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Osteoarthritisis OAA
•

• ≥ 60 9.6 % 18 % OA
7,580

• OA
1-2.5 % GNP

2March, L.M. & Bachmeier, C.J. Economics of osteoarthritis: a global perspective. Baillieres Clin Rheumatol 11, 817-834 (1997).
Wolf A.D. & Pfleger B. Burden of major musculoskeletal conditions. Bulletin of the World Health Organization, 81, 646-656 (2003).

NHIS 2007-2009
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•

OA

3
Curl WW, Krome J, Gordon ES, et al. Cartilage injuries: a review of 31,516 knee arthroscopies. Arthroscopy 1997;13:456-60.
Hjelle K, Solheim E, Strand T, et al. Articular cartilage defects in 1,000 knee arthroscopies. Arthroscopy. 2002;18:730-4.
Aroen A, Loken S, Heir S, et al. Articular cartilage lesions in 993 consecutive knee arthroscopies. Am J Sports Med. 2004;32:211-5.

66 %

OAA
• OA 2009 50 2016

1.5 % 55
• OA 1.4 % 78

6.7 % 2013 12
• OA 2009 26
• 2007 5000-6000
• Genzyme Carticel

– 1997 first quarter 110
– 1998 first quarter 250
– 1999 first quarter 400

4
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COX2 cyclooxygenase 2 NSAID non-steroidal anti-inflammatory drug

5

6

10-15
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GAP

( )

NSAIDs
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1. (Marrow stimulation techniques) 
Multiple drilling
Abrasion arthroplasty 
Microfracture

2.
(Autogenous osteochondral transplantation)
Mosaicplasty

3.
(Autologous Chondrocyte Implantation, ACI)

8
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Kartigenn®n® --

• MSC

• MSC
–
–

• MSC
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Kartigenn®n® -Kartige
MSC

ennn -rtige
CC
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Kartigenn®n® --
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*
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MSC-derived Chondrocyte Implantation

•One-step surgery procedure
•No need to harvest autologous chondrocyte from 
cartilage

(Hwa-Chang Liu et al. 2005)

Autologous MSC
in atelocollagen

Chondrogenic 
medium

Kartigen®            

for repair

Patient demographics 

Age (years) 66.4  (47-83)

Sex (M/F) 6/6

Knee (right/left) 7/5

Defect size (cm2) 1.97  (0.91-3.14)

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

14

Patients’ Profile 
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• 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. 

15

A B C

D E F

16
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1.2 cm * 1.8 cm
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-
1.5 years

1 year 1 year
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X

2 years

5 years

4.5 years

3.5 years
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MRI
6 months 3 years 5 years

1 year 3 years

20
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ECM of Repaired Cartilage

Case 1 Case 4 Case 8 Case 10
GAG expression + + + +
Collagen type II + + + +
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Case 1 Case 4 Case 8 Case 10
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Discussion

22
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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.

23

• 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.

Stem cell-derived 
chondral tissue

Original tissue

Original tissue

Stem cell-derived 
chondral tissue

24
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•The implanted bioproduct demonstrated the 
existence of GAG and collagen II 

GAG stain Collagen Type II stain

25

The implanted tissue is 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 is no gap.

Pre OP Post OP

26
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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

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.

28
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• 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 ®

Summary

29

Thank you for your attention

30
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GTP GTP

(Corrective and preventive action, CAPA)

2019/10/21 (CAPA) 1

CAPA

CAPA

2019/10/21 (CAPA) 2

17



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 is 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
• CAPA
• CAPA
• CAPA
• CAPA
•
• CAPA CAPA

2019/10/21 (CAPA) 3

Purpose of the CAPA Subsystem

• 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

•
•
•
•
•
•
2019/10/21 (CAPA) 4
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Definition
Correction

1.
2.

Corrective action

1.
2.
3.
4.

Preventive action 

1.
2.
3.

2019/10/21 (CAPA) 5

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.

•
•
•

*FDA process validation guidance

2019/10/21 (CAPA) 6
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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. 

–
FDA QSR

– Management, 
– Design controls, 
– Production & process controls, 
– Records, Records/documents/change controls, 
– Material controls, 
– Facility & equipment controls, 
– Corrective & Preventive actions.

2019/10/21 (CAPA) 7

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.

3.2.  
GMP Q10

–
– CAPA
–
–

*ICH guideline Q10 on pharmaceutical quality system EMA/CHMP/ICH7 

2019/10/21 (CAPA) 8

(PQS)

20



FDA - The six subsystems of a modern 
pharmaceutical quality system(PQS) cGMP

(CAPA) 9

Quality 
System

Facilities 
& Equipment 

Production 
System

Materials 
System

Laboratory 
Controls 
System

Packaging 
and Labeling 

System

2019/10/21

CAPA 
System

(Pharmaceutical Quality System)

2019/10/21 (CAPA) 10

QA QC Validat
ionCAPA Self 

Inspection
Regulatory 

Audits

Quality System

Quality 
Product

Quality 
Implement

ation

System 
implement

ation

21



CONTINUAL IMPROVEMENT OF PROCESS 
PERFORMANCE AND PRODUCT QUALITY

Lifecycle Stage Goals

1. Pharmaceutical Development

2. Technology Transfer

3. Commercial Manufacturing

4. Product Discontinuation

Pharmaceutical Quality System Elements

1. Process Performance and Product 
Quality Monitoring System

2. Corrective Action and Preventive 
Action (CAPA) System

3. Change Management System

4. Management Review of Process 
Performance and Product Quality

2019/10/21 (CAPA) 11

ICH Q10 Recommends a Product Lifecycle Approach
ICH Q10

Pharmaceutical 
Development

Technology 
Transfer 

Commercial 
Manufacturing 

Product 
Discontinuation 

Product or process variability 
is explored. CAPA 
methodology is useful where
corrective actions and 
preventive actions are 
incorporated into the iterative 
design and development 
process.

CAPA

CAPA can be 
used as an 
effective system 
for feedback, 
feedforward, and 
continual 
improvement.
CAPA

CAPA should be 
used, and the 
effectiveness of 
the actions should 
be evaluated.

CAPA

CAPA should continue 
after the product is 
discontinued. The impact 
on product remaining on 
the market should be 
considered, as well as other 
products that might be 
affected.

CAPA

https://www.fda.gov/media/85266/download

2019/10/21 (CAPA) 12

Application of Corrective and Preventive Action System Throughout the Product Lifecycle

22



CAPA

CAPA
•

–

•
–
–

•
–

•
–
–
–

https://www.fda.gov/media/85266/download2019/10/21 (CAPA) 13

The CAPA Life Cycle

2019/10/21 (CAPA) 14

Discovery

Containment

Investigation

ImplementationAssessment

Effectiveness

Closure/Escalation
/

23



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

......
1.
2.
3.
4.

- - -

2019/10/21 (CAPA) 15

CAPA

DO

Check

ACT

Plan

CAPA
1. Management System

2. Collect Data to Determine the Major Cause

3. Root Cause Analysis (RCA)

4. Perform Impact and Risk Assessments

5. Determining CAPAs and Document Changes
CAPA

6. Form a Conclusion

7. Initiate Effectiveness Checks (ECs)
EC

8. CAPA Activities for Management Review
CAPA

2019/10/21 (CAPA) 16
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CAPA
1.

2.

3. RCA

4.
5. CAPA

CAPA
6.

7. Effectiveness Checks ,EC

8. CAPA

2019/10/21 (CAPA) 17

1. Management System
CAPA

3.2.2. Corrective action 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.

•
•

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

2019/10/21 (CAPA) 18
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CAPA
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……

ICH Q10 QS…
a
b

1 CAPA ……
CAPA

https://www.fda.gov/media/85266/download

2019/10/21 (CAPA) 19

2. 
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.

• / / Atypical / Aberrant / Anomalous –

• / / OOT/ OOS

2019/10/21 (CAPA) 20

26



Examples of Internal Data Sources
Process Control Data
Test/Inspection data /
Device History Records
Internal Audits
Nonconforming material reports
Rework and Scrap/Yield Data /
Training records

2019/10/21 (CAPA) 21

Examples of External Data Sources
Adverse Event Reporting
FDA FDA
Even similar devices from competitors
Supplier Controls
Customers
Complaints
Servicing repairs

CAPA

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)……

• …..

… 
• FDA ….

HCT / P …
https://www.fda.gov/vaccines-blood-biologics/report-problem-center-biologics-evaluation-research/biological-product-deviations

2019/10/21 (CAPA) 22
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Containment

1.
2.
3.
4.
5.
6.

1. 2. 3. 4. 5. /

2019/10/21 (CAPA) 23

Approach to Data Analysis

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.

•

• ; 

2019/10/21 (CAPA) 24
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3. Investigate to Determine Root Cause

Root Cause, RCA 
Investigate the cause of nonconformities relating to product, 
processes, and the quality system.
• …it requires that nonconforming product discovered before or 

after distribution be investigated to the degree commensurate 
with the significance and risk of the nonconformity.

•
•

2019/10/21 (CAPA) 25

• 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. 

•
• ICH Q9

• CAPA

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

2019/10/21 (CAPA) 26
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OOS b 

CAPA

•

•

•

• OOS

QC QA
(CAPA)

2019/10/21 (CAPA) 28

OOS

30



•
CAPA

•

•
–
–
– 5 (5 Why)?

2019/10/21 (CAPA) 29

( )

Components
- Head of a Fish: Problem or Effect
- Horizontal Branches: Primary Cause
- Sub – Branches: Secondary cause

2019/10/21 (CAPA) 30
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Preventive action

•

•

•

•
•

•

•

2019/10/21 (CAPA) 31

CAPA
CAPA :

1. The risk associated with the finding
• Regulatory risk
• Business risk
• Risk to the end user of your product

2. An adverse trend exists
3. Impact assessment data

• Implications
• Cost

2019/10/21 (CAPA) 32
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CAPA
1. CAPA QA
2. QA CAPA
3. QA CAPA QA

4. CAPA
a. CAPA
b.
c. √ CAPA
d. √

e. CAPA
f.

5. CAPA QA
6. GM QA / CAPA CAPA

CAPA
7. CAPA
2019/10/21 (CAPA) 33

4.
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. . .

......

/ /OOT/OOS CAPA

2019/10/21 (CAPA) 34
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5. CAPA
Identify Corrective and Preventive Actions

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

2. Identify Action(s) to be taken
• No further action necessary
• Correction
• Corrective Action
• Preventative Action

2019/10/21 (CAPA) 35

5. CAPA
Identify Corrective and Preventive Actions

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

•

2019/10/21 (CAPA) 36
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Implement Corrective and Preventive Actions
Robust process
Standard methodology
Information system
Effective Training

( )

2019/10/21 (CAPA) 37

CAPA
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. 

•

•

2019/10/21 (CAPA) 38
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CAPA
1. CAPA

2. QA CAPA

3. CAPA SOP CAPA
4. CAPA CAPA

5. / / CAPA
CAPA

6. CAPA
7. CAPA QA CAPA

GMP /
8. /
9. / CAPA

QA

2019/10/21 (CAPA) 39

7.
Effectiveness Checks ,EC

/
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.

• FDA has revised Sec. 820.100(a)(4) to reflect that preventive, as 
well as corrective, action must be verified or validated.
FDA Sec. 820.100(a)(4)

2019/10/21 (CAPA) 40
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Documenting Corrective Action and 
Preventive Action Activities

Document all activities required and their results.
CAPA

2019/10/21 (CAPA) 41

8. CAPA
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.

CAPA
– …FDA …..
– FDA

2019/10/21 (CAPA) 42
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8. CAPA
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.

•

• FDA

2019/10/21 (CAPA) 43

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.
FDA

FDA

2019/10/21 (CAPA) 44
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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

CAPA
–
–
–
–
– CAPA
https://www.fda.gov/media/85266/download

2019/10/21 (CAPA) 45

FDA WARNING LETTER
• A

FDA CAPA
• FDA B

CAPA

• C CAPA CAPA FDA
CAPA
CAPA

• FDA D FDA

CAPA

2019/10/21 (CAPA) 46
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FDA WARNING LETTER

• FDA xxx “ ”
CAPA

• FDA

CAPA

• FDA “
” CAPA

2019/10/21 (CAPA) 47

CAPA

CAPA

2019/10/21 (CAPA) 48
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1.
2.
3.
4.
5.
6.
7.
8.
9.
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SOP_______ CAPA

2019/10/21 (CAPA) 52

1.0
CAPA CAPA

2.0
SOP CAPA CAPA

CAPA
GMP GMP Investigations 

Deviations
OOS Laboratory (OOS) Investigations

Internal Audit Reports
/ External / Customer Audits

Annual Product Reviews
Regulatory Inspection Reports
Management Action Plans

/ Changes in regulatory / Pharmacopoeia requirements
Product Failures

Complaints
Product recall

Returned Goods
Incidence Reports

Discrepancies
3.0

4.0
QA

42



5.0
5.1 

CAPA
5.2  CAPA
5.3  CAPA

5.3.1
CAPA

5.3.2 CAPA QA
CAPA

QA
5.3.3 CAPA

5.3.3.1
5.3.3.2 CAPA
5.3.3.3

5.3.4
5.3.5 CAPA
5.3.6
5.3.7 CAPA QA
5.3.8 GMP QA/ CAPA CAPA 

CAPA
5.3.9 CAPA

CAPA
CAPA/XXX/YYY/Z2019/10/21 (CAPA) 53

SOP CAPA 2/3

5.4  CAPA
5.4.1 CAPA

5.4.2 CAPA

5.5 CAPA SOP CAPA

5.6 CAPA CAPA
5.7 / / CAPA

CAPA
5.8 CAPA CAPA QA

CAPA
5.9 CAPA GMP /

5.10 “ ” /
5.11 CAPA /

2019/10/21 (CAPA) 54

SOP CAPA 3/3
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CAPA
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Request No.:
Originating Department Name
Date
Present Process / Problem :

Proposed Action (If any ):

Acceptance Criteria of proposed action :

Approval by Head of Originating Department :

Signature/Date

CAPA

2019/10/21 (CAPA) 56

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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uring The Selection and Development of CMC QC 
Method for Therapeutic Cell-Based Product 

 

•

•

–

–

–

EMO Biomedicine

45



 
Accredited Testing Lab of TAF 

3 

• Lab No: 1809 

• Accredited in June 2007 

• The accreditation is in accordance with 

ISO/IEC 17025:2017 

• TAF recognition is bilateral recognized by 

60 economies and 73 accreditation 

organizations. 

• The latest date to pass the renewal 

accreditation was June 2019. 

(effective until July 2022) 

TAF: Taiwan Accreditation Foundation 

Ilac-MRA: International Laboratory Accreditation 
Cooperation Mutual Recognition Arrangement 

•

•••

 
Accredited Drugs Testing Lab of Taiwan FDA 

4 

• Accreditation no: 005 

• Accredited in Nov 2009 

• The accreditation is in accordance 

with ISO/IEC 17025:2005. 

• Test item: Endotoxin (drug) 

• The latest date to pass the renewal 

accreditation was Dec 2018 

(effective until Dec 2021) 
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Contract Research for Biologics Development

Basic Research 
Comparability Study 

Discovery Drug 
or Biosimilars 

Bioassay 
Development and 
Optimization 
Qualification &Validation 

Pre-Clinical 
Development 

Performing Validated 
Bioassay Clinical Trial 

Examples: 
• ADCC 

(Antibody-dependent Cell-
mediated Cytotoxicity) 

• Apoptosis 
• Cell Binding Assay 
• Cell Differentiation 
• Cell Proliferation 
• Immunoassays 
• Intracellular Staining 
• Ligand Binding Assay 
• Neutralization Assay 
• MLR 

(Mixed Lymphocyte Reaction) 
Analysis of Specific CTL 
(by Flow &Tetramer) 

 
ISO/IEC 17025:2017 & GTP/GMP 
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Contract 
Manufacturing 

Service 

GTP/GMP 
Compliant Facility 

Manufacturing of 
Medical Human 
Cellular Product 

Releasing Testing 

Routine Testing 
Service 

• Testing Lab by Taiwan Accreditation Foundation 
•Drugs and Cosmetics Testing Lab by Taiwan FDA 

Contract  Research 
Service (Testing) 

Contract 
Development 

Service 

Follow GTP 
Requirements 

Development of 
Manufacturing Process 

for Cellular Product 

Certificated Testing 
(Safety, Identity)  

Customize Testing 
(Identity, Potency) 

CMC File 

nnnnnnnnnnnn
A

Transfer 

Development/Manufacturing Testing / Contract Research 

Complete Services for Cell-based Product Development  

For  
IND Submission 

Manufacturing of Cell-Based Products 
BioProcess International  11(8) Sep. 2013 

49



• Sterility testing 

• Mycoplasma testing 

• Endotoxin testing 
– Endpoint 

–Kinetic  

 

Safety Test of Cell-Based Product 

50



Definition of Cell Product Characterization      
Cytotherapy. 2013 Jan;15(1):9-19.  

 

•  ( In-Process controls) 

–Compatibility studies 

–Stability studies 

–Comparability 

•  (Final Product Release 
Testing) 

•  (Batch Analysis) 
 

51



MSC-1 

MSC-2 

Physical Characteristics -Cell Morphology 
More morphological consistency and more 

spindle-like shape. 

100X 

100X 

200X 

200X 

Chemical Characteristics -Cell Surface Markers  
 
 
 
 

• Whole Blood 
CD45, CD3, CD4, CD8, CD56, CD19 

• Immune Cell Product (Lymphocyte) 
CD45, CD3, CD4, CD8, CD56, CD19, NKG2D, CD16 

• Dendritic Cell 
CD14, CD80, CD83, CD86, HLA-DR, CCR-7 

• γδT Cell 
CD3, Vγ9 TCR, CD27, CD45RA, CD69, NKG2D 

• Mesenchymal Stromal Cell (MSC) 
• PDL-1 (MSC ,tumor cells..)/PD-1(activated lymphocyte..) 

 

7

)
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Selection of Assay- Cell Viability 

Trypan Blue Exclusion Assay Annexin V / PI Staining 

Annexin V 
PI

 Dead cell 

Life cell 

Assay Selection for Cellular Product  

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

Central Role of Potency Assessment  
of Determination of CTP Quality 

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.  
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Testing for Cellular Therapy Products- Cytotherapy 2019 

CAR-T 
• Manufacturer: Novartis Pharmaceuticals Corporation 

• Proper Name:  CTL019 (tisagenlecleucel) 

• Tradename: KYMRIAH 

• Licensed by US FDA: 30th  August 2017 ; 1st 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 lymphoma (DLBCL) not 
otherwise specified, high grade B-cell lymphoma and DLBCL arising from follicular 
lymphoma. 

22 
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CTL019 T cells 
 Mode of Action 
 

Recognition of a common 
protein (CD19) by 
chimeric antigen receptor 
(CAR) 
Signaling through CD3 
intracellular pathway 
Activation of  CTL 
responses -Expansion of 
the cells 
 

-High Cytotoxic Granule 
content 
-Strong expression of 
cytotoxic agents (FasL, IFN-g)  
-High expression potential of 
necessary cytokines / 
chemokines  
 
CartellieriM, J Biomed Biotech 
2010 
 
 

CAR-T: Quality Assurance 

24 
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• Characterization of Activated Cell Product 
 
 
 
 
 
 
 
 
 

 Biomarkers Analysis (NKG2D Receptor) 

• Potency of  T Cell Product (IFN-γ secretion & Cytotoxicity) 
• Quantitative biological method 

 
Biological Assays of T Cells Product  
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Cytotherapy. 2013 Jan;15(1):9-19. . 

Product Characterization Testings 

CTPs Functional 

IFN-γ activity 

CTPs Characteristics 

Cell Viability Proliferation rate Phenotype 

Process Manufacturing for CTPs 

Materials Change 

Comparability Studies 
T cells Product 
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Process Manufacturing  
for CTPs 

CTPs Characteristics 

CTPs Functional 

Comparability studies 
 T Cells Product 

• Precision 
– Repeatability 
– Intermediate precision 
– Reproducibility 

• Accuracy 

• Specificity 

• Linearity and Range 

• Robustness 

30 
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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. 

•  I 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. 

• It is, 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. 
  

• …As of January 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 
predict specific functions of different preparations of MSCs in the 
lab 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 

Manufacturing and Assessments of Potency for 
MSC Products 
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MSCs Product Characterization and Clinical Trial  

By: Steven R. Bauer, Ph.D. (FDA CBER); 2018 ISCT 
 

 
Immunosuppressive Capacity V.S. Culture Duration  

By: Steven R. Bauer, Ph.D. 
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Morphological profiling using machine learning reveals emergent 
subpopulations of interferon-γ–stimulated mesenchymal stromal 

cells that predict immunosuppression  January 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-γ–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-γ 
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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In vitro Potency Assay for MSC Used in Immunotherapy 

Prochymal: MOA 

• Manufacturer: Mesoblast (Osiris Therapeutics ) 

• Allogenic MSC from bone marrow 

•

•

•
α γ

• Indication: Treatment GvHD 
40 
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Prochymal: MOA 

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

Potency Markers for Screening 
(Prochymal) 

42 
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•  

 

 

 

•  
–  

–          Commercially available ELISA kit  

– Biological activity  

       

43 
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• 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 CD79α), CD34, CD45 
and HLA-DR.  

• Differentiate to osteoblasts, adipocytes and 
chondroblasts in vitro. 

Characteristics of MSC 

• ADSC  
–Chondrogenesis 

MSC Characterization 

Alcian blue staining 

ADSC GAG 
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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 
 

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

• After passage 7, population 

doubling time was increased 

significantly by passage. 

• Percentage of aging cell was 

increased after passage 8. 

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

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

PD
T 

(H
ou

rs
)

10

20

30

40

*

*

*

*

* *
*

*

Average = 17.1 hours 

* p value < 0.05

Senescence-associated -galactosidase Assay
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*p value < 0.05
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MSC 

Proliferation ↓ 
IL-2 ↓ 

Th cell 
Tc cell 

IDO 
TGF-β 

 Immunosuppression of MSC 

(Macrophage M1→M2) TNF-α ↓  IL-10 ↑ 

IDO 
PGE2 
TSG-6 

IDO Quantification Assay 

T cell Suppression 
Assay 

Macrophage 
Inhibition Assay 

• IFN-g MSC
IDO 

• IDO Tryptophan
Kynurenine

T
Treg  

•
MSC IDO 

 
IDO Quantification Assay 

 
 

Indoleamine 2,3 dioxygenase and metabolic control of immune responses 

IFN-g 
MSC 

69



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

TNF-α

Comparability Studies 
MSC-Based Products 
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IDO Quantification Assay 
Capable to distinguish aged MSC 

MSC is getting old at P12 

Cell senescence can’t be 
detected by CD markers 

Cell senescence can be detected 
by IDO quantification assay 

Data from EMO Biomedicine Corp. 

IP
BV

 o
f I

DO
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2019-10-21

2018 Sep

2019 Oct

As of Oct., 2019. ClinicalTrials.gov 

Region Name N

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

Mexico 380

United States 18,646

North Asia 799

Pacifica 1,253

South America 852

South Asia 444

Southeast Asia 703

Number of Studies in 2019

3

2
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55%

21%

20%

3% 1%

2019

As of Oct., 2019. ClinicalTrials.gov Deloitte, 2019.
3

29%

12%

28%

5%

25%
CAR-TDendritic cells

NK

TILs
CIK

Stem cells

Immune cells
36%

22%

16%

3%

6%

9%

8%
MSCs

Immune cells

Endothelial progenitor cells

Cord Blood Stem cells

Fibroblat

Epithelial cells

Others

MSCs

Immune cells

As of Oct., 2019. ClinicalTrials.gov 

(adipose-derived, bone marrow, umbilical cord)

(CAR-T, TILs, NK, CIK, Dendritic cells)

4
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Oncology

Cardiology

Neurology
Skin

Osteoarthriti
s

Ophthalmolo
gy

Internal 
medicine

Reproductio
n

Others

23%

13%

17%
12%

11%

8%

8%

3% 5%

As of Oct., 2019. ClinicalTrials.gov 
5

1.3%

27.2%

46.0%

12.0%

3.5%

10.0%
Early Phase 1

Phase 1

Phase 2

Phase 3

Phase 4

Not ApplicablePhase 2

Phase 1

As of 07 Oct., 2019. ClinicalTrials.gov 
6
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14
29

6

Canada (2)
• Prochymal, MSC (2012)
• Kymirah, CAR-T (2018)

US (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)

Japan (5)
• JACE (2007) 
• JACC (2012) 
• TEMCELL, MSC (2015) 
• HearSheet (2015)
• Kymirah, CAR-T (2019)

Korea (20)
• Chondron (2001) 
• Holoderm (2002) 
• Kaloderm (2005) 
• Keraheal (2006) 
• 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)

Australiaa (4)
• Cartogen (2002)
• ReCell/CellSpray (2006) 
• Amniofix, EpiFix (2018)
• EpiBurn (2018)

New Zealand (2)
• ReCell/CellSpray
• Prochymal, MSC (2012)
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CELL/ GENE THERAPY IND STATISTICS 

Cell therapy Gene therapy

TAIWAN

18%

15%

23%

23%

9%

6%

1%
3% 3%

MSCs ADSCs
Immune cells CD34+, SVF, UCBMC
Epithelial cells Fibroblast
OECs Chondrocyte
Others

(T cells, NK, DC)

8
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1993

1997

2017

2018

2019

2025

Carticel US FDA
2019 70

112
• 33.8

• 45
40

FDA 2025 10-20

340

2018-2025 16.81%

Fiormarkets,2019.; Deloitte, 2019. 10
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2015 2016 2017 2018 2019

Bloomberg, Deloitte, 2019.Bloomberg, Deloitte, 2019.

2019

•
• 2018

• 2019
2018 80%

11

12%

11%

8%

4%

5%

9%

28%

23%
Central nervous system

Diagnostics

Endocrine, metabolic and
genetic disorders
Gastroenterology

Immunology and
inflammation
Infectious diseases

Nature Reviews / drug discovery, 2019.

Oncology

0

100

200

300

400

500

600

700

800

2015 2016 2017 2018

2018

12

78



( )

740 BMS 
(Bristol-Myers Squibb) Celgene 2019.01.03 

( )

680 Pfizer Wyeth 2009.01.26

660 Actavis 
( Allergan) Allergan 2014.11.17

630 AbbVie Allergan 2019.06.25
( )

620 Tageda Shire 2018.05.08

496 Merck Schering-Plough 2009.03.09

468 Roche Genentech 2008.07.21

429 Medtronic Govidien 2014.06.16

405 Teva Allergan 
( ) 2015.07.27

387 Novartis Alcon 2008.04.07

320 Shire Baxalta 2015.08.04

300 Johnson & Johnson Actelion 2017.01.26

282 Allergan Forest Laboratories 2014.02.24

210 AbbVie Pharmacyclics 2015.03.04

201 Sanofi Genzyme 2010.08.30

2008-2019 15

Genet, 2019. 13

Gilead
119

GileadG
1991119
Kite Pharma

• CAR-T
Yescarta
2017.10

FDA
2018.08

EMA
• Gilead

2019.04

CAR-T TCR

2017.08
Celgene

90
CelgeneC

900
Juno

• CD19 CAR-T

JCAR015
JCAR017
JCAR014

• CAR-T
JCAR017 2018
FDA

2019

•
2020

30

CelgenCelgenC
2018.01

BMS
740

BMS
40

S
0

Celgene

• 9 

10 

• 6

TYK2 
ozanimod 

150 

2019.01

BMS 740 

Celgene
Celgene

2018 CAR-
T Juno
Novartis Gilead

CAR-
T

, 2019.
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Danaher
• 2019 214

GE Life 
Sciences

Hitachi
• 2017 20

PCT
• 2019
Apceth Biopharma

BSL2
ICH

Fujifilm
• 2015 iPS

James Thomson
CDI (Cellular 

Dynamics International)
• 2016

Cynata Therapeutics
•

Hitachi Chemical tachi Chemic
Company

• 2018

• 2019 iPS

iACE2

iPS

, 2019.
15

16

•
•
•
•

•
•
•

•
•

•
•

•
•

•
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Have a nice day  :)Have aaa  nnniiccceee day  :)
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CART

)

October 21, 2019

1

Outline

• Immunotherapy briefing
• Cell therapy: Non-gene-editing vs gene-editing
• CART design & manufacturing
• Hurdles of CART treatment in Taiwan
• Summary

2
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3

Active immunotherapyPassive immunotherapy

Undefined target

Defined target

Modifed from R. Rooke / Biochimica et Biophysica Acta 1843 (2014) 2334–2340
Active immunotherapyPassive immunotherapy

4

Cancer immunotherapy

Monoclonal Ab

Antibody drug conjugate
(ADC)

BiTE

Cancer vaccine

Cytokines (ex. IL-2, IFN)

Checkpoint inhibitor

UTD: CIK DC-CIK T NK

UTD: TIL

Gene-edited: CART TCRT

Oncolytic virus
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Immune system and cancer therapy

5

• ＂& ＂
•
•
• (CART )

?

TCRT TIL DC-T
• MHC dependent
• Intracellular peptide
• Specific killing

CART
• MHC independent
• Surface protein
• Specific killing

Recognized by
CAR

Recognized by
TCR

Recognized by
TCR or others NK gdT iNKT CIK DC-CIK

• MHC independent
• NKG2D NCR DNAM1 killing receptor
• Non-specific killing

# Cell therapy may be synergistic with mAb CPI.
6
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Cell therapy: moving forward

7

CIK
DC-CIK

DC-T
CART

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
frequency

Q1-2wks *6 doses Q1-2wks *6 doses Q2wks *6 doses

Outline

• Immunotherapy briefing
• Cell therapy: Non-gene-editing vs gene-editing
• CART design & manufacturing
• Hurdles of CART treatment in Taiwan
• Summary

8
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How to use T or NK cells?

9
Özcan Met et al, Semin Immunopathol. 2018 Sep 5. doi: 10.1007/s00281-018-0703-z

Non-gene editing Gene-editing

High dose IL-2

CIK DC-CIK
T NK TIL

CART TCRT

How to use T or NK cells and expectation

10
Özcan Met et al, Semin Immunopathol. 2018 Sep 5. doi: 10.1007/s00281-018-0703-z

Non-gene editing Gene-editing

SD

PR

CR

PD

Response rate

Clinical
benefit

SD

PR

CR

PD

Response rate

Clinical
benefit

CIK DC-CIK
T NK TIL

CART TCRT
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Tumor infiltrating lymphocytes (TIL) for breast cancer

11Laszlo G. Radvanyi et al, Nature Medicine, volume 24, pages703–704 (2018)

62 somatic mutations identified.

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

Cancer free for 2.5+ years.

Breast cancer

Cholangiocarcinoma

Eric Tran et al, N Engl J Med 2016;375:2255-62.Eric Tran et al, Science 2014:344, Issue 6184, pp. 641-645

Colorectal cancer

12
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Chimeric antigen receptor T cells (CART)

13

+

14

) )

CART ?
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15

) )

CART ?

16

) )

CART ?
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17

CART ?

= CART

After CART19 for DLBCL, complete remission

18Sattva S. Neelapu et al, Nature Reviews Clinical Oncology (2017)
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After CART19 for CLL, complete remission

19
Kochenderfer, J. N. et al. Blood 119, 2709–2720 (2012).

• Morphological CR@1m= 27/30  (90%)
• Flow RD negativity= 22/25  (88%)
• 2 pts with CNS blasts negative

• Pts with CR (N=23)
• 7 (30%) relapsed (6 wks~ 8.5m)

20

EFS

7 relapsed
3 no response
1 MDS

Maude et al, N Engl J Med 2014;371:1507-17.
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Response rate of CART19

0%

20%

40%

60%

80%

100%
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ORR
CR

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

CLLNHLALL

21

After anti-BCMA CART for MM, complete remission

Ali SA et al, Blood. 2016 Sep 29;128(13):1688-700 22
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Legend Anti-BCMA CART

23

After anti-IL13Ra CART for brain tumor, complete remission

24
Brown et al, N Engl J Med 375, 2561-9 (2016)

*Glioblastoma multiforme
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Clinical outcome in solid cancers: need more works

Jessica Hartmann et al, EMBO molecular medicine,DOI 10.15252/emmm.20160748525

Outline

• Immunotherapy briefing
• Cell therapy: Non-gene-editing vs gene-editing
• CART design & manufacturing
• Hurdles of CART treatment in Taiwan
• Summary

26
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Various chimeric antigen receptor T designs

27

Different types of T cell activation

More targets More powerful Universal

CART

Sick T cells?

Sick T cells?Patient

Healthy donor

Cells origin: Autologous vs Allogeneic

28

GVH risk?
HVG risk?
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Gamma delta T cells with CAR

Anna Capsomidis et al, Molecular therapy, doi.org/10.1016/j.ymthe.2017.12.001
Lin Xiao et al, Cytotherapy, 2018; doi.org/10.1016/j.jcyt.2017.12.014

29

Gamma delta T cells is favorable

Gentles et al, Nature medicine 2015 (21): 938-945. 30

+: activated
-: resting
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::

GTP/ GMP :

:

31

GMP-grade CART Manufacturing

AD Kaiser et al, Cancer Gene Therapy (2015) 22, 72–7832
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GMP facility

PBMC T cell
enrichment

T cell
activation

T cell
transduction

T cell
expansion

wash,
formulation,

cryo

Options:
• Miltenyi

TransAct
• Dynabeads

GMP media
GMP cytokine

• Sofia
• Cell counter
• LN2-free

freezer

QC check

33

Options:
• Overnight culture
• GMP dynabeads +

dynamag CTS
• CliniMACS

Options:
• Flask
• G-Rex/

gather rex

WB or
leukapheresis

Options:
• By hand
• Sofia

:

GMP facility

PBMC T cell
enrichment

T cell
activation

T cell
transduction

T cell
expansion

wash,
formulation,

cryo

GMP media
GMP cytokine

• Cell counter

QC check

34

G-Rex/ gather rex

WB or
leukapheresis

:
CAR-TXPress

https://kknews.cc/zh-tw/science/jmql856.html

Options:
• Miltenyi

TransAct
• Dynabeads
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:

• automatic manufacturing of CART using viral
system

35

Outline

• Immunotherapy briefing
• Cell therapy: Non-gene-editing vs gene-editing
• CART design & manufacturing
• Hurdles of CART treatment in Taiwan
• Summary

36
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CART is under rapid evolution

37

Better efficacy/ multi-targetBetter efficacy/ multi-target

Longer persistenceLonger persistence

Less toxicity/ off targetLess toxicity/ off target

Easier manufacture/ universal donorEasier manufacture/ universal donor

PELL is working on better efficacy/ multi-target

38

Discovery
phase

Preclinical
development

Phase 1 Phase 2Indications

CD19 CART B-ALL, B-NHL

GD2 CART GBM/
medulloblastoma

CD20 CART

Her2 CART

B-NHL

Solid cancer

MUC1 CART Solid cancer

*

# Compassionate CART use experience.
* Recently, we recruited people from CDE and CRA to facilitate trial submission.

#

#

#
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CART toxicity initiator: GM-CSF

Zhenguang Wang et al, Biomarker Research20186:439

How to reduce risk factors of CART?

Omar Ahmed, Blood 2019 133:2114-2116
Zhenguang Wang et al, Biomarker Research20186:4

*Anti-IL6 prophylaxis: more CRES
*Anti-GM-CSF: lenzilumab 40

102



Requirements for Successful Cell Activity

41
Gill S, June CH. Immunol Rev. 2015;263(1):68-89.

42

Priming immune cells
Increases in responding T cells

Remove
inhibitory signals

Supply
stimulatory signals

Tumor microenvironment
Remove inhibitory cells

Better tumor
response

Conventional therapy

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

• Anti-CD137
• Anti-CD40

• MDSC depletion
• Treg depletion
• IDO inhibition

• Anti-PD-1/PD-L1
• Anti-CTLA-4
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CART

• ex.
(41BB or CD28)

• Humanized scFV
CART

• (checkpoint
inhibitor, BTK inhibitor) sequential CART
bridging to allogeneic-SCT

• CART
• novel design CART
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• Novartis: frozen
• Gilead: fresh cells
•

• fresh cells
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Final product

• TFDA
?

•
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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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