WAE 2 K
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N

g
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https://www.fda.gov/vaccines-blood-biologics/report-problem-center-biologics-evaluation-research/biological-product-deviations
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Approach to Data Analysis
BePg ~ 7 >

Non-statistical & Statistical Techniques

» Use a risk-based approach to rank areas, Select items with major
impact, i.e. Product related or Process related. Proceed with items
from high to low impact and eventually assure all areas are addressed.

* Use of Statistical Methodology; Appropriate statistical methodology
shall be employed where necessary to detect recurring quality

problems.
ZE Bt Foliit HjE

e F ARG R PHESEE > ERHELAPEEP
et 2 AR S A4 R o KB R EIMPERA P EF L T

B R T R {‘PKH;L fiZ A o
. @?m&vé'¢£ﬁ@%*§%hwwbﬂziﬁféﬁ | IR ET
s R AR

2019/10/21 4= B B G 1 S TR FE it (CAPA) 24

28



3. Investigate to Determine Root Cause
A A ETR AR T

Root Cause, RCA 2 & i F]

Investigate the cause of nonconformities relating to product,
processes, and the quality system.

e ...itrequires that nonconforming product discovered before or
after distribution be investigated to the degree commensurate
with the significance and risk of the nonconformity.

°%%fﬁ%‘ﬂﬁ#&®%ﬁw%&zbﬁﬁqo
« B R¥FH D AFEBHUEPIR NI LRASRETRAE >
bts% /:ﬁg ggy}fr)}i Kﬁﬁi&i#ﬁﬂ‘%@-
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HERA R T

* A structured approach to the investigation process should be used
with the objective of determining the root cause.

* The level of effort, formality, and documentation of the investigation
should be commensurate with the level of risk, in line with ICH Q9.

* CAPA methodology should result in product and process
improvements and enhanced product and process understanding.

c SO FRETNART] R - FBRRECTRAEERE D Z o

+ FRICHQY > # & (ki R fed B4 6 ks s
&ﬂﬁ*i%5$°

 CAPA™ % [hiz:cd & v et 2 3% 43 Sfcflfesn 2 -

ICH guideline Q10 on pharmaceutical quality system EMA/CHMP/ICH/214732/2007

2019/10/21 b B B A [ R TR TR i (CAPA) 26

29



OOS ¥- bIEA 3

% - blg &t &

FsE b &

R 2 A4
Y

— me3 az |

—<>

r A ARfriE 2B

£ A

L SN Ve i3 dcdg R o
L X
= |

" o o J‘ﬂ ’ t-L a:
3 - O G L
2019/10/21 A= B8 \T'E FE 1E K TEITHE T (CAPA) 27

O0S ¥=EA 3R

N

. .&;E/Eé{ﬁ:;#b:i‘ﬁﬂr‘%?'fr}i@ﬁji—* o
© - DR ARIER o - PR R TA
F'fc},%"r‘]{p»# x{lﬁ;uj,?)‘,(;};,;ﬁx.:%i_jﬂ*%go
2
- HRREY > £ T GE R A

L7y N ',—-‘-
B _o | i ibaz |

. OOS.&é%*’%?ﬂ s jrkb:'( N :i,]v_}‘,{ﬁ?{
d

-gQCﬂfrn«lﬁvQszE«L’ Y
H 45§ T #F(CAPA) -

2019/10/21 A= B8 B G IE K FEIE i (CAPA) 28

30



FA R F1A 4T & B R

A

© B AREEE DA RFIPE M2 18 AT £
TACAPART € S B L ehdg TR T £ 2 1A @iz faido
FRf Fiv AR Bk gL NIRAp e PR 3E o

¢ L‘Fiﬁx *qj\}%’r‘]mjﬂ?—‘ﬂ 71?5&{{)?‘,”7?5‘;'{?:'(.&}%(_"{]0
T T oA R Fl B ar  A R PR AR o

s FRTEIIPRARFF L

%ﬁ%ﬁﬁiﬁﬂﬁﬁﬁﬁlﬁﬁﬂﬂﬁﬁ@ﬂﬁﬁi@ﬂo

PEHE 187 0F %5 R Bl ) o

- 5B é +A-(5SWhy)? ~ 4 F Blirs s 1 £ 7 103 s 3

4 - B A Xe el 3R o

17,

\\\

2019/10/21 /i B R IE R TED S HE (CAPA) 29

4. ¥ 8]

A (5] F) A% 4 e 2 i’?”dwﬁﬁjm“%@W i -
faemtrl & o :ﬁPJ AR NR BRI GG
e F] o

A AT R FIE R o HR FIE TR L E B ] T i
CEIREERCE R RS R

Cause Effect

Components

- Head of a Fish: Problem or Effect

- Horizontal Branches: Primary Cause
- Sub — Branches: Secondary cause

y

[ Materials ][Environment]

—

Measurement }
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Exd CAPA A

Exts CAPA e 7 8 _FL
The risk associated Wlth the finding 22 7% I 4p B cPh "%
* Regulatory risk i .5 ¥ h *&
* Businessrisk 7 * b &
* Risk to the end user of your product
HAFEERT 2k
2. An adverse trend exists # ]4&% e7F A
Impact assessment data 7> 5837 15 #icdy
* Implications §F §
* Cost = &
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4#{‘ 7 B zéqg;r_ ’f\-")k xé;«:r_
Perform Impact and Risk Assessments

The Risk and Degree of Corrective and Preventive Action

..the degree of corrective and preventive action taken to eliminate or
minimize actual or potential nonconformities must be appropriate to the
magnitude of the problem and commensurate with the risks
encountered. .

ff 3> 5% T o7p rf# 7 m& "é% frfe B

...... ) f & ﬂ/)é\' PR E AT bR B oI
AR R 0 /P\-Ei’ i imﬁié_ RG> T EF I Ok 'R ApE
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552 T CAPAFr~ #§ { i
Identify Corrective and Preventive Actions

1. Identify the action(s) needed to correct and prevent recurrence of
nonconforming product and other quality problems.

FEAHD AP 3 & A SR X8 4 foll 4 SR AT i

X5 o

2. Identify Action(s) to be taken F& % & $i B~ chify 5
* No further action necessary #& % £ P~i& - ¥ a‘% %
* Correction % i
* Corrective Action 4 & 45 %

* Preventative Action 7§ I7 4 %5

5.k2 T CAPAfr~ F§ L %
Identify Corrective and Preventive Actions

Implement and record changes in methods and procedures
needed to correct and prevent identified quality problems.

Y i e TV e A W AR L = R L i
B 615
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S IR 4
Implement Corrective and Preventive Actions

Robust process
Standard methodology
Information system
Effective Training
ek enie B (R A2)

[ R

L
F“ F /J \/L»

B Y > 2
P .,{gﬂi-ﬁ 2!

A3 CAPA 4
Communicating CAPA Information

* Disseminate information related to quality problems or
nonconforming products to those directly responsible for assuring
the quality of such product or the prevention of such problems.

* Submit relevant information on identified quality problems, as well
as corrective and preventive actions, for management review.

s wERE FRF;MEL ﬂ«ﬂ«%‘ri\?ﬁ POt SRR R edp B A B A
BERTREN ERAR #Bfa‘?m%'a °

* B MERIFTRAESIRML 0 A FI P
PRGN LA
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7 .Ex 4 ,,;;,H 1%% g
Effectlveness Checks ,EC

sl BN LSl
Verify/Validate Corrective and Preventive Actions
* Verify or validate the corrective and preventive action to ensure that

such action is effective and does not adversely affect the finished
product.

PR N FEACRLE OIS MAL R A o A g HERH
é__ é‘/_[.—z‘lfﬁ»gérg

* FDA has revised Sec. 820.100(a)(4) to reflect that preventive, as
well as corrective, action must be verified or validated.
FDA 2 :zSec. 820.100(a)(4) » ™ F BIEIF fof 4% 35 % Sf i
e pE_.E ﬁpu °
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Documenting Corrective Action and
Preventive Action Activities

Document all activities required and their results
4 = 2>

5 ko) ICAPARS & 2 B %

===

8. CAPAfrp 381 frd 2% 4
CAPA and Internal Audits and Mgmt Reviews

CAPA and Internal Audits and Mgmt Reviews

.FDA has the authority to review such records and the
obligation to do so to protect the public health....

— Manufacturers will be required to make this information readily
available to an FDA investigator.

B > CAPAfrp 3845 P o g
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8. CAPA#5 % gk LI
CAPA Activities for Management Review

* The manufacturer’s procedures should clearly define the criteria to
be followed to determine what information will be considered
“relevant” to the action taken and why.

* FDA emphasizes that it is always management’s responsibility to
ensure that all nonconformity issues are handled appropriately.

o Bl R R R R R U iR I LR R L MR AR
S EHRB s M 1 R

 FDA% 3 » §ZF A4 G FERmEL L dl s 3 &R
' R o

FDA Inspection

FDA Inspection

Manufacturers should consider that their Corrective Action and
Preventive Action documentation can demonstrate to FDA that
the manufacturer’s quality system is effective and enables the
manufacturer to identify problems quickly and implement
effective corrective and preventive actions.

FDAE # #% &

WAEF RS EE[IHEoippHo~ 2 7
@“ﬁﬁW?W”Bﬁﬁma¥fﬁ§ﬂ%ﬁﬁ
FFH’EE’ T'-'iﬁ-}’ {rﬂ%,]_ ‘ft’?;‘]‘fﬂf“’% °

FDAE P

e
b 59 iR B IR

38



=)

The Future
More CAPAs will be based on nonexception type data such as:
— Data trending and holistic data reviews
— Continuous Improvement Projects
— Industry and Regulatory Surveillance
— Cost of Quality Model
— Implement CAPA earlier in the development process
A K
g % chCAPAHR-ZL >t 2L 8§ 45 ) ﬂ"lﬁ'xiﬁ% > B e
ARSI R T B
—#? ez p
g E iz E ¢
— ;‘r HoA| e A
— 4 BB iEAR S ¥ 7 % CAPA
https://www.fda.gov/media/85266/download
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FDA WARNING LETTER
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FDA WARNING LETTER
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# ) 1 CAPAY 34

Request No.:

Originating Department Name

Date

Present Process / Problem :

Proposed Action (If any ):

Acceptance Criteria of proposed action :

Signature/Date

Approval by Head of Originating Department :

Report No.

Department Name :

Ref. request No.(if any):-

Description :

Corrective action:

Target date of
completion

Completion
Date

Preventive Action :

Acceptance Criteria :

Approval:

Head Originating department

Head Quality Assurance

(Sign./Date) (Sign./Date)
Implementation and Follow up verified by

Originating department Quality Assurance
(Sign./Date) (Sign./Date)
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G A AU w—
Accredited Testing Lab of TAF

Qg// @ * Lab No: 1809

sl e Accredited in June 2007

frefy e 1809
TAF: Taiwan Accreditation Foundation e The accreditation is in accordance with
(EEREEESE)

llac-MRA: International Laboratory Accreditation |SO/|EC 17025:2017

Cooperation Mutual Recognition Arrangement

* TAF recognition is bilateral recognized by

(mmm T e 60 economies and 73 accreditation
ZEes Certificate of Accreditation
I . .
| organizations.
BT :“,M o * The latest date to pass the renewal

accreditation was June 2019.

BA S || iy (effective until July 2022)

A AP R
Accredited Drugs Testing Lab of Taiwan FDA

* Accreditation no: 005

oy ()
{5) . : . 5
( lFDA Accredited in Nov 2009

* The accreditation is in accordance

- with ISO/IEC 17025:2005.
LTSN T T 3 Lk r\ R ReRREEETE w0 |
nean A . 4
Jowmioem v e Test item: Endotoxin (drug)
..... o 9 senssmiiens’
el (e ee wwnen ) e The latest date to pass the renewal

accreditation was Dec 2018

(effective until Dec 2021)
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Preclinical
Drug Ingredient
Testing

Supernatant
of Cell
Culture

Cell-based
Product

Contract Analysis/Testing

Brief Description Whole Drugs

Blood

Plasma
Serum

Service

Mycoplasma Testing PCR Method (TFDA Guidance) (1A= Lok
Safety ——— - - -
Sterility Testing TFDA Guidance [ 1 A3 L 1 A
TeSt Endotoxin Testing End-point and Kinetic Chromogenic Method {USP<85=) o o= ® o
Whole Blood: CD45, CD3, CD4, CD8, CD56, CD19 [ ] o =®
Ph . Lymphocyte: CD45, CD3, CD4, CD8, CD56, CD19, NKG2D, CD16 1A=
Cell Surface Mark f
eNOtyPING  cellsurfece Markers o Dendritic Cells: CD14, CD80, CD83, CD86, HLA-DR, CCR-7 0@
o Immune Cells
(Identlty) ¥8T cell: CD3, Vy9 TCR, CD27, CD45RA, CDBY, NKG2D ° °
Assay Others: PD-1, DO ° °
Mesenchymal Stromal Cell CD29, CD73, CDS0, CD105, CD11b, CD19, CD34, CDA45, HLA-DR 0 a®
(MSC) Phenotype (ISCT Proposed) :
Hematopoietic Progenitor s e
+ | elines e-Pla
(CD34) Cell Enumeration SHAGE Guidelines (Single-Platform) ] [}
Natural Killer Cell NK) -\ o) of Human PBMC ; NKS2 CellLine ° e =@
Cytotoxicity Assay
MCF-7 Cell Cytotoxicity Assay  Determine the ability to kill MCF-7 cell line L ] [ ] [
IDO Expression and Activity  Immunomodulatory Assay for MSC Cell Product: Determine .
Assay IDO expression by flow and activity by kynurenine
PBMC Suppression Assay Immunomaodulatory Assay for MSC Cell Product [ ]
. . Cell Proliferation/Cytotoxicity Assay ~ Human PBMC; 14 Cell Lines (Hep3B, IMRI0, CA46, Jurkat) [ ] [ ]
Biological
. IFN-y, TNF-a, TGF-B, GM-CSF, IL-1B, IL-2, IL-4, IL-5, IL-6, IL-8, ° . .
Function Cytokine Gene IL-10, IL-12, IL-13 expressed in human PBMCs
E ion A . . .
Assay Kpression Assay IFN-y, IL-2, IL-8 expressed in Jurkat cell (Immunostimulant Screening) [ ]
(Method: Real-time PCR) TNF-a, IL-1B, IL-6, IL-8 expressed in U937 cell °
{Immunosuppressant Screening)
TNF-a, IFN-y, IL-1p, IL-2, IL-4, IL-10, IL-12p40, IgG, IgM, IgE ° ° .
released from human PBMC (ELISA)
Cytokine Protein TNF-q, IFN-y, IL-2, IL-4, IL-5, IL-10 expressed in human PBMCs N N N
Expression Assay (Intracellular Staining)
(Method: FlowCytometry or €isA)  1TN-V, IL-2 expressed in Jurkat cell (Immunostimulant Screening] [}
TNF-a, IL-1Bexpressed in U937 cell {Immunosuppressant Screening) [} ! !!t

= Accredited by TAF; o Accredited by Talwan FDA

20194 % 2 FTAF3LH He iR

2019 SEIFPREBEIEIB TAF :EEB(ISO/IEC 17025:2017)#FAIIE B

pi=} =] =S FREE
< Coar £TEE- N 1
ﬁ.“ #7p8 1280 - Real-time PCR| > 2 | AL ER o
vcoplasma lesting- Real-time PCR) 7005(‘7‘609 1):
{ASGRIFEPR @ 10 cfu/mL > EP2 67 B 2.6.21
| = EEEERl- PCR &
5] (Mycoplasma Testing- PCR) TAF 32:% ==
= CASAIFERR @ 10 cfu/mL >
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_'_—‘L ili ? % y = @ FR%Z‘ (Customized CRO Service)

Contract Research for Biologics Development

— Mol

! \) ;(.\

The natural killer (NK)-cell response to tumour cells

Examples:

* ADCC
(Antibody-dependent Cell-
mediated Cytotoxicity)

* Apoptosis

* Cell Binding Assay

Cell Differentiation

Cell Proliferation

Immunoassays

Intracellular Staining

Ligand Binding Assay

v’ Basic Research
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Discovery Drug
or Biosimilars
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v Development and
Optimization

v Qualification &Validation

Pre-Clinical
Development
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Clinical Trial
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Complete Services for Cell-based Product Development

Development/Manufacturing

Testing / Contract Research

Contract Contract . .
. Routine Testing Contract Research
Development Manufacturing . . .
. . Service Service (Testing)
Service Service
Follow GTP * Testing Lab by Taiwan Accreditation Foundation™** (TF)
Requirements * Drugs and Cosmetics Testing Lab by Taiwan FDA ‘
FDA

Development of
Manufacturing Process
for Cellular Product

4
CMC File I

\

For

=

4 <

Customize Testing
(Identity, Potency)

Manufacturing of
Medical Human
Cellular Product

Releasing Testing

Certificated Testing
(Safety, Identity)

Jajsueld|

GTP/GMP
Compliant Facility

IND Submission

Manufacturing of Cell-Based Products

BioProcess International 11(8) Sep. 2013

Figure 1: Cell therapy preducts — multicompenent manufacturing with different levels and required activities of qualifications

Release
tests/QC

Identity,
purity,

Procurement and storage

Collection and storage
in media/buffer

Viral testing, donor
screening, stability

Initial tissue/cell processing
Process qualification, validation
of enzyme removal, residual
testing stability

Culture with media,
growth factors, serum

Qualification of all
components

Functionality,

i

- Formulation media
Excipients
Container closure

“\ potency,
safety

Cell Therapy Product

Testing for defined media,
suitable excipients,
leachables/extractables

Storage or Cryopreservation
Qualification of storage media

Purification/assembly
Antibodies

Devices

Quality attributes,

suitability for use

suitability for use

Cell passaging and/or differentiation
(proteolytic enzyme treatment)

Component/process qualification,
validation of removal, residual testing
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wie R A 2 CMCH¢ = 2

€ Safety Test (Microbiology):
Sterility, Mycoplasma, Endotoxin

€ Product Characterization
1) Physicochemical Assay
2) Biological Assay

3) Potency Assay-Quantitative & Biological
Assay

4) Surrogate Biomarker
5) Matrix Assays

Safety Test of Cell-Based Product@

 Sterility testing =®

* Mycoplasma testing «® |

* Endotoxin testing «e _ uImmem
— Endpoint

[ ] [ ]
— Kinetic

Standard Curve
12
1.0 -

@
208 -
8
506 |

I3
§0.4 .
02
0.0

~ y=1.16x-0.0835
R?=0.9973

0 0.2 04 0.6 0.8 1 1.2
Endotoxin Concentration ( EU/ml )
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Definition of Cell Product Characterization

Cytotherapy. 2013 Jan;15(1):9-19.

Table 1. Definition of key terminology for cell product characterization.

Characterization parameter

Definition

Physicochemical
characterization

Biologic characterization

Potency®
Comparability testing
Comparable®
Biocompatibility®
Stability testing®

Stability
Release assay

Refers to the use of methods that measure physical and chemical characteristics. Examples for CTP:
Physical: size, morphology, light-scattering properties, tensile strength, cell number, confluence
Chemical: identification of phenotypic markers and secreted substances, genotype, gene expression profile

Refers to the use of methods that measure biologic function (i.e., how the physicochemical characteristics
influence biologic systems). Examples for CTP:

Biologic: in vitro or in vivo measurements of cytotoxicity, cell growth, de-differentiation, proliferation,
migration, tissue remodeling

Quantitative measure of relevant biologic function of a CTP based on the attributes that are linked to relevant
biologic properties®

Exercise to evaluate the impact of changes to a manufacturing process on the validity of quality, non-clinical
or clinical data relating to a CTP or its components

Conclusion that the product has highly similar quality attributes before and after manufacturing process
changes and that no adverse impact on the safety or efficacy, including immunogenicity, of the product
occurred

Ability of a material to perform with an appropriate host response in a specific application

Determination of the shelf life under storage and in use for the product and its intermediates

Duration over which the quality of the product is maintained within pre-defined parameters

Validated test method with pre-defined acceptance criteria to which manufactured product needs to conform
to be released for clinical use

“Adapted from (6).

®As a measure of relevant biologic function, potency should be based on biologic characterization. Where this is not feasible, a physico-
chemical measure may be used as a surrogate for potency at release or stability, as long as it can be correlated to a measure of relevant

biologic function.
“Adapted from (21).

T ek AR ARE g EM@

« FHEEIRREHBIREETE ( In-Process controls)

— Compatibility studies

— Stability studies

— Comparability

o EAREmAVB Tl (Final Product Release
Testing)

o #LZ4STHT (Batch Analysis)
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MSC-1

Physmal Characterlstlcs -Cell Morphology

MSC-2

Chemical Characteristics -Cell Surface Markers

WhOIe BIOOd @ = o $5.3% 0.0%
5] A

CD18-APC
3

CDA45, CD3, CD4, CD8, CD56, CD19

Tcell

e @ L -
Immune Cell Product (Lymphocyte) = “=———

CDA45, CD3, CD4, CD8, CD56, CD19, NKG2D, CD16

Dendritic Cell - .ﬁ ’/\”‘“ (E\F)

Ga® ~-
CD14, CD80, CD83, CD86, HLA-DR, CCR-7 ™~ kN :
yoT Cell ot
CD3, VY9 TCR, CD27, CD45RA, CD69, NKG2D f,: f\\‘m
Mesenchymal Stromal Cell (MSC) = 8L s

PDL-1 (MSC ,tumor cells..)/PD-1(activated lymphocyte..)
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Selection of Assay- Cell Viability

Trypan Blue Exclusion Assay Annexin V / Pl Staining
5
"
: D(lad
4
10
Dead cell _ !
= 103:;
Live 7o
Life cell 1 | e ’, -
10;1 ks AR apoptotic
-10 T rrrT—

0% 10° 100 10t 10
Annexin V

8

£
=]
K]
>
=®

@
o
% Functionality

Daysat2-8°C Daysat2-8°C

(A) cell viability and (B) cell functionality.

The stability of a cellular product during storage at 2—8°C was assessed using a cell viability
assay (1A) and a complex co-culture cell functionality assay (1B). Cell viability declined after
3 days of storage. *Cell functionality dropped steadily after only 1 day at 2-8°C.

In this example, cell viability was measured by a simple membrane integrity test. Cell
functionality, on the other hand, was assessed using a complex co-culture method.

In contrast to the viability measurement, which was rapid and very precise, the functionality
assay was lengthy, difficult to control, required careful operator training and displayed
significant day-to-day variability. The validation paths for these two assays are likely very

different.
(Analytical considerations for cellular therapy manufacturing, BIOINSIGHTS 2017. by Chris Wiwi, Analytical
Research and Development, Celgene.)
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Central Role of Potency Assessment
of Determination of CTP Quality

; |

Comparability Physicochemical Characterization Stability Studies
Kes Final Product
Product Extended \4 In vitro test/s and ph s:coc;em-czl 5| Identity, purity, sheif-life, shipping
Specification Charac(ensauocy I ] assayls cr):ara clesistics Se!ec!' impurities, other. validation, in-use
tests stability
‘—+ useful ‘
tests
Comparability Product Stability
Protocol Specification
Biological Characterisation T
o - 1
Product Stability / In-process \ stability
Specification \ controls / 0 Vil Doaseayfa indicating
1
Select Product
— P SSAY/S St -
Select 7 o tests Specification
test/s
In vivo bioassay/s
Product
compatibili
Identify po: wi
[Assumed] Mechanism of Action T
- . Final Product
/- \ container, delivery
——p{ Working Theory je— system, other
L / device
T Compatibility
Studies
Non-clinical tuaie
models Clinical data Literature

Potency is central to biologic characterization, which, underwritten by the
hypothesis for MOA together with a description of the physicochemical properties,
provides the platform for product specification and analysis of product
comparability, stability and compatibility.

Cytotherapy. 2013 Jan;15(1):9-19.

ARG 2 i

Cytotherapy, 2019; 21: 275277 International Soclety
: [SCTw-<
Cell & Gene Therapy
Gmr

Advancing cellular therapies towards standard of care: a focus on
testing of cellular therapy products

PATRICK J. HANLEY"" & MARK LOWDELL™>""

YCenter for Cancer and Immunology Research, Center for Cancer and Blood Disorders, Children’s Research Institute,
Children’s National Medical Center and The George Washington University, Washington, DC, USA,>Immuno-Gene
Therapy Scientific Committee, International Society for Cell and Gene Therapy, Vancouver, Canada,” Department of
Haematology, Cancer Institute, University College London, London, UK, and *Centre for Cell, Gene & Tissue
Therapeutics, Royal Free Hospital, London, UK
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Testing for Cellular Therapy Products- Cytotherapy 2019

Table 1. Master testing table of suggested release criteria for each of the cell twpes covered in this special edition.

Cell type Viability Identity Purity Microbiology Potency (phase 3) Stability
CAR T cells =70% of target cell dose CAR expression =5% CAR-T transduced Aerobic, anaerobic and fungal Cytokine release by Preserved transgene
by trypan blue or flow cells testing for =10 dor =7 d by ELISA, ICS ar expression
CYLOmerry approved rapid test (Bactec ELISPOT
or BacT/Alert)
CD3 expression Absence of B cells Mycoplasma testing Viability
Flow cytomerry Abszence of Dynabeads <5 EU/kg endotoxin Funcrion
Free from other contami-
nants (cytokines, seram,
erc.)
TAA T cells  =70% viable by trypan =2% CD3-/CD83+ Lack of alloreactivity via BacT/Alert for =4 d (release) T-cell specificity by Vial integrity
blue cytotoxicity assay and culmred for 14d ELISPOT or other
(bacterial)/21 d (fungal) functional assay
=2% CD16+ Mycoplasma Sterility
HILA identity berween donor =5 EU/mL endotoxin Viability
and T-cell product Cytokine release
Gene- =T70% oftarger cell dose CD34+ =80% CD34+ Bacrerial'fungal sterility NGSor VCN
modified by trypan blue or flow testing
hematopai-  cytometry Pasitive for biological Transduction efficiency Mycoplasma
etic stem activity of transgene
cells
Exogenous  80% of targert cell dose % T cell Transduction efficiency =5% Sterility using BacTec and Number of genetically
TCRs Gram Stain modified cells
Gene copy number
Transgene expression
Product actvity level
TILs =T70% of target cell dose =T70% CD45+/CD3+ Sterility (aerobic, anaerobic, =200 pg/mL IFN-y
using Cellometer AQ/PL fungal)
or trypan blue <5 EU/kg endotoxin
NE cells =T70% of target cell dose CD3-/CD56+ plus CD16 Dependent on whether Aerobic, anaerobic and fungal Cyrotoxicity by flow
if the mode of action is autologous or allogeneic, Testng for =10d or =7 d cytometry or NE cell
presumed o be ADCC the degree of HLA-mis- by approved rapid test degranulartion marker
martch and whether Bactec or BacT/Alert CD107a as a surrogate
replication incompetent Mycoplasma testing
<5 EU/kg endotoxin
MSCs =00% oftarget cell dose at  No chromosomal Sterility testing (cultured Immune assays Biclogical characterization

cryopreservation

=T70% oftarger cell dose
post=-thaw

Determined by trypan blue,
Cell Counter or Annexin
WIPL

abnormalites

Basic ISCT criteria at a mini-
mum but recommend fune-
tion-specific markers

for 7d)
Mycoplasma testing

Endotoxin =5 EU/kg/h or
=(0.2 EU/kg' for intrathecal

Angiogenic assays Physiochemical assessment

Detection of secreted
factors

Rheological studies
Morphological studies

TAA; TCR, T-cell receptor; TILs, Tumor Infiltrating Lymphocyres; NE, natural killer; ADCC, Antibody-Dependent Cellular Cytotoxidoy; ELISA, enzyme-linked immunosorbent assay; [CS,
Intracellular Cytokine Staining; NGS, Next Generation Sequencing; VCN, Vector Copy Number; IFN, interferon.

CAR-T

Manufacturer: Novartis Pharmaceuticals Corporation

Proper Name: CTLO19 (tisagenlecleucel)

Tradename: KYMRIAH

tisagenlecleucel ==5%
DKYMRIAH

1

Licensed by US FDA: 30" August 2017 ; 1t May 2018

Indication

@

Indicated for the treatment of patients up to 25 years of age with B-cell precursor

acute lymphoblastic leukemia (ALL) that is refractory or in second or later relapse.

@

Adult patients with relapsed or refractory (r/r) large B-cell lymphoma after two or

more lines of systemic therapy including diffuse large B-cell ymphoma (DLBCL) not
otherwise specified, high grade B-cell lymphoma and DLBCL arising from follicular
lymphoma.
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CTLO19 T cells
Mode of Action

» Recognition of a common ° ® " Granzymes
protein (CD19) by ﬂ@ﬂ Perforin
chimeric antigen receptor
(CAR) ~\2~"\\\‘
> Signaling through CD3 \ﬁ
intracellular pathway wASk
» Activation of CTL = Koot \
responses -Expansion of POP™X . i:}
the cells )

//"
*/\ Tumor cell

-High Cytotoxic Granule

content _ CAR TAA
-Strong expression of A
cytotoxic agents (FasL, IFN-g) MHC I molecule
-High expression potential of
necessary cytokines / . o Proinflammatory
chemokines %00 Cytokines
@00 @ > lIFN-y,[INF-a
CartellieriM, J Biomed Biotech L
2010

CAR-T: Quality Assurance

CM-9

Quality assurance of CTL019 cell

product
i,
Appearance and description Identity
+ Color « Identity by CAR quantitative PCR (qQPCR)
Safety Quantity
» Bacterial endotoxins « Total cell count
+ Sterility « Number of viable cells (calculated)
+ Mycoplasma « Dose (calculated)
» Determination of VSV-G DNA by quantitative
Pot:
PCR (surrogate for RCL) SRR
Puri + Determination of CAR expression by flow
urity cytometry
» Percentage of viable T cells « Release o in response to
» Determination of transduction efficiency by CAR CD19-expressing target cells
quantitative PCR
+ Cell viability
Impurities

» Determination of residual beads by microscopy
» Percentage of viable CD19* B cells

RCL=replication-competent lentivirus
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Biomarkers Analysis (NKG2D Receptor)

e Characterization of Activated Cell Product

NKG2D Expression Level in Different Cell Type

7000 - 6434.4 PBMC

5736.6 60290 mFinal Product
6000 -
5000 - 4398.0
— 4000 -
=
3000 1 »0g6.
1696. 1660. 1761.
2000 -
1000 -
0 T T T T
Lymphocyte NK NKT Tc

e e
EMO
- | LI IR 4

Biological Assays of T Cells Product

* Potency of T Cell Product (IFN-y secretion & Cytotoxicity)
* Quantitative biological method

e ™
Cytotoxicity of AIC-TKNK IFN-g Secretion
(Target Cell: K-562)

07 PBMC - 2068.4

80 1 2500 -

70 - u Final Product
Eeo - T 2000 -
£ 60
= o
S 50 7 = 1500
5 a0 - 5

=
gao ) 24.7 259 £ 1000
219.1

20 4 8.2 . ' 9.1 500

10 4 14 - .

0 0 ‘

0.3 1 b Ratie 3 10 PBMC TKNK
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Product Characterization Testings

Comparability Physicochemical Characterization Stability Studies
Key Final Product
assayls = oy Select | Mpurities, other. validation, in-use
hamchnsics sis stability.
E3
Biological Characterisation
1
In vitro bioassay/s
3 ‘lL Pot /e Select Product
I Select tests Specification
tests
In vivo bioassay/s
2
T Product
: 1
[Assumed] Mechanism of Action =
container, delivery
Working Theory system, other
device
Compatibility
" Studies
el i Clinical data Literature

Cytotherapy. 2013 Jan;15(1):9-19. .

Comparability Studies E€M®

T cells Product

Process Manufacturing for CTPs

Materials Change

CTPs Characteristics

Cell Viability Proliferation rate Phenotype

CTPs Functional

IFN-y activity
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Comparability studies

T Cells Product

Cell viabilty (%)
g

CTPs Characteristics 60

Viability
Day 5 Day? Da y 8 Ba\r 12
= Original prep

= Original prep D0
400 Penotype
z 80
g. 60
iy activiy [ CTPs Functional ] L )
100 / e - -
g: Ol prtction._ iowpspr
% 40
Qriginal p New R ‘ L ‘ -
AR C I B8 TR EMO
y L
o o o Analytical Procedures
PTECISIon and Methods Validation

— Repeatability

— Intermediate precision
— Reproducibility

Accuracy

Specificity

Linearity and Range

Robustness

Process Manufacturing
for CTPs

Fold-change
£

X

o

Proliferation rate

8

Day 5 Day? DayQ DyIZ
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Mesenchymal Stem Cells: Time to Change the Name!
ARNOLD I. CAPLAN - STEM CELLS TRANSLATIONALMEDICINE 2017;6:1445-1451

* SUMMARY

* Mesenchymal stem cells (MSCs) were officially named more than 25 years ago to
represent a class of cells from human and mammalian bone marrow and periosteum
that could be isolated and expanded in culture while maintaining their in vitro capacity
to be induced to form a variety of mesodermal phenotypes and tissues. The in vitro
capacity to form bone, cartilage, fat, etc., became an assay for identifying this class of
multipotent cells and around which several companies were formed in the 1990s to
medically exploit the regenerative capabilities of MSCs.

* Today, there are hundreds of clinics and hundreds of clinical trials using
human MSCs with very few, if any, focusing on the in vitro multipotential
capacities of these cells.

* Unfortunately, the fact that MSCs are called “stem cells” is being used to infer
that patients will receive direct medical benefit, because they imagine that
these cells will differentiate into regenerating tissue producing cells. Such a
stem cell treatment will presumably cure the patient of their medically
relevant difficulties ranging from osteoarthritic (bone-on-bone) knees to
various neurological maladies including dementia.

* | now urge that we change the name of MSCs to Medicinal Signaling Cells to more
accurately reflect the fact that these cells home in on sites of injury or disease and
secrete bioactive factors that are immunomodulatory and trophic (regenerative)
meaning that these cells make therapeutic drugs in situ that are medicinal.

* ltis, indeed, the patient’s own site-specific and tissue-specific resident stem cells that
construct the new tissue as stimulated by the bioactive factors secreted by the
exogenously supplied MSCs.

Predicting Stem Cell Activity to
Ensure Safe and Effective Therapies

March 7, 2018 By: Steven R. Bauer, Ph.D.

* ...AsofJanuary 2018, no MSC-based clinical trials have resulted in
FDA-approved treatments. One significant challenge is ensuring
that the MSCs will work together to perform the same desired
function when they are administered to patients.

» ..MSC-based therapies are not available yet. But the ability to
specific of different preparations of MSCs
may be a big step toward getting safe and effective FDA-
approved treatments to patients.

Steve Bauer, Ph.D., chief of the Cellular and
Tissues Therapy Branch, Division of Cellular
and Gene Therapies, in the Office of Tissues
and Advanced Therapies, at CBER.
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MSC Products with Regulatory Approval

or in the Late-stage Clinical Trial

Table I. MSC products with regulatory approval or in late-stage clinical trials.

Company Product Indication Stage Reporting
Approvals
Mesoblast TEMCELLHS Acute graft-versus-host disease ~ Market approval in Japan 2016
Stempeutcs Stempeucel Crrical limb ischemia (Buerg-  Limited market approval in 2017

er’s disease) India
Takeda Alofisel Complex perianal fistulas in Market approval in European 2018

adult Crohn’s disease Union
Pipeline
Athersys MultiStem Ischemic stroke Phase 3 \specific protocol Initiating 2018

assessmegnt)

Bone Therapeutics PREOB Osteonecrosis of the hip Phase 3 Expected 2H 2018
Brainstorm NurOwn Ampyotrophic lateral sclerosis Phase 3 Expected late 2019
Cytori ECCI-50 Male stress urinary Phase 3 Anricipated 1H 2019

incontinence

Moderate to severe chronic
heart failure

Acute graft-versus-host disease

MPC-150-IM
MSC-100-1V

MPC-06-1D Chronic low back pain due to

disc degeneration

Phase 3

Phase 3

Phase 3

Complete enrollment 2H
CY 2018

Day 180 safery data Quar-
ter 3CY18

Enrollment in the tnal
completed in Quarter 1
2018

1H, first half of fiscal vear; 2H, second half of fiscal year; CY, calendar year.

Manufacturing and Assessments of Potency for
MSC Products

Cytotherapy, 2019; 21: 289306

L))

Ghack for
\ Gpiton

International Society

ISCTwa-<

Cell & Gene Therapy

Mesenchymal stromal cell therapy: progress in manufacturing and

assessments of potency

KEVIN P. ROBB'~, JOAN C. FITZGERALD’, FRANK BARRY "’

& SOWMYA VISWANATHAN»**?

"The Arthritis Program, University Health Network, Toronto, Canada;,"]nstimte of Biomaterials and Biomedical
Engineering, University of Toronto, Toronto, Canada,’ Regenerative Medicine Institute (REMEDI), National
University of Ireland, Galway, Ireland,*Cell Therapy Program, University Health Network, Toronto, Canada, and
*Division of Hematology, Department of Medicine, University of Toronto, Toronto, Canada

Abstract

Mesenchymal stromal cell (MSC) therapies have been pursued for a broad spectrum of indications but mixed reports on
clinical efficacy have given rise to some degree of skepticism regarding the effectiveness of this approach. However, recent
reports of successful clinical outcomes and regulatory approvals for graft-versus-host disease, Crohn’s disease and critical
limb ischemia have prompted a shift in this perspective. With hundreds of clinical trials involving MSCs currently underway
and an increasing demand for lafge-scale manufacturing protocols)there is a critical need to develop standards that can be
applied to processing methods and to establish consensus assays for both MSC processing control and MSC product release.
Reference materials and validated, uniformly applied tests for quality control of MSC products are needed. Here, we review
recent developments in MST manufacturing tecAnologics, relcase tesong and potency assayp. We conclude that, although
MSCs hold considerable promise clinically, economies of scale have yet to b(. achlcwd although numerous bioreactor tech-
nologies for scalable production of MSCs exist. Additionally i
understanding of mechanisms of action, which are linked tq relevant process and product release potency assa
required to ensure that these therapies continue to be successful.
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MSCs Product Characterization and Clinical Trial
By: Steven R. Bauer, Ph.D. (FDA CBER); 2018 ISCT

MSCs and Product Characterization |
MSC Consortium Findings

] é‘)

|

Manufactured

* MSC qualities that diminish with tissue culture age:
Mesenchymal

— Frequency of CFU-F
Stem Cell MSC o d
Imr_nuncmodulitonf H E’T — Proliferation
" AntrInflasmstory — s — Frequency of adipogenic precursors
— iw  Adipocytes
©a — A /o . PR S
m — Adherent in culture Osteogenic activity
CD73+, 90+, 105+ — Chondrogenic activity

Lymphoid lineage negative e = - S
— In vitro immunosuppressive capacity

Q?o _ * MSC qualities that increase with tissue culture age:
Y ) — Cell size
& * (MSC qualities that do not change
¢ r\-l—l Expression of CD73, CD105, CD90 (also CD44, CD29, CD166) ]

www.fda.gov

Immunosuppressive Capacity V.S. Culture Duration
By: Steven R. Bauer, Ph.D.

Immunosuppressive Capacity Varies Between IFNy-Stimulated MSC Morphology Predicts
Cell Lines and with Culture Duration Immunosuppressive Activity
R MSCs ) 46 Hr MSC Pro-Culture C  Migh Immunosuppression
g ._;._ i% M o | {Low AUC)
3‘. "':r? .: . %M *Activated PBMCs A\-“ \-
}- e tAUC |Immunosuppressive Capacity 5os° 20050 ¥
" \.__ = ..o‘
}::- - i Y 100 ::::r::: 72 He MSC/PBMC Co-Culture] — \
PCBM1632 . 1 I |
Early Passage Late Pass sl ME ) \ ‘ ’
U L > 3 : e | T P—— Dt
S 90/ H o - E *ﬁzﬁ '{ “ i
Z " 0 & TNFa
< 70 | @ [ r
& o s | —1iE: , \ \
E . | 40 - e % o CFSE s
aﬂb Y ﬁﬂ@b ¥ bu"e FCRM PCBM PCBM s tenies sFaa S ";:‘2: ‘
MSCsiwell (107) ™ ) ‘_A
Klinker, et al. PNAS 2017 10 11
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Morphological profiling using machine learning reveals emergent
subpopulations of interferon-y—stimulated mesenchymal stromal
cells that predict immunosuppression ianuary 2019 cytotherapy :volume 21, Issue 1, p1-124

Background

Although a preponderance of pre-clinical data demonstrates the immunosuppressive potential of
mesenchymal stromal cells (MSCs), significant heterogeneity and lack of critical quality attributes
(CQAs) based on immunosuppressive capacity likely have contributed to inconsistent clinical
outcomes.

This heterogeneity exists not only between MSC lots derived from different donors, tissues and
manufacturing conditions, but also within a given MSC lot in the form of functional subpopulations.
We therefore explored the potential of functionally relevant morphological profiling (FRMP) to
identify morphological subpopulations predictive of the immunosuppressive capacity of MSCs
derived from multiple donors, manufacturers and passages.

Results

Multiple IFN-y-stimulated subpopulations significantly correlated with the ability of MSCs to
inhibit CD4* and CD8* T-cell activation and served as effective CQAs to predict the
immunosuppressive capacity of additional manufactured MSC lots.

We further characterized the emergence of morphological heterogeneity following IFN-y
stimulation, which provides a strategy for identifying functional subpopulations for future single-
cell characterization and enrichment techniques.

Discussion

This work provides a generalizable analytical platform for assessing functional heterogeneity based on single-cell
morphological responses that could be used to identify novel CQAs and inform cell manufacturing decisions.

ROSS A. MARKLEIN, MATTHEW W. KLINKER, KATHERINE A. DRAKE, HANNAH G. POLIKOWSKY
, ELIZABETH C. LESSEY-MORILLON, STEVEN R. BAUER
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Figure 1. MSCs re-educate the immune cells to induce the generation of regulatory immune cells with tolerogenic properties. These reg-
ulatory immune cells such as Tregs, Bregs, regulatory APC and NK cells will gather to create a tolerogenic environment suitable to modulate
the immune response. Multiple regulatory pathways with a central role for IL-10 could then be used by these cells to finally establish
immunomodulation.
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In vitro Potency Assay for MSC Used in Immunotherapy

Cytotherapy, 2017; 19: 784797 International Society for Cellular Therapy . ®

ISCT e
@ CrossMark

REVIEW ARTICLE

Regulatory perspective on 7n vitro potency assays for human
mesenchymal stromal cells used in immunotherapy

CHARI.OTTE DEWOLF, MARJA VAN DE BOVENKAMP & MARCEL HOEFNAGEL

Medicines Evaluation Board (CBG-MEB), Utrecht, The Netherlands

Abstract

Mesenchymal stromal cells (MSCs) are multipotent cells derived from various tissues that can differentiate into several cell
types. MSCs are able to modulate the response of immune cells of the innate and adaptive immune system. Because of
these multimodal properties, the potential use of MSCs for immunotherapies is currently explored in various clinical in-
dications. Due to the diversity of potential MSC medicinal products at the level of cell source, manufacturing process and
indication, distinct functionality tests may be needed to ensure the quality for each of the different products. In this review,
we focus on g vitre potency assays proposed for characterization and release of different MSC medicinal products. We discuss
the most used functonal assays, as presented in scientific advices and literature, highlighting specific advantages and limi-
tations of the various assays. Currently, the most proposed and accepted potency assay for release is based on e vinre inhibidon
of T cell proliferation or other functionalities. However, for some products, assays based on other MSC or responder cell
properties may be more appropriate. In all cases, the biological relevance of the proposed assay for the intended clinical
actvity should be substantiated with appropriate product-specific (non-)jclinical data. In case practical considerations prevent
the use of the ideal potency assay at release, use of a surrogate marker or test could be considered if correlation with func-
tionality has been demonstrated. Nevertheless, as the field of MSC immunology is evolving, improvements can be expected
in relevant assays and consequently in guidance related to potency testing.

Prochymal: MOA EMO

Manufacturer: Mesoblast (Osiris Therapeutics )

Allogenic MSC from bone marrow

G

Homing to sites of injury/inflammation

Immunomodulation: suppression of T-lymphocytes at
Injury/inflammation sites

Anti-inflammatory activity: inhibition of pro-
inflammatory cytokines (I'NF-a and [FN-y )
Indication: Treatment GvHD
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Dendritic cell

Prochymal: MOA

MDSC

CD14+ monocyte

O

%

CXCL3, HGF,
IL-6

9-11'0al '239d

M2 macrophage

M1 macrophage

Mast cell

41
Immunol Lett. 2015 Dec;168(2):140-6

Potency Markers for Screening

(Prochymal)

Justification for marker selection

Prostaglandin E2
(PGE,)

PGE, suppresses immune response. MSCs produce PGE,, and
PGE, mediates MSC-induced immunosuppressive and anti-
inflammatory effects in vitro.

Indoleamine 2,3-
dioxygenase (IDO)
enzyme activity

IDO is an enzyme inducible by pro-inflammatory cytokines such
as IFN-y and TNF-a. IDO inhibits immune response via depletion
of tryptophan, an amino acid that is essential for immune cell
activation. IDO enzyme mediates MSC-induced
immunosuppression in vitro.

Tumor Necrosis
Factor-o ( TNF-a)

TNF-a is a pro-inflammatory cytokine playing an important role
in GVHD. MSCs inhibit TNF-a secretion by immune cells in vitro.

Interferon-y
(IFN-y)

IFN-y is a cytokine secreted by Th1 cells that are involved in
GVHD development. MSCs can inhibit secretion of IFN-y that is
beneficial for GVHD treatment

Tumor Necrosis
Factor-a
Receptor (TNFR )

TNFR is expressed on MSCs. TNFa is present in organs
targeted by GVHD. TNF-a via TNFR up-regulates secretion of
PGE,, induces expression of IDO and stimulates MSC migration
in vitro. TNFR is a mediator of MSC biological activities.
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Experimental Design:

Frozen cells Thawing . TNFR detection in
at P5 — and ——> Cell lysis lvsates by ELISA
(30 donors) counting y y
AT, AN
o ST
— A[EfL?

— HHERL ?@ Commercially available ELISA kit

— HiBiological activitydy g 2 Iﬁ

EMO
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1 8 ADSC 2 & (RegStem®) /o
MR E L2 B2 H TR R

Mechanism of Action :
€ Anti-inflammation
€ Chondrogenesis
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Characteristics of MSC

* Characterization of ADSC

— According to Position paper of ISCT in 2006, minimal

criteria of MSC must be....
* Plastic-adherent

* Express CD73, 90 and 105, and lack expression
of CD11b(or CD14), CD19(or CD79a), CD34, CD45

and HLA-DR.

 Differentiate to osteoblasts, adipocytes and

chondroblasts in vitro.

A s A
Phenotyping of SVF and ADSC Phenotyping of SVF and ADSC
{ Positive Marker ) ( Negative Marker)
100 A 80
70 -
80 - 60 A
60 - mSVF 50 1 W SVF
% % 40 -
0 - B ADSC 10 | = ADSC
20 - 20 ] l l
10 -
0 0 . . . . ;
CD29 CD73 CD90 CD105 CD11b CD19 CD34 cD4s HLA-DR
_/ \. y,

Py 3
EMO

MSC Characterization

 ADSC
—Chondrogenesis

Alcian blue staining

g 2

Relative Expression Level

Expression of Chondrogenesis-related Genes

ACAN COL2A1

Chondrogenesis-related Genes
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Consistency of CTP after Ex Vivo Expansion
(Tested by EMO Biomedicine in 2015)

Cell Viability of Different
Passages of CTP after Thawing

Cell Markers of Different
Passages of CTP after Thawing

Viability (%)

Cell viability of RegStem

10 (Average of Donor-2~5)

100

Il

4
P2z P3 PA P5 PG P7 P8 P9 P10 P11 P12 P13 P14 P15
Passage

®

w
[

st
-

o
o

=
]

w

Immunophenotyping
( Positive Markers)

100
80
W Nucleated Cell
60 uPO
% =Pl
40 mP5
P10

PDT (Hours)

4 ' y ’ \\
[ =] a I \
| |
l | )
\_\ | \ y. /4

Cell Growth Kinetics vs. Cellular Senescence
(Tested by EMO Biomedicine in 2015)

Population Doubling Time of RegStem
( Average of Donor-2~5)

40 1

30 {_ Average =17.1 hours

20 -

Percentage of SA-B-Gal positive cell

10 -

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15

*p value < 0.05 Passage

After passage 7, population
doubling time was increased
significantly by passage.
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Senescence-associated B-galactosidase Assay .
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°

Percentage of aging cell was
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Immunosuppression of MSC
MSC

TGF B PGE2
1SG-6
IDO Quantification Assay ’

Th cell '; .
Tc cell -

Proliferation {,

EMO

IL-2 J TNF-a J, IL-10 1 (Macrophage M1->M2)
T cell Suppression Macrophage
Assay Inhibition Assay

IDO Quantification Assay
IDO (Indoleamine 2, 3-dioxygenase)ZMSC= |3 X 4wz k2
?Ji%”r?é T A A el LR e i AERE Z > 4 A IR AT B
FENSCA S & AR &% f Bonif 4 47 0 AP R B ohE R 4o

IFN-g Q\ « ZE(IFN-gHIHHIMSC
@ E 4 1DO
< * |IDORE[{HTryptophan

T KYN > 1 KYN

Effector
T cell

Regulatory

T cell 3 FsKynurenine »

L TRP

AT TARAE K2
{ETregdffiAts
i f} : TO s DURFANEE =
ector ce reg
suppression/anergy/death hyper-activation M SC@ é‘EE]/\j IDO
TRENDS in Immunology

Indoleamine 2,3 dioxygenase and metabolic control of immune responses E |m‘ o
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Cytotherapy. 2013 Jan;15(1):9-19..

- ]
Comparability Physicochemical Characterization Stability Studies
Key Final Product
In vitro test's and 5| Identity, purity, shelf-iife, shipping
assayls characteristics Select impurities, other.
tests

Biological Characterisation

In vitro bioassay/s
- jologic: Stiect
P
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[Assumed] Mechanism of Action

container, delivery
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. Studies
Non-clinical
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Comparability Studies EM
MSC-Based Products

Comparability

Manufacturing Process Change

MSC Product Characteristics
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IDO assay, suppression of T cells proliferation, TNF-a inhibition,..
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IDO Quantification Assay Eine

Capable to distinguish aged MSC

Cell Senecence: B-galactosidase staining

Immunophenotyping
( Positive Markers)

t = Nucleated Cell
mFO
=Pl
L1
mPiO

CD73 CDs0  CD105

Cell senescence can’t be

: : detected by CD markers 100 -
we S
%
= MSC is getting old at P12 2]
! P [ (=3 o
CcD29

8

3

5

P12 P15

® b <005 |compars with P1)
ned

Cell senescence can be detected g
@ by IDO quantification assay

N\
Percentage of IDO-expressed MSC IDO Expression Level per Cell
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Data from EMO Biomedicine Corp.
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Number of Studies in 2019 g "
., 2019 Oct
World 34,076
Africa 618
Central America 554
East Asia 4,458
Japan 661
Europe 8,624
Middle East 1,191
North America 19,575
Canada 2,478
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United States 18,646
North Asia 799
Pacifica 1,253
South America 852 20 1 8 S ep
South Asia 444
Southeast Asia 703
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m [VISCs (adipose-derived, bone marrow, umbilical cord)
® Immune cells (CAR-T, TiLs, NK, CIK, Dendritic cells)
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Canada (2)
* Prochymal, MSC (2012)
* Kymirah, CAR-T (2018)

Uus (19)

* Carticel (1997)

* Prochymal (2009)

* Provenge, DC (2010)

* Laviv, fibrocell (2011)

* Hemacord (2011)

* Gintuit (2012)

* MultiStem (2012)

* HPC, Cord Blood (2012)
* HPC, Cord Blood (2013)
* Ducord (2012)

* Allocord (2013)

* Imlygic, T-Vec (2015)

* Clevecord (2016)

* HPC, Cord Bolld (2016)
* MACI (2016)

» Kymriah(CAR-T)(2017)
* Luxturna(2017)

* Yescarta(CAR-T)(2017)

* Recell (2018)

EMA (14)

-+ Chondrocelect (2009)

* MACI (2012)

* Glybera (2013)

* Provenge, DC (2013)
* Holoclar (2015)

* Imlygic, T-Vec (2015)
* Strimvelis (2016)

* Zalmoxis(2016)

* Spherox (2017)

* Chondrosphere (2017)
* Alofisel (2018)

* Kymirah, CAR-T (2018)
* LUXTURNA (2018)

* Yescarta (2018)

Australia (4)
* Cartogen (2002)
* ReCell/CellSpray (2006)
» Amniofix, EpiFix (2018)
* EpiBurn (2018)

New Zealand (2)
* ReCell/CellSpray
* Prochymal, MSC (2012)

Japan (5)

« JACE (2007)

« JACC (2012)

« TEMCELL, MSC (2015)
* HearSheet (2015)

* Kymirah, CAR-T (2019)

Korea (20)
* Chondron (2001)
oderm (2002)

* CreaVax-RCC (2007)
» Immuncell-LC (2007)
* Hyakgraft-3D (2007)

* Innolak (2007)

* Adipocell (2008)

* RMS Ossron (2009)

* QueenCell (2010)

* AutoStem (2010)

* CureSkin (2011)

* Hearticellgram-AMI (2011)

» Cartistem, MSC (2012)
* Cupistem (2012)

* Neuronata-R (2014)

* Keraheal-allo (2015)

* Rosmir (2017)

* Invossa-K (2017)

Singapore (3)
* Chondrotransplant

* ReCell/CellSpray
* Cartogen

India (1)
* APCeden (2017)

APPLICATION

CELL/ GENE THERAPY IND STATISTICS

H Cell therapy ® Gene therapy

1
p
3 15 10 16
12
9
12

201020112012 2013 2014 20152016 2017 2018 2019 g MSCs

m ADSCs
® Immune cells (T cells, Nk, bc) = CD34+, SVF, UCBMC

T ‘\/D m Epithelial cells ® Fibroblast
o}
‘FDA m OECs m Chondrocyte
TFDA RRBENEEF - Others
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Outline

* Immunotherapy briefing
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CANCER
TREATMENT
OPTIONS

- )
HORMONE ,,,Gl‘sﬁ
THERAPY (B8 @

IMMUNOTHERAPY

RADIATION
SURGERY THERAPY
BONE MARROW
TRANSPLANTATION

TARGETED
THERAPY

CHEMOTHERAPY

Passive immunotherapy | Active immunotherapy

 Oncolyticvirus

/ \
I I
. 1 |
Undefined target Cancer immunotherapy _E_ﬁ |
|
Defined target ] |
_ | |
L /

 Monoclonal Ab
 Cancer vaccine
o oBmE

Passive immunotherapy

Active immunotherapy
Modifed from R. Rooke / Biochimica et Biophysica Acta 1843 (2014) 2334-2340
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Immune system and cancer therapy

Adaptive Immunity

Innate Immunity

T
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CART

* MHCindependent
* Surface protein

* Specific killing

Target protein

TCRT ~ TIL ~ DC-T

* MHC dependent

* Intracellular peptide
* Specific killing

NK ~ gdT ~ iNKT ~ CIK ~ DC-CIK

¢ MHCindependent

* NKG2D ~ NCR ~ DNAM1 killing receptor
* Non-specific killing

# Cell therapy may be synergistic with mAb ~ CPI.
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Cell therapy: moving forward

TCRT

CIK DC-CIK DC-T
Culture period 16-18 days 16-18 days 30-35 days
Phenotype CD3/CD56+ >20% CD3/CD56+ >20% CD3+>80% (CD8:40-70%)
Cell dose 50-500M 50-500M 50-500M
Dosing Q1-2wks *6 doses Q1-2wks *6 doses Q2wks *6 doses

frequency

Outline

* Cell therapy: Non-gene-editing vs gene-editing
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How to use T or NK cells?

b T-cell isolation from

Tumour excised

Non-gene editing

CIK ~ DC-CIK ~ ot /) CART
N ‘\ /’ : '\
= Tumour cells -

T~ NK-~TIL @ﬂ_
(%
IO

Tumour-infiltrating

Lymphocytes(TILs) B Genetic modification with
TCREJ orCAR YW

[ Y “0

Preconditioning
and T-cell infusion

W T

TiLs Isolated

peripheral blood Gene-editing

» TCRT

T-cell expansion T-cell expansion
(REP) and formulation
Ozcan Met et al, Semin Immunopathol. 2018 Sep 5. doi: 10.1007/s00281-018-0703-z ’
How to use T or NK cells and expectation
Non-gene editing Gene-editing
CIK ~ DC-CIK ~ CART ~ TCRT
T~ NK~TIL
256 : : [ - = /*‘ B
- C o a l'-((lll \\___',/I A fl - C||n|ca|
\ — -j k i benefit
| Clinical - CH
benefit \'?:m""' Teshesarion Response rate
. i|~ Response rate
CR -

Ozcan Met et al, Semin Immunopathol. 2018 Sep 5. doi: 10.1007/s00281-018-0703-z

87

10



Tumor infiltrating lymphocytes (TIL) for breast cancer

Breast cancer

62 somatic mutations identified.

Received TIL reactive to mutated
proteins + IL-2 + pembrolizumab.

Cancer free for 2.5+ years.

Pre-Tratent o . 14 Months

Laszlo G. Radvanyi et al, Nature Medicine, volume 24, pages703—-704 (2018) !

“ BRIEF REPORT H

Cancer Immunotherapy Based on
Mutation-Specific CD4+ T Cells in a T-Cell Transfer Therapy Targeting Mutant
Patient with Epithelial Cancer KRAS n Cancer

. it 5 g g 4 = Eric Tran, Ph.D., Paul F. Robbins, Ph.D., Yong-Chen Lu, Ph.D
Eric Tran,” Simon Turcotte,™* Alena Gros,” Paul F. Robbins,” Yong-Chen Lu,” Mark E. Dudley,”t Todd D. Prickett Ph.D Jurﬂdj Gifthiae M Sc., LiJia Ph-’u Sc.. Anna Pasetto. Ph.D

& 1 - 1 . g P i 1
o . i, Rt P Somerile” it o it 5. Wt L2, O S G W R Kt W,
. * i 9 : 9 urd tc\enA Rosenberg, M.D., Ph.D.

CoIorectaI cancer

Cholangiocarcinoma

— Before Treatment EWk 9 Mo
D E 150 7~ Lung .
o 3 Live Cell Infusion ‘A
5 :DT ® Tﬂtal . ﬁ'/ Lesion 1
T £ 100 L -
.g E . <t - o a8 . h—g.
g g 0 3|
=i
=8
Ua Lesion 2
£ 0 : ' ' . .
-6 0 6 12 18
Months relative to cell transfer
Eric Tran et al, Science 2014:344, Issue 6184, pp. 641-645 Eric Tran et al, N Engl J Med 2016;375:2255-62. 1,
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After CART19 for DLBCL, complete remission

Baseline Day 30

1 929 DERNED/SECOM

nl

Sattva S. Neelapu et al, Nature Reviews Clinical Oncology (2017)
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After CART19 for CLL, complete remission

-

a Before treatment 13 weeks after treatment
i

B cells/pL (x10°)
[ g
[=] w (=]
L L

&
]

t 0= —— =
[FEERNR: S35 3 0 10 20 30 40 50 60 70
cD19 CD19 Time after Tcell infusion (weeks)

Before treatment 0 32 days after infusion 32 days after o 0 645 days after infusion

¢ (D e v 5%, S

A ;
- y ' \éve
3 ‘e

19
Kochenderfer, J. N. et al. Blood 119, 2709-2720 (2012).
|| ORIGINAL ARTICLE ”
Chimeric Antigen Receptor T Cells
for Sustained Remissions in Leukemia
Shannon L. Maude, M.D., Ph.D., Noelle Frey, M.D., Pamela A. Shaw, Ph.D.,
Richard Aplenc, M.D., Ph.D., David M. Barrett, M.D., Ph.D.,
Mancy ). Bunin, M.D., Anne Chew, Ph.D., Vanessa E. Gonzalez, M.B.A., EFS
Zhachui Zheng, M.5., Simon F. Lacey, Ph.D., Yolanda D. Mahnke, Ph.D.,
Jan). Melenhorst, Ph.D., Susan R. Rheingold, M.D., Angela Shen, M.D., A
David T. Teachey, M.D., Bruce L. Levine, Ph.D., Carl H. June, M.D., _
David L. Porter, M.D., and Stephan A. Grupp, M.D., Ph.D. % =,
* Morphological CR@1m=27/30 (90%) : Y
* Flow RD negativity=22/25 (38%) : T
* 2 pts with CNS blasts=» negative £ sy ler s
3 9 12 15 18 21 2
Months since Infusion
. No.o.f 30 19 14 5 1 1 1 I 1
* Pts with CR (N=23) G s
- 7(30%) relapsed (6 wks™ 8.5 7 relapsed
(30%) relapsed (6 wks™ 8.5m) 3 no response
1 MDS
20

Maude et al, N EnglJ Med 2014;371:1507-17.
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Response rate of CART19
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Ozcan Met et al, Semin Immunopathol. 2018 Sep 5. doi: 10.1007/s00281-018-0703-z

After anti-BCMA CART for MM, complete remission

E Before 2 weeks
treatment after treatment
F
8 Serum BCMA
~ @ Free K light chains
=
‘E‘: 20 -120 g
— 100
2 15 3
-E '80 g
S 10/ 60 =
.JE=’ o +40 =
v 20 ‘§~
o
o 04 k0 C
o 13 0 20 40 60

Day after infusion

Ali SA et al, Blood. 2016 Sep 29;128(13):1688-700
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‘ Biotech
<
Legend Anti-BCMA CART & Legend

1 year
= )
T
1
: | Not yet respond
1 1 PR
1
] ® VGPR
s sCR
wirf — I s Progress disease
.::‘::: ‘-; == Relapse of extramedullary
1 E— lesion
L
L
Pt 23 m— — Patients treated -
Pate ot 24 _—— VGPR
Patie 2 35 E e ‘ before Jan 10, 2017 | Total : s
Pater nt 24 — I 1
Dl S— ! Bestefficacy | 19 4 14
Pasant 9 = — [ T v T
Fatrnt 30 = 21% 74%
Pasen 31 | % | 100% | |
Ponse ng 37
s E Objective response rate (ORR): 100%
Pasiane3s . ; . : . . ; ; . ; ; . <
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Time since LCAR-B38M CAR-T infusion (Months)

Zhao W et al. ASCO 2017 2

After anti-IL13Ra CART for brain tumor, complete remission

Before Infusion After Infusion Before Infusion After Infusion

*Glioblastoma multiforme 24
Brown et al, N Engl J Med 375, 2561-9 (2016)
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Clinical outcome in solid cancers: need more works

Number of treated patients

25+

I PD/NR/NE
sD

. S

20+

154

10- - |
il 1 i N
.

T
CAIX CEA EGFR ErbB2/Her2 Fr-a GD2 IL-13Ra2 L1-CAM Mesothelium MUC1 PSMA  VEGFR-2
(12) (21) 1) (20) (14) (19) (3) (6) (2 (1 () (23)

Antigens of solid tumors

Jessica Hartmann et al, EMBO molecular medicine,DOI 10.15252/emmm.201607485

Outline

* CART design & manufacturing

26
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Various chimeric antigen receptor T designs

Different types of T cell activation
TRuC* NS -
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Gamma delta T cells with CAR

Molecular Therapy

Crniginal Article

el

Chimeric Antigen Receptor-Engineered Human
Gamma Delta T Cells: Enhanced Cytotoxicity
with Retention of Cross Presentation

Anna Capsomidis,' Gabriel Benthall,' Heleen H. Van Acker,’ Jonathan Fisher,' Anne M. Kramer,’ Zarah Abeln,
Yvonne Majani," Talia Gileadi,' Rebecca Wallace,! Kenth Gustafsson,” Barry Flutter,' and John Anderson
_. 1oo Va1 _. 1oo V62
g £ | =+ NTD
) 80 2 801
T ﬁ { = TD
g 60 é 601
> 40 Z a0
s k1 i
2 20 2 20
i e -
0__!_ —— . il —_— . :
a:1 4:1 2:1 11 8:1 4:1 21 1
Effector: Target Effector:Target

Anna Capsomidis et al, Molecular therapy, doi.org/10.1016/j.ymthe.2017.12.001

AMERICAN SOCETY o
U GENE «CELL

Cyrotherapy, 2018; HE: HE-EE

iltSN(w:e.ial Saciety for Cellular Therapy g ®

Large-scale expansion of VY9V32 T cells with engineered K562 feeder
cells in G-Rex vessels and their use as chimeric antigen receptor—

modified effector cells

LIN XIAO"*, CAN CHEN"*, ZHENDONG LI', SUMIN ZHU', JOHAN CK TAY',
XI ZHANG', SHIJUN ZHA', JIEMING ZENG’, WEE KIAT TAN", XIN LIU",

WEE JOO CHNG""" & SHU WANG''

=a— y&T w/o depletion ctrl
= 8T w/o depletion/aEpCAM CAR
—a— y&T after depletion/mGFP ctrl

120
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100

o
o o

% Specific lysis
2

o
o o

% Specific lysis

== y&T w/o depletion/mGFP ctrl
—a— y&T after depletion
y&T after depletion/aEpCAM CAR

FaDu

10:01 5:01 251

E:T Ratio

20:01

20:01 10:01 5:01 ".Ll

E:T Ratio
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Lin Xiao et al, Cytotherapy, 2018; doi.org/10.1016/j.jcyt.2017.12.014

Gamma delta T cells is favorable

C Pan-cancer
(25 malignancies)

Solid tumors
(non-brain)

W Favorable  ¥5 T cells
Tth cells
CD8 T cells
MCs—

L CD4 memory T cells+

(o=
Maive B cells

PCs

CD4 naive T cells
M1-Mads

NK cells+

Tre-u cells

Monos

CD4 memory T cells—
DCs+

NK cells—

Memory B cells
MO-Mds
M2-Mads
MCs+
Eos
PMNs

Leukocyles ranked by survival

01 2 3 4
Unweighted Imeta-zi

+: activated
-: resting

18 T cells

CD4 memory T cells+
PCs

Maive B cells

CD8 T cells
—————— T cells
NK cells+

DCs—

MCs—

CD4 naive T cells

T Cells

M1-Mos

DCs+

Monos

M2-Mads

Memory B cells

MK cells—

MO-Mads

Eos

CD4 memory T cells—
PMNs

MCs+

o 1 2 3 4
Unweighted Imeta-z|

Gentles et al, Nature medicine 2015 (21): 938-945. ¥
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GMP-grade CART Manufacturing
==

cTs™
Expans:un

Transduct!un

CliniMACS® Plus
Instrument

WavelFlm:klngI
Motlon Bioreactor

CliniMACS

Prodigy®

v

Formulation
(wash)

- COBE® 2991

Formulation
(concentrate)
-w
Controlled rate
freezers
-w
QcC (Flow MACSGQuant® B mostly automated
cytometry-based) Analyzer . manual usage

AD Kaiser et al, Cancer Gene Therapy (2015) 22, 72478
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y GMP facility
Options: v
* By hand T
* Sofia \

.J. .
Options: Options: [ - | GMP media i a
* Overnight culture  + Miltenyi GMP cytokine .j-'
*  GMP dynabeads + TransAct e Sofia =
dynamag CTS * Dynabeads

« Cell counter .
¢ LN2-free
freezer E

* CliniMACS

Options:
* Flask
* G-Rex/

gather rex Fgg

33

> %k -
CAR-TXPress

Options: GMP media
* Miltenyi GMP cytokine
TransAct

* Dynabeads

5. BioArchive2BalliMEFMRR

e Cell counter -

https://kknews.cc/zh-tw/science/jmql856.html|
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« »>Ifr& - automatic manufacturing of CART using viral
system

Outline

* Immunotherapy briefing
* Cell therapy: Non-gene-editing vs gene-editing
* CART design & manufacturing

* Hurdles of CART treatment in Taiwan
* Summary
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CART is under rapid evolution

Better efficacy/ multi-target

\

Longer persistence
'>\ Easier manufacture/ universal donor

37

PELL is working on better efficacy/ multi-target

Indications Discovery Preclinical Phase 1 Phase 2
phase i development :

CDI9 CART # B-ALLB-NHL |1 ' |
CD20 CART # B-NHL I——“
GO2CART y Gew/ I

medulloblastoma | =

Her2 CART Solid cancer [
MUC1 CART  Solid cancer [T

# Compassionate CART use experience.
* Recently, we recruited people from CDE and CRA to facilitate trial submissioh.
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CART toxicity initiator: GM-CSF

T

|

1

1

1

| Immune homeostatic
| cytokines,

| Pro-inflammatory
1

|

I

|

|

1

CRP, IL-15

Chemokines
IP-10, IL-8

Inflammatory
cytokines & markers
IL-6, IFNy, IL-10

MIP-1ax

IFN-y IL-18 IL-6 IL-10

MCP-1 MIG MIP-1

Health
Status |

GM-CSF

— 7 T T T T
Conditioning CAR T cell Early Phase Middle Phase Late Phase " i i h Figure 2. Relative Cytokine Production of CAR-T
{d-5-4-3) infusion (d2:3) (d4-6) (d7-11) ”-“‘“""'" C¥loflos Frodiduni et S';:; and GM-CSF Knockout CAR-T in mice. The
High - control represents CAR-T cells without the ability
: to intraceliularly signal and thus, not propagate
Conditioning CAR T cell treatment Medium I Healthy :; i i o GmCSF knock
Lo uces cytokines chemokines to normal

levels. GM-CSF knockout mice do not develop
CRS.

Zhenguang Wang et al, Biomarker Research20186:4

How to reduce risk factors of CART?

Nasirataxicity Cytokine ralease
Dalirium Hypatension
Aphasian Cytopeniss
Seizures Respiratory fslure

Carebral edems Dic

[[e88 disruption ||[Capitory loak_]

P10V CXCLIO
(L= ST =t

‘Chemolkines

Reduce infused CAR-T cell dose  Splitdose strategy
Invivo CAR-Tcell expansion  Invivo CAR-T cell expansion
| |
PR Infused CAR-T cell
l dose
[ /— Preexi s 7 \

Bone mamow

Mysiid coll Myvioid precursor

*Anti-IL6 prophylaxis: more CRES
*Anti-GM-CSF: lenzilumab

Close monitoring the changes of 1L-15

Omar Ahmed, Blood 2019 133:2114-2116
Zhenguang Wang et al, Biomarker Research20186:4
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Requirements for Successful Cell Activity

immunotherapy
®
e e
®. g0 &
oFe 69 .
o
1. trafficking 2. accumulation 3. Recognition, % effector function
) stimulation &

nil - activation
L o
1 @

5. Avoidance of -
inhibitory signals & 6. p.ersrsrence‘of‘eﬂe'crars
until tumor elimination

suppression "
Gill S, June CH. Immunol Rev. 2015;263(1):68-89.

* Gene-edited: CART ~ TCRT
e UTD:CIK ~ DC-CIK ~ T ~ NK ~ TIL
e Cancer vaccine ~ Oncolytic virus

Priming immune cells

/ Increases in responding T cells \

Remove Supply
inhibitory signals Conventional therapy stimulatory signals

* Anti-CD137
* Anti-CD40

e Anti-PD-1/PD-L1

e Anti-CTLA-4
™ Better tumor

response

e MDSC depletion
* Treg depletion

Tumor microenvironment

Remove inhibitory cells « IDO inhibition

42
Theresa L. Whiteside et al, Clin Cancer Res April 15 2016 (22) (8) 1845-1855
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CART3: 3+ =

AR 3
o4y

o NR[E BRI - ex 35 T AURGIT AL . EECARTI} - Wilifiiees
amontied s » BT B A6 ORI » REtEnovel desien CARDEAL
’ /1N 1 \\‘E[ =
CART &

© REERERTIRL - BAE(F T4 (checkpoint
inhibitor, BTK inhibitor) ~ sequential CART -
bridging to allogeneic-SCT;&F& I

43

i B

Novartis: frozen
Gilead: fresh cells
R f f M #iXkis

o g #p A freshcells » F* i i<

44
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Final product3z {7 &1

ER-3 B
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BRA L mre TRAL Y

Summary

* CART will be an important player:
* Definitely true for hema cancers.
* Probably for solid cancers.

* To achieve a good efficacy:
* Novel design
* High quality manufacturing process
* Good supportive care in the hospital
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