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Collaborating companies catAPULT

Cell and Gene Therapy

“CGT Catapult’s unique operational model allows us to
I grow our manufacturing capacity, while accessing a range
Autéelus of services provided by the centre.” Jim Faulkner, SVP

and Head of Product Delivery

“We are delighted to establish this collaboration for our
next generation AAV gene therapy platform for chronic
systemic disease.” Jan Thirkettle, Chief
Development Officer

?I;HEELI NE

“We are looking forward to an important collaboration
with CGT Catapult scaling-up GMP manufacturing ~ X
strategies for commercial production.” Gregg Sando, ] | E
CEO

@ cell Medica

B ;

“With our own vector manufacturing capability at the
Catapult facility, we will extend vector supply capacity
beyond 2020.” James Noble, CEO

S Adaptimmune

“The agreement with CGT Catapult enables us to meet our

" TCR? immediate clinical trials needs and have the flexibility of

T e both our own dedicated manufacturing space” Garry
Menzel, Ph.D., President and CEO
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Cleanroom Design & Set up Considerations

Path to GMP Readiness: Operational Perspective

Scheduling & Planning Challenge

Waste Management Challenge

Summary




Design considerations
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Consumables

Reagents

Patient/Starting Material

Equipment

Waste Consumables

Waste Liquids

Product

Rejected Product/Starting
Materials




Process mapping and mass/volume balance catAPULT
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Buffer A (8 L)
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Equipment placement catAPULT
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- HVAC type & supply

- Utility provision
- Power supply
(UPS/generator/non-
essential)
- Gas supply
- Chilling capacity

- Environmental monitoring I
- Connection ' I —
- Cabling route A

- Identify clear zones
- air outlets
- equipment access routes
- Material, product & people
movement routes

Operational quality
Process efficiency
Process robustness
Operator safety
Cross- containment

Operational Considerations
-Segregation of unit operations

- Space & movement of auxiliary materials
e.g., buffers/medium/welding
stations/mobile equipment

Contamination risk
Cross- contamination risk
Operator error
Unnecessary movement
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Material, product and people flow

)
Z
=
o
<
=

Cleanroom Area

43% increase in production

Maximise

Autologous: up to 25% throughput increase

)
=
o

=
o0
=
O
S

=

T




cATAP Ul.T

Material, product and people flow
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Production Area

with dedicated

aCCeSS

Enables use of area as a QC lab,
segregated seed train or

additional segregated

Maximise

production

Throughput

Viral Vector: up to 6 fold throughput increase
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Material, product and people flow catAPULT

Cell and Gene Therapy

. Segregated
lé/{:;enrlg Oswn Material, Sample
and Product

Maximise TI‘anSfeI‘
e ~ Increased efficiency in

controlled transfer from CNC
through to return corridor

Optimise
Flows
. Direct Material
Materials Transfer via CNC
Clean Down

Corridor

Reduces need for staging of
materials in shared areas.
Enables delivery directly to
module.
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Material, product and people flow
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Path to GMP readiness: Operational perspective catAPULT
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Successful
On-boarding

Mitigation
strategy

Design of project
plan

Implementation
of project plan

Gap analysis Risk assessment

1. Equipment 6 Quality Control

2. Facility Adjustment/Modifications 7. EHS

3. Supply Chain & Logistics

8 Operations

4. Validation

5. Quality Assurance

MIA, MIA(IMP), MS variation to add Collaborator
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Path to GMP readiness: Operational perspective catAPULT

Cell and Gene Therapy

Successful
On-boarding

Mitigation
strategy

Design of project
plan

Implementation
of project plan

Gap analysis Risk assessment

MC-
READINESS TO SUBMIT A VARIATION TO ADD A \
CoLLaBORATOR TO CGT MIA or MIA(IMP) 7
P
2. Facilit 3 Facilities and Equipment
Question Res
3.1 Do you have an approved validation master plan compliant with section Annex 15 — Qualification and
Validation?
3.2 Have you performed an assessment of qualification requirements of your production and QC
equipment?
3.3 Have you qualified your production and QC equipment, as appropriate for your activities?

Where qualification is not complete, do you have list of qualifications that need to be completed and
the appropriate protocols in place for completion of the qualification activities?

3.4 For computerised systems that generate critical data, does the validation include an assessment of
compliance with data integrity principles?

3.5 Do you have a mechanism for setting and managing equipment calibration frequencies?

3.6 Has all your equipment been calibrated in line with your PQS requirements, and are all calibration

certificates available on request?

| MIA, MIA(IMP), M variation to add Collaborator |

R e e R TR R
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Path to GMP readiness: Operational perspective catAPULT
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Process Understanding
Equipment Purchase el
Qualification

Facility Adjustment

Workplace& IT

QC

Activities

QA
Supply-Chain & Logistics

Validation
Tech Tr
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Scheduling and planning challenge catAPULT
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/

J Warehouse

Manufacturing
Operations

Documentation

Facility
Management

modifications

Quality

Control

Stock
Management

Quality

Cleaning Assurance

Regimen




Scheduling tool catAPULT
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Week 13
Date 26-Nov-18 27-Nov-18 28-Nov-18 29-Nov-18 3J0-MNov-18
TIME Tue Wed Thu Fri

Mon
7:00 AM ] ] ]

Biological
9:00 AM material Eng's on site
movement

Module X

Material
movement

Material
movement

5:00 PM

7:00 PM

 Modules and MC common areas e Rules

« Maps Activities  Accessible to all facility teams




Scheduling tool: Process specific

caTAPULT

Cell and Gene Therapy

Detailed process schedule automated tool example

Cycle time = 24h

Bottleneck due to
long process step

Equipment

Bottleneck due to

equipment sharin,
by overlapping
batches

= Batch # 1
mBatch # 2

Batch # 3
mBatch # 4

00:0 £0/L0
00:80 £0/g0
00:80 £0/60
00:80 E0/0T
00:80 £0/11T
00:80 £o/TT
0:80 £0/€T
00:80 £o/F1
00:80 £0/51
00:80 £0/91
0080 BO/LT
00:80 €0/g1
00:80 £0/6T
00:g0 Eoj0T

Time (dd’imm hh:mm

ot

00:80 €0/1T

«  Allow to determine rules for maximum capacity schedule

*  Reduce operational risk

«  Assist scheduling and decision making in detailed and
high level planning

Equipment

Automated calendars for each piece of equipment
In-built process step length

Defined process step sequence to allow for automated
schedule generation

Visual and numerical outputs

m Batch # 1
. _________________________________________________|
mBatch # 2
Batch # 3
m Batch # 4
. ___________________________________ |
| | I
| | | | | |
| |
[ [ '
| |
| |
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Waste management challenge catAPULT
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1. Brainstorm
2. Options Analysis
3. Risk Assessment




Waste management challenge catAPULT
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Collection Tank Movement Out
Inner Tank | ' & il
Collection Tank m
e
Drain

AdvantaPass
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Inactivation of biological process waste streams
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Assess: ..
Inactivation

Conditions el

Consider Agent Consider:

Inhibitory Factors: - Waste Removal Route
Work to - Temperature - Waste Contractor
component conditions - Suitability for Drain
level of detail - pH - Handleability

- Salt concentration - Efficacy (available data)

- Buffering capacity - Need for pre-treatment

- Protein content prior to disposal

- Acceptance criteria

Develop appropriate rationale for acceptance criteria: e.g., EN 14476

|$ Volumes. , |$ Agent Candidate |$
Composition

Preliminary study

Representative |$

Matrices

Consider:

Contaminated stream
(bacterial & fungal)

Range of inhibitory materials
Range of operating
conditions

Worst case vs DoE approach
Matrix stability

Design
Experiment

Consider:

Contracting out vs inhouse
Type of study - validation vs
informative package

One vs multiple studies
Order of experiments
Timeline

21



Inactivation agent selection catAPULT
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Condition
Inactivation Concentration | Inactivation Pass/Fail Chemical MWpHS
0.1M NaOH 1% Peracetic Acid Virkon 3% MpH 6-7
Agent Time (h) M pH 6-7 + 1.25M Nacl
3%

Virkon 6 hours Pass Mo

NaOH 0.1M 6 hours Pass

Peracetic Acid 1% v/v 6 hours Pass

awp Pejuo)d

»  Additional considerations include:
*  Practical handling of reagents
»  Storage, use and disposal
*  Cost and supply reliability
«  Compatibility with trade effluent consent limits T T A

log10 reduction
L I T N = LA L LU -, o TR Y U S i |
¥

Matrix

22



Summary
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Process mapping and varying complexity of design tools are
available to aid cleanroom design and fit out.

Quality, operations and project management collaborative
approach is key to timely delivery of GMP readiness.

Activity scheduling can be a challenge during operational set up,
the solution needs to be appropriate for the level of planning
required.

Inactivation studies take time and effort. Not all waste can go
down the drain.

23
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Validation Considerations caTAPULT
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User Requirement

Specification

Regulatory expectation: “The manufacturer, or- as appropriate- the sponsor or
marketing authorlsatlon holder should define the speczﬁcatlons for the premises and
equipment.” . . C e

Project Title: User Requirement Specification for the Facility & Utilities at the CGT-MC Cell and Gene Therapy Catapult,
CATAPULl Stevenage BioSciences Catalyst Campus,

Document Reference Number: MC-SR999-URS-001 (version 1.0) el Hertfordshire, UK

¢ D efin e S CO p e > an d Ref No User Requirement Design Response mm:t D;:i::'ment secbon Yser R::::;EMM Comments
number )

 deliverables for quality,

KEY DELIVERABLES (URS Section 7.0)

« engineering, IT and

71 The building will be built to meet the operational requirements of Eudralex Volume 4
' Annex 1 and 150 14644.

[} business Compliance Building designed to enable flow of people and materials from external access to

shared areas, to individual modules and service rooms and provided with controls

72 (e.g. airlocks, change areas, containment, access control etc.) to enable containment
of individual collaborator material and prevent cross contamination.

73 The layout of the CGTMC will minimise material crossovers of raw material, final
product, samples for testing and waste.

74 The testing function will be located in physically segregated space from cellular
therapy processing areas.
Individual modules to be designed to enable flexible use within them for different

75 collaborators for Allogeneic, Autologous, Gene Modified and Tissue Products at Phase
111 Clinical Trials or Production scales including viral vector production with separate
single pass through air handling units.

76 All modules designed, built and qualified to achieve the air classifications specified

above, including demonstration of ‘at rest’ and ‘in operation’ conditions

» | Approvals | Background | Instructions | Cross-Referenced Docs Re;quill'emeﬁ’ts Appdx 1 Classification | Appdx2 (... () q
ady B m m -




Validation Considerations caTAPULT
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Validation Master

Plan

Regulatory expectation: “The key elements of the site qualification and
validation programme should be clearly defined and documented in a validation | ueeprnensis P Qo)
master plan (VMP).” :

+
\
Operational Qualification (0Q)
Design Speciications & Commissioning Functional
. . Design Review Verification {Fv) and
» Validation Scope and Strategy OperatonlTesig
» Deliverables i T
Installation Qualification {IQ) Leveraging of
* Roles and Responsibilities Design uslfcton p—— camsing
(Dq) Verification (V) and QES ’fm (;
- ualification
113 ] 4, SLIA - SYSTEM LEVEL IMPACT ASSESSMENT. Component Verfication
» System Criticality Assessment
Assessment Criteria
Syst Descri Hacived i 4
ystem cription : 3 g 5 = % :r Impact Testing Rationale J
Cleanroom Al facility finishes which
M ] N Y N M M
Module 7 come into contact with the air Implementation/
within the classified areas P
o )
el N N |N[Y | N|[N|N hiave the potential 1o affect Construction
Floor, wall and ceiling the environment. The fit and
Cleanroom | finishes, light fittings, N M N v N N N finish of the various
Module ® | doors and interock P components is key to
e — systems, fixtures and Direct dranssm:jd producing an easy to clean,
H::tl:?lﬂ fitige. Wnich for N N | N ¥ | N N N el crevice free envelope. Doors
classified or GMP and interfock systems play &
Cleanroom | areas . key role in controlling the
e NN | N|Y | N|N]|N specified pressure cascades
and environments.
Cleanroom q
Module 12 M M K v N N M cE::tr:dmle will have accass
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Design Qualification

Regulatory expectation: “Compliance with user
requirements should be demonstrated.” : ; ‘ ; : -

Project Title: Design Qualification Protocol for the Facility & Utilities at the CGT-MC [Completed)

Cell and Gene Therapy Catapult,

caTtAPULT Stevenage BicSciencas Catalyst Campus,
o o Trees Herfordshire, LIC

Document Reference Number: MC-SR993-D0O-001 (version 1.0)

Desian
. 2R Spectfication Lisar
Bk Mo Liser Aoquirement T Design Specification ; o
section mer7
number

» Design Specifications e

. . Areas within the production area of the new Facility are

° D R lassifed in aecordance wilh Anrex Tof ELGMP
e SI n eVl eW Good Manufacturing Practice.  The Praduction

odule HYAL systern shall lso be subject to the

commissioning and performance tesling requirements
of BS 1644 - 2015-Cleanrooms and Associated

.
Controlled Environments . Sections 8.0, 7.0,

4 D eslg I I I reeZ e . The building wil be built ta meet the aperational requiremerts of Eudralex Volume & Annex Tand 150 14644, |Cleanraams and clean air devices will be classified to ;:g:iz::g: ugg:}z gl\g:rc\m?anDS 0.0 ‘es ria
achieve at rest classifications specified and in Section 4.0

accordance with EN 150 ME44-1 and EL GMP Annex 1
Manufacture of sterile Medicinal Products &t grade B
° C M t and grade C aperational stats
The Facility will be licensed for the manufacture of
hange Managemen
be subject to EU and where applicable LIS regulations.

* Design Qualification Protocol

vectors and equiprnent is described in the Flow
drawings. Access contral i provided to each area to
prevent the unauthorized

entry of personnel ko the classified areas of the Facility
Changing rooms are designed as airlocks and are People Flows, Viral Vector Product
used to provide physical separation of the different Flows, Product, Material and Waste
stages of changing and so minimise microbial and Flows drawings (as refersnced)
particulate contamination of protective clathing. Door | Production Module Clearroom FDS
irterlocks are provided to maintain the segregation of
areas of differing classification and use. The door
irterlocking philosophy provides the basis of the
design for access control and doar

irterlocking.

Bilding designed to enatle Flow of people and materials from externial access to shared aress, to individual
. modles and service rooms and provided with cantrols (e.g. airlocks, change areas, conlainmert, aceess
control eto.) to enable cortairment of incividual ollaborator material and pravert cross contarination

Section 6.0 ‘es na
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Commissioning,
Offsite (FAT) / On

Site (SAT) Testing

Regulatory expectation: “Equipment, especially if
incorporating novel or complex technology, may be evaluated,

ifapplicable’ at the Uendor prior tO delivery. 2” 6.0 APPENDIX — Test and Commissioning Schedule

6.1 Mechanical Systems

System: Clean Room HVAC {AHUO1, AHUR2, AHUO03, AHUD4, AHUOS5, AHUO0E)
Qualified: Yes
* Good Engineering Practices Ot Factory Testing
Test Test Documentation
° Agree lnspectlon test plans Description Carried Out By ‘Witnessed By Results us?d in Format Written By
Qualification
. . . U Inspection lechanical -+ No Inspection Report with M+W
« Commissioning Master Plan e it S fopsian e
. . Static / Pre-commissioning
» Leveraging Matrix es o RS
. Description Carried Out By Witnessed By H;au.llmﬂcmsd in Format Written By
« Documented Inspections eSS
AHU Pressure Test Mechanical M+W o Individual Test M+W Standard
o (v . 0 T Subcontrastor Qualification Engineer
« Acceptance of pre-qualification activities TSP [T o - g E—
Subcentractor Qualification Engineer

« FAT, SAT, Commissioning

« Handover
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Installation Operational

Qualification Qualification

Regulatory expectation: “The manufacturer or- as appropriate-

the sponsor or marketing authorisation holder should verify that the T D e ety | niia
premises/equipment comply with the user specifications and are in c‘“ﬁﬂgm, Conditioning (HVAC) at Cell and Gene Therapy Catapult |————
line with GMP reqUirementS 2 Manufacturing Centre (CGT-MC) Page 31 of 40

13.0  Protocol Summary

The following provides an outline summary of the test sections in this protocol.

Validation Protocols

Non-

Section | Title pass/ il | comments Conformance | Lidal/Bas
« Verification of Installation and Functionality BN i

as built drawings

Leveraged Tests as per Plan

Commissioning
activities for HVAC
Establishing Procedures ge, |EEY

completed

The Cleanroom
Module 01 is installed
as per the design
specification

123
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Performance

Qualification

Regulatory expectation: “The suitability of the premises
and equipment to operate consistently in accordance with the

12.0 TEST SUMMARY

requirements Of the intended manufacturing process (assuming The following tests will be executed under the authority of this protocol.
worst case conditions) should be tested. A test with surrogate Test Section Test Title
. . . 99
materlals or SlmUZated prOduCt s acceptable‘ 13 Verification of Air Cleanliness by Particle Concentration (Run 1)
14 Verification of Air Cleanliness by Particle Concentration (Run 2)
° Vel‘iﬁcatiOIl Of Performance 15 Verification of Air Cleanliness by Particle Concentration (Run 3)
L Training 16 Verification of Viable Concentration (Run 1)
° Cleaning Qualification (Where applicable) 17 Verification of Viable Concentration (Run 2)
18 Verification of Viable Concentration (Run 3)

19 Review of the Environmental Conditions Within the Cleanroom Module
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Validation Sign Off

Regulatory expectation: “A formal release for the next stage in the

qualification and validation process should be authorised by the relevant B eatess o 5 MHRA
responsible personnel either as part of the validation report approval or as a Fegiiaisey Agwey
separate summary document.” Trmmmmmmmm——
Medicines and Healthcare products Regulatory Agency
B —

MIAGME) 48152 Verson: 1

« Validation Sign Off - #: MHRA
* Quality Approval -

MEDICINES AND HEALTHCARE PRODUCTS REGULATORY AGENCY
On behal of the Licensing Authority under:
The Human Medicines Regulations 2012 (51 2012/1816 )

» Regulatory Approval

2 oftoe
~ = MHRA
Medicines & Healthcare products .
Regulatory Agency

MA NuvacR MIA 38152 Version

MEDICINES AND HEALTHCARE PRODUCTS REGULATORY AGENCY
On behalf of the Licensing Authority under:
The Human Medicines Regulations 2012 (SI 2012/1916)

Manufacturer's/ e Li
er's/importer’s
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Process / Equipment

Qualification

Regulatory expectation: “Equipment used in production or control operations should be suitable for its intended
purpose and it should not present any hazard to the product.”

* Process Equipment Qualification
« Data Collection , Critical Process Parameters

« Process Development / Optimisation

Regulatory expectation: “The validation of analytical methods is intended to ensure the suitability of the analytical
methods for the intended purpose.”

* QC Equipment Qualification
 Analytical Test Method Validation
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Process Validation

Regulatory expectation: “The aim of the process validation for ATMPs is to
demonstrate that the finished product characteristics are within a given range
(in compliance with the terms of the marketing authorisation).”

Validation Protocol ]

Strategy to Process Validation

Critical Process Parameters

Critical Quality Attributes
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Validated State

Regulatory expectation: “Manufacturers should monitor product
quality to ensure that a state of control is maintained throughout the ;
product lifecycle with the relevant process trends evaluated.” p -

* Product Process Monitoring

« Environmental Monitoring

« Calibration Program

» Preventative Maintenance Program
« Change Control Management

« Non Conformance Process




Validation Considerations
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Regulatory Expectation: “Equipment, facilities, utilities and
systems should be evaluated at an appropriate

frequency to confirm that they remain in a state of control.”

e Periodic Review Schedule (risk based)
* Periodic Qualification Tests
» Temperature Mapping

* Decommissioning

Periodic Evaluation

Periodic Review Report for the CGT-MC Binder

Incubators

MC-5R038-P

Version ]

Page 4 of

3.0 Reference Documentation

The following table details the last approved report for the Binder Incubators:

Last Validation
MC-5R038-VSR-001 | Date 15 April 2019*
Summary Report No. Approval Da pri
Preceding Periodic ) ; Review Period
few Report No. First review 12 Months

* The review period has been taken from the approval of the PQ report conducted on the 21 Dec 17
(ref MC-SR038-PQR-001}, therefore making the review date January 2018 to March 2015.

4.0  Review of Key Documentation
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« Validation is a lifecycle that begins with a conceptual design of the manufacturing process or facility and
ends with system retirement.

» Validation activities and requirements are taken into account at the earliest stages of the design process.
« Risk-based approach where supplier testing is leveraged and used to reduce repetitive validation testing.

» Activities that support the manufacturing process such as analytical methods, and computer systems are
adequately validated.

» The need for periodic reviews, changes to the validated system and revalidation activities are adequately
addressed.
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®» N ook

The principles of Orange Guide ‘Rules and Guidance for Pharmaceutical Manufacturers and
Distributors’ (MHRA)

EU Eudralex Vol 4 -

* Annex 15: Qualification & Validation

« Annex 1: Manufacture of Sterile Medicinal Products

« Annex 11: Computerised Systems

« Part 4: GMP Requirements for Advanced Therapy Medicinal Products
International Conference on Harmonisation (ICH) Q9 Quality Risk Management and

Q10 Pharmaceutical Quality Systems guides will be used to support the validation studies.
International standards, such as ISO 14644

ISPE GAMP 5 : Compliant GxP Computerised Systems

ISPE Baseline Guide Vol 5: Commissioning and Qualification

The Genetically Modified Organisms (Contained Use) Regulations 201

FDA Guidance for Industry Process validation: General Principles and Practices
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ANIIC

Advanced Therapy
Treatment Centres
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QC provision catAPULT
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« Approximately half of all cell therapy products under clinical development are
autologous therapies

» Product release - several complex assays
* manual and time consuming :

» Each individual patient treatment is a separate batch that requires product
release

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

» Significant strain on its way for a QC facility - can limit the number of products
that can be released

As companies strive to improve manufacturing processes to increase
throughput the ability to release products will become an industry
bottleneck
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¢ ICH

harmonisation for better health O S E

Quality Guidelines ; i cudeines  work procucts 1

Harmonisation achievements in the Quality area include pivotal milestones such as the conduct of stability studies, defining relevant thresholds for impurities testing and a

approach to pharmaceutical quality based on Good Manufacturing Practice (GMP) risk management

Q1A - Q1F Stability

Q2 Analytical Validation

Q3A - Q3D Impurities

Q4 - Q4B Pharmacopoeias

Q5A - Q5E Quality of Biotechnological Products

Code Document Title
+ Q5A(RT) Viral Safety Evaluation of Biotechnology Products Derived from Cell Lines of Human or Animal Origin
» Q5B Analysis of the Expression Construct in Cells Used for Production of -DNA Derived Protein Products
» Q5C Stability Testing of Biotechnological/Biological Products
» Q5D Derivation and Characterisation of Cell Substrates Used for Production of Biotechnological/Biological Products
» Q5E Comparability of Biotechnological/Biological Products Subject to Changes in their Manufacturing Process

N PHARMACOPOEIA 9.0

5.14. Gene transfer medicinal p

01/2010:51400

ENE TRANSFER MEDICINAL
CTS FOR HUMAN USE

1 chapter is published for information.

{ chapter contains a series of texts on gene transfer
roducts for human use. The texts provide @

of requirements applicable to the production and
ese products. For a specific medicinal product,

of these requirements and the need for any further
ded by the competent authority. The texts are

be applicable to approved products; the need for
of part or all of the texts to products used duting
phases of clinical trials is decided by the competent
“he provisions of the chapter do not exclude the
wative production and control methods that are

o the competent authority.

siled recommendations on gene transfer medicinal
human wse are provided by the Note for Guidance
ity, Preclinical and Clinical Aspects of Gene
wdicinal Products (CPMP/BWP/3088/99) and the
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