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plan
• Review the history of the development of cell therapies and explain the impact 

of this on current efforts to commercialisation
• Identify the technical issues which impact on these therapies
• Illustrate those problems with examples
• Present an overview of the global situation re commercialised cell therapies 

and discuss their current limitations 



Disclaimer & declaration

• The opinions given in this seminar are those of the 
presenter and do not necessarily reflect those of ISCT or 
of UCL or any company to which the presenter is a 
consultant or co-founder

• Professor Lowdell holds/held consultancies with:
Biopharma:
Achilles Therapeutics Ltd, Activartis, Autolus Ltd, Avectas Ltd, BlueBird Bio, Celgene,
CellMedica Ltd, FortressBio, INmuneBio Therapeutics Inc, Novartis, NWBio Therapeutics Inc
Investment houses:
Pontifax, Syncona
CRO:
TMC Pharma, EMAS
GMP manufacturing facility design:
AHP Ltd.



Where it all began

EBMT 1997 – Aix les Bains



What are the specific EU regulations
covering cell therapies?

• 2001 
– 2001-83-EC Medicines Directive 

• Substance includes human blood and blood products
• Implicit application to human somatic cells

• 2004
– Clinical trials directives enacted – include “substantially modified somatic cells” as IMP for the 

first time. GMP manufacture required plus MA (IMP) and Qualified Person.

• 2006
– Tissues & Cells Directives enacted in UK and regulated by HTA

• 2009
– ATMP Regulations published and regulated in UK by MHRA
– Procurement of starting material regulated by HTA and requiring licence
– “nonsubstantial” defined
– Inclusion of HEC for one-off, non-trial products
– 2009-120-EC amended 2001-83-EC to included ATMP

• 2017
– “GMP for ATMP” Guidelines



Technical challenges unique to ATMPs
• Manufacturing

– Process development / tech transfer / scale
• Definition

– Product / potency
• Delivery

– Logistics / in vivo delivery route
• Pharmacodynamics

– In vivo proliferation / in vivo traffic-ing
• Clinical effect

– Tumour microenvironment and resistance engineering
– Conditioning?

• Reimbursement model
– What does the customer provide?



ATMP development 2018

• >90% of ATMPs are investigator developed
• >60% of ATMP clinical trials are investigator led

• Biopharma/pharma Successful ATIMPs will only 
become successful ATMPs if they are
– Cost effective
– Deliverable at scale
– Easily technically transferred



ATMP development 2018

• >90% of ATMPs are investigator developed
• Investigator aims

– Treat THEIR patients
• Is this the right clinical use of the ATMP?
• If it fails in this application will it be tested in another?

– Publish a high impact paper
– File some IP
– ?Change clinical practice?????

• Make the ATMP in-house to treat 10 patients
• Even consider how to make it for 1000 patients?
• Understand issues of tech transfer?
• Understand product definition?
• Understand the large scale supply chain – Strimvelis!



Some of the challenges which academic 
developers do badly

• Closing the process
• Equipment
• Compatible plastics
• Comparability vs “open” process

• Robust QC assays
• Reagents
• Equipment
• Controls
• QA

• Informative potency assays
• FIO data from early phase trials

• REDUNDANCY
• More than one of each critical supplier!!!

• Cold supply Chain
• Do you need -155oC?



Why is this a problem?

• “The process today is not 2017 technology, it’s 
2010 technology,” he adds. “That’s fine for dealing 
with academic centres that handle five to 10 
patients a year, but we have to figure out a 
process for tens of thousands.”

• “It would be a mistake to automate totally today, 
because first we have to streamline the current 
process.”

Phil Vanek – General Manager Cell Therapy Technologies GE Healthcare



TACTICAL
Targeted MSC expressing TRAIL as a therapy for 
lung cancer



Industrialising an academic product



Scale-up Adherent Cell Manufacture

From flasks to bioreactors



Challenges for Clinical Manufacture
Scaling
• From 107 to 1011

• Starting material from human tissue
– Procurement issues
– Donor variability
– Limited ex vivo expansion

Cell banking
• Cryopreservation of PSS/WCS

Resource limitations
• Time and funding constraints
• Lead time of consumables/reliance on suppliers
• GMP (SOPs, BMRs, Qualification/Validation etc.)

Presenter
Presentation Notes
2.8 x 10^10 altogether



Solutions
Scaling
• Rapid scale-up in 2D bioreactors
• Closed system bioprocess
• Change to Umbilical Cord Tissue- derived MSCs
• Serum-free/xeno-free (PD)
• Pooling multiple donors

Cell banking
• Development of commercial scale closed-system cryopreservation 

process

Resource limitations
• Resource optimisation and critical path analysis to ensure efficient PD 

(Plan >3 months ahead with consumables)
• Use Ph. Eur./CE-marked reagents early in development



Starting Source Material
Bone Marrow Umbilical Cord Tissue

Invasive, painful 
procurement No additional procedure

Complications with 
sourcing and supply Reliable supply

High donor variability
(age, health etc.) Minimal variability

Contact inhibition in vitro No contact inhibition to growth
(higher harvest cell densities)

Limited proliferation Delayed senescence
Limited growth rate Accelerated growth



UCT Characterisation

Microscopy images of MSC cell culture at day 3 and 6

UCT-derived MSC phenotypingUCT-derived MSC growth characteristics



Scale-up Adherent Cell Manufacture

From flasks to bioreactors

• Comparable scale up
(T-flask  Xp50  Xp200)

• Closed system

• In process QC

• Single-use consumable
(No CIP/SIP)

• Cost-effective



T-Flask vs Xpansion Bioreactor (1)

Microscopy images of MSC cell culture on day 3 and day 6 in a T175 flask and the 
Xpansion-50 bioreactor

Day 3: T175

Day 3: Xp50

Day 6: T175

Day 6: Xp50



Xpansion bioreactor T175 control flask
PD 7.3 7.8
tD 21.7 19.8

Viability after harvest 91% 96%

Comparative growth kinetics between T175 flasks and the Xpansion bioreactor system. Mean from N=3

Xpansion bioreactor 
(%)

T175 control flask 
(%)

CD73 99.7 100
CD90 99.7 99.9

CD105 99.7 99.9
CD45/CD20/CD34/CD14/HLA-DR 0.3 0.6

Flow cytometry analysis of MSC phenotype between flasks and the Pall Xpansion bioreactor system

T-Flask vs Xpansion Bioreactor (2)

1.5 billion cells (post-DSP) from the Xpansion-50 bioreactor

Presenter
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Technical challenges unique to ATMPs
• Manufacturing

– Process development / tech transfer / scale
• Definition

– Product / potency
– CD19-R CAR-T

• > “x”% CD19CAR+ / CD3+
• CD4+? CD8+? CXCR7+? CD45RA+? …………..

– CD4+ Treg? Or pro-inflammatory? CRS-mediating? Is CRS required?
• DOSE??????? – single cell clone?

– Potency
• RAJI lysis in vitro

– % kill?
– What E:T ratio?

– Does potency predict efficacy? - Pharmacodynamics



Technical challenges unique to ATMPs
• Manufacturing

– Process development / tech transfer / scale
• Definition

– Product / potency
• Delivery

– Logistics
• Commonly shipped in VPN – local storage?
• Acute lifespan post thaw – training of clinical staff

– In vivo delivery route
• I.V.
• I.P.
• Intra-tissue (e.g. HuES REp cells)
• Removal of cryoprotectant?



Technical challenges unique to ATMPs
• Manufacturing

– Process development / tech transfer / scale
• Definition

– Product / potency
• Delivery

– Logistics / in vivo delivery route
• Pharmacodynamics

– In vivo proliferation / in vivo traffic-ing
• Is the dose you give the effective dose?
• Can the cells get to the tumour?
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Technical challenges unique to ATMPs
• Manufacturing

– Process development / tech transfer / scale
• Definition

– Product / potency
• Delivery

– Logistics / in vivo delivery route
• Pharmacodynamics

– In vivo proliferation / in vivo traffic-ing
• Clinical effect

– Tumour microenvironment and resistance engineering
– Conditioning?

• Reimbursement model
– What does the customer provide?



“The problem with cell therapy” - 2014

Will the 
phase III 
ever GET 
FUNDED?



“The problem with cell therapy” - 2018

Will the 
phase III 

ever 
ENROL?



How much can I change my process to move from phase I/II to MA?

Phase I / II
10 patients
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ATMP development 2018

• “Paucity of licensed ATMPs Worldwide”
– Maturity of the field?
– How dose this rate of commercialisation cf mAbs?

• Kohler & Milstein 1975
• 1st FDA licence for OKT3 in 1986
• 2nd abciximab in 1994
• 8 by 1998 – 23 years!
• 5 Cell & Gene Therapy products licensed by FDA to date – 13 years since 

cells included in US medicines legislation



Conclusions

• Cell therapies will become standard-of-care in many 
cancers over the next 5 years

• Technical challenges are considerable but solvable
• Academic development of ATMPs should not be a disaster 

but needs early planning for “success”
• Design phase I process to be fit for MA product

– Added value when looking for buyer/investor
• Study the basic biology of your product to facilitate 

comparability studies as the process changes
• Develop QC assays during phase I and phase II

• Delay between a successful phase II and start of a 
phase III will become the new “Gap of Doom”
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