
IN OUT

SPOTLIGHT ON:

Decentralized Manufacture
Guest Edited by Nicholas Medcalf

CELL & GENE
THERAPY INSIGHTS

Volume 5, Issue 10

SPONSOR:



CELL & GENE THERAPY INSIGHTS  

TRANSLATIONAL INSIGHT EXPERT INSIGHT INTERVIEW

Decentralized manufacture of 
cell therapies: the challenge of 
operational modeling
Nicholas Medcalf

Decentralized manufacturing 
and institutional readiness: 
adoption as a distributed 
process
Andrew Webster

Building flexibility into GMP 
CAR T cell therapy manufacture
Christin Tischner

1133–1149 1061–1067 1385–1390

EXPERT INSIGHT EXPERT INSIGHT ORIGINAL RESEARCH

Implementation of advanced  
therapy medicinal products: a 
UK pharmacist’s perspective
Anne Black

Regulatory considerations for 
decentralized manufacture of 
ATMPs
Alison Wilson & Alexis Cockroft

Regenerative medicine as a  
disruptive technology:  
implication for manufacturing & 
clinical adoption
Geoffrey Banda, Joyce Tait & 
James Mittra

1237–1246 1213–1224 1287–1303

EXPERT INSIGHT INTERVIEW INTERVIEW

Cell manufacturability
Masahiro Kino-oka,   
Manabu Mizutani & 
Nicholas Medcalf

Challenges in demonstrating 
comparability in the decentralized 
manufacturing environment
Jonathan Campbell

Pros and cons of point of care 
manufacture of cellular cancer 
immunotherapies
Linda Kelley

1347–1359 1267–1274 1109–1115

ISSUE SPOTLIGHT:
Decentralized Manufacture
Guest Edited by Nicholas Medcalf

SPONSOR:

Volume 5, Issue 10



  

EXPERT INSIGHT PODCAST INTERVIEW INTERVIEW

ATMP Raw materials – “the plas-
mid conundrum”
Alan Griffith

Identifying and mitigating risks 
in the viral vector supply chain
Claire Wartel & 
Ulises Villavicencio

Challenges in viral vector 
raw materials procurement & 
management
Kathleen Szczur

1259–1265 1339–1346 1305–1310

INTERVIEW

Major bioprocessing challenges 
& considerations with gene ther-
apies and ex vivo gene-edited 
cell therapy
Andy Ramelmeier

1225–1227

CELL & GENE THERAPY INSIGHTS  

IN FOCUS:
Highlights from our Vector Channel

Raw Materials



CliniMACS Prodigy® 
T Cell Transduction Process 
A leap towards commercial-scale CAR T cell manufacture 

•  Automated process optimized 
for CAR T cell manufacturing

•  GMP-compliant ancillary / raw 
materials for cell manufacture

•  Entire workflow in a closed 
single-use tubing set

•  Highly reproducible results through 
a verified and robust process

  miltenyibiotec.com/tct
Miltenyi Biotec GmbH | Friedrich-Ebert-Straße 68 | 51429 Bergisch Gladbach | Germany | Phone +49 2204 8306-0 | Fax +49 2204 85197
macs@miltenyibiotec.de | www.miltenyibiotec.com

Miltenyi Biotec provides products and services worldwide. Visit www.miltenyibiotec.com/local to find your nearest Miltenyi Biotec contact. 

Unless otherwise specifically indicated, Miltenyi Biotec products and services are for research use only and not for therapeutic or diagnostic use. MACS® GMP 
Products are for research use and ex vivo cell culture processing only, and are not intended for human in vivo applications. For regulatory status in the USA, 
please contact your local representative. MACS GMP Products are manufactured and tested under a quality system certified to ISO 13485 and are in compliance 
with relevant GMP guidelines. They are designed following the recommendations of USP <1043> on ancillary materials. The CliniMACS® System components, 
including Reagents, Tubing Sets, Instruments, and PBS/EDTA Buffer, are designed, manufactured and tested under a quality system certified to ISO 13485.
In the EU, the CliniMACS System components are available as CE-marked medical devices for their respective intended use, unless otherwise stated. The CliniMACS 
Reagents and Biotin Conjugates are intended for in vitro use only and are not designated for therapeutic use or direct infusion into patients. The CliniMACS 
Reagents in combination with the CliniMACS System are intended to separate human cells. Miltenyi Biotec as the manufacturer of the CliniMACS System does not 
give any recommendations regarding the use of separated cells for therapeutic purposes and does not make any claims regarding a clinical benefit. For the 
manufacturing and use of target cells in humans the national legislation and regulations – e.g. for the EU the Directive 2004/23/EC (“human tissues and cells”), 
or the Directive 2002/98/EC (“human blood and blood components”) – must be followed. Thus, any clinical application of the target cells is exclusively within the 
responsibility of the user of a CliniMACS System.
In the US, the CliniMACS CD34 Reagent System, including the CliniMACS Plus Instrument, CliniMACS CD34 Reagent, CliniMACS Tubing Sets TS and LS, and the 
CliniMACS PBS/EDTA Buffer, is FDA approved; all other products of the CliniMACS Product Line are available for use only under an approved Investigational New 
Drug (IND) application or Investigational Device Exemption (IDE). CliniMACS MicroBeads are for research use only and not for human therapeutic or diagnostic use. 
In the US, the CliniMACS Prodigy® T Cell Transduction Process is available for research use only. 
CliniMACS, CliniMACS Prodigy, MACS, and the MACS logo are registered trademarks or trademarks of Miltenyi Biotec GmbH and/or its affiliates in various countries 
worldwide. Copyright © 2019 Miltenyi Biotec GmbH and/or its affiliates. All rights reserved. 

T Cell Transduction Process T Cell Transduction Process 

Ce
ll

se
pa

ra
tio

n

Activation
Transduction

Expansion

Final cell 
product

Preparation 
of starting
material

Process time: 14 days



www.insights.bio   1133

CELL & GENE THERAPY INSIGHTS

TRANSLATION INSIGHT

Decentralized manufacture of cell 
therapies: the challenge of operational 
modeling
Nicholas Medcalf

Cell therapies may often benefit from a decentralized manufactur-
ing approach. In order to choose from amongst the possible op-
tions and to coordinate the activity of the various agents in the 
chain of value the industry needs reliable decision-making tools. 
Three tools are offered here that will help with evaluation of this 
route. Tools for enterprise modeling, inclusive cost analysis and tim-
ing of research investment are introduced, showing the potential 
for applying systems engineering to decentralized manufacturing. 
The case is made for initiatives to encourage communities of practice 
and data-sharing for operational models and unit operations.

Cell & Gene Therapy Insights 2019; 5(10), 1133–1149

DOI: 10.18609/cgti.2019.121

DECENTRALIZED MANUFACTURE

INTRODUCTION: A 
CHANGE IN SUPPLY MODE

Products that contain living cells 
may benefit from decentralization 
of manufacture. The purpose of this 

Special Edition of Cell and Gene 
Therapy Insights is to acquaint the 
reader with the potential of this ap-
proach, the challenges in its adop-
tion and, in particular, a procedure 
based on modeling tools that can be 

used to make informed decisions 
about its adoption [1]. Two of the 
tools will be more familiar to sys-
tems engineers than to biochemical 
engineers. The third is derived from 
options analysis.
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The terms ‘re-distributed manu-
facturing’, ‘extended enterprise’ and 
‘decentralized manufacture’ occur 
in the business research literature in 
descriptions of manufacturing that 
does not rely on a single, central fa-
cility. These formats differ in detail. 
This article applies to all of them. 

Manufacture of medicine 
evolved in stages. Early medicines 
were made on a small scale for lo-
cal application. When economies of 
scaling-up were recognized manu-
facture was centralized where possi-
ble. With the advent of personalized 
medicines there is a move to decen-
tralize once again, at least for some 
products. Hence the use of the term 
‘re-distributed manufacturing’ in 
ventures such as the ‘Re-distributed 
manufacturing in Healthcare Net-
work’ [2] that evaluated the poten-
tial of this approach. 

Business model research began 
to thrive as a discipline during the 
1990s at about the same time that 
regenerative medicine was devel-
oped as a topic of industrial signif-
icance [3]. Commercialization has 
generally been based on central-
ized facilities with internal support 
services, the aim being to spread 
the fixed costs of production over 
many units and to keep oversight 
of the work in one location. As cell 
therapies become more personal-
ized these principles become less 
relevant. Batch sizes are becoming 
smaller where there are haplobank-
ing strategies [4], patient-specific 
autologous products [5] or simply 
because they are low-volume goods.

In the UK there have been initia-
tives to explore this topic. The Ad-
vanced Therapies Taskforce made a 
series of proposals amongst which 
was the establishment of a nation-
al network of cell and gene treat-
ment centers. These will provide 

improved cooperation between hos-
pitals, manufacturers, logistics com-
panies and patients to provide more 
access to advanced therapies in a 
scalable way [6]. These ‘Advanced 
Therapy Treatment Centers’ (AT-
TCs) form part of the UK govern-
ment investment in the Industrial 
Strategy Challenge Fund [7]. 

THE POTENTIAL BENEFITS 
OF DECENTRALIZED 
MANUFACTURE
There are several motives for de-
centralization of manufacture for 
some therapies. When manufac-
turing close to the point of use 
the cost and risk of long-distance, 
low-temperature transport can be 
reduced or avoided. When scal-
ing-out to commercial volumes, 
rather than scaling-up, the man-
agement of the factory floor can 
become extremely difficult if all 
the separate lines are within one 
facility. This can be made more 
manageable by dividing up the 
total production between multi-
ple sites. When manufacture and 
the points of patient contact are 
close together it becomes easier to 
coordinate the harvest of product 
with treatment schedules. At pres-
ent it can be challenging to obtain 
venture funding for novel capital 
equipment and, by decentralizing 
manufacture, the investment in fa-
cilities may be made incrementally. 
By doing this in line with market 
growth, setting up one small facil-
ity after another to satisfy growing 
demand, it is possible to avoid the 
risks of sinking high initial invest-
ment in a single facility right from 
the product launch. At the techni-
cal level it is possible to shorten the 
development phase of the product, 
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leading to earlier launch, by apply-
ing a manufacturing unit that has 
dynamic similarity to the research 
unit and is of similar scale. This 
has the added benefit of greatly re-
ducing the technical risk associated 
with scaling up. 

Table 1 shows broad categories 
of products and their potential for 
manufacturing decentralization. 

OPERATIONAL CHOICES

Such benefits come with their own 
costs and risks. There are few exist-
ing examples of decentralized man-
ufacture of medicinal products and 
the ones that do exist, such as on-
colytics and radiopharmaceuticals, 
may not share the characteristics 
of advanced therapies. The choice 
whether to decentralize manu-
facturing or not will therefore be 
driven by the balance between the 

  f TABLE 1.
Categories of products.

Characteristics of 
product

Potential benefit for decentralization of 
manufacture

Examples

Allogeneic inject-
able cell therapy 
from anchorage-de-
pendent culture

For low intensity of manufacture (high 
activity per cell): centralized manufacture is 
manageable
For high intensity of manufacture (low activity 
per cell and large cell numbers needed): de-
centralization permits easier operation where 
multiple fixed-bed reactors are needed. Use 
of microcarriers will encourage centralization.

Mesenchymal stem cells for 
treatment of graft versus host 
disease or erosion of cartilage

Allogeneic inject-
able cell therapy 
from suspension 
culture

Little incentive to decentralize. Product 
amenable to batch production at large scale.

Haematopoietic stem cell 
transplantation

Autologous inject-
able  cell therapy 
from anchorage-de-
pendent culture

Decentralization may permit avoidance of any 
unnecessary cryopreservation steps by coor-
dinating production with delivery.
Decentralization will avoid the need to man-
age line segregation for very large numbers of 
parallel cultures.

Adipose tissue-derived mes-
enchymal stem cells

Autologous inject-
able cell therapy 
from suspension 
culture

Decentralization offers agile production 
(quicker turnaround) to minimize delay in 
treatment (especially for life-threatening 
disorders).

CAR-T treatments

2-dimensional lay-
ered or printed cell 
bandages

This can be centralized (if allogeneic) with 
‘postponed manufacture’ in a decentralized 
form if desired in which the cell stocks can be 
applied to specific delivery devices at loca-
tions close to clinic. If autologous treatment is 
needed then culture, harvest and assembly of 
dosage form is best conducted by decentral-
ized route.

Retinal epithelial call 
implantation
Urothelial tissue constructs
Cardiovascular grafts

3-dimensional bio-
printed constructs

Can be centralized or decentralized depend-
ing on opportunity for cryopreservation for 
transit.

Bioprinted orthoses
Organoids
Liver support devices
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appetite for change and the risk that 
comes with being a first adopter. In 
this Special Edition there are view-
points on the aspects that must be 
considered.

Assurance of process comparabil-
ity is key. The design of processes to 
be intrinsically ‘manufacturable’ is 
examined by Prof Kino-Oka [8]. 

Management methods for pro-
curement, stock control, materials 
movement, product release and ad-
ministration can vary significantly 
from one hospital to another. Dr 
Ann Black deals with this aspect in 
her article [9].

Adoption policy for new prod-
ucts at a particular hospital may be 
influenced by different factors. Prof 
Andrew Webster addresses this [10].

The goods must be consistently of 
the required quality, safety and effica-
cy. Dr Ian Rees considers this aspect 
in more detail in an interview with 
Cell and Gene Therapy Insights  [11]. 

A PROPOSED METHOD
In order to design a decentralized 
manufacturing business the features 
above must be placed in an opera-
tional context. A well-characterized 
manufacturing platform is needed 
to allow the design to succeed. The 
boundaries of the manufacturing 
activity need careful thought. For 
example, if autologous products 
are considered the collection of the 
starting material from the patient 
is influenced by the skill of clini-
cal and materials movement staff. 
Downstream the journey of the 
Drug Product from the conclusion 
of packaging to clinical administra-
tion may involve supply chain op-
erators, pharmacy staff and hospital 
staff. The product journey is a series 
of events that are experienced by the 

cell only as environmental changes. 
Each change may affect quality, 
safety and efficacy. Design for man-
ufacture must take each of these 
into account. The system must be 
integrated from procurement of 
starting material to administration 
of product. This can be designed us-
ing a systems engineering approach.

There is unlikely to be a single 
operational solution to such diverse 
products [12,13]. It is necessary to 
compare alternatives to make a de-
cision early in the product life cy-
cle in order to avoid expensive and 
time-consuming comparability 
studies later [14]. 

Manufacturing research that is 
started early in development need 
not begin from first principles ev-
ery time. The situation is similar 
to the development of ‘unit oper-
ations’ in chemical engineering. 
When manufacturers realized that 
new ways of working were need-
ed to manage the impact of scal-
ing up they discovered that it was 
time-consuming and expensive to 
start from a blank sheet every time. 
Engineers needed framework de-
sign principles upon which to base 
new processes. To allow findings 
from each design to be transferred 
from one situation to another the 
engineers created the unit opera-
tions approach. Unit operations are 
the groups of interrelated process 
features that are conserved whenev-
er a generic step appears in a pro-
cess. The amplitude, dimensions 
or balance of mass or energy of the 
step may vary but the key features 
are the same. Using unit operations 
a skilled engineer can assemble 
an outline process design quickly 
and tailor it to create a basic de-
sign. Simulations can then be run 
in silico to find the desired ranges 
for the controls. Verification and 
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validation experiments can then be 
run to confirm the results. In the 
same way it is possible to build ge-
neric models of activities that are 
likely to be found together in a 
cell or gene therapy manufacturing 
process (‘partial models’) and build 
a library so that they can be re-used. 
Chemical engineering unit opera-
tions are confined to the technical 

features of a particular step. In a 
systems engineering model of a 
manufacturing operation the ‘par-
tial model’ of the step is concerned 
with the surrounding human and 
resource activity as well.

Table 2 shows the unit operations 
that, in the author’s view, can be 
associated with the steps typically 
encountered in the preparation of 

  f TABLE 2.
Unit operations.

Process step Class of unit operation Proposed type of unit opera-
tion (from combined classes)

Preparation of the 
cell inoculum (from 
tissue, aspirate or 
drawn from the cell 
bank)

(Potentially, depending on primary isolate or 
withdrawal from cell bank):
Mechanical processing (e.g. tissue disruption)
Mass transfer
Heat transfer (temperature control, cooling 
during handling, thawing)
Fluid flow (mixing, effusion)
Mechanical processes (separation, centrifuga-
tion or elution)

From tissue or aspirate:
‘Isolate’ (M, T, t, S)

From cell bank:
‘Manage phase change’ (M, T, 
t, S)

Cell expansion Mass transfer (chemical gradients)
Heat transfer
Fluid flow (mixing, fluid shear)

‘Manage growth’ (M, T, t, S): 
addition and removal of com-
ponents, feedback

Cell harvest Mass transfer (chemical gradients)
Heat transfer (temperature gradients, hold 
steps)
Fluid flow (fluid transfer, fluid shear)
Mechanical processes (separation, centrifuga-
tion or elution)

‘Isolate’ (M, T, t, S)

Formulation of cells Mass transfer (chemical gradients, manage-
ment of osmotic pressure and pH)
Heat transfer (temperature gradients, hold 
steps)
Fluid flow (mixing)

‘Stabilize’ (M, T, t, S): addition 
and removal of components, 
no feedback for small batches

Filling of dosage 
forms

Heat transfer (temperature management 
during transfer)
Fluid flow (fluid transfer)

‘Transfer’ (T, t, S)

Packaging o 
 dosage forms

Heat transfer (temperature management) ‘Hold’ (T, t)

Cryogenic 
preservation of the 
dosage forms

Mass transfer (chemical gradients, manage-
ment of osmotic pressure and pH)
Heat transfer (temperature gradients)

‘Manage phase change’ 
(M, T, t, S)

Dispatch Heat transfer (temperature management)
Fluid flow (in the case of unfrozen product: 
fluid shear)

‘Transfer’ (T, t, S)

The “Proposed type of unit operation” is intended to allow a simpler identification of the potential critical control points in the 
process by concentrating the attention of the researcher and the process engineer on the fundamental environmental influences. M 
= mass, T = temperature, t = time, S = fluid shear
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a cell therapy. For convenience the 
conceptual products are an alloge-
neic parenteral dosage form and a 
similar autologous product. For the 
sake of simplicity, genetic modifica-
tion has been omitted.

In a large-scale plant the equip-
ment for unit operations can be 
seen in concrete form as equipment 
skids. For cell therapies the situa-
tion is very different. The empha-
sis on maintenance of asepsis and 
avoidance of line mix-ups quickly 
becomes the dominant challenge 
as the number of parallel batches 
increases. Solutions for groups of 
unit operations at small-to-medi-
um scale have been created as for-
mally ‘closed’ systems. Equipment 
such as the CocoonTM from Octane 
and the CliniMACS Prodigy® from 
Miltenyi Biotec have big advantages 
in terms of operability [15]. Re-con-
figurable steps (isolation, expansion, 
purification and cryopreservation) 
can be achieved at small scale using 
platforms such as the G-Rex® sys-
tem from WilsonWolf and the Xuri 
W25 and VIA Freeze/VIA Thaw 
systems from GE Healthcare/As-
ymptote Ltd. The control that can 
be achieved within the steps that are 
managed by these devices must be 
supported by satisfactory controls 
up- and downstream of the device. 
It is the definition of the unit op-
erations, the ability to re-configure 
them in a practical model to include 
the steps necessary to service them 
and the ability to re-use the results 
that is important. A toolkit is need-
ed that permits the assembly of a 
practical library of partial models 
down to a detailed activity level and 
to link them to provide a model of 
the whole operation. 

Once the whole-operation mod-
els are available the manufacturer 
must be able to compare them in 

terms of cost to work out the im-
pact on the cost of goods supplied 
(CoGS). Working out the costs of 
production for decentralized manu-
facturing is more challenging than 
for centralized manufacture. Prog-
ress has been made in this area [16]. 
It is important to include the impact 
of supporting or overhead activities 
in terms of their contribution to 
the indirect costs of manufacture. 
A further toolkit is needed at this 
point to make the comparison and 
this is described in the next section.

The innovator will now be armed 
with a cost comparison of the pre-
ferred operational models and can 
make a provisional choice between 
them. This comparison refers to the 
steady-state running of the business 
and in order to reach that point 
there must be a timely investment 
in manufacturing research. 

Regulators including the 
FDA recognize the advantages of 
multi-center manufacture in some 
of the guidance but manufacturers 
may struggle to meet the degree 
of reproducibility needed between 
sites [17,18]. A major challenge is 
attaining comparability between 
sites and between teams. Choos-
ing a decentralized manufacturing 
system influences the amount of 
manufacturing research that is un-
dertaken and when it is started [19]. 
This implies much unwelcome ad-
ditional work early in the research 
and development cycle but there is 
a silver lining.

A key difference between scal-
ing up (centralized) and scaling 
out (decentralized) lies in the time 
needed to reach commercial oper-
ation. When scaling out the scale 
of each manufactured batch is gen-
erally the same as, or close to, that 
of the bench research batches. This 
means that the usual development 
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activity (increase scale by a factor 
of ten, make engineering batches, 
test and scale up by ten again and 
so on) is largely absent and so is the 
delay and risk that will be incurred. 
This is a big advantage as commer-
cial launch can be brought forward. 
In order to realize this advantage it 
is important to choose technology 
platforms that are practical to use 
for research and that also can be 
applied for manufacture [20]. There 
must be adequate scope in the ear-
ly manufacturing research to form 
a good comparability protocol for 
post-launch manufacture.

An example of the type of issues 
that need to be addressed in this ear-
ly work can be drawn from autolo-
gous products where the variability 
of the starting material introduces 
a very large envelope of properties 
and the process must accommodate 
this. Added to this there is the vari-
ation as a result of local differences 
in practice in the harvesting step 
for the starting material. Several 
layers of control are possible. The 
first level might be pre-qualification 
criteria for the patient to ensure 
that the cell isolates lie within the 

calibrated range of behaviors for the 
process. At the second level the har-
vest technique can be normalized by 
introducing devices to assist clinical 
practice such as mechanical tools 
that constrain features of the har-
vest technique that cause unaccept-
able variation. An example might be 
a mechanized trochar and aspirator 
for bone marrow harvest or a simple 
damper and spring device on a sy-
ringe to ensure that the shear forces 
on manipulation are defined and 
volume is not excessive. The third 
level might be evolved during man-
ufacturing a series of batches in the 
form of an adaptive control system 
based on data mining in the patient 
samples used to date. The sources of 
process variation are shown in Fig-
ure 1.

While full manufacturing auto-
mation is sometimes recommend-
ed to control variation in the main 
part of the process (cell expansion, 
purification, washing, collection) 
this can be expensive to acquire and 
to operate. A more nuanced ap-
proach might be to invest selective-
ly in controlling only the features 
that really matter. Mechanization 

 f FIGURE 1
Sources of process variation.



CELL & GENE THERAPY INSIGHTS 

DOI: 10.18609/cgti.2019.1211140

can help because it retains the de-
cision-making element of human 
operation and constrains the am-
plitude of the features of concern 
(duration, temperature, volume 
etc.) at a fraction of the cost of 
full automation. In order to gain 
this insight the development team 
will need to make use of analysis 
of the human factors, the instru-
ment and equipment variation, the 
responses from the cells and their 
effects in combination. It will be 
a combination of metrology and 
systems engineering research. Cells 
act in response to autocrine and 
paracrine signaling as well as to 
the primary external environment. 
They can reinforce any trend away 
from or towards the desired control 
state in a manner disproportionate 
to any change in control settings. 
The identification of the sensitivi-
ty to such changes is best carried 
out using a mixture of statistical-
ly-designed experiments and sim-
ulation. Suitable tools that bring 
deterministic modeling within the 
reach of non-specialists are in de-
velopment [21] or are potential ex-
tensions of existing products [22].

In each of these three stages: 
system architecture, comparison of 
costs of options and decision about 
how much manufacturing research 
to conduct and when to do it, there 
is ultimately a cost-based decision.

TOOLS TO AID THE 
CHOICES
To bring together the key stake-
holders and to direct the necessary 
research a set of tools is needed. 
To meet the practical challenge 
described above three toolkits are 
proposed below. Toolkits 1 and 2 
are based on established practice 

in systems engineering. Toolkit 3 is 
drawn from the ‘real options’ meth-
od of research project investment. 
They are described in the order that 
they are to be applied following the 
method above.

Toolkit 1: Enterprise 
modeling

Activity-based modeling of whole or 
parts of enterprises has been avail-
able over many years [23,24,25]. 
Conventional practice is to concen-
trate on optimizing operations first 
and the costs will then be reduced as 
a result [26].

This technique is often referred 
to as ‘business process re-engineer-
ing’ (BPR) and is something of an 
adventure for those taking part. It 
differs radically from the incremen-
tal approach familiar from ‘kaizen’ 
improvement projects. This is seen 
in the five key principles [26].

1. Adopt a ‘clean slate’ approach

2. Adopt a cross-functional outlook

3. Set stretching targets and have 
confidence to achieve them

4. Use information technology to 
enable change

5. Make all the required changes 
in behavior and in processes 
that are needed to enable the 
re-engineering i.e. allow for any 
ways of working in the customer 
environment

In a good model a balance must 
be struck between the top-down 
vision and the bottom-up detailed 
analysis. To keep track of the find-
ings, to express them clearly to the 
stakeholders and to manage a clear 
vision of the re-engineered process 
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throughout successive versions re-
quires tools that act as a database 
with a graphical front end. The re-
sults, in diagrammatic form, can be 
scrutinized by the potential users 
for bottlenecks, false assumptions, 
missing steps and unnecessary du-
plication. The results must be val-
idated, preferably in a contained 
field trial, before roll-out. This must 
involve all stakeholders if the inno-
vation is to succeed.

There are strategies to minimize 
the risk.  The main one is to ‘war-
game’ the proposed system design 
using representatives from each 
function that is involved. There 
should be no step without its own 
resources and there must be no 
loose ends or duplication. The en-
gagement of a specialist in BPR is 
useful. However, the specialist must 
survey the proposed and existing 
system design by observation and 
by interview with staff from each 
aspect (operational, managerial and 
financial) to avoid any important 
omissions.

The evolution of computation-
al modeling tools for this step has 
been analyzed elsewhere [27]. No 
single piece of software will be an 
all-encompassing solution. Most 
projects can be managed using a 
dual approach. Project manage-
ment software addresses the cycle 
of project execution (“how to get 
there”). BPR software addresses 
steady-state operation after project 
completion (“how we operate when 
we get there”). For the models to be 
re-usable it is helpful to work to a 
tried-and-tested international stan-
dard. A good choice is ‘Structured 
Activity and Design Technique’ 
(SADT ). SADT™ was created in 
the 1970s in the US Air Force and 
was later standardized to ensure op-
erability between units [28]. Digital 

tools to enable rapid construction 
and rearrangement of models to this 
standard were developed by Knowl-
edge-Based Systems, Inc.

Quality Assurance professionals 
will recognize this approach because 
it shares features with Quality Man-
agement Systems such as ISO9000 
series and Good Manufacturing 
Practice. The principles are shown 
in Figure 2 and allow examination 
of the whole enterprise down to the 
smallest activities if necessary. Out-
puts as HTML files may be used to 
construct a re-usable library of par-
tial models. The models of the over-
all system can be used by operators 
and for the next step of cost analysis 
in Toolkit 2.

Toolkit 2: Inclusive 
cost analysis

Comparison of the costs of alter-
native methods of manufacture is 
well-established [29]. Cell and gene 
therapy manufacture involves a 
higher contribution of fixed costs 
than is the case for more conven-
tional goods. The accurate inclu-
sion of such costs is important 
for accurate projection of revenue 
stream [30].

This makes the inspection of 
whole operational costs difficult 
to perform using simple spread-
sheet analysis (although it is pos-
sible [16]). In order to move from 
approximation to insight a pow-
erful technique is to apply Activ-
ity-Based Cost (ABC) analysis to 
include the human activities. This 
is best carried out as cost roll-ups 
based upon the enterprise model 
from Toolkit 1. A typical analysis 
would cost each activity and then 
combine the costs, calculated as a 
multiple of the instances of use of 
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each one, with the consumption of 
associated resources (person-hours, 
materials etc.) and their costs, gen-
erating a level of additional detail 
to R&D profit and loss models that 
could not otherwise be achieved.

Some service providers, such 
as BioPharm Services (BioSolve®) 
maintain current registers of data 
that can be applied to such roll-
ups, for example labor rates, main-
tenance costs and utility rates. 
At this point the benefits of each 
option will be more apparent and 
the question of how much early 
research is needed and when to 
conduct it comes to the fore with 
Toolkit 3.

Toolkit 3: Decision-making 
tools for investment in 
process control

Toolkits 1 and 2 concentrate on the 
structure and cost of the enterprise 

once it is chosen and established. 
The final step is to determine when 
and how to make the investment 
in the manufacturing research that 
will make it happen.

Methods for applying process 
knowledge to prepare integrat-
ed systems have recently become 
available. Examples include the of-
fering from Synthace and Torque’s 
Slipstream technology which has 
recently been put forward to en-
able closed manufacture of deep-
primed T-cells [31].

By combining the analysis from 
toolkits 1 and 2, above, it is possi-
ble to identify the dominant cost 
contributors to the manufacture. In 
the light of this information it may 
be possible to make interventions 
in the process design to constrain 
variability to an acceptable level. 
Some of the possible interventions 
will be strategic and others will be 
operational. Table 3 shows the ori-
gin of these interventions.

 f FIGURE 2
 The architecture of SADT (Each activity is ‘decomposed’ to its constituent sub-activities until the neces-
sary level of detail is achieved.).
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Knowing what to invest in is one 
part of the solution. The other part 
is when to invest and to what ex-
tent. The question can be addressed 
using an approach based on tech-
nology options investment and this 
has been described elsewhere [14]. 
Without repeating the full meth-
od description here it is enough to 
observe that the approach involves 
drafting and comparing a set of 

decision trees to represent the costs 
of carrying out the manufacturing 
research studies at each relevant 
time point. The probability-based 
expected current value of each de-
cision tree is then calculated and 
compared with the alternatives. The 
maximization of the expected cur-
rent value of the project forms the 
basis of the decision about which 
study to perform and when.

  f TABLE 3.
Possible interventions and the level at which they may be resolved

Source of variation 
(with reference to 
Table 2

Intervention Example

Isolate Control of reagent con-
tact time, cross-sectional 
interface and excision 
method (for explants only) 
and temperature

Control of tissue isolate dimensions and 
method of removal (explants) by use of 
mechanical trephine with self-cooling 
and power drain control.
Tissue disruption and enzyme contact 
using enzyme bath with self-timer.

Manage phase 
change

Control of thermal 
gradient, interfacial heat 
transfer area and duration 
of thermal change

Solid-state freeze/thaw device which 
constrains dimensions and imposes 
release timer from contact plates e.g. 
Asymptote VIA Thaw CB1000.

Manage growth Management of differenc-
es in concentration gra-
dients, energy dissipation 
rate and duration of steps

Single-use fixed-bed bioreactors e.g. 
iCELLis®, DASGIP or Constellation.
For T-flasks or roller bottles: mechanized 
inspection and timing with/without 
Near Infra-Red or phase contrast imag-
ing (multiplexed).

Stabilize Control of osmotic gradi-
ents, thermal shock and 
fluid shear

Mechanical dispenser triggered by the 
operator but dictating the dispensing 
rate, rate of addition and temperature of 
components (e.g. by in-line trace heat-
ing) and contact time.

Transfer Management of oxygen-
ation, temperature, dura-
tion of exposure and fluid 
shear (nozzles and tubing)

Mechanical aids to fluid transfer with in-
line static mixers. Recirculation loop for 
process interruption. In-line gas-transfer 
membrane to ensure saturation. If less 
than full oxygenation is needed: gas 
inflow control.

Hold Management of oxygen 
transfer (unstirred holding 
vessels) change in nutri-
ent/waste ratio, duration

Small volume vessels: Holding cabinet 
for use in biological safety cabinet with 
headspace gas composition control.
Medium volume vessels: Sparged tubular 
holding vessels with annular baffles and 
local oscillatory flow.
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PUTTING IT ALL 
TOGETHER
The three toolkits described in this 
paper could be applied in the fol-
lowing manner. Beginning with the 
provisional product specification 
and the business case for its adop-
tion the innovator is able to make a 
broad projection of how many cells 
in how many cycles will be need-
ed during each year of production. 
A straightforward way to do this 
is in the form of a profit-and-loss 
(P&L) projection with very broad 
estimates (or targets) for the costs of 
manufacture and distribution and 
for significant overheads such as the 
cost of quality. At this point a provi-
sional decision must be made about 
the operability of the process at the 
scale needed for peak sales because 
it is at this point that any issues with 
materials movement and line segre-
gation will be at their most obvious. 
For example: a high-volume process 
in which large numbers of anchor-
age dependent cells are needed and 
for which all the work to date has 
been conducted in static culture 
systems will carry a risk when mov-
ing to suspension culture for scale 
up. It will not be known whether 
the product of a suspension system 
will be comparable to the one used 
for proof of concept. The innovator 
may decide to scale out instead and, 
in the interests of keeping the num-
ber of production units manage-
able, may opt to set up a regional 
operation first, duplicating the facil-
ity elsewhere as demand grows.

The conjectural model can then 
be examined in detail using Toolkit 
1 to find the contribution of the in-
direct costs of production and deliv-
ery to the whole operation. This is 
done by decomposing the activities 
to the degree of detail needed and 

then carrying out a cost roll-up as 
in Toolkit 2. Different options can 
be compared in these terms and 
the dominant cost features can be 
scrutinized further for improved 
confidence.

While carrying out these steps 
it will become apparent that there 
are additional steps, delays or hold-
ing points that must be introduced 
in order to realize the operational 
model. The impact of these on the 
quality of the product can be ex-
amined in manufacturing research 
studies. The priority order in which 
these can be carried out can be de-
termined by applying Toolkit 3.

DISCUSSION
The degree of decentralization may 
be considered as a spectrum with 
a single-center factory at one end 
of the range and intra-operative or 
in-clinic manufacture at the oth-
er. The parameters that determine 
the character of the business and 
its operation have been consid-
ered elsewhere [32]. Four forms 
of business can serve to illustrate 
the range of options. Towards the 
centralized end of the spectrum are 
national centers. These can form a 
multi-center manufacturing busi-
ness with a foothold in separate 
market regions. Good examples 
are Fujifilm Diosynth (USA, UK 
and Japan) and Lonza (USA and 
Switzerland). At a higher level of 
distribution come regional manu-
facturing hubs. These provide rap-
id support to clinics from a center 
serving several hospitals. The series 
of hubs each associated with these 
hubs benefit from the proximi-
ty of manufacture to the point of 
use and they coordinate manufac-
ture with the clinics while being 
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supplied with materials from the 
hubs. The national hubs benefit 
from the purchasing power and 
business function of a large oper-
ation. A variant of this is to oper-
ate the spokes as franchises [33]. 
At the other end of the spectrum 
in-clinic manufacture offers the 
third and fourth kinds of model. 
In the product-based version the 
goods are manufactured from an 
operation that is set up in the hos-
pital by the organization that holds 
the manufacturing license. In the 
service-based model the goods are 
made by trained employees of the 
hospital using equipment supplied 
by the innovating company. The 
latter is a form of support to the 
practice of medicine.

Cost contributions across this 
spectrum are split between the hub 
and the spokes and are made up of 
several broad components as shown 
in Table 4. The hub provides the ma-
terials upon which the final process-
ing depends and the spokes manu-
facture the Drug Product from these 
materials using local resources. For 
autologous therapies the hub pro-
vides the consumables kit and this 
is transferred to the spokes. For al-
logeneic therapies the hub provides 
inocula of the working cell bank as 
well. In both cases there will be a di-
vision of quality control and quality 
assurance activity between hub and 
spoke and the materials movement 
will attract its own costs.

The availability and cost of 
low-temperature or fresh-preserved 
transport of goods used to be a 
dominant contributor to costs and, 
with more widely available services, 
it appears to be so no longer [34]. 
Instead the cost of quality manage-
ment is likely to be a major deter-
minant of the optimum degree of 
distribution in the network.
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Assurance of quality at multiple 
sites will rely on a process under-
standing that is deep enough to 
ensure satisfactory reproducibility 
of product irrespective of site and 
production team. This requirement 
can be addressed through a combi-
nation of metrology and standard-
ization. Relevant initiatives now 
include the VAMAS initiative at 
NPL, the NMS research support-
ing the ‘8 great technologies’ [35] 
from LGC, including research into 
sources of biological variability for 
ensuring comparability, and the 
NIST program to build confidence 
in cell characterization. 

A key to rapid progress will be 
the ability to share experience and 
data between organizations for mu-
tual benefit without compromising 
commercially-sensitive informa-
tion. This level of trust is not easy 
to achieve but the benefits could 
be significant. As noted above the 
ATTCs, under the coordinating 
guidance of the UK’s Cell & Gene 
Therapy Catapult, aim to explore 
improvements to practice within 
the wider clinical network. The AD-
DoPT program provides a demon-
strator of how research data may be 
shared to mutual advantage [36].

The accumulation of generic 
knowledge within the practitioner 
community offers the opportuni-
ty to build libraries of operational 
models using enterprise modeling 
techniques that can be adapted for 
early evaluation by innovators who 
are at the point of deciding on their 
own business format.

SUMMARY
Decentralized manufacture offers 
an attractive route for the commer-
cial realization of some categories 

of cell therapy. Assessment of the 
suitability of this approach is best 
done in silico in order to avoid cost-
ly mistakes. A systematic approach 
to decision-making is essential. An 
approach to this challenge has been 
suggested here. The additional work 
that is needed at the outset can be 
offset by the rewards of faster access 
to market and reduction or removal 
of commercial risks.

The value chain will cross several 
inter-organizational boundaries 
and business models that encour-
age cooperative management are 
essential. 

FUTURE VIEW
If a library of operational models 
can be established then there will 
be an opportunity to characterize 
points in the manufacture where 
production, packaging, materials 
movement, storage and transit must 
be managed more effectively in or-
der to provide greater confidence 
[37]. Models of these points could 
be used to align the practice of the 
different operators in the chain. As 
the steps that are described by the 
partial models become well estab-
lished it will become possible to 
create user requirement specifica-
tions that describe the character-
istics of equipment to realize such 
steps. Such specifications would 
enable competitive equipment sup-
pliers to develop new technology 
platforms to simplify decentralized 
manufacture.

In the ATTCs as well as practi-
tioner groups we are beginning to 
see the formation of communities 
of practice that may provide such 
specifications.

Decentralized manufacture is 
one of several operating models that 
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will enable advanced therapies to 
reach more patients more quickly. 
The early inclusion of metrology 
studies and systems engineers in 

the innovation process will enable 
that to happen. Knowledge-shar-
ing mechanisms will ensure that the 
whole sector reaps the benefit.

REFERENCES
1. Hourd P, Chandra A, Medcalf N, 

Williams DJ. Regulatory challenges 
for the manufacture and scale-out of 
autologous cell therapies. 2014 Mar 
31. In: StemBook [online]. Cam-
bridge (MA): Harvard Stem Cell 
Institute; 2008. 
www.ncbi.nlm.nih.gov/books/
NBK201975/ doi: 10.3824/
stembook.1.96.1

2. Phillips W, Medcalf N, Dalgarno K et 
al. 2018. Redistributed manufacture 
in healthcare: Creating new value 
through disruptive innovation. Redis-
tributed Manufacturing in Healthcare 
Network [online]. 
rihn.org.uk/wp-content/up-
loads/2018/01/RiHN_WP_Full_
double_web.pdf.

3. Zott C, Amit R and Massa L. The 
business model: recent developments 
and future research. J. Management 
2011; 37(4): 1019–1042

4. Barry J, Hyllner J, Stacey G, Taylor 
CJ and Turner, M. Setting up a 
haplobank: issues and solutions. Curr. 
Stem Cell Rep. 2015; 1(2): 110-117.

5. Hampson B. 2017. Why autologous 
and patient-specific aren’t the same 
thing in cell therapy. PCT [online]. 
www.pctcelltherapy.com/pct-pulse/
why-autologous-and-patient-specific-
arent-the-same-in-cell-therapy.

6. Advanced Therapies Manufacturing 
Taskforce. (2016). Advanced Thera-
pies Manufacturing Taskforce Report. 
Medicine Manufacturing Industry 

Partnership [online] 
www.abpi.org.uk/our-work/mmip/
Documents/Advanced-Thera-
pies-Manufacturing-Taskforce-report.
pdf

7. Advanced Therapy Treatment Centers: 
Working together to accelerate 
patient access to advanced therapies. 
[online] 
www.theattcnetwork.co.uk/

8. Kino-oka M, Mizutani M. Cell man-
ufacturability. Cell Gene Ther. Insights. 
2019; 5(1), 1347–1359.

9. Black. Implementation of advanced  
therapy medicinal products: a 
UK pharmacist’s perspective. Cell 
Gene Ther. Insights 2019; 5(10): 
1237–1247.

10. Webster A. Decentralized manufac-
turing and institutional readiness: 
adoption as a distributed process. 
Cell Gene Ther. Insights 2019; 5(10): 
1061–1067.

11. Rees. Cell Gene Ther. Insights 
2019;  DOI: 10.18609/cgti.2019 
(Unpublished).

12. Heathman TRJ, Nienow AJ, McCall 
MJ, Coopman K, Kara B and Hewitt 
CJ. The translation of cell-based 
therapies: clinical landscape and man-
ufacturing challenges. Regen. Med. 
2015; 10 (1); 49–64.

13. Heidaran M. Establishing man-
ufacturing controls: A hurdle for 
the cell and gene therapy industry. 
Regulatory Focus. Regulatory Affairs 

Professionals Society. 2019 [online] 
www.raps.org/news-and-articles/
news-articles/2019/4/establish-
ing-manufacturing-controls-a-hur-
dle-for

14. Sebastian S, Hourd P, Chandra A, 
Williams DJ, Medcalf N. The Man-
agement of Risk and Investment in 
Cell Therapy Process Development: 
A Case Study for Neurodegenerative 
Disease. 2019; Regen. Med.14(5): 
465–488.

15. Levine BL, Miskin J, Wonnacott K 
and Keir C. Global manufacturing of 
CAR T cell therapy. Mol. Ther. Meth-
ods Clin. Develop. 2017; 4: 92–101

16. Harrison RP, Medcalf N and Rafiq 
QA. 2018. Cell therapy-processing 
economics: Small-scale microfactories 
as a stepping stone toward large-scale 
macrofactories. Regen. Med. 2018; 
13(2): 159-173.

17. Kleiderman E, Boily A, Hasilo C 
and Knoppers BM. Overcoming 
barriers to facilitate the regulation of 
multi-center regenerative medicine 
clinical trials. Stem Cell Res. Ther. 
2018; 9(307).

18. Marks P, Gottlieb S. Balancing safety 
and innovation for cell-based regener-
ative medicine. New Engl. J. Med. 
2018; 378(10): 954–959.

19. Thurman-Newell JA, Harrison 
RP, Hourd P, Petzing J, Rafiq QA 
and Medcalf N. Cell micro-facto-
ries: Feasibility of a redistributed 



CELL & GENE THERAPY INSIGHTS 

DOI: 10.18609/cgti.2019.1211148

manufacturing model for cell based 
therapeutics. 2017 [unpublished].

20. Wang X and Rivière I. Clinical 
manufacturing of CAR T cells: foun-
dation of a promising therapy. Mol. 
Ther. Oncolytics 2016; 3: 16015.

21. Stacey AJ, Cheeseman EA, Glen 
KE, Moore RLL, Thomas, RJ. 
Experimentally integrated dynamic 
modeling for intuitive optimisation 
of cell based processes and manufac-
ture. Bio-chem. Eng. J. 2018; 132, 
130–138.

22. PSEnterprise. Advanced Process 
modeling software and services for 
pharmaceuticals and biotechnology. 
[online] 
www.psenterprise.com/sectors/
life-sciences

23. Lamont J. BPM from modeling to 
implementation. KM World. 2009; 
18(2): 10–20.

24. Hammer M. Reengineering work: 
Don’t automate, obliterate. Harvard 
Business Review 1990; 68: 104–112.

25. Mahoney AI. Reengineering for 
results (business consultant Michael 
Hammer’s notion of process-centered 
enterprise). Association Management 
1997; 49(8): 133–139

26. Davenport TH, Stoddard DB. 
Reengineering: Business change of 
mythic proportions? MIS Quarter-
ly, MIS Quarterly & The Society for 
Information Management. 1994; 18: 
121–127.

27. Medcalf N.A new business model 
for cell-based therapeutics. PhD, 

National University of Ireland, 
Galway 2011.

28. NIST. Draft Federal Information 
Processing Standards Publication 
183. “Integration Definition for 
Function Modeling DEF0.” Gaith-
ersburg, National Technical Informa-
tion Service 1993.

29. McCall M. Cell therapy manufactur-
ing value systems and cost analysis. 
PhD thesis. Loughborough Univer-
sity 2013.

30. McAteer H, Cosh E, Freeman G, 
Pandit A, Wood P Lilford R. Cost-ef-
fectiveness analysis at the develop-
ment phase of a potential health 
technology: Examples based on tissue 
engineering of bladder and urethra. J. 
Tissue Engineering Regen. Med. 2017; 
1(5): 343–349

31. McInnis CM, Shaw AM, Carey SP 
et al. Poster: “A fully-closed, high 
efficiency manufacturing technol-
ogy platform for the production of 
T cell therapies targeting multiple 
tumor antigens”. SITC 2018 Annual 
Meeting November 7–11 Washington, 
DC 2018.

32. Foley L, Whitaker M. Concise 
review: Cell therapies: The route to 
widespread adoption.  Stem Cells 
Translat. Med. 2012; 1: 438–447.

33. Medcalf N. Innovation in manage-
ment as a tool for accelerated transla-
tion of advanced therapies. Cell Gene 
Ther. Insights. 2018; 4(3): 157–172.

34. Harrison RP, Zylberberg E, Ellison 
S and Levine BL. 2019. Chimeric 

antigen receptor-T cell therapy man-
ufacturing: modeling the effect of 
offshore production on aggregate cost 
of goods. Cytotherapy. 2019; 21(2): 
224–233.

35. BEIS (Department for Business, 
Energy & Industrial Strategy), 2017. 
UK Measurement Strategy. The value 
of 00: 1–10. In press measurement: 
Supporting information for the UK 
Measurement Strategy. [online] 
www.gov.uk/govern-
ment/publications/
national-measurement-strategy

36. ADDoPT. About ADDoPT. [online] 
www.addopt.org/about_addopt/

37. Ellison S, McCoy R, Bell M, Frend 
K and Ward S. 2018. Logistics by 
design: A framework for advanced 
therapy developers to create optimal 
logistics platforms. CGTI. [online] 
themedicinemaker.com/
business-regulation/
in-the-land-of-the-living-logistics

AFFILIATION

Nicholas Medcalf FREng, 
FIChemE, CChem, CEng, MRSC, 
PhD; 
Head of Advanced Therapies, 
Innovate UK (a part of UK Re-
search and Innovation), Polaris 
House, Swindon , North Star 
Avenue, Swindon SN2 1FL 
Tel.: +44 07584 154539,  
nicholas.medcalf@innovateuk



TRANSLATION INSIGHT 

  1149Cell & Gene Therapy Insights - ISSN: 2059-7800  

AUTHORSHIP & CONFLICT OF INTEREST

Contributions: All named authors take responsibility for the integrity of the work as a whole, and have given their approval 
for this version to be published.

Acknowledgments: The opinions and insights shared in this article are the product of three main intervals in the author’s 
career. His work at Smith & Nephew plc, and specifically the work on Project CARA with Prof Frank Barry’s research team 
at NUI Galway, was the origin of the work on operability at scale. An EPSRC grant number EP/K037099/1 allowed the 
author to study the economics of the topic and the implications for automation at Loughborough University. Work as Head 
of Advanced Therapies and as Challenge Director for the Industrial Strategy Challenge Fund at Innovate UK, a part of UK 
Research and Innovation, is the basis for the more recent observations on the direction of relevant technology.

Disclosure and potential conflicts of interest: Dr Medcalf has worked with Cell and Gene Therapy Catapult, and the Ad-
vanced Therapy Treatment Centre Network as part of his employment at Innovate UK.

Funding declaration: The authors received no financial support for the research, authorship and/or publication of this article. 

ARTICLE & COPYRIGHT INFORMATION

Copyright: Published by Cell and Gene Therapy Insights under Creative Commons License Deed CC BY NC ND 4.0 which 
allows anyone to copy, distribute, and transmit the article provided it is properly attributed in the manner specified below. 
No commercial use without permission.

Attribution: Copyright © 2019 Medcalf N. Published by Cell and Gene Therapy Insights under Creative Commons License 
Deed CC BY NC ND 4.0.

Article source: Invited; externally peer reviewed.

Submitted for peer review: Jul 16 2019; Revised manuscript received: Sep 9 2019; Publication date: Oct 23 2019.



www.insights.bio   1061

CELL & GENE THERAPY INSIGHTS

DECENTRALIZED MANUFACTURE

EXPERT INSIGHT

Decentralized manufacturing and 
institutional readiness: adoption as a 
distributed process
Andrew Webster

The model of decentralized manufacture is said to offer a new approach 
for more effective translation of cell and gene therapies to the clinic (and 
indeed in other sectors). Much of this depends on ensuring that key pro-
cesses such as scalability and traceability are well-understood and prop-
erly managed as products move through to the clinic. The adoption of 
these therapies will require the creation of a novel trans-organizational 
innovation space. The latter can be better understood through deploying 
the social science model of institutional readiness to focus attention on 
the specific capacities that are needed to create not merely working but 
workable therapies, those that make sense in the clinical environment. 
This article outlines the model of institutional readiness, comparing it 
with the linear and primarily technically-based model of ‘technology 
readiness levels’, showing how it can help anticipate the specific capaci-
ties needed to build a new (decentralized) innovation space.
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DECENTRALIZED 
MANUFACTURE 
& INSTITUTIONAL 
READINESS
The concept of decentralized manu-
facture is seen to be of considerable 
value as a model for the effective 
production and use of especially 
personalized (typically autologous) 
therapies for just-in-time delivery 
to the clinic. Various authors have 
discussed the promise and challenge 
such a model brings, recognizing 
that as a manufacturing platform it 
poses a string of safety, quality as-
surance, regulatory, delivery and li-
ability issues for all concerned [1–3]. 
Much of this literature has been fo-
cused on the manufacturing struc-
tures and processes that would be 
needed to make such a system work. 
This includes integrated platforms 
in regard to guaranteeing the quali-
ty of a complex and mobile product 
and, equally importantly, the stan-
dardization of associated informa-
tion and clinical data. The scale-out 
approach on which this is based fits 
well with developments seen more 
widely in information systems [4]. 
At the same time, we need to un-
derstand what we call a hospital’s 
institutional readiness for the arrival 
and use of these novel therapeutic 
(perhaps curative) products.

The concept of institutional 
readiness was developed through 
a three-year ESRC-funded project 
exploring the social, regulatory and 
organizational dynamics related to 
the emergence of regenerative med-
icine [5], addressing in particular 
the challenges associated with the 
adoption of biomedical innovation 
in clinical settings. This work now 
contributes towards one of the re-
cently funded Advanced Therapy 
Treatment Centres (ATTC), the 

Northern Alliance ATTC (NAAT-
TC) led by Newcastle Hospitals 
and the Scottish National Blood 
Transfusion Service [6]. Crucially, 
it moves away from the often-heard 
comment about ‘barriers’ to innova-
tion’ [7], that is, users’ apparent con-
servatism in response to supply-side 
innovation. Rather, readiness looks 
at the specific contexts within 
which innovation is engaged with 
and made sense of by users, and 
how, in doing so, is often adapted in 
order to be adopted. 

This work has been taken forward 
in new research (also funded by the 
ESRC) focused on the emergent 
fields of gene-therapy/editing, in-
duced pluripotent stem cells, and 3D 
bioprinting [8]. These are described 
as ‘biomodifying technologies’, rep-
resenting disruptive technologies 
that herald radical shifts in the na-
ture of the science base whereby 
certain developments (such as CRIS-
PR) actively modify and transform 
biological meanings of the body and 
disease and so the forms that both 
drug development and clinical inter-
vention can now take [9,10]. 

By analogy, institutional read-
iness refers to the modifications 
needed in creating new capacity 
for the receipt of what are organi-
zationally disruptive innovations 
– here cell and gene therapies. But 
this is never a one-way process – the 
responsibility of the ‘end-user’ alone 
– but an iterative, backwards and 
forwards process between hospitals 
and the network of actors involved, 
from the lab through the manufac-
turing center(s). In brief, institu-
tional readiness identifies a range of 
skills, resources, capacities and the 
organizational processes through 
which these are enabled. The model 
is of value to both centralized and 
decentralized systems 
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INSTITUTIONAL 
READINESS COMPARED 
WITH TECHNOLOGY 
READINESS LEVELS
The model of institutional readiness 
acts not only to draw attention to the 
social processes that shape adoption 
it also acts as a sociological check on 
the notion of ‘technology readiness 
levels’ (TRL), commonly used to as-
sess the relative maturity of an emer-
gent product, and used for example, 
by the UK’s Cell and Gene Therapy 
Catapult when assessing prospec-
tive therapies companies bring to its 
scale-up facility in Stevenage. While 
TRLs assumes a sequence of levels 
that must be achieved before ‘mis-
sion proven’ arrives (a legacy of their 
origin in NASA spaceflight systems), 
IR focuses on orthogonal capacities 
needed to embrace and adopt inno-
vation, here regenerative medicine 
products. This means a ‘mature’ 
and ostensibly working technology 
as defined solely in TRL terms may 
itself not be ‘ready’ for use in cer-
tain conditions. Readiness in TRL 
terms relates to signing-off risks (as 
manageable/known) but in doing so 
does not refer to the environment in 
which the technology is to be used, 
whereas IR is about a move towards 
a broader understanding of (e)valu-
ation, which encompasses perceived 
risks, benefits, and most important-
ly the workability of the new (clini-
cal) product in a given context [11]. 
There is an increasing recognition 
among firms of the need to engage 
early on with clinical sites where they 
hope their product will be used – for 
example, Autolus, one of the part-
ners in the NAATTC, has a ‘SWAT’ 
team that engages with clinicians 
and procurement managers consid-
erably in advance of their product 
offer to ensure its workability. This is 

a step in the right direction though 
it is important to note that the Au-
tolus model still assumes a single 
(i.e., in effect centralized rather than 
decentralized) manufacturing and 
delivery process. As the ATTC part-
nership develops it is possible that 
a more co-produced, decentralized 
approach will be made possible, in 
part because deploying the IR model 
requires new forms of coordination 
and transparency across partners. Ta-
ble 1 summarizes the principal com-
ponents of the IR model and how 
these are operationalized.

How does this model apply in re-
gard to decentralized manufacture? 
Perhaps the best way of exploring 
this is through focusing on two re-
lated issues that might be said to be 
of most importance in decentralized 
systems of manufacture in the cell 
and gene therapy/gene-editing field 
– scalability and traceability.

In regard to the first, those seek-
ing to scale-up their product face 
two challenges that tend to work 
against each other. On the one hand 
there is a need to avoid too strong a 
lock-in to a manufacturing process 
that might prejudice future flexibili-
ty needed in ongoing product devel-
opment. On the other hand there is 
the need to ensure robust and stable 
products at scale to ensure consis-
tency in treatment (and so envis-
aged adoption by the clinic). In re-
gard to the second, the traceability 
of supply is seen as a major require-
ment that seeks to map out and so 
manage a complex geography and 
quality arena – hence an important 
market niche for companies like 
Vineti (which uses a cloud-based 
software platform) and TrakCel to 
provide this sort of service (espe-
cially for autologous, patient-spe-
cific therapies). This is in effect an 
adjunct to scalability inasmuch as it 
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aims to ensure that the product is of 
the right quality when it is released 
for delivery to the patient.

In a decentralized manufactur-
ing system, these two aspects are 
more complex to manage than in a 
single-source manufacturer/user re-
lationship (though that too has its 
challenges of course). A decentral-
ized approach based upon a com-
plex manufacturing chain opens up 
greater risk of variability and how 
much of this can be tolerated, and 
where and why in the development 
process. Social science work [12] has 
shown that data platforms (which 
will underpin decentralized manu-
facture) are subject to gradual change 
over time and are not in that sense 
fixed and stable: they too involve an 
iterative adaptation. Of central im-
portance then are the ways in which 
this process is managed, communi-
cated and agreed across the informa-
tional/therapeutic product/clinical 

pathway especially where there may 
be different proprietary algorithms 
at work to evaluate quality, safety, 
traceability and so on: these need 
to be commensurable, even inter-
changeable enough on some basic 
standards. Transparency about this 
matter will be vital to help build 
confidence in the system. This, in 
turn, raises questions about liability 
and where it sits within and across 
the chain [13], based not on a cen-
tralized scale-up process but a more 
flexible division of labor across part-
ners deploying a scale-out approach. 
The scaling/traceability demands are 
therefore both more apparent yet 
more complex. TRL analysis says 
little about how these problems can 
be addressed and managed. 

In contrast, the IR model can be 
used not simply to assess readiness 
within a specific organization, here 
the hospital (as it is being used in 
the NAATTC), but also in what can 

  f TABLE 1
The principal components of the institutional readiness model.

IR capacities Operationally defined 
Demand for new technology Institution has key actors engaging with and identifying new tech-

nologies that meet field/organisational needs
Strategic focus Institution has identified potential new technologies and deter-

mined their relation to existing ones
Relative need and benefit of new 
technology

Institution has key actors assessing capacity to take-on and devel-
op new technologies within current and future contexts

(E)valuation processes in place Assessments of the (diverse) values of new technologies are under-
taken and shared

IR enacted through specific 
enablers

Key individuals/groups are formally tasked to enable adoption (in 
which technology will be used/ produced, assessed) especially in 
regards to meeting standards and regulatory requirements

Receptivity Novel institutional structures are created, in anticipation of expect-
ed challenges/affordances presented by new technology. These 
structures reflect the need to retrain staff, the construction of new 
innovation spaces and new technology platforms, etc.

Adoptive capacity Novel technology aligns with institutional priorities and organisa-
tional capacities.  Initial problems and unanticipated challenges/
affordances are identified and seen to be manageable 

Sustainability Novel technology is routinely produced/used/assessed within 
institution. Current institutional arrangements and resources are 
sufficient for routine and ongoing production, assessment and 
deployment
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be seen as the trans-organizational 
context and challenges of decentral-
ized manufacture. Two of its com-
ponents (as in Table 1) – receptivity 
and adoptive capacity – directly ad-
dress the scalability/traceability nex-
us. Those partners in a distributed 
site chain will need to be receptive 
towards the creation of new shared 
systems, especially technology plat-
forms that are based on common 
infrastructural standards and quali-
ty and IP protocols that enable (in 
effect give affordance to) product 
quality and agreed ownership, and 
through which new firms might en-
ter into what is in effect a scaled-out 
manufacturing regime and slot into 
the supply chain. In order to do this, 
multiple actors will need to be pre-
pared to adapt their local practices to 
adopt the chain manufacturing mod-
el and liaise with hospitals, not least 
to meet their JACIE requirements 
(Joint Accreditation Committee 
ISCT-Europe & EBMT [JACIE] 
accreditation according to agreed 
cellular therapy standards). Without 
this, receiving hospitals will find that 
they are confronted by diverse prod-
ucts that carry discrete requirements 
– for example in regard to cryopres-
ervation – which are impossible to 
handle in any number, and so make 
adoption more unlikely. To this 
extent, a decentralized system has 
to be seen as a distinct innovation 
space that disrupts conventional 
supplier/user relations, and defines 
adoption as a distributed process. 
Intermediary innovation agencies 
in the UK, such as the C&GT Cat-
apult, could play an increasingly 
important role here alongside NHS 
England as commissioners for AT-
MPs, in helping to create this space. 
A key question however, yet to be 
answered, is whether there will need 
to be different types of innovation 

spaces/systems for different regen-
erative medicine products – such as 
CAR T cells compared with iPS-de-
rived cell therapies and gene-edited 
products. In part this might reflect 
different regulatory considerations 
in different areas: regulation of CAR 
T autologous therapies will depend 
on whether such therapies are clas-
sified as product or process and in 
addition whether this is defined as 
a product, drug or device; in regard 
to iPS-based therapies, whereas a 
rather different regulatory provision 
may be needed in the future that en-
compasses iPS cells (and it is worth 
noting that the latter fall outside of 
current HTA oversight in the UK). 
Such considerations would affect 
how decentralized supply chains 
have to attend to discrete regulatory 
requirements and so manage differ-
ent traceability and quality-assur-
ance demands.

WIDER NEEDS 
There will be complementary devel-
opments that will be needed here, 
to help build a socially and clini-
cally robust system, especially the 
development of patient registries 
and the generation and collection 
of standardized data which will help 
to inform licensing and end-user 
assessment of new therapies and to 
meet patient need. This would go 
beyond the responsibility of those 
immediately involved in a decen-
tralized manufacturing chain since 
data (including retrospective) from 
clinical studies and trials elsewhere 
are equally important. Integrat-
ed registers fit for purpose in the 
ATMP field are few and far between 
[15]. Decentralized manufacturing 
is then about the need to explore 
the new types of social relationships 
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and practices it will require (for ex-
ample to contribute to and support 
these forms of data) and the inno-
vation affordances these allow, as 
well as addressing the need for new 
forms of accountability, responsibil-
ity and collaboration [15]. This is as 
much a ‘learning-by trying’ model 
[16] as it is about developing specif-
ic skills or metrics relating to, say, 
standardized data assemblages. 

TRANSLATION INSIGHT
There are many very valuable techni-
cal papers that describe the processes 
needed to ensure scale up/scale out 
and quality assurance in regard to 
cell therapies occur in a robust fash-
ion. However, these papers rarely 
explore the actual organizational, 
and here in regard to decentralized 
manufacture, trans-organizational 

challenges that affect how therapies 
are co-produced across different ac-
tors, and so not merely ‘working’, 
but made ‘workable’. This requires 
close inspection of the institutional 
readiness of the different players in 
this innovation space and in partic-
ular how the IR model can comple-
ment TRL approaches used by firms 
and innovation agencies and spon-
sors by prioritizing those socio-tech-
nical tasks that are geared towards 
adoption. Finally, the IR model has 
been developed within the context 
of the UK and is being deployed 
within NHS settings. The model, 
as summarized in Table 1 above, is 
not however specific to one form 
of innovation/health-care system. 
The same challenges are found in 
diverse contexts: what would differ 
would be the role of regional/na-
tional agencies in facilitating IR (as 
the ATTC does).
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Building flexibility into GMP 
CAR T cell therapy manufacture

CHRISTIN TISCHNER currently works at Miltenyi Biotec as a Clinical 
Supply Chain Manager. This interview was conducted when Christin was 
working in her previous role as Tech Transfer Project Manager for CAR-T 
Cell Manufacturing at Cellex. She is a Molecular Biologist by training and 
obtained a PhD in Genetics from the University of Cologne.

Cell & Gene Therapy Insights 2019; 5(10), 1385–1390

DOI: 10.18609/cgti.2019.144

 Q What are your current responsibilities and activities 
at Cellex? 

CT: I’m leading the project of design and set up our new GMP 
facility. We are operating a smaller Cell Factory in Cologne already, but 
due to the increasing demand we needed to increase our manufacturing 
capacities. My main responsibilities relate to facility design and process 
implementation.

 Q It’s an interesting period to be designing and 
establishing a new cell and gene therapy manufacturing 
capability. ‘Flexibility’ seems to be the watchword, 
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given the rapid development of both enabling and 
therapeutic technologies in the space – how are you 
seeking to build this key element in to your facility? 

CT: There are different perspectives from which to look at it. 
First of all, it is good to have a flexible plan or a modular design that you 
can adjust and expand easily. Right now that is very important because 
both our own internal CAR T cell therapy program and also the projects 
we are running together with sponsors as a contract manufacturing organi-
zation are in the early stages. 

When we think about future commercialization we obviously will need 
to increase our capacities. We took that into consideration from the very 
beginning. The modular design enables a ramp up when it’s needed. 

The other aspect, which makes flexibility a requirement for us as a CMO, 
is that we have to adjust our processes in accordance to sponsors technolo-
gies and requirements we need to implement. 

We have taken a modular rather than an open space approach, because 
for us as a CMO, it’s not really realistic to follow this ‘ballroom’ concept: 
when you have to orchestrate several customers, confidentiality becomes 
an issue. Therefore, it is essential for us to offer dedicated units. Especially, 
since we are not working completely paperless just yet, separation also helps 
to ensure chain of identity.

 Q Can you tell us more about the process you are 
following in transitioning Cellex’s proprietary CAR T 
cell platform into the GMP setting? What are/were 
some of the key issues and considerations, and how 
have you sought to address them? 

CT: The company originally started as an apheresis collection 
center for hematopoietic stem cells with profound experience in 
cell therapy, so it was always in our mind that if we were to start 
with the CART cell approach, we would really want to prioritize 
bringing it into a GMP manufacturing setting.

From the beginning, it was our goal to conduct most manufacturing 
steps in Class D cleanrooms and avoid the need to work in higher clean-
room classes as much as possible, for cost reasons apart from anything else. 
So consequently, we really wanted to work in a closed, automated system.

That meant we made the fundamental decision to use the Prodigy plat-
form early on and then, during the R&D process, we used MiniMACS 
separation columns and also the CliniMACS – so not automated, but with 
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the same principle of cell sorting. That made it easier for us to go step-by-
step as we progressed in our research and started scaling-up the process.

We stayed basically with the same core technique and that’s why the 
transition for us was pretty straightforward. And although we’re only at the 
tech transfer stage from R&D to GMP manufacturing for our first clinical 
trials, which should start at the end of 2019, we haven’t observed any dif-
ficulties as yet.

 Q What learnings and experience have you been able to 
leverage from other branches of the Cellex business 
– the HSC collection division, for example? 

CT: I’m quite new in the cell and gene therapy field, but I think 
there has been a great deal of focus on the manufacturing process 
– which technologies and devices to use, where you can cut costs, 
etc. – and now people are starting to look in earnest at what is upstream 
and downstream of the process. 

So upstream, of course, is the collection of the starting material and 
since we have extensive experience with apheresis, we know how different 
the starting material can be. You have that issue with healthy donors, but 
even more so with patients. However, we have great staff working in our 
collection site who are expert with the settings of the apheresis machines 
and who can really fine tune the collection process to obtain high quality 
starting material.

This is something to consider: some clinical sites conduct apheresis pro-
tocols very frequently, but many others don’t. This means the staff are not 
always particularly experienced. In addition, clinics might perform apher-
esis collection for various CAR-T cell trials for different pharmaceutical 
companies and therefore the collection procedure might differ. So we de-
cided to offer a kind of service whereby we train the staff at other collection 

sites with which we work, as well as 
our own staff, because we have this 
really good hands-on experience 
in-house. We realized the impor-
tance of this quite early on – that 
it was key to focus on this element 
in parallel with our manufacturing 
improvement.

Of course, it’s not just about the starting material collection and the 
bioprocessing – the delivery of the finished product to the clinical point of 
care and administration to the patient are also crucial. I think it is equally 
important to train clinical staff in these aspects.

“We have taken a modular rather 
than an open space approach, because 
for us as a CMO, it’s not really realistic 

to follow this ‘ballroom’ concept...”
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Another strong point of focus 
from the start for us was the sup-
ply chain, particularly relating to 
scheduling and transport of leuka-
pheresis and the final drug product. 
For normal stem cell donation, you 
have to make sure the apheresis 
product arrives at the clinical point 
of care within the 72 hours shelf 
life. To facilitate a smooth and on 

time transport, Cellex always had a scheduling and logistic team in house. 
To avoid any transportation related problems and to guarantee chain of 
identity we use on-board couriers. Talking about CAR-Ts as a personalized 
therapy with even shorter shelf life, these precautions become even more 
important. 

 Q How and where specifically will utilizing the Prodigy 
system impact the ongoing manufacturing model and 
strategy that Cellex pursues? What’s the direct impact 
on the design of your new facility, for example?

CT: As I mentioned previously, it definitely influences the clean-
room design – the completely closed and automated system will 
ensure we can have all of our manufacturing space only in Class D. 

The open steps required for the medium preparation are performed in 
isolators, which are Class A devices positioned in Class C suites. All the oth-
er process steps like cell separation, transduction, cultivation, formulation 
– it’s all Class D, which makes it much easier to work with. In addition, 
the environmental monitoring is less intensive and running expenses and 
maintenance costs are reduced. These aspects really influenced our choice 
of set-up. For us, it was very clear from the beginning that we wanted to 
try to put the Prodigy in the Class D cleanroom, and the local authorities 
approved it, which was great!

 Q How important is a holistic approach to the entire 
manufacturing and supply chain in this particular 
technology space? How do you seek to apply this 
philosophy to Cellex’s work in the cellular immuno-
oncology field?

“Another strong point of focus from 
the start for us was the supply chain, 
particularly relating to scheduling and 

transport of leukapheresis and the 
final drug product.”



INTERVIEW 

  1389Cell & Gene Therapy Insights - ISSN: 2059-7800  

CT: For advanced therapies like the CAR-Ts a holistic approach 
which unites all stakeholders including collection center, courier, 
manufacturing site, trial manager and sponsor is essential par-
ticularly when you think about scaling up for commercialization. 
Software solutions have been designed to efficiently schedule apheresis and 
manufacturing slots and the shipment from the clinical to the manufactur-
ing site and vice versa and simultaneously control COC/COI. Those plat-
forms allow traceability throughout the product life cycle and notification 
about deviation when they occur. However, implementation can still be 
affected by the IT infrastructure at the different sites. 

I could envision that the application of those software solutions might 
be challenging especially for hospitals involved in several CAR-T trails 
when all sponsors use different approaches. 

However, in preparation for higher patient numbers reduction of paper 
based work is crucial, not only to reduce the work load but also to support 
traceability.

 Q What is the endgame for Cellex in terms of commercial 
scale CAR T cell immunotherapy manufacturing? 
What will that look like, ultimately? 

CT: We believe it is most realistic, at least for the moment, 
to have centralized CAR T cell manufacturing. Our GMP facility in 
Cologne is centrally located within Europe enabling us to supply clinical 
sites without difficulties. However, since manufacturing capacity must be 
further increased to meet commercial need this could be divided to several 
sites spread out around Europe to reduce transportation time.

We feel it is probably too difficult to do bedside manufacturing. From 
our experience, Prodigy is easy to work with – the set-up is pretty straight 
forward – but it’s still a sophisticated machine, and we want to have well-
trained and experienced staff in our cleanrooms not least for troubleshoot-
ing. I am not sure whether or not individual clinical sites have high enough 
patient numbers to reach that routine or cover the costs related with setting 
up a GMP unit for ATMP manufacturing.

In the end, I think shortening the process is an interesting and import-
ant goal to work for. Reducing the transportation time and therefore even 
avoid the need for cryopreservation could be a step in the right direction. 
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Implementation of advanced  
therapy medicinal products: a UK 
pharmacist’s perspective
Anne Black

Advanced therapy medicinal products (ATMP) have introduced a new 
area of specialism to the clinical pharmacy workforce. The author will 
explore the role of the pharmacist in the UK in the delivery of cell-based 
medicines, emphasizing governance and clinical requirements, and rec-
ognizing that operationalizing ATMPs requires a collaborative multidis-
ciplinary approach to ensure that the medicines are optimized for pa-
tients. This involves ensuring that whilst appropriate pharmacovigilance 
and pharmaceutical procedures are in place, handling is undertaken by 
a workforce that is trained and competent in the handling of cellular 
products.

Cell & Gene Therapy Insights 2019; 5(10), 1237–1246

DOI: 10.18609/cgti.2019.130

Advanced Therapy Medicinal Prod-
ucts include gene therapies, somatic 
cellular products and tissue engi-
neered products. They have been 
defined as medicines in Europe since 
2007 [1] and are centrally regulated 
by the European Medicines Agency 
in a process that aligns closely with 
EMA and FDA processes for other 
biological medicines. Pharmacists, as 
healthcare professionals concerned 

with optimizing medicines use for pa-
tient benefit, are key stakeholders in 
the adoption and implementation of 
ATMPs into routine clinical practice. 

ATMPs, however, pose challenges 
for Pharmacy professionals. Whilst 
‘in vivo’ gene therapies, where genet-
ic modification of cells occurs inside 
the body, provide little disruption to 
routine pharmacy practice, the same 
cannot be said for other ATMPs. The 

potential impact on pharmacy of cell 
and tissue based products, including 
innovative ‘ex vivo’ gene therapies 
which genetically modify cells out-
side of the body during the manu-
facturing process prior to expansion 
and subsequent return to the patient, 
being designated as medicines, was 
not well recognized in the UK in 
2007. It was 10 years later that the 
first advice for pharmacy leaders was 
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published [2] and simply advocated 
that appropriate medicines gover-
nance for ATMPs should be defined 
and implemented within healthcare 
organizations (Figure 1). This pro-
longed interval can be explained by 
the fact that evolution of ATMPs 
has been much more closely aligned 
with processes in place for stem cell 
transplantation than with those in 
place for development and handling 
of small molecule medicines or, in-
deed, biologicals such as monoclonal 
antibodies. Additionally, the time lag 
prior to investigational ATMPs be-
ing routinely introduced in hospitals 

acting as clinical trial sites or, indeed, 
ATMPs holding marketing autho-
rizations, also contributed to this. 
However, with the definition of AT-
MPs as medicines came responsibil-
ity. Chief Pharmacists are routinely 
appointed by their hospital board to 
be the named individual responsible 
for the safe and secure handling of all 
medicines within their organization 
and are required to be responsible for 
the quality of medicines used within 
their healthcare establishment [3]. 

All medicine management in the 
UK is based upon the four guiding 
principles of medicines optimization 

 f FIGURE 1
Advice to Chief Pharmacists on organisational governance requirements [2].
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which was defined by the Royal 
Pharmaceutical Society [4]. These 
principles are applicable across many 
healthcare systems however as they 
recognize that optimal patient ben-
efit from medicines management 
requires collaboration, with the pa-
tient or carer, between healthcare 
professionals and recognize that sup-
port for medicines use may be need-
ed at different points in the patient 
pathway. They are also in line with 
the International Pharmaceutical 
Federation objectives for Hospital 
Pharmacists [4], which promote in-
tegrating pharmacy services through 
communication and collaboration.

The principles align and resonate 
with the requirements for ATMPs. 
Regardless of the setting, be it as a li-
censed medicine holding a marketing 
authorization, as an investigational 
medicinal product in a clinical trial 
or as an unlicensed medicine for an 
individual patient with a special clin-
ical need, a collaborative approach is 
required to ensure that any advanced 
therapy medicine is safely introduced 
into use. In particular, pharmacists 
recognize that handling and manip-
ulation of cellular medicines is a spe-
cialist competency which is currently 
outside of the pharmacy workforce’s 
curriculum, however ensuring that 
processes and procedures are in place 
to enable this to occur and to enable 
good clinical practice or compliance 
with the SMPC and/or pharma-
covigilance responsibilities to be dis-
charged requires a multidisciplinary 
collaboration including pharmacists 
as key stakeholders to ensure that the 
use of the medicine is compliant and 
that safety is optimized. 

Medicines governance is required 
at various levels encompassing both 
national and local requirements. 

As part of their overall respon-
sibilities for medicine governance, 

Pharmacists have been advised to 
oversee the local governance arrange-
ments and to ensure that ATMPs 
used are of appropriate quality for 
their intended use [5]. 

As ATMPs are innovative prod-
ucts often associated with challenges 
and service disruption, including an 
intense media interest, all requests to 
use ATMPs require scrutiny from the 
appropriate organizational multidis-
ciplinary committee. This is in addi-
tion to approval via routine Research 
and Development routes where the 
ATMP is for use in a clinical trial. A 
suggested process flow for the gover-
nance process is given in Figure 1. 

One large teaching hospital in the 
North of England has decided that, 
as ATMPs are often associated with 
a novel administration technique, 
the governance should be overseen 
and approved via the New Inter-
ventional Procedures Committee [6] 
which comprises a range of clinical 
specialism and includes the Chair of 
the Medicines Management Com-
mittee. Other hospitals have set up 
bespoke committees to evaluate AT-
MPs in response to the advice given. 

Additional governance process-
es for ATMP medicines holding 
marketing authorizations are also 
managed centrally through the Na-
tional Institute for Clinical Excel-
lence Health Technology Appraisal 
process and the National Health 
Service (NHS) for England’s Com-
missioning Process (and correspond-
ing processes in the Devolved Na-
tions). For the recently marketed 
Chimeric Antigen Receptor T cell 
(CAR-T) products these processes 
have run concurrently in England 
in order to expedite market access 
for NHS patients. Confirmation of 
the suitability and readiness of sites 
to deliver treatment with these med-
icines, which can have significantly 
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disruptive service requirements (e.g., 
guaranteed access to Intensive Care, 
treatment schedules determined by 
short in-use product shelf-lives), was 
assessed and assured following au-
dits of prospective sites by the Joint 
Accreditation Committee of ISCT 
(Europe) and EBMT, and by audits 
undertaken by the MA holders. Clin-
ical eligibility of potential patients is 
also currently assessed centrally by 
a multidisciplinary approval panel 
process. Pharmacists in the UK are 
encouraged to play a role in each of 
these stages which encompass clini-
cal, operational and local medicines 
management. The principles of out-
lined for the role of the pharmacist 
will apply in any country adopting 
ATMP therapies. 

MEDICINES MANAGEMENT 
ROLE
As ATMPs may be (very) high cost 
medicines, local pharmacy medi-
cines management is also required to 
ensure compliance with relevant re-
quirements at an individual patient 
level which will support financial re-
porting and ensure that agreed pay-
ments are received by the healthcare 
establishment. 

On occasion, it may not be pos-
sible for the patient to receive the 
medicine for a variety of clinical rea-
sons. Practical processes for refunds 
and cancellations are also conducted 
by medicines management teams. 

Where the ATMP is autologous, 
i.e., derived from starting material 
procured from the patient but has 
failed to meet the criteria for final re-
lease as a licensed medicine, there are 
circumstances in which treatment 
may still be administered. Contrary 
to the rules for traditional medi-
cines [7], EU Good Manufacturing 

Practice for ATMPs [8] allows in 
some circumstances for concession-
ary release of products which may 
not comply with their release speci-
fication as defined by the marketing 
authorization or the specification 
submitted for regulatory approval 
as part of the Clinical Trial Appli-
cation. If the clinician wishes to ad-
minister the product which is not 
to specification this can, in some 
circumstances, be released for use on 
a compassionate basis, particularly 
as some ATMPs may be a providing 
a patient’s last chance of survival. 
However, there are liability issues 
that require consideration in this 
circumstance. Where the product is 
not in full compliance with its Mar-
keting Authorization, some admin-
istration liability therefore rests with 
the prescriber and the healthcare 
organization rather than with the 
manufacturer. Local ATMP/unli-
censed medicine policies should en-
sure that the quality of the ATMP is 
assessed as suitable by, for example, 
a QA Pharmacist with relevant (AT-
MP-specific) expertise, as this is the 
expectation for unlicensed medicine 
use [9]. An understanding of the 
deviation that has occurred (reason 
for non-compliance with the full 
product specification detailed in the 
MA) may be required in order to as-
sess this. The NHS holds a variety of 
MHRA manufacturing licenses for 
traditional pharmaceuticals and has 
a wealth of expertise in the applica-
tion of Good Manufacturing Prac-
tice, meeting the requirements of 
pharmaceutical quality systems, and 
managing the consequences of devi-
ation from them. The workforce in-
cludes Qualified Persons, as defined 
in Directive 2001/83/EC [10] and 
QA Specialists who can assist with 
ATMP assessment in collaboration 
with stem cell laboratory colleagues.
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OPERATIONAL ROLE
The operational role and responsibil-
ities of the pharmacist can be best ex-
plained by using the example of mar-
keted Chimeric Antigen Receptor T 
Cell (CAR-T) therapies. The follow-
ing sequence of figures demonstrates 
the complexities of delivering autol-
ogous cellular medicines and consid-
ers where a pharmacist’s input may 
be beneficial.

The journey of the patient shown 
in Figure 2 begins with a patient 
who fulfills the eligibility criteria for 
CAR-T consenting to the treatment. 
The patient then visits the apheresis 
center and after a period of weeks 
during which some bridging chemo-
therapy may be required to stabilize 
their disease, continues with the ad-
ministration of a lymphodepleting 

regimen followed by the CAR-T 
therapy. Toxicities may ensue which 
require careful clinical management 
and the availability of an intensive 
care bed. The corresponding product 
journey is shown in Figure 3.

The starting material is procured 
in the apheresis center and is pro-
cessed if required in the stem cell 
laboratory. It is subsequently pack-
aged and shipped to the manufac-
turer where the regulatory controls 
shift from (in the UK) the Human 
Tissue Authority to the local medi-
cines authority (MHRA in the UK). 
The medicinal product is cryopre-
served and shipped to the stem cell 
laboratory where it is verified that it 
is of suitable quality and then stored 
under vapor phase nitrogen until 
required. It is then thawed in the 

 f FIGURE 2
Marketed CAR-T patient journey.
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clinical area and administered. The 
medicinal product requires special-
ist handling and each commissioned 
center has established the optimal 
process to allow this to occur.

The final Figure 4 amalgamates 
Figures 2 & 3, giving a clear picture 
of the complexity of the processes 
involved in the provision of CAR-T 
therapy. The sections colored in yel-
low show areas that require pharma-
cist involvement. In order to ensure 
consistency and minimize variation 
in service provision the Pan- UK 
Pharmacy Working Group for AT-
MPs in conjunction with the NHS 
Specialised Pharmacy Service has 
produced checklists for each stage 
identified above requiring pharma-
cy input, which detail key points to 
ensure are covered by local systems. 
This allows pharmacy to consistent-
ly discharge their oversight of med-
icines responsibility whilst ensuring 

that the products are handled by staff 
with the appropriate skills and com-
petencies. This document, Pharmacy 
Institutional Readiness for Marketed 
CAR-T therapies, is available on the 
NHS SPS website [11] has proved 
useful in the centers who are now 
providing the treatment. The princi-
ples outlined can be applied to other 
ATMPs.

CLINICAL ROLE
Whilst not losing sight of the im-
portance of the governance and 
operational roles, in the UK it is 
the clinical role of the pharmacist 
which has become the primary fo-
cus for the pharmacy profession 
with Lord Carter’s report into Acute 
Trusts Operational Productivity 
[12] advising that 80% of the phar-
macy resources should be devoted 

 f FIGURE 3
Marketed CAR-T product journey.
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to patient facing activities. The role 
of the clinical pharmacist in ATMP 
provision has become more defined 
and formalized since the advent 
of marketed CAR-T therapies. It 
centers around patient verification, 
linking with referral centers where 
required, and toxicity management. 
The Pan UK Pharmacy Working 
Group for ATMPs has established a 
clinical pharmacy subgroup which 
is defining this role and producing 
a standardized toxicity management 
tool based on clinical experience so 
far. The group also aims to use hori-
zon scanning data to enable proac-
tive collaboration and to facilitate 
the implementation of new ATMPs 
as they become available. 

 f FIGURE 4
Pharmacy involvement in marketed CAR-T journey.

That said, at the time of writing 
most ATMP exposure remains in 
clinical trials. There are only 6 li-
censed ATMPS available for use in 
the NHS in England whereas there 
are 85 in clinical trials in the UK 
[13]. Most pharmacy departments 
have teams distinct from routine 
clinical pharmacy teams, whose 
role is to support implementation 
of Good Clinical Practice (GCP) 
in clinical trials. In reality, the ac-
countability requirements of GCP 
are very similar to the careful track-
ing and tracing required for routine 
use of (licensed) ATMPs and many 
procedures for routine practice can 
be informed by those in place for 
clinical trials. The Pan UK Pharmacy 
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Working Group for ATMPs has also 
established a subgroup for clinical 
trials which aims to ensure that phar-
macy trials teams are equipped to ask 
the appropriate questions at the var-
ious key stages from first contact to 
establishing trial feasibility through 
site initiation and into recruitment. 
At the time of writing, advice is also 
being prepared, around the gover-
nance and preparation requirements 
to initiate clinical trials involving 

gene therapy medicines. All outputs 
will be published on the NHS SPS 
website [14].

Experience so far has thrown up 
some obstacles which need to be 
overcome. For example the JACIE 
requirement for products to be over-
wrapped [15] prior to storage in ni-
trogen has proved difficult since the 
packaging of a licensed medicine is 
part of the marketing authorization 
and altering it arguably renders the 

 f FIGURE 5
The three Innovate UK -funded advanced therapy treatment centres and the London Advanced Therapy 
Network.
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product unlicensed. Another exam-
ple of the conflict at the regulatory 
interface involves the requirement 
for labeling. Labeling of medicinal 
products simply requiring a unique 
patient identifier [16] conflicting 
with the Human Tissue Authori-
ty requirements for the apheresis 
product [17] which requires labeling 
with a specifically constructed donor 
identification number. In practice 
however, all problems can be re-
solved and overcome by collabora-
tive working.

Figure 5 shows the three Inno-
vate UK -funded advanced therapy 
treatment centres and the London 
Advanced Therapy Network. The 
centers aim to foster collaboration 
between stakeholders in the ATMP 
pipeline, to identify and eliminate 
problems and to ensure that UK pa-
tients benefit from these innovative 
medicines. The Pan UK Pharmacy 

Working Group for ATMPs oper-
ates across these four networks and 
beyond to produce both proactive 
and reactive advice and to ensure 
that pharmacists are aware of the 
potential of this exciting group of 
medicines. 

Pharmacy professionals have a 
wide reach. Rather like the ATMP 
pipeline, pharmacists cover many 
clinical specialisms in secondary 
care. Additionally, our primary care 
pharmacists support patients in the 
community and our GP pharmacists 
work at the interface. We are all ex-
cited by what ATMPs have already 
delivered and even more so by the 
promise of what they will deliver in 
future, and look forward to ensur-
ing that our workforce is suitably 
informed to meet the ATMP chal-
lenges as we embrace these medicines 
which have the potential to be life 
changing for so many of our patients.
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Regulatory considerations for 
decentralized manufacture of ATMPs
Alison Wilson & Alexis Cockroft

Decentralized manufacture (DCM) has the potential to facilitate uptake 
of advanced therapy medicinal products (ATMPs) within the EU. The new 
GMP guideline for ATMPs contains welcome new flexibility in regard 
to DCM and also in relation to use of automated equipment. However 
regulatory challenges extend beyond GMP issues, including questions 
of comparability of product manufactured at multiple hospital sites 
and mechanisms for introduction of new sites within the current vari-
ations framework. The need for additional guidance from regulators is 
discussed.

Cell & Gene Therapy Insights 2019; 5(10), 1213–1224
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Standards for the manufacture of 
medicinal products in the EU are 
established by Good Manufac-
turing Practice (GMP) directives 
[1–3] and elucidated in detailed 
GMP guidelines [4]. The basic re-
quirement is that the manufacture 
of medicines and active substances 
for clinical trial and commercial 
marketing must be undertaken in 

a facility holding an appropriate 
Manufacturing and Import Au-
thorisation (MIA) or Manufactur-
ing and Import Authorisation for 
Investigational Medicinal Products 
(MIA/IMP). All manufacturing 
steps must be performed subject 
to the oversight of the Qualified 
Person (QP), who must, when re-
leasing the batch of product under 

Annex 16 of the GMP guidelines 
for marketed products and Annex 
13 for investigational medicinal 
products (IMP), certify that each 
batch has been produced in accor-
dance with GMP. Certain simple 
activities required for preparation 
of the medicinal product imme-
diately prior to administration 
may be conducted at the hospital 
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pharmacy or treatment area. These 
steps are termed ‘reconstitution’ 
and may include dissolving or dilu-
tion for infusion and rehydration of 
lyophilized medicines. These steps 
are considered to be outside of the 
scope of GMP and responsibility 
lies with the clinical site, including 
the necessity for appropriate man-
agement control and risk-based as-
sessment for handling, preparation 
and administration [5]. Thus a MIA 
or MIA(IMP) is not required for 
reconstitution of marketed medi-
cines or IMPs. 

The idea of undertaking down-
stream preparation of medicines 
at the hospital/bedside has been 
adopted with enthusiasm by some 
advanced therapy medicinal prod-
uct (ATMP) developers, largely be-
cause the manufacture of ATMPs 
has brought with it many technical 
and clinical challenges. In particu-
lar there are difficulties around pro-
duction of viable cellular products 
with short shelf lives and consid-
erable sensitivity to their environ-
ment. Developers have frequent-
ly attempted to develop ATMPs, 
in particular cell-based products, 
which require extensive ‘prepara-
tion’ at the clinic as a means of mit-
igating the difficulty of shipping 
living cells from the manufactur-
ing site. Approaches ranging from 
simple thawing of a vial of cells to 
resuspension, cell count and dose 
adjustment, and even combining 
with a matrix or scaffold material 
are sometimes suggested as a means 
of managing the cell therapy deliv-
ery process. The difficulty with this 
approach is that under convention-
al pharmaceutical GMP, many of 
these processes are considered to 
be manufacturing steps and must 
therefore be performed in an au-
thorized GMP environment and 

subject to QP oversight. An im-
portant consequence of the specific 
GMP guideline for ATMPs [6] is 
that it explicitly permits the prepa-
ration (“reconstitution of product 
after batch release”) of ATMPs pro-
vided post-release processes are not 
substantial manipulation: such ac-
tivities are manufacturing steps per 
se and must therefore be done under 
GMP. 

Recognizing the need for addi-
tional flexibility in manufacture 
of ATMPs, via the risk-based ap-
proach which underpins the GMP 
approach for ATMPs, the ATMP 
GMP guideline also permits the 
manufacture of an ATMP “close 
to the patient”: the decentralized 
manufacture (DCM) of ATMPs. 
The specific GMP requirements for 
DCM are set out in section 11.3.3 
Batch release process in cases of decen-
tralized manufacturing. The GMP 
guideline also addresses the con-
cept of using automated equipment 
(Section 17 Automated production 
of ATMPs), which is an important 
concept for DCM in reducing the 
potential variability of manufacture. 
This additional flexibility is clearly 
aligned with the idea of facilitating 
new manufacturing paradigms such 
as DCM.

The concept of DCM includes 
the production of ATMPs via 
point-of-care devices which allow 
validatable, enclosed manufacture 
supported by appropriate instru-
mentation (Figure 1) [7].

The challenges and opportunities 
for DCM of cell-based therapies 
have been discussed in some detail 
in several papers arising from the 
EPSRC Redistributed Manufacture 
project (Redistributed Manufactur-
ing in Healthcare Network (RiHN) 
project [8–10]; however, these fo-
cused on the ‘mechanics’ of DCM, 
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such as logistics, cost structures, 
economic value, organizational 
quality systems, process engineering 
and scalability.

There are consequences in the 
regulatory sphere beyond those 
relating to GMP. One of the key 
tenets of the pharmaceutical legis-
lation is achievement of consisten-
cy: between batches of IMP; be-
tween batches on which safety and 
efficacy have been demonstrated 
and commercial product; and be-
tween batches of marketed product 
throughout the product lifecycle. 
Patient safety is dependent upon 
production of safe and effective 
medicinal products, which can 

only be assured via consistent prod-
uct manufactured by reproducible 
processes. For conventional medic-
inal products which are mass-pro-
duced at scale in one or a few sites, 
this is a routine situation. For the 
special case of ATMPs, and in par-
ticular autologous ATMPs, the in-
herent biological variability of cells 
and variation between individuals 
is a major confounding issue [11]. 
If we then include the possibility 
that each batch (product for one 
patient) could be made in one of 
ten, or 20, or 50 different produc-
tion locations, the challenges for 
achieving the necessary consistency 
are increased proportionately. 

 f FIGURE 1
Decentralized Manufacturing Model (EU/EEA-based sites). 

The central site (MIA holder) provides key aspects for control of manufacture, 
including automated equipment, documentation and training requirements. Batch 
release and QP certification is controlled by the central site. The local sites are 
responsible for compliance with GMP, completion of batch documentation for release, 
and ensuring labeling and traceability of the ATMP. Local sites also implement changes 
as instructed by the central site, and communicate potential quality defects to the 
central site for assessment.
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REGULATORY 
CONSIDERATIONS
Whilst there is now formal guid-
ance and recognition of DCM at 
the GMP level, it is not yet appar-
ent how Competent Authorities 
will view this approach in terms of 
clinical trials and marketing autho-
rization. The fundamental question 
is whether local sites will be viewed 
as manufacturing sites in their own 
right even if they do not hold a 
MIA or MIA(IMP). It is assumed 
here that this will be the case since 
they will be responsible for the 
quality of ATMPs produced in their 
facility. The following Tables 1 & 2 
highlights some of the differences 
in approach that will are potentially 
challenging for regulatory approval 
of ATMPs via Clinical Trial Au-
thorisation application (CTA) or 
Marketing Authorisation Applica-
tion (MAA). GMP issues per se are 
not included here, although there is 
inevitable overlap in some aspects.

COMPARABILITY
A key part of the MAA assessment 
process for biological medicines is 
an evaluation of the comparability 
of final drug product (and therefore 
impact of manufacturing process) 
used in pivotal safety and clinical 
studies to that proposed for market-
ing [12]. Comparability assessment 
is recognized as a particular chal-
lenge for ATMPs [13] because of 
the extraordinary complexity and 
biological responsiveness of the cell 
and the limitations of predicting 
potential impacts to the product 
and of the analytical techniques, es-
pecially at the (average) population 
level. The extent to which regula-
tors may expect evidence of com-
parability of production between 

individual sites as part of a CTA, 
MAA or subsequent variation is 
as yet unknown. One optimistic 
viewpoint is that with consistent 
manufacture facilitated by tight 
control and confirmation of the 
performance of automated manu-
facturing equipment and assurance 
of the quality of materials used for 
manufacture, it should be possible 
to infer that resulting products will 
be comparable (within the accept-
able variability of biological start-
ing materials). Therefore quality, 
safety and efficacy would be assured 
through comprehensive qualifica-
tion and validation activities prior 
to the ‘local sites roll-out phase’. 
Developers seeking to leverage the 
opportunities offered by a DCM 
approach should consider early en-
gagement to explore this issue with 
Competent Authorities. 

CLINICAL TRIAL 
AMENDMENTS/
MODIFICATIONS
A substantial amendment to a clin-
ical trial requires prior authoriza-
tion from the national Competent 
Authority in which the trial is con-
ducted, with a nominal timescale 
for assessment of 35 days under 
the current Clinical Trials Directive 
[14]; a substantial modification un-
der the forthcoming Clinical Trials 
Regulation [15] allows up to 88 days 
for an ATMP. It is also not clear in 
the clinical trial scenario whether 
introduction of an additional site 
would require notification in all in-
volved MS or just the one in which 
the patients would be treated. As 
manufacturing site details are part 
of the Part I application under the 
Clinical Trials Regulation the for-
mer situation may be more likely.
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POST-AUTHORIZATION 
LIFECYCLE MANAGEMENT 
OF VARIATIONS
The current system of variations to 
Marketing Authorisation will be 
challenged by DCM. At present, 
significant changes such as the in-
troduction of a new manufacturing 
site require review by the Europe-
an Medicines Agency (EMA) for 
authorized ATMPs. Addition of a 
new manufacturing site is a Type II 
variation under the EU Variations 
regulation [16], having a nominal 
60-day assessment timescale plus 15 
days for EMA/European Commis-
sion (EC) to notify the applicant of 
its decision. This does not take into 
account the submission ‘windows’, 
submission validation period or the 
clock stops and a Type II variation 
can take months to approve. 

Use of the Post-approval Change 
Management Protocol procedure 
for the introduction of new sites 
may be an option to simplify some 
aspects of the variation process 
but may not be consistent with 
the current legislative framework. 

However, scientific advice could be 
requested in the pre- or post-autho-
rization phase to discuss potential 
strategies for the addition of decen-
tralized sites.

There are numerous practical and 
strategic challenges posed by DCM 
in this regard. The identification of 
the need for a process, material or 
software change will need to be a 
two-way process (Figure 2): local sites 
must have a clear mechanism for no-
tifying the central site if they iden-
tify changes that may be necessary. 
The central site must then assess the 
need for a variation, and upon ap-
proval ensure that implementation 
of the change is correctly co-ordi-
nated across all local sites. As DCM 
will probably be dependent upon 
automated cell processing devices, 
there will be a third partner in this 
relationship, the device manufactur-
er. Coordination regarding software 
updates that impact manufacturing 
processes will be critical to allow the 
MA holder to maintain compliance. 

In both the clinical trial and 
marketing phase, such approval 

  f TABLE 1
Differences between centralized drug product manufacturing versus decentralized 
manufacturing: some guidance available†.

Centralized manufacture of  
pharmaceuticals 
(traditional manufacturing model)

Decentralized ATMP manufacture†

All manufacturing sites named on application 
form

Central site only?

Manufacturer’s authorization (MIA/
MIA[IMP]) for each site or listing all sites 
within the same EU/EEA Member State (MS)

Concept of a central site responsible for oversight of 
decentralized sites

QP certification /batch release at each site QP for central site, optional at local sites. If no local 
site QP, trained and qualified individual(s) transmit(s) 
data and any deviations from each site to central QP. 
Release communicated remotely

GMP/environmental controls at each site – 
confirmed for QP release

Equipment maintenance/calibration/ – machine indica-
tion of successful process run. Assured by local sites in 
accordance with central site procedures (e.g., SOPs)

†Guidance in the ATMP GMP guideline but not covered in Competent Authority submission requirements for CTA/MAA.
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requirements may become extreme-
ly burdensome for the applicant 
when multiple new sites may be 
needed in relatively short times-
cales. Of note, authorized manufac-
turers of approved medicinal prod-
ucts are listed in Annex II of the 
MA documentation: this is updated 
by the European Commission (EC) 
and may potentially result in addi-
tional delays to finalizing any vari-
ations to add manufacturing sites. 
The development of a workable 
plan for lifecycle management will 
necessitate robust strategy develop-
ment by regulatory affairs experts 
to ensure that the consequences of 
dossier content are fully understood 
and that post-approval changes can 
be managed within the DCM. This 

is as yet a moving target in the ab-
sence of any guidance on changes to 
authorizations involving DCM. 

In neither situation (CTA/
MAA) do the current application 
forms and requirements guidance 
allow for the possibility of decen-
tralized manufacture as foreseen 
in the ATMP GMP guideline: 
evidence of GMP authorization 
is required for all manufacture-re-
lated variations, modifications and 
amendments. 

APPLICATION OF TISSUES 
& CELLS LEGISLATION
The idea of near-patient manufac-
turing raises questions around the 

  f TABLE 2
Differences between centralized drug product manufacturing versus decentralized 
manufacturing: guidance absent or insufficient.

Centralized manufacture of pharmaceuticals 
(Traditional manufacturing model)

Decentralized ATMP manufacture

Manufacturer’s authorization (MIA/MIA[IMP]) for 
each site or listing all sites within the same EU/
EEA Member State (MS)

Strategy to have MIA(IMP) for central site only

Specifications and in-process controls (IPC) de-
fined by batch data from manufacturing site

Specifications and IPC imported from central site

Materials control against incoming material re-
quirements: certificate of analysis checks, testing 
and release

Release by central site/shipped to local site? 
Alternatively, materials control directed by central 
site and purchased/controlled by local site Version 
controlled updates

Equipment controls (software) – responsibility 
of manufacturing site to assure suitability and 
performance of software and oversee version 
updates

Equipment controls (software) – responsibility of 
manufacturing site to assure suitability and perfor-
mance of software and oversee version updates. 
Central site pre-assessment and direction?

Stability data/shelf life on product at each site Stability data (in effect, in-use shelf-life) generated 
centrally or required to be done at each site?

Comparability data to be considered when chang-
ing manufacturing process/materials or adding 
new manufacturing sites

Prior development of a comparability and qualifi-
cation protocol to confirm consistency of product 
manufacture between sites

Changes to registered detail via amendments 
(CTA)/variations (MAA): approval of revisions 
confirmed via manufacturing site procedures

Changes to registered detail via amendments 
(CTA)/variations (MAA): approval of revisions 
communicated by central site. Logistics and timing 
of implementation?

Labeling activities for finished product conduct-
ed by each manufacturing site or outsourced, in 
accordance with approved label.

Labeling activities for finished product conducted 
by each site. Approved label content communicat-
ed by central site
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“same surgical procedure” exemp-
tions of EU Directive 2004/23/EC 
[17], which set quality and safety 
standards for human tissues and 
cells in therapeutic applications. 
Although sometimes thought of as 
a “get out of jail free” card in the 
context of autologous cells isolated 
in theatre, this public health legis-
lation is without prejudice to the 
scope of the ATMP Regulation 
[18]. In other words, cells isolated 

and returned within the same sur-
gical procedure will still fall within 
the scope of the ATMP regulation 
if the cells are “engineered” (Box 1). 
The Committee on Advanced Ther-
apies clarification of this situation 
[19] was reinforced by the ATMP 
GMP guideline section 17.1: “If the 
output of an automated production 
system (hereafter referred to as “au-
tomated equipment”) meets the defi-
nition of ATMP, the requirements of 

 f FIGURE 2
Regulatory communications between parties in decentralized man-
ufacture of ATMPs.

Changes initiated by the automated equipment manufacturer (e.g., to software 
or design) or requested by a local site will go to the central site (MIA holder) for 
assessment to determine whether the proposed change meets the criteria for a 
variation (marketed products) or an amendment/modification (clinical trial product). 
Changes proposed within the central site will need to be similarly assessed. If the 
threshold is reached a submission will be made to the appropriate Competent 
Authority. Following approval, the change will need to be communicated to the local 
sites, with coordination on implementation timing, consideration for re-training or 
amendment of procedures, etc. Finally implementation of the change will need to be 
confirmed to the central site. Management of quality defects is reported to the central 
site for assessment for investigation, identification of corrective actions and possible 
submission to the Competent Authorities. This pathway assumes the MIA holder and 
clinical trial sponsor/MA holder are the same entity: if these are different, additional 
communications structures will be required.
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the Regulation (EU) No 1394/2007 
apply.”

NEW APPROACHES
A novel approach to development 
of cell-based therapies across mul-
tiple sites is being considered by 
the US Food and Drug Adminis-
tration (FDA) [20], in which physi-
cians/clinics can agree on common 
manufacturing specifications for a 
cellular product, manufacture and 
perform the same clinical trial at 
their respective sites. Each site may 
then submit pooled safety and ef-
ficacy data, along with their own 
manufacturing data, to apply for 
an individual Biologics License Ap-
plication (BLA) for manufacture of 
the cellular product at their facility. 
This approach may help to support 
cell-based therapy development 
amongst hospital facilities or small-
er companies by providing the op-
portunity to pool the costly clinical 
data necessary for a BLA, and in 
particular benefit the development 
of less complicated cellular products 
which may be more amenable to a 
‘decentralized’ approach. Although 
not a direct parallel with the DCM 
under consideration, some similar 
regulatory issues around alignment 
of manufacturing process between 
sites, and product consistency and 
comparability, will doubtless arise in 
the assessment of such applications.

DCM is likely to become a fa-
cilitator for the uptake of other 
advanced manufacturing technolo-
gies such as 3D printing: the con-
cept of a personalized shaped im-
plant or tissue replacement, which 
may be seeded with cells during 
manufacture or immediately prior 
to implantation. There is little in-
formation from regulators on this 

approach, although in providing 
guidance on 3D printing (‘additive 
manufacture’) for medical devices, 
US FDA notes that interactions 
with multiple regulators may be 
required when these are combined 
with cells or tissues [21]. EMA’s In-
novation Task Force identified novel 
manufacturing and 3D printing as 
a new science and technology trend 
[22] but the significant additional 
regulatory challenges presented by 
this technology [23] have yet to be 
addressed.

One example of an approval for 
a clinical trial utilizing decentralized 
manufacturing comes from Rena 
Clinical Ltd. A recent presentation 
[24] described successful design and 
implementation of the framework 
to allow local manufacture of an 
IMP intended for treatment of an 
ultra-rare kidney disease. Starting 
from a patient’s blood sample, the 
enzyme-based IMP had to be pre-
pared and infused within a target 
of 4 hours; the IMP shelf-life was 
stated to be 30 minutes from com-
pletion of IMP production for each 
patient. This CTA was approved 
by the UK Medicines and Health-
care Regulatory Agency with a sin-
gle centralized MIA(IMP) holder; 
manufacture at each site to be per-
formed using a CE-marked ma-
chine and disposable product-con-
tact equipment and solutions. 
Quality Management System and 
GMP-like controls were established 
for each clinical site. Interesting-
ly this product was not an ATMP; 
the Competent Authority perhaps 
approved the application under an 
ATMP-only GMP provision due 
to the rarity of the disease and the 
fact that preparation under conven-
tional pharmaceutical GMP would 
have been logistically impossible. 
However, this was within the same 
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EU Member State and therefore un-
der the same Competent Authority 
(MHRA): it would be interesting to 
see whether other national CA took 
the same view and approved the 
CTA on this basis. 

TRANSLATION INSIGHT
Fulfilment of the therapeutic po-
tential of ATMPs will require sever-
al different manufacturing models: 
one size does not fit all [25], and 
DCM can provide a radical new ap-
proach to the uptake of autologous 
cell-based therapies. A key element 
of this uptake will be the concept of 
institutional readiness [26,27]; spe-
cifically in the context of DCM the 
full engagement of staff (operators, 
QC staff and management) in pro-
viding a rigorous approach to local-
ized manufacture of ATMPs. This 
requirement is integral to the aims 
of the Advanced Therapy Treat-
ment Units (ATTU) in the UK, 
which are intended to increase the 
adoption of regenerative medicine 
products. Such specialist treatment 
centers at regional, national and su-
pra-national level are critical to the 
uptake of ATMPs [28]. The ATTU 

and similar centers in other coun-
tries may provide a stepping stone 
platform to uptake of ATMPs in 
‘ordinary’ hospitals in which DCM 
may be the most attractive option 
for ATMP supply. 

Acceptance by, and engagement 
with, the regulatory authorities 
will be key to the success of DCM, 
however a common approach 
across the EU will be needed. It 
will be essential to develop har-
monization of expectations for ac-
cepting applications using DCM; 
specific regulatory guidance may 
well be required. There is a risk 
that clinical development will fail 
if a CTA is accepted in some Mem-
ber States and rejected in others, 
especially for rare diseases with pa-
tients scattered across several coun-
tries, or that an approved ATMP 
cannot be fully commercialized 
because of difficulties in manufac-
turing reach. There is potential for 
immense additional complexity in 
lifecycle management for approved 
ATMPs; and since the application 
of the DCM concept to ATMPs is 
very new it will probably be some 
time before such guidance becomes 
a priority for within EMA or the 
Commission.

BOX 1
Regulation (EC) No 1394/2007 Article 2.1 (b) “Tissue engineered product” means a product that: 

 f contains or consists of engineered cells or tissues
2.1 (c) Cells or tissues shall be considered ‘engineered’ if they fulfil at least one of the following conditions: 

 f the cells or tissues have been subject to substantial manipulation, so that biological characteristics, 
physiological functions or structural properties relevant for the intended regeneration, repair or 
replacement are achieved. The manipulations listed in Annex I, in particular, shall not be considered as 
substantial manipulations, 

 f the cells or tissues are not intended to be used for the same essential function or functions in the recipient 
as in the donor. 

Directive 2001/83/EC Annex Part IV 2.2.(a): “Somatic cell therapy medicinal product” means a biological 
medicinal product which has the following characteristics: (a) contains or consists of cells or tissues that 
have been subject to substantial manipulation so that biological characteristics, physiological functions or 
structural properties relevant for the intended clinical use have been altered, or of cells or tissues that are 
not intended to be used for the same essential function(s) in the recipient and the donor.
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Standardization is frequently 
discussed as a mechanism for fa-
cilitating development of ATMPs. 
Although development of standards 
for cell-based therapies themselves 
will be challenging in the extreme, 
and may not be technically feasi-
ble or commercially desirable in 
the near or mid-term, exploration 
of opportunities in standardization 
of manufacturing processes should 

be beneficial [29]. This should also 
include state-of the-art (ideally in-
line or at-line) analytical methods 
to remove the need for remote/off-
site testing. The promise of DCM 
is only likely to be realized if regu-
lators can be assured that the basic 
requirements for quality and consis-
tency can be met at individual sites; 
any tools that can assist in this goal 
are to be welcomed.
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disruptive technology: implications 
for manufacturing & clinical adoption
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Although regenerative medicine has been described as a disruptive inno-
vation, there has been little critical enquiry into the nature and location 
of the disruption. This paper, based on ten cases in the UK, analyses the 
nature of disruption for allogeneic and autologous therapies in terms of 
manufacturing, distribution and adoption in clinical settings. We discuss 
the challenges of dealing with inherent variability in living systems and 
how this necessitates co-evolution of technologies and innovations. We 
propose that understanding of the distinction between disruptive and 
incremental innovation, and of the nature, extent and location of the dis-
ruption across sectoral value chains, can help to guide company innova-
tion strategies and government innovation support policies for regenera-
tive medicine, as already proposed for industrial biotechnology.
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INTRODUCTION
Regenerative medicine (RM), 
which promises to cure disease and 
respond to currently unmet medical 
needs [1], is frequently described 
as a ‘disruptive innovation’ [2,3]. 

However, there has been little crit-
ical enquiry into the nature and lo-
cation of the disruption, resulting 
in missed opportunities to shape 
the innovation ecosystem to make 
it more supportive of RM therapies. 

We have defined disruptive and 
incremental innovation as follows 
[4,5].

Disruptive innovation involves 
discontinuities in innovation path-
ways, requires new areas of research 
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and development (R&D), creation 
of new modes of production and/or 
new markets. It can lead to sectoral 
transformations and the displace-
ment of incumbent companies, or 
the creation of entirely new sectors, 
all with significant societal and 
economic benefits. There is often 
no pre-existing business model on 
which to build a strategy for dis-
ruptive innovation and there may 
also be a need to create a new value 
chain, or a new role for the emerg-
ing technology in an existing value 
chain. 

Incremental innovation fits well 
with the current business model 
of a firm. It generates competitive 
advantage and contributes to the 
economy through more efficient 
use of resources, or elimination of 
wasteful or environmentally dam-
aging practices, but will not lead to 
sectoral transformations.

This paper builds on the authors’ 
previous research [1,6,7]; providing 
new empirical data and analysis to 
inform our thinking on disruptive 
innovation and how the concept 
can be operationalized to deliver a 
more supportive policy environ-
ment [5]. The key to this approach is 
to attend to the extent of disruption 
of incumbent company business 
models, the location of that disrup-
tion within specific value chains, 
and the impact of regulatory and 
policy choices on the location and 
extent of disruption. Our case study 
of RM encompasses both allogeneic 
and autologous therapies:

Allogeneic therapies are developed 
by collecting cells from a donor, 
manipulating them to form a mas-
ter-cell bank, then using them as 
starting material to produce multi-
ple therapies administered to large 
numbers of patients, generating at-
tendant economies of scale. 

Autologous therapies are based on 
collection of cells from a patient, 
manipulation in the manufacturing 
environment and re-introduction 
into the same patient within a clin-
ical setting.

In line with the above defini-
tions, both allogeneic and autolo-
gous RM therapies are disruptive of 
the business models of incumbent 
small molecule pharmaceutical and 
bio-pharmaceutical companies [1], 
in that they require radically differ-
ent approaches to R & D, manufac-
turing, distribution and marketing. 
Autologous therapies, while equally 
disruptive of pharmaceutical busi-
ness models, could be regarded as a 
relatively incremental development 
for companies involved with organ 
transplants or for blood transfusion 
services (BTSs), albeit with some 
disruptive elements, given the na-
ture of the properties of the material 
being handled. 

The approach adopted in this 
paper contributes to understand-
ing where and to what extent au-
tologous and allogeneic therapies 
display disruptive or incremental 
innovation characteristics, based on 
original case study interviews with 
organizations involved in RM de-
velopment in the UK. It builds on 
our previous research to show how a 
disruptive/incremental lens can add 
insights that are valuable in devising 
policies to support the development 
of innovative technologies. 

BACKGROUND
Although there have been signifi-
cant advances in scientific knowl-
edge and understanding of RM, 
commercialization and large-scale 
production of autologous and al-
logeneic therapies have remained 
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challenging. For allogeneic thera-
pies, being developed in large scale, 
centralized manufacturing facilities 
[8], disruptive challenges include: 
the time and effort needed for do-
nor material collection, processing 
and storage in a bio-bank under 
current Good Manufacturing Prac-
tice (cGMP), followed by further 
processing to produce therapies for 
patients; cryopreservation of living 
material, safe distribution of frag-
ile living materials, ensuring trace-
ability of cells following treatment; 
and dealing with immunogenicity 
issues in recipient patients. Many 
of these factors also apply to autol-
ogous therapies being developed in 
localized manufacturing facilities, 
with additional challenges related 
to the personalized nature of the 
therapy, ruling out economies of 
scale. The Department of Business, 
Innovation and Skills (BIS) in 2011 
[9] suggested that manufacturing 
viable living cells for RM requires 
the development of “new technol-
ogies, tools and techniques” and, 
although considerable progress has 
been made, for example in manu-
facturing process development, RM 
therapy value chains are still a long 
way from delivering a reliable, prof-
itable route to market [10,11]. 

Lipsitz et al. argued that the 
new RM-related technologies span 
manufacturing, distribution sys-
tems, shelf life enhancement and 
automation (especially closed man-
ufacturing systems) [12]. This has 
led to further calls for advances in 
manufacturing and bio-processing, 
because of the non-scalability of 
existing technologies [9] and the 
need for skills development in the 
RM niche-focused areas. Abbasal-
izadeh et al. present a deeper anal-
ysis of the scientific, technological, 
and commercialization challenges 

of allogeneic therapies, suggesting 
that although autologous therapies 
are safer and often the preferred 
choice, they do not provide a sim-
ple off-the shelf product for clinical 
use [8]. They also argue that produc-
tion of autologous therapies is time 
consuming, skilled labor-intensive 
and, from an operational perspec-
tive, the mechanics of isolating 
cells and delivering the therapy are 
problematic for elderly and criti-
cally ill patients unable to tolerate 
biopsies. Lipsitz et al. demonstrate 
that lack of highly skilled labor is 
caused by current manufacturing 
process requirements and the costs 
incurred in training operators, in-
cluding routine validation of asep-
tic techniques for operators [12]. 
Additional issues include the need 
to independently verify batch re-
cord protocols, active working time 
delays due to suiting up procedures 
with laboratory garments, and the 
need for additional staff to facilitate 
gowning. The calls for ‘closed man-
ufacturing systems’ are based on the 
need to reduce some of these ‘neces-
sary redundancies’ of current clean 
room operation procedures for 
cGMP requirements. Other chal-
lenges include lack of value chain 
integration, technology delivery 
gaps, and arguably inappropriate 
or disproportionate governance of 
innovative technologies [4,6]. Given 
the disruptive nature of RM, new 
firm-to-firm linkages are needed to 
create new value chains and, during 
early development phases, broker-
age is important to create links with 
stakeholders [6]. These disruptive 
challenges are not experienced by 
manufacturers of small molecules 
and other biologicals and they are 
important for understanding the 
unique hurdles RM manufacturers 
face in assuring cellular product 
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safety, quality and efficacy, as well 
as traceability and attendant ethical 
considerations. 

Centralized & locally 
distributed manufacturing 
approaches

Harrison et al. argue that through-
out history there has been a steady 
shift from localized, decentralized 
production systems to centralized 
production systems, underpinned 
by the need to achieve economies of 
scale and scope [13]. Centralization 
was possible where manufacturers 
were dealing with standardized 
bulk products, which could be eas-
ily characterized and analyzed and 
were accompanied by increasingly 
automated processing and quality 
assurance systems. Lipsitz et al. ar-
gue that, for RM therapies, scalable 
production methods will determine 
the cost of goods sold, leading to the 
policy focus on allogeneic therapies 
because of their potential economies 
of scale and investment palatability 
making them slightly less disrup-
tive of incumbent pharmaceutical 
business models than autologous 
therapies [12]. However, allogeneic 
RM therapies are inherently dis-
ruptive of this centralizing trend 
because of the greater variability of 
biological inputs, creating technical 
difficulties in standardizing manu-
facturing and quality assurance and 
creating a need for close collabora-
tion between therapy producers and 
clinicians (see ‘RM manufacturing 
processes’, ‘The links between man-
ufacturing systems and distribution 
models’ and ‘Clinical adoption of 
autologous therapies’ sections). For 
these reasons, Harrison et al. foresee 
autologous therapies being man-
ufactured in locally distributed, 

‘near-hospital’ facilities [13]. This 
argument informs our focus on the 
nature and location of disruption in 
the development of RM therapies as 
it impacts on manufacturing, dis-
tribution and adoption in clinical 
settings. 

Given the challenges of producing 
autologous cell therapies, decentral-
ized or locally distributed manufac-
ture is the only feasible approach for 
autologous and gene-based cell ther-
apies. In response to BIS [9] and Ab-
basalizadeh et al. [8], Harrison et al. 
[13] argue that, as a result of recent 
advances in technologies that facil-
itate “reproducible, repeatable and 
reliable manufacture of highly spe-
cialist products at a small scale” and 
real-time monitoring Quality Man-
agement Systems (QMSs), it is in-
creasingly possible to move towards 
such locally distributed manufactur-
ing models. They also claim that this 
small scale, locally distributed tech-
nology approach makes it possible to 
handle “inherently unstable person-
alized cell and gene therapies”. 

Locally distributed manufacture 
of autologous cells will be an or-
der of magnitude more disruptive 
of the existing pharmaceutical and 
biopharmaceutical business mod-
els than current manufacturing 
approaches to allogeneic therapies, 
hence the lack of interest in these 
therapies by these incumbent sec-
tors. For allogeneic therapies, rath-
er than adaptation of the existing 
big pharma business model there 
is a need to develop new business 
models and value chains, involving 
new start-up companies or existing 
companies moving into health care 
from other sectors of the econo-
my (e.g., investment in manufac-
turing processes by Lonza and GE 
Healthcare). 
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The option for pharmaceutical 
companies to purchase locally dis-
tributed manufacturers of autolo-
gous cell therapies with a view to 
centralizing production does not 
exist, given the countervailing fac-
tors described above. Where such 
purchases have been attempted, 
cell therapy manufacturers have 
been frustrated by the lack of un-
derstanding of the acquiring firms 
about how RM works and how the 
feasible business models are differ-
ent from the small or bio-molecule 
contexts investors are accustomed 
to. This is a common experience 
where incumbent large companies 
attempt to take on disruptive tech-
nologies. Given these constraints on 
investment the Advanced Therapies 
Manufacturing Action Plan [14] 
called for systemic investment in 
the sector to engender a more com-
petitive fiscal environment.

Clinical adoption of 
allogeneic & autologous 
therapies

Manufacturing challenges are not 
the only factor limiting the devel-
opment and hence the adoption of 
RM therapies. We previously not-
ed a lack of co-operation between 
manufacturers and clinicians affect-
ing the adoption of RM therapies 
[6], a view supported by Gardner et 
al. who observed that RM products 
will need to “work hard to create an 
adoption space” in current health-
care settings [15]. 

Also, prevailing regulatory sys-
tems for RM therapies, along with 
other governance mechanisms 
such as the establishment of shared 
standards, have not been suffi-
ciently adapted to meet the needs 
of centralized or locally distributed 

manufacturing systems and per-
sonalized delivery to patients. RM 
therapies are also disruptive on 
current regulatory frameworks be-
cause of the introduction of meth-
ods beyond minimal manipulation 
and raw materials that are outside 
current supply chains for transfu-
sion and transplantation. These 
questions are not dealt with here 
but have been addressed elsewhere 
[1]. Faulkner has also identified the 
challenges of “opposing forces for 
gatekeeping and innovation” by 
regulators of manufacturing and 
clinical practices [16]. We have 
also argued that accelerating clin-
ical adoption is dependent on the 
creation of innovation ecosystems 
that promote rapid integration of 
RM and allied business models as 
well as creating an environment 
where new business models are 
given a chance to thrive [6,17]. We 
have previously argued that the 
public-private interaction by inno-
vation broker institutions such as 
the Cell and Gene Therapy Cata-
pult are critical in the early phases 
of building supportive innovation 
ecosystems as they bridge value 
chain gaps, and de-risk early de-
velopment stages [6]. This earlier 
work contributes to the frame de-
scribed here to support analysis of 
the disruptive nature of RM thera-
pies and the impact on: collabora-
tion among clinicians, the clinical 
prescription system and hospital 
administrative systems; the via-
bility of manufacturing processes; 
challenges related to ordering, stor-
ing and re-thawing therapies; and 
finally clinical adoption. We are 
aware that pricing and cost effec-
tiveness are linked to manufactur-
ing and clinical adoption, however 
we do not focus on them in this 
paper.
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METHODOLOGY
We used the case study approach 
advocated by Yin for carrying out 
an empirical enquiry of issues that 
are embedded in real-life contexts 
[18]. In line with the argument by 
Stake we considered the complex-
ity of the cases to understand the 
circumstances, contexts and other 
dynamics of the interactions of the 
organizations and actors we investi-
gated [19]. We chose the case study 
approach because we were interested 
in the ‘how and why questions’ and 
the broader situational context with-
in which these technologies are be-
ing developed. 

Using a purposive sampling 
method, we approached 20 RM 
companies/organizations involved 
in RM-related activities in the UK 
and gained access to 10 of them. 
We conducted 18 semi-struc-
tured interviews (ten completed in 
2014/15, with follow-up interviews 
in 2015/16). Semi-structured inter-
views allowed us the flexibility to 
follow themes and interesting leads 
that arose during the interview itself. 
After seeking informed consent, the 
interviews lasted between 1 and 2 
hours and were audio-recorded and 
transcribed verbatim. Using manu-
al thematic coding, we identified a 
number of salient themes, some of 
which are the focus of discussion 
in this paper. We used the STRA-
TIS methodology to understand the 
business models, innovation ecosys-
tems and value chains in the sector 
[20]. 

This paper also draws on our re-
search on Proportionate and Adap-
tive Governance of Innovative Tech-
nologies [4], which has refined our 
thinking on the important features 
of, and differences between, disrup-
tive and incremental innovations.

MANUFACTURING & 
CLINICAL ADOPTION 
OF RM THERAPIES: 
INTERVIEWEE 
PERSPECTIVES
Our analysis showed that allogene-
ic therapies are disruptive of many 
aspects of the business models of in-
cumbent pharmaceutical firms, giv-
en the challenges involved in large 
scale manufacturing of cellular prod-
ucts, the storage and distribution of 
living materials, and delivery to very 
different markets. Large companies 
developing bio-pharmaceuticals will 
have overcome some, but not all of 
these disruptive challenges. Phar-
maceutical companies’ adherence 
to current business models, despite 
these disruptive features of alloge-
neic therapies, have led them to 
persevere in developing large scale, 
centralized manufacturing facili-
ties, designed to deliver a commod-
itized product internationally to 
large numbers of patients, in order 
to make RM therapies an attractive 
investment proposition. This has be-
come the dominant expected future 
business model for RM therapies, in 
the process side-lining the develop-
ment of autologous therapies, which 
are much less capable of achiev-
ing compatibility with the current 
business models of pharmaceutical 
companies.

The following sub-sections use 
our interview data to reflect on issues 
related to the disruptive nature of 
cell-based therapies.

Raw material sourcing 
The challenge of inherent 
variability in living systems 

A factor acknowledged in the litera-
ture, and confirmed by respondents 
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in all ten of our cases, is the com-
plexity of working with raw ma-
terials composed of living systems 
which, unlike small molecules 
(Figure 1, left hand side), are diffi-
cult to standardize (Figure 1, right 
hand side). Specifically, the disrup-
tive nature of RM first, emanates 
from these perspectives: RM raw 
materials cannot be subjected to 
traditional sterilization techniques 
and therefore need aseptic process-
ing methods; second, because the 
therapy is integrated into the body 
unlike drugs which are metabolized 
and expelled, pharmacokinetics and 
pharmacodynamics are challeng-
ing; and third there is a need for 
defining, effecting and monitoring 
quality spanning the manufacturing 
and clinical phases. A respondent 
from a contract manufacturing or-
ganization reported that the private 
sector tends to play to its strengths 
by focusing on the “manufacturing 
piece because that’s closer to what a 
standard pharmaceutical company 
would do”, which covers raw ma-
terial sourcing and processing. This 
implies that incumbent pharmaceu-
tical companies, faced with a dis-
ruptive new technology, lock into 
what they already know and create 
an element of path dependency to 
make a disruptive transition more 
feasible. A disruptive element of the 
transition to RM for a conventional 
pharmaceutical company includes: 
incompatibility with chemical enti-
ties that can be easily standardized 
and produced in bulk and, because 
of chemical stability, intermediate 
and finished products can be stored 
for long periods with no need to 
identify the donor. Supporting 
these observations, he added: 

“Here you have a product 
which has been derived from 

a human being, so it has all 
that … inherent biological 
variability, or even [a cell] 
derived from me on two 
different occasions, it can 

behave in a different kind of 
way. The cell obviously is a 

living system in its own right 
… it’s a living system in vitro 

and then it’s also a living 
system when you put it into 
the patient. So, like all living 
systems it has a nasty habit 
of doing its own thing.” – 

Managing Director, RM firm 
in research and development 
and contract manufacturing.

Other respondents acknowl-
edged that they still do not fully 
understand the cell’s mechanism of 
action, having observed that cellular 
therapeutics work best when differ-
ent types of cells are used in com-
bination. So significant interactions 
between the different types of cell 
or tissue seem to be important for a 
functioning therapy. This is in con-
trast to small molecules and other 
biologicals where the biochemical 
pathways and pharmacokinetics 
end point are well known. Thus, 
for allogeneic therapies, innovators 
need to solve the challenge of stan-
dardizing and automating develop-
ment processes for therapies with 
inherent variability, and to convince 
regulators of the robustness of their 
approach, especially for therapies 
that become integrated into the 
body. Furthermore, a product man-
ufactured in the USA under FDA 
conditions cannot be assumed to 
be identical to a product manufac-
tured in Europe under European 
cGMP conditions, according to 
respondents in our study. This cre-
ates manufacturing and regulatory 
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compliance challenges for firms 
operating across geographical re-
gions with different regulatory sys-
tems, for example Europe, Asia and 
the USA. This has implications for 
validation and quality assurance 
processes across different manufac-
turing facilities for the same firm, 
making centralized manufacturing 
more problematic, and forcing firms 
into locally decentralized or locally 
distributed manufacturing, illus-
trating the disruptive impact. Given 
that large scale manufacturing by 
the same firm across different coun-
tries needs to comply with different 
national regulatory requirements, 
it is difficult to move employees in 
regulatory interfacing jobs across 

different countries, and it also mul-
tiplies the complement of regulato-
ry personnel in the company com-
pared to centralized manufacturing. 
This phenomenon affects both au-
tologous and allogeneic therapies 
and impacts the whole process from 
donor selection to therapy deliv-
ery. Autologous therapies have an 
additional staffing burden where 
the manufacturing system is locally 
distributed.

The need for close 
collaboration between RM 
firms & the clinic

Another feature of the disruptive 
nature of RM development for 

 f FIGURE 1
The contexts where regenerative medicine is disruptive of incumbent manufacturing, distribution and 
clinical adoption systems.
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conventional drug production is 
the intricate collaboration required 
between manufacturers and, for ex-
ample, the National Health Service 
(NHS) in the UK, for sourcing cells 
or tissue, and manufacturing (Figure 
1 last box on the right). For a tissue 
regeneration case the respondent 
noted (Figure 3): 

“…There is need in the UK 
to collaborate with the NHS 

for cadaver identification, 
followed by organ harvesting 

leading to transport of the 
organ to a specialist de-
cellularization facility and 

adequate storage of frozen 
samples.” Respondent from a 

Tissue Regeneration Firm.
The NHS is critical for sourc-

ing organs and, for some therapies, 
there is a need for the NHS to link 
up with manufacturers to collect 
cells from the patient for seeding 
a bio-matrix pre-surgery. This en-
tails aligning work scheduling for 

manufacturing with patients’ clin-
ical visits. Such complex manufac-
turer-clinic interactions are an ad-
ditional disruptive element beyond 
what is necessary for conventional 
drug or biopharmaceutical treat-
ments. It requires RM firms to 
invest in specific RM technology 
delivery skills and training for phar-
macists, specialist nursing staff, sur-
geons and technical/administrative 
supporting functions, including 
engineering and procurement. This 
also has important staffing and cost 
management implications for local 
NHS trusts, which are managed 
differently across the UK, affecting 
the ease of adoption into clinical 
practice.

RM manufacturing 
processes

Both allogeneic and autologous 
therapies are, or would be, dis-
ruptive of incumbent firms’ small 

 f FIGURE 2
The technical processes involved in clinical adoption of an autologous therapy such as CAR-T Cell.
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molecule or biopharmaceutical 
companies on manufacturing pro-
cesses, including the quality assur-
ance techniques related to dealing 
with living cells which are inherent-
ly variable and difficult to standard-
ize. However, allogeneic therapies 
can be scaled up (implying an incre-
mental aspect), whereas autologous 
therapies cannot, although they can 
be scaled-out. The attraction of scale 
up, critical for building economies 
of scale for allogeneic therapies, is 
its similarity with manufacturing 
stages of conventional pharma busi-
ness models, something investors 
in the sector are familiar with. A 
respondent from a firm specializing 
in allogeneic therapies reflected the 
scale up aspect as a key factor for 
their firm.

 “… our [allogeneic] 
technology approach 

really gives us the ability 
to generate lots and lots 
of doses… And it makes 
an allogeneic approach, 

perhaps, more achievable. 
Our cells are non-

immunogenic, so they don’t 
suffer the rejection problems 
that might be seen typically 

with an allogeneic approach.” 
– Senior Executive for Cell 

Therapy Manufacturing Firm 
A.

For blood and tissue services, RM 
innovation is more incremental, as 
key processes such as raw material 
sourcing, manipulation and storage, 
and traceability requirements are 
already routine in the sector. How-
ever, there is lack of cross-sectoral 
knowledge about different therapy 
areas. Respondents in our study 
acknowledged that skills tend to 
be niche-focused and scarce in the 

industry, especially in development 
and translational activities. This has 
implications for business continui-
ty and the need for emerging firms 
to retain staff, especially given the 
close linkages between the firms and 
the NHS.

The need for co-evolution of 
technologies & innovations

For some allogeneic therapies in-
volving for example gene therapy or 
immunotherapy, our study revealed 
the need for close interactions be-
tween therapy developers, technol-
ogy suppliers and the clinic. The 
link between the technology suppli-
er and the clinic is also required for 
locally distributed manufacturing 
systems or in/near-hospital man-
ufacturing systems as part of the 
collaboration between the therapy 
developer and the NHS.

A key challenge raised for thera-
py developers was the need either to 
re-purpose existing technology or to 
design new technologies for manu-
facturing and quality assurance of 
therapies, as highlighted here:

“…when people are making 
… protein therapeutics, 

which is the other large-scale 
culture technology, they 

don’t want to keep the cells. 
They’re deliberately breaking 

the cells up and trying to 
recover the protein out of 
them. We’re doing exactly 
the opposite, we’re trying 

not to damage the cells and 
get rid of everything else. So 
there is no technology out 

there at the moment that has 
been developed specifically 
for large scale cell recovery.” 

– Senior Executive RM 
Collaborative Project 
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This firm was attempting to re-
cover intact cells from culture, and 
there was no technology on the 
market at the time capable of that 
function. They reached out to their 
collaborators and their suppliers to 
design equipment capable of har-
vesting intact cells and considerable 
progress is now being made in this 
area, relevant to both autologous 
and allogeneic therapies [21]. This 
also happened for two other cas-
es, where the in-house developers 
worked with their suppliers to de-
sign equipment for their manufac-
turing needs. 

Respondents from organizations 
developing allogeneic therapies also 
acknowledged the need for closer 
interaction with the clinical setting 
for cell harvesting and therapy de-
livery and, by implication, the de-
sign and operability of technologies 
and operations used by the clini-
cians. An additional collaboration 
that emerged is the triad of therapy 
developers, contract manufacturers 
and technology developers, espe-
cially during therapy development 
optimization stages. The triad is 
important as technology optimiza-
tion costs are borne by the therapy 
developer, which in most cases is 
resource constrained. Over time the 
triad is likely to morph into a dyad 
(therapy developer-contract man-
ufacturer) especially in cases where 
a market authorized therapy is con-
tract manufactured for the lead firm 
in another geographical location, in 
which case the contract manufac-
turer works closely with the clinical 
setting.

Challenge of specialized skills

A 2011 study by BIS highlighted the 
challenge bioprocessing units faced 
in recruiting and retaining skilled 

staff for manufacturing, quality 
management, validation and batch 
release [9]. Our study confirmed 
these earlier findings, and our re-
spondents reported that because of 
the niche focus of the technologies, 
training a person takes time and 
money, so it is important that those 
skills are retained. 

The links between 
manufacturing systems & 
distribution models 

Table 1 summarizes the expected 
manufacturing processes and likely 
distribution challenges faced by the 
ten cases we studied. At the time of 
the study none of the organizations 
had a market authorized product, 
and six therapy developers were at 
various stages of clinical testing. 

Our study suggests that orga-
nizations are likely to favor cen-
tralized manufacturing for two 
reasons; skills shortages and infra-
structure requirements for resource 
constrained SMEs that have to deal 
with infrastructural, technological, 
organizational, governance, val-
ue chain and regulatory hurdles 
when they are at a cash burn phase 
of development. Unless there are 
significant injections of cash, the 
locally distributed manufacturing 
approach may take time especially 
given the cost of setting up cGMP 
plants to manufacture clinical grade 
cell therapies. With dependence 
on central manufacturing come 
the challenges of cryopreservation 
and efficient distribution systems. 
Furthermore, this imposes an in-
vestment challenge for the clinic 
in terms of acquiring the cryo-
preservation infrastructure, and 
thawing therapies correctly just be-
fore use. These administrative and 
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technological challenges are key 
impacts of innovative technologies 
especially on resource constrained 
SMEs with no prior interaction 
with the health system.

Clinical adoption of 
autologous therapies

In this section we present two ex-
amples: autologous immunothera-
py (Figure 2) and autologous tissue 
engineering based on a donated ca-
daveric processed biomatrix, where 
therapy delivery involves surgery 
(Figure 3). We focus on the techni-
cal issues of therapy delivery, and 
not on re-imbursement, which oth-
ers have already covered in some 
depth. Compared to incumbent 
biopharmaceutical and traditional 
pharma models of therapy delivery, 
there will need to be close linkages 
between the hospital, manufactur-
ers, and logistics firms. Condition 

diagnosis will not be different from 
current practice but an autologous 
therapy departs from convention-
al treatments in the prescription, 
requirement for work scheduling, 
and timing the collection of cells 
or biopsy with the work schedule 
in the cell manufacturing facility. 
The cell manufacturing plant also 
needs to align its production and 
delivery times with the time the pa-
tient has been booked to be at the 
hospital. Behind all these activities 
are numerous administrative tasks 
for the manufacturer, logistics firm 
and the hospital that are disruptive 
of the business model of a biotech 
or pharmaceutical firm. For blood 
transfusion services, already dealing 
with living materials, these logistic 
and administrative issues are closer 
to being incremental, although the 
challenges of clinical grade manu-
facturing of cells in bulk for therapy 
also include elements of disruption, 
albeit with a narrower gulf in skills 

 f FIGURE 3
The technical processes involved in tissue regeneration combining donated cadaveric organ and autolo-
gous cells delivered through surgery.
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than for mainstream biotech and 
pharma companies.

Our second example, Figure 3, 
highlights the complex process-
es that need to be aligned when 
dealing with an organ transplant 
using autologous cells seeded on 
a donated organ. There would be 
a need to work closely with the 
NHS to identify organ donors and 
upon their death collect the organ 
while it is still viable. The organ 
would be processed to remove the 
cells of the donor and placed in 
cold storage. De-cellularization 
can be done in a centralized facil-
ity, as the organic matrix that will 
be obtained can be donated to any 
patient. For this part of the pro-
cess the logistics and economies 
of scale suggest that a centralized 
manufacturing approach would 
be feasible. However, the autolo-
gous part of the process, collecting 
cells from the patient and grow-
ing them in a locally distributed 
manufacturing facility, presents 
the same challenges as discussed in 
‘The links between manufacturing 
systems and distribution models’ 
section. In this case, the situation 
becomes more complicated be-
cause the seeded biomatrix is sur-
gically inserted into the patient; 
increasing the number of actors 
that need to collaborate and align 
their processes in order to deliver 
tissue regeneration therapy. 

Another interviewee reported 
that there is a need for co-evolution 
of processes, techniques and tech-
nologies between the clinical setting 
and the RM manufacturer, especial-
ly in the area of tissue regeneration 
as follows [Figure 3]:

“When a patient has 
been identified from the 
clinical setting, there is 

cell-harvesting leading to 
cell culture/multiplication in 
a cGMP certified plant; re-
cellularization of the matrix 

and surgery and recuperation 
of patient; all these activities 
need to co-evolve to allow 
adoption of an innovation.” 

– Founder of a Tissue 
Regeneration Firm

Particularly in the allogene-
ic cases we studied, shelf life was 
identified as a key component, 
and this is closely linked to cryo-
preservation technology which, as 
respondents reported, needs to be 
improved to ensure cell or tissue 
viability after storage for long pe-
riods. These aspects are important 
for effective handling of the phar-
macy procedures in the hospitals. 

DISCUSSION & 
CONCLUSIONS
We propose that understanding of 
the distinction between disruptive 
and incremental innovation, and 
of the nature, extent and location 
of the disruption across sectoral 
value chains, can help to guide 
company innovation strategies and 
government innovation support 
policies for RM, as already pro-
posed for industrial biotechnology 
[17]. The RM-related disruption 
for pharmaceutical industry busi-
ness models comes on top of an 
earlier phase of disruption caused 
by biopharmaceuticals (large pro-
tein molecules and monoclonal an-
tibodies) that had already begun to 
re-shape the sector [22–24] and so 
to some extent paved the way for 
RM. However, RM imposes addi-
tional disruption on pharmaceuti-
cal and biopharmaceutical business 
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models to the extent that it has 
taken a decade of intensive intel-
lectual and commercial investment 
to reach a stage where the small 
number of products that have been 
approved often under-perform and 
are withdrawn, and success is de-
scribed narrowly in terms of the 
number of products in clinical 
trials [25]. Current analyses of the 
RM sector are still leading to calls 
for delivery systems designed for 
pills and biologics to be changed to 
accommodate cells [20].

Such difficulties and delays are 
more pronounced the more dis-
ruptive the technology is for the 
relevant sector. For RM therapies, 
faced with the individual disrup-
tive elements described above, new 
value chains involving large com-
panies that are new to the sector 
(e.g., Lonza, and GE Healthcare) 
and small innovative start-up 
companies are slowly beginning 
to emerge. Our analysis of the 
impacts of disruptive innovation 
includes the observation that in-
novation will proceed most rapid-
ly and effectively if it is developed 
by the sector for which it is least 
disruptive and that, for life science 
innovation, government regulato-
ry and policy decisions can make 
a transformative difference to the 
rapidity of uptake of a technology 
and the location of the innovation 
within an array of possible industry 
sectors [2]. 

The early regulatory choice 
to regulate stem cell therapies 
through the pharmaceutical regu-
latory system was one important 
factor driving the innovation tra-
jectory for this technology towards 
the large scale, centralized manu-
facture of allogeneic therapies by 
incumbent pharmaceutical com-
panies. These companies had an 

interest in the technology and the 
commercial capability to support 
its development but the extent of 
disruption of their business mod-
els has been one factor slowing and 
in some cases stalling development 
of therapies. The converse of the 
focus on pharmaceutical compa-
nies has been the relative lack of 
private sector investment in the 
development of locally distributed 
manufacture of autologous thera-
pies [1]. 

It is interesting to speculate on 
what the nature of current busi-
ness models and value chains for 
RM therapies might have been, 
given a decision to regulate RM 
therapies as medical devices rath-
er than drugs, or to focus more 
strongly on standards and less 
on regulation as the basis for en-
suring safety, quality and efficacy 
[2]. Many of the disruption-re-
lated challenges would have been 
removed or diminished, but the 
necessary private sector invest-
ment may still have been lacking. 
Under these circumstances, the 
public sector and philanthropic 
organizations often step in to fill 
the gap in translational funding 
[18], but without commercially vi-
able business models this is not a 
long-term stable solution. 

With the publication of the 
White Paper on Regulation for the 
Fourth Industrial Revolution [26] 
the UK government is embarking 
on a new approach to the gover-
nance of innovative technologies. 
This could provide a route to adap-
tation of the innovation ecosystem 
for RM therapies that would en-
able the more rapid emergence of 
a broader array of innovative busi-
ness models delivering a greater va-
riety of therapies to meet complex 
patient needs [2]. 
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Cell manufacturability
Masahiro Kino-oka, Manabu Mizutani & 
Nicholas Medcalf

The manufacturers of cell therapy and regenerative medicine products 
must design manufacturing operations to deliver the required level of 
stability. Process consistency, maintenance of the aseptic environment 
(to prevent contamination), assurance of line separation (to prevent 
cross-contamination and operational confusion), containment (for avoid-
ance of cross-contamination), and their routine management must be 
taken into account. In this article, we propose the concept of ‘cell manu-
facturability’ for process development in order to assist the design of cell 
manufacturing processes.
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INTRODUCTION
Regenerative medicine and cell 
therapy require manufactured cell 
transplants that rely for their devel-
opment upon interdisciplinary ac-
tivities. The disciplines needed come 
from the medicinal and biological 
fields and from engineering. Com-
mercialization of cell-based therapies 
needs capable, scalable, manufactur-
ing technologies [1,2]. It is necessary 

to ensure that these therapies meet 
regulatory requirements and are 
economically viable when manufac-
tured at industrial scale. Innovative 
cell processing techniques have been 
developed for this purpose [3]. The 
processing system must lead to stable 
cell manufacture with the required 
level of safety, security and cost-sav-
ing [4]. There have been many in-
stances where manufacturers have 

assembled multidisciplinary teams 
in order to create custom manu-
facturing solutions that maintain 
process stability. However, much 
remains to be done. We believe that 
it is important always to return to 
first principles. Careful scrutiny of 
the fundamental steps is necessary 
to establish the criteria of effective 
process design. Furthermore, early 
attention to process design, in order 
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to ensure a reproducible product, 
will reduce the amount of work that 
must be conducted late in develop-
ment when it is important to reach 
market quickly. Without this work it 
may be impossible to avoid a situa-
tion in which any re-designed pro-
cess differs in important ways from 
the process upon which the proof 
of concept studies were based. This 
article describes the features of cell 
processing that warrant examination 
and why, and proposes the concept 
of ‘cell manufacturability’ as the ba-
sis of stable, cost-effective process de-
sign. The descriptions in this article 
relate mainly to anchorage-depen-
dent cells. The principles are applica-
ble to suspension cell culture as well. 
In the interests of clarity we do not 
concentrate on the steps of transfec-
tion and rely on the reader’s insight 
to convey the principles that can be 
applied even to that step.

FEATURES OF CELL 
PROCESSING
Cell manufacture consists of a series 
of steps. In the representative case of 
anchorage-dependent cell processing 
aiming at autologous transplantation 
of engineered tissue, as shown in Fig-
ure 1, the minimum practical biopsy 
is harvested from each patient (‘cell 
procurement’) and the biopsy is in-
stalled in the cell processing facility 
(CPF). The starting cell populations 
are prepared as raw materials (‘cell 
isolation process’), and the isolated 
cells provide the seed stock in the 
culture vessel to start the primary cul-
ture for acclimatization to the in vitro 
environment (‘primary culture pro-
cess’). This initial cell acclimatization 
may involve one or two small-scale 
passages during which the cells un-
dergo limited expansion Large-scale 

cell expansion is then performed 
through a series of subcultures in a 
batch-wise manner using a medium 
oriented to more intense cell growth 
(‘cell expansion process’). At this 
point the cells will be used either for 
an autologous treatment, in which 
case they are used for product manu-
facture, or they will be used to estab-
lish a Master Cell Bank and Work-
ing Cell Bank from which successive 
campaigns of manufacture can be 
conducted. Following attainment of 
sufficient cell number, the suspend-
ed cells are transferred into the vi-
als to be used for administration to 
the respective patients (‘packaging 
process’) or, as appropriate, to tissue 
cultures for the reconstruction pro-
cess to form biologically functional 
tissue replacements as final products. 
The products for therapeutic use are 
cells and tissues originating from the 
patient. In the case of allograft trans-
plantation, the raw materials used 
are the selected donor’s cells, which 
are stored as cell banks. Each process 
consists of a series of operations that 
affect the quality of the cells and that 
require careful management of the 
integrity of the aseptic environment.

The primary culture process and 
the cell expansion process demand 
a high level of skill from the pro-
cess designers [5]. The cells and 
the environment in which they are 
maintained are fragile and intrinsi-
cally unstable, and cell quality may 
easily fluctuate during operations 
in a manner that depends large-
ly on the skill of the operators. 
Therefore it is preferable that the 
process is designed in such a way 
as to possess intrinsic ‘operational 
stability’, in other words the pro-
cess design is based upon a quan-
titative knowledge of the level of 
expected variation in operator and 
machine action and allows for this 
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to deliver a product of the expect-
ed quality nevertheless. This means 
that the process is designed to be 
‘manufacturable’. In practice such 
a manufacturable process is based 
upon a detailed understanding of 
which process features give rise to 
significant variation in product 
properties. Studies are designed to 
examine the impact of the natural 
variation in operator behavior and 
skill, in instrument response and 
in equipment performance. Such 
studies benefit from the insights 
of experienced metrologists able to 
quantify the variation and to pre-
dict the impact of these tolerances 
in combination with other sources 

of variation. Specialists in the study 
of human factors may be needed. 
By combining this information 
the process engineer is equipped 
to design a process that either al-
lows for these sources of variation 
or that designs them out, for exam-
ple by imposing constraints in the 
form of automated controls that 
dispense with human operators at 
critical points. 

Additionally, there will be sourc-
es of variation that arise from the 
intrinsic nature of the cells. In cul-
ture most therapeutic cell types are 
adherent and depend on the growth 
surface for their ability to reach 
commercial numbers. Amongst 

 f FIGURE 1
Processes of cell manufacturing for cell therapy and regenerative medicine.
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static cultures cell adhesion on the 
surface of the vessel is usual and, 
starting from a poorly-mixed cell 
population, the result can be spa-
tial heterogeneity. As the adherent 
cells become confluent due to cell 
division contact inhibition occurs 
leading to local patches of qui-
escence. The behavior reinforces 
itself leading to a spatially hetero-
geneous proliferation. In addition, 
recent discoveries suggest that 
mechanotransduction where the 
local cell colony is especially com-
pact causes methylation which in 
turn affects the cell potency [6,7].

For autologous therapies the cell 
explant varies from batch to batch 
due to variation in anatomical har-
vest location and the patient’s (or 
donor’s) condition. Heterogeneity 
in the cell population changes as 
proliferation in serial batch expan-
sion culture proceeds. This arises 
due to cellular hypopotency, in-
cluding terminal differentiation at-
tributed to cellular senescence and 
de-differentiation, causing poor-
ly-organized tissues. 

The combination of these fea-
tures (operational stability, spatial 
heterogeneity and population het-
erogeneity), inherent to cell and tis-
sue processing, poses a challenge to 
satisfactory process design. Robust 
and reliable strategies are desirable to 
assist operators so that they can iden-
tify the cellular states in the course of 
culture even under restricted condi-
tions of sampling and sensing.

Asepsis must be maintained 
and the starting material and the 
final product comprise materials 
that cannot be sterilized without 
loss of potency. This feature means 
that operations must be con-
ducted in a carefully-maintained 
aseptic environment throughout. 
Furthermore, after the aseptic 

process design has been completed 
it will be subject to validation and 
re-evaluation following any signif-
icant process changes, or annually 
as a minimum, to ensure that the 
basis of assurance of asepsis has not 
been compromised.

The final products must meet 
the needs of individual patients in 
terms of batch size and cell func-
tion. This requires manufacturing 
that is both scalable and flexible 
for small-scale and multipurpose 
production. Therefore, parallel 
production (for multiple products 
and multiple patients) must be 
achieved by designing shared space 
in the CPF to allow for line segre-
gation of aseptic operations as well 
as for excellent management of 
spatiotemporal features such as any 
time-lag between operations and 
maintaining independent flows of 
operators and materials with fre-
quent change-over and start-up. 

Asepsis, scalability and flexi-
bility are therefore the important 
for assurance of process quality in 
de-centralized systems. The funda-
mental feature for manufacturabili-
ty is confidence that the operations 
can be trusted to deliver process 
consistency in terms of main-
tenance of aseptic environment 
(without extrinsic contamination), 
assurance of processing indepen-
dence (to prevent cross-contami-
nation and operational confusion), 
containment against contaminants 
and robust management during 
the frequent change-over and 
start-up activity in shared CPFs. 
Thoughtful management of man-
ual operations is essential if error 
due to fatigue and repetitive stress 
is to be avoided.

When should such studies be 
conducted? Just as in the pro-
duction of pharmaceuticals, cell 
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processing is divided into the ‘up-
stream process’ (for cell expansion) 
and the ‘downstream process’ (of 
separation and purification, dis-
pensing, freezing, and packaging). 
There is a limited range of separa-
tion and purification techniques 
downstream, therefore careful pro-
cess design is needed to bring the 
capability of the downstream steps 
within the range necessary to re-
move undesirable cellular by-prod-
ucts and to reduce the formation of 
undesired cells upstream to a prac-
tical minimum. The influence of 
events before the cultivation of the 
seed cell stock and following the 
completion of packaging is much 
larger than is usual in the manu-
facture of non-living therapeutics. 
While consistency throughout 
the processes from cell procure-
ment to administration to patients 
is essential, it is also necessary to 
consider what might be called the 
‘out-stream processing’ such as cell 
transportation from the cell bank 
(or hospital) into the CPF or from 
the CPF to the hospital, as well as 
in-hospital processes for pre-treat-
ment steps such as cell thawing 
and washing. The logistics of sup-
ply for the starting materials and 
for the product must be considered 
in detail to ensure that timing of 
delivery, any hold steps for prod-
uct clearance through customs or 
freight loading and the suitability 
of carrier systems for each group of 
operators are suitable. The features 
of the whole process must be con-
sidered from explant harvest to ap-
plication. This in turn means that 
the operational design for the busi-
ness must be worked out early be-
cause the prudent choice of certain 
manufacturing steps will influence 
the engineer’s ability to make the 
process manufacturable.

CELL 
MANUFACTURABILITY 
‘Design for manufacturability’ 
(DFM) is the sum of the studies 
described above. It is the general 
engineering art of designing prod-
ucts in such a way that they are 
easy to manufacture [8]. This con-
cept exists in almost all engineer-
ing disciplines, but the implemen-
tation differs widely depending 
on the manufacturing technology. 
DFM for cells includes not only 
conventional concepts but also 
novel considerations that arise 
from the inherent features of cell 
manufacturing. When manufac-
turing therapeutic cells there are 
many features in the cell products 
that are not as well defined as they 
are for synthetic or biologic drugs. 
Therefore, it is necessary to con-
sider modifications specific to cell 
manufacturing: the construction of 
specific concepts is required. This 
point arises from the nature of cell-
cell interaction and a brief descrip-
tion will help. When comparing 
the manufacture of a cell therapy 
to that of a conventional medicine 
two characteristics can be seen to 
give rise to the dramatic differenc-
es between the ways in which the 
products behave during manufac-
ture. These are the relative size and 
complexity of the smallest unit 
of the therapy (a single molecule 
compared with a cell) and cell–cell 
communication. The behavior of a 
population of cells is complex, in 
the formal mathematical sense, in 
a way that a sample of a small-mol-
ecule drug is not. A sample of ac-
tive pharmaceutical ingredient can 
be analyzed to specification and 
almost every significant fact about 
it can be known and related to the 
reaction steps that led up to it. 
By contrast, emerging patterns of 
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behavior in a cell sample can lead 
to transient states to the mixture 
that are not evident in the final 
batch. When the product is finally 
analyzed only a fraction of its prop-
erties are known. Characterization 
by, for example, flow cytometry 
of the final product may show a 
mixture. The pathway to that final 
mixture may not be traceable using 
analytical means but may only be 
understandable using agent-based 
modelling and applying knowl-
edge of the changes in state of the 
cells and the known environmen-
tal triggers to those changes. The 
concept of agent-based modelling 
combined with studies of the pro-
cess features that lead to undesir-
able outcomes may be the founda-
tion of the engineering approach 
to intrinsically manufacturable cell 
products.

The novel concept of ‘cell man-
ufacturability’, as shown in Figure 
2, is proposed to describe the dis-
cipline of cell production, defined 
as “the attainment of the desired 
capability of a cell manufacturing 
process by bridging the gap be-
tween its biological and engineer-
ing aspects” [9]. To deliver quality 

by design (QbD) for the cell man-
ufacturing processes, the allowable 
range of each important param-
eter and the tolerance of import-
ant equipment for that step must 
be identified. For example, one 
of the motion parameters experi-
enced by the cell during medium 
exchange arises from the flow rate 
of the medium. However, the rela-
tionship between the engineering 
aspect and the biological aspect of 
this step arises from transduction 
of shear stress by surface channels 
or by cytoskeletal deformation. In 
a case where there is a known re-
lationship between the engineering 
and biological aspects, it is relative-
ly easy to design the required limits 
to the range of motion. Where the 
relationship between engineering 
parameters and biological param-
eters are not understood (or have 
not so far been examined) the es-
tablishment of capable manufac-
turing operations is difficult. This 
is the point at which metrological 
studies are essential to perform the 
QbD. 

Metrology is the engineering 
science needed to provide system 
optimization for efficient, stable 
processes by understanding the 
requirement gap and reducing 
output fluctuation. For example, 
the examination of the behavior 
of a flow cytometer and the in-
strumental tolerances that can be 
expected can be combined with 
a practical study of the degree of 
variation that arises from human 
operators during sample prepara-
tion and analysis. This result can 
be compared with the variation in 
outcome of the process step from 
which the sample is removed. If 
the sources of variation in that 
step, due to the limits to control 
of features such as temperature 

 f FIGURE 2
Concept of cell manufacturability.
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control, holding time of the sam-
ple etc. then a calculation may be 
made of the cumulative variation 
to be expected in the observed out-
put and the tolerances that can be 
allowed before control over prod-
uct quality is lost.

DFM may be perceived as un-
welcome additional work at a time 
when cost containment may be 
essential but it is needed to ensure 
consistent product quality and 
to secure delivery of safe, effec-
tive products to the customer. By 
considering the impact of trans-
portation and preparation events 
outside the factory the innovator 
delivers cost saving through pro-
cess simplification based upon the 
governing principles of cell behav-
ior. Persistent efforts towards sys-
tematization in the metrological 
approach in manufacturing pro-
cess design will lead to sustained 
high performance of the therapy. 
As shown in Figure 3, the system of 
cell manufacturing consists of the 

process(es) and its/their input, out-
put and environment. The quality 
of cell product as the output of the 
system is sensitive to fluctuations 
derived from several factors:

1. Environmental ‘noise’ (variable 
events outside the process 
arising from inadequate 
environmental control and not 
subject to operator control such 
as background room temperature 
during transfer operations and 
shocks during manual handling)

2. Variation in input quality, such 
as Working Cell Bank inoculum 
and materials (medium, reagents, 
vessel, pipettes etc.). In addition, 
there are factors inherent in the 
biological aspects; 

3. Intrinsic disorders (uncontrolled 
in-process variation that 
arises from sources outside 
the operator’s or the process 
designer’s control such as 

 f FIGURE 3
System in cell manufacturing and factors affecting fluctuation of cell product quality.
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variation in the characteristics of 
any biological reagents)

4. Planned changes to the 
process(es), such as introducing 
a novel technique and redesign 
for process scale-up. These 
factors arise from events 
within and without the factory 
environment and so their 
presence is determined by the 
choice of operational design 
for manufacture and delivery. 
If this choice is made at a late 
stage in development then a 
risk arises that the process 
re-design to make the product 
reproducible will lead to a loss 
of comparability with respect 
to the product that was studied 
in early efficacy studies. In this 
context, early consideration 
of manufacturability can be 
regarded as a form of insurance 
against process development 
risk later on. This aspect, and 
a method to address it, are 

considered elsewhere in this 
Special Edition [10].

The biological aspects or intrinsic 
variation component, as shown in 
Figure 4, allow the cells to introduce 
uncertainty between process steps 
in three different modes:

1. In a ‘time-dependent manner’ 
where the cell states change 
sequentially as intracellular 
events occur

2. In a ‘tardive manner’ in which 
there is a time lag from the 
start of cell signaling to the 
appearance of the phenotypic 
result 

3. In a ‘time-delayed manner’ where 
the perturbing event occurs but 
there is no ability to detect it 
immediately due to the technical 
limitations of the production 
system.

(This last feature prevents control 
via real time detection of the actual 
cell event.) The intrinsic sources of 

 f FIGURE 4
Modes of cellular events in process that cause intrinsic disorder.

Diagram reads from the top, where an event triggers a cell response, through the interval in which the event is transduced, to the 
bottom where the impact is realized.
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disorder may accumulate in serial 
processes, leading to a compound-
ed impact on the stability of the 
process. Such cumulative influenc-
es can increase process instability 
during scale-up to an extent that 
appears disproportionate to the ini-
tial deviation from control.

In this context the manufacture 
of a cell product may be character-
ized as follows:

1. The cell quality is incompletely 
understood at the molecular 
level.

2. The production manager is 
obliged to make subjective 
judgments during production 
about whether a given batch 
should progress according to 
menu-driven procedures prepared 
in advance or whether corrective 
action is needed at any point 
and recorded as a deviation. The 
decisions will be informed in 
real-time or near real-time by in- 
or at-process analysis. Analytical 
methods for this are, ideally, non-
invasive (such as spectrometric) 
or based upon instruments whose 
working sensors may be included 
in the aseptic environment 
and discarded along with the 
disposable bioreactor (such as 
scanning impedance tomography).

3. During long-term manufacturing 
with serial batch cultures it is 
easy to introduce fluctuations 
in the product quality. Such 
fluctuations can be self-
reinforcing due to autocrine 
signaling. Deviation from the 
control state can begin with 
small differences in phenotypic 
behavior and can propagate 
in a geometric progression to 
give gross changes in the cell 
population. This effect is seen 

in, for example, the generation 
of chondroprogenitors for 
engineered tissue and in the 
isolation and purification of 
sub-populations of mesenchymal 
stem cells.

4. There are fewer options for 
technology for downstream 
processes such as separation and 
purification than are available 
for, for example, manufacture 
of proteins and as a result the 
manufacturer must manage 
the risk that the proportions of 
cellular impurities in each batch 
will result in failure of the entire 
lot because downstream re-work 
may be impossible.

5. There are many cases where 
preparation takes place in a 
hospital after transportation of 
the product and quality is altered 
after the shipment (‘out-stream 
processes’).

6.  Most cell manufacturing in the 
future will be autologous and 
will not begin with a Master Cell 
Bank that would allow a degree 
of reproducibility in the starting 
material. 

7. Some cell manufacturing uses 
starting materials for which 
there is no possibility of verifying 
asepsis.

8.  Some manufacturing processes 
must be run on a make-to-order 
basis due to the short shelf-life 
of products.

9. The batch scale for autologous 
manufacturing depends on each 
patient.

These features lead to a lack of 
alignment between process events 
and cell events, increasing intrinsic 
variation in the process and resulting 
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in variation in product quality within 
lots as well as between lots. The need 
to build concepts of process capabil-
ity that are different from those used 
in more established manufacturing is 
unavoidable. In the future, the anal-
ysis of factors that impact upon and 
alter the system, the categorization 
of such factors, and systematization 
of methods for analyzing the permis-
sible range and thereby constructing 
specific processes for cell production 
will be vital.

In the current context, it is 
tempting to allow cell processing 
to rely on small-lot manufacturing 
by experts and to manage the high 
fluctuation rates with ‘craft’ know-
how in the same way as cottage 
industries, in which a number of 
manual procedures rely on the em-
pirical knowledge and proficiency 
in manipulation of the most experi-
enced operators. Such an approach 
leads to earlier market access but it 
is not scalable. In all but the small-
est markets technical development 
is the key for reaching a state of 
effective production and realizing 
large-lot manufacturing with high 
stability. In addition, the standard-
ization of environmental, material, 
and operational process features is 
required to realize a consistent pro-
cess. Introduction of a systematic 
approach is needed to guide prog-
ress in developments in engineer-
ing, including cell engineering and 
culture engineering.

AN ILLUSTRATION OF 
FLUCTUATION IN CELL 
CULTURE & DISPENSING
Design for manufacture requires an 
awareness of the sources of variation 
must be backed up with practical 
investigation. The principles can be 

illustrated using the example of the 
production of human induced plu-
ripotent stem cells (hiPSCs) in the 
large quantities that are required 
to realize clinical and industrial 
applications. Culture as suspend-
ed aggregates is an attractive route, 
particularly for allogeneic products 
but also for autologous. However, 
very little is known about the mech-
anisms governing the formation of 
the aggregates. The factors govern-
ing their stability in suspension cul-
ture are not fully understood. The 
formation of 3D cellular aggregates 
is widely accepted as a dynamic 
process regulated by differential 
cellular adhesions, matrix synthe-
sis, and remodeling [11]. After the 
establishment of cell-cell interac-
tions under physical forces or spa-
tial proximity, the 3D aggregate 
self-assembly involves the adapted 
cadherin interaction and/or inte-
grin binding to the extracellular 
matrix (ECM) proteins, enabling 
the formation of contacts between 
cells [12]. The ECM is synthesized 
and secreted by cells from the ear-
liest stages of culture and provides 
structural and biochemical support 
to the surrounding cells. The ECMs 
in the aggregates not only function 
as signaling molecules in cell ad-
hesion but also play a biomechan-
ical role that influences the force 
balance and biomechanical signal 
transduction between intracellular 
cytoskeleton and extracellular mi-
croenvironment [13]. These changes 
in aggregate morphology could re-
sult from an active internal process, 
such as rearrangement of a cytoskel-
etal system. The cell-secreted ECM 
plays a key role in cell aggregation, 
spherical aggregate formation, and 
cohesion in suspension culture sys-
tems that will influence aggregate 
stabilization and compactness.
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Differences in cell aggregation ca-
pacity and ECM secretory capacity 
exist between hiPSC lines, leading 
to important differences in initia-
tion and progression of aggregate 
formation. With a hiPSC aggregate 
suspension culture system, hiPSCs 
formed multicellular aggregates that 
could be classified as ‘large compact’ 
and ‘small loose’ aggregates at differ-
ent hiPSC lines based on size and 
morphology of aggregates. These 
differences are correlated with differ-
ences in ECM secretion capacity and 
indicate that cells differ significantly 
in the regulation of the morphologi-
cal and biological features of cellular 
structures and mechanisms related 
to cell-cell and cell-substrate interac-
tions in process of aggregate forma-
tion and stability [14].

The stability of cell aggregates 
under fluid flow varies depending 
on their size and structure. The 
ECM is remodeled and synthesized 
on cell aggregates and covers their 
surface [15], preventing fluid flow 
from damaging the cells [16]. Sever-
al techniques have been developed 
to characterize cell aggregate prop-
erties [17], but the mechanisms are 
only beginning to be understood. 

The impact of machine han-
dling during medium exchange on 
the stability of two types of hiPSC 
aggregates has been demonstrated 
[18]. Machine handling leads to less 
variation in aggregate shape due to 
its more constant shear and it does 
this by preventing excessive maxima 
and minima in fluid flow, with ac-
companying shear forces, that would 
otherwise occur during medium ex-
change. Machine handling therefore 
introduces less intrinsic disorder. 
In addition, the aggregates exhibit 
a slow process of deformation aris-
ing from cellular protrusion from 
the aggregate surface after medium 

exchange with high flux, indicating 
a tardive phenomenon that must 
be prevented. Additional studies are 
needed to clarify the relationship 
between changes of ECM, cell ad-
hesion and individual cells within 
hiPSC aggregates in order to fully 
optimize conditions for large-scale 
culturing. For the present it is suffi-
cient to note that active measures to 
contain the fluid shear rate within a 
suitable range must be designed into 
the process.

As large-scale culturing method-
ologies have matured upstream of 
the cell-production process, scruti-
ny of critical steps has shifted down-
stream. For successful expansion in 
lot size, development of scalable 
downstream processes that enable 
high yield and high-quality produc-
tion are essential. A typical down-
stream process consists of cell har-
vesting, clarification, concentration, 
formulation, filling and cryopreser-
vation. In larger-scale production, 
the number of vials to be filled in-
creases and the downstream process 
time is increased as a result. A lon-
ger processing time has an adverse 
impact on the quality of cell prod-
ucts. Therefore, understanding the 
related cell-decay kinetics is a major 
challenge for the development of 
robust and scalable cell-manufac-
turing systems. The impact of these 
effects will be most evident in the 
larger number of product units that 
will be made from an allogeneic 
batch and the impact will also play 
a role in autologous products due to 
any hold steps between operations.

The time-dependency of varia-
tion in cell viability was investigated 
in hiPSCs suspended in a cryopres-
ervation solution [19]. It is essential 
to understand and to quantify the 
kinetics of cell decay cryopreser-
vation solution when developing 
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robust and scalable cell-manufac-
turing systems. 

A new evaluation methodology 
is needed for a cell-manufacturing 
system design because of the intrin-
sic heterogeneity and uncertainty 
in cell populations, the incom-
plete understanding of the biolog-
ical characteristics the product and 
technical difficulties in analysis. The 
properties of cells in aggregate, as 
noted above, give rise to emergent 
properties that are not evident from 
the individual cells and that arise as 
a result of combinations of deter-
ministic events from cell-cell sig-
naling and in response to their sur-
roundings. It is not usually possible 
to determine the historical path 
by which a cell batch arrived at its 
eventual composition based upon 
analytical techniques alone. Some 
form of quantitative, deterministic, 
population-based modeling is need-
ed to evaluate the possible causes of 

a batch composition. This requires 
an alliance of mathematician, pro-
cess engineer and biologist.

CLOSING REMARKS
As an increased number of cell 
products for cell therapy and re-
generative medicine are developed, 
treatments using various cell sourc-
es and a variety of differentiated 
cells derived from ES cells and iPS 
cells are expected. Further devel-
opments of manufacturing tech-
niques and operating guidelines 
will be essential by considering 
cell manufacturability, together 
with human resources develop-
ment. These activities will lead to 
a decrease in manufacturing costs 
and to an increase in health care 
reimbursement in keeping with 
the profit needed to sustain the cell 
manufacturer.
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 Q Can you provide some more background on your and 
LGC Group’s activities in the cell and gene therapy 
space and how they have evolved?

JC: LGC hosts the UK National Measurement Laboratory and 
designated institute for chemical and bio-measurement, which is 
tasked with enabling government, industry and academia to un-
derstand and address the measurement challenges they face, and 
to help meet existing and future national measurement needs. Our 
centrally funded research programs are administered by the UK government 
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Department for Business, Innovation and Skills (BIS) and all the outputs 
are freely available, generally in the form of open access publications such 
as white papers.

We’ve been active in the field of ATMP characterization and standard 
developments since the early ‘noughties’ and measurement research in 
this area has been conducted at times across analytical teams at LGC, to 
develop tools to help understand these highly variable, complex products. 
In the life sciences area we have high value and in some cases, unique 
(to the UK) measurement technology capabilities in chemical purity and 
structural analysis, which can support verification of starting materials, 
raw materials, metabolites, processes and product characterization. 

The work principally involves describing and quantifying contribution 
in error, to measurement (measurement uncertainties) for various analyt-
ical techniques, which enable the community to better understand and 
control measurement processes. Our expertise also feeds into the docu-
mentary standards space – we’re presently active in the BTI/1 committee 
in the UK and internationally at ISO/TC 276, supporting UK standards 
priorities for the biotechnology sector but we’re also heavily involved in 
standards right across chemistry and healthcare more widely.

In developing analysis tools to support discovery biosciences and the 
identification of product critical quality attributes (CQAs) for a number 
of cell models such as T cells and MSCs, and characterizing their drift 
during manufacturing, we have collaborated with research sector partners 
and private companies to help them realize their products to market. How-
ever, although the pursuit of discovering CQAs is both challenging and re-
warding, our focus is really on understanding variance in the measurement 
process and producing tools for customers to understand their product.

Additionally, we’ve been active validating novel measurement tech-
niques, methodologies and control materials, often deploying compar-
ative measurement approaches. More broadly, as a designated institute, 
we’re able to value assign reference materials – both our own and others 
– to the highest metrological order, being part of the core framework of 
metrological traceability for the UK National Measurement System.

We offer a number of ISO 17025 accredited calibration services in 
chemistry and now in the molecular biology space, too. We also offer 
training consultancy packages to government linked or private industry 
groups.

 Q Can you frame for us the chief challenges in 
establishing a workable decentralized manufacturing 
model for the cell and gene therapy space, as you see 
them?
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JC: Decentralized models, although having advantages of flex-
ibility, responsiveness to surge in demand and being better able 

to meet stability constraints 
for starting materials and final 
products, will increase the bur-
den of need for comparability 
in processing measurement 
systems.

The distributed network of such 
models increases the global num-

ber of unit operations and quite possibly will drive the miniaturization of 
production, presenting further challenges to measurement systems that 
are ultimately the key confirmative output in production. Measurement 
validation and instrument performance are further issues to be addressed 
in this regard.

Decentralization also increases the number of individuals needed to 
carry out manufacturing operations, which places emphasis on GMP, 
management and other human and social factors. Automation is another 
important related factor here.

Comparability in production is needed right across the manufacturing 
and raw materials space. To enable right-first-time manufacture, sources 
of variation in the process need to be fully quantified and where possi-
ble, designed out-patient-derived starting material is rare and could be 
assumed to be compromised in some way; the patient’s health may also 
be assumed to be deteriorating, meaning we have one shot to get it right.

Manufacturing systems need to be integrated at the bedside, allowing 
the minimal amount of manipulation to the starting material. However, 
the healthcare setting is not necessarily compatible with a manufactur-
ing environment and the associated changes to infrastructure, materials, 
equipment and staffing. These two schools therefore need to be housed 
together and made to appreciate each other’s requirements for success. 
(In reality, technology development will ultimately address many of these 
issues through the advent of closed, GMP-compatible systems – devices 
that are shielded from deleterious agents, and that offer standardized, 
automated procedures and plug-and-play features that limit operator 
variability). 

Finally, there is the need to reinforce supply chain logistics to enable 
delivery of consumables right on time, thus limiting stability issues for 
biologics. We are beginning to see the development of technologies in the 
transportation space that can improve the traceability of samples – for 
example, through the use of chip-based tracking devices, and devices that 
monitor ambient conditions.

“We are beginning to see the 
development of technologies in the 

transportation space that can improve 
the traceability of samples...”
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 Q Can you go deeper on what would be required to make 
comparability demonstration a viable proposition in 
the decentralized manufacturing environment?

JC: Expanding on the 
need for greater comparabili-
ty, there are two fundamental 
components. 

Firstly, there are precisely mea-
sured physical quantities (control 
materials). At the highest level, we 

have certified reference materials, which are traceable to the system of SI 
units. These are certified by an international consortia of national laborato-
ries and can be employed at the peak of a traceability chain, which is a system 
of related physical quantities and measurement methods to ensure true stan-
dardization in measurement.

The workable output of these measurement systems is laboratory certifica-
tion through instrument calibration and related expertise. Although a huge 
effort is underway within the measurement community to perform enough 
characterization to be confident of the measured quantity and the measure-
ment process for biological entities (i.e., viral particles, microbes and cells), 
we are in reality far away from achieving complete traceability, due to the 
dynamic properties or stability of these components under test, or the inade-
quacies of the majority of measurement processes. Thankfully we can utilize 
counting as a unit of quantity, provided enough characterization of the quan-
tity can be achieved and we are confident enough of the contribution to error 
in its measurement. That’s related to the analyte under test and measurement 
technique deployed – for instance, molecular biology is now fully quantita-
tive through digital PCR for specific sequences under test and we are starting 
to see measurement and ISO accredited calibration services in this area.

Since biologics characterization is in itself challenging, what is the best 
that can be achieved in the cell and gene therapy area? It will be up to indi-
vidual manufacturers and supporting networks of national laboratories with 
a standardization remit – for instance, national measurement institutes such 
as ours – to validate in-house materials that conform to an ideal specification 
for a specific product in question, or more realistically, for an exemplar class 
of product.

The task before us as a community is daunting. Firstly, we need to perform 
the basic discovery science for the various biomarkers that inform product 
quality control – what can broadly be classed as cell health markers – in the 
most robust fashion. Where does characterization end for cell and gene ther-
apy products? Certainly, for a cell therapy product the answer is ‘we just don’t 

“...we need to perform the basic 
discovery science for the various 
biomarkers that inform product 

quality control...”
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know’ – either we select a minimal number of markers of the most informa-
tive outputs, which allows testing in an efficient manner, or we come up with 
a robust analysis process that allows for inclusion of essentially an unlimited 
number of characteristics. The total amount of characterization will also be 
dependent on the type of product under development. We should also be 
mindful that certain QC characteristics will only be measurable during a 
limited number of process stages, and similarly, certain instrumentation or 
measurement approaches will only be able to be deployed in certain phases 
of the production process.

Secondly, we need to be able to meet the particular characterization chal-
lenges of cell therapies. 

Cell therapies are living products which bring their own set of measure-
ment challenges. They are adapted to and influenced by the environment. 
They often exhibit a target phenotype that is atypical in a population of cells, 
meaning the measurement of these cells is limited to rare populations which 
effectively fall outside the boundaries of a Gaussian distribution. In turn, that 
means that Six Sigma production strategies cannot necessarily be applied to 
them, or that the measurement of the target analyte is beyond the limit of 
detection or the limit of quantification for the technique available. This will 
become more of a factor with equipment miniaturization.

Thirdly, we would then need to translate this knowledge into control ma-
terial production. This is often where there is a shortfall in developer exper-
tise to allow reference material manufacturers to work for the good of the 
community. There are many issues here, but a clear challenge comes from the 
need to meet stability considerations and the need to select a robust format 
for the preservation of this control material by the laboratory. For example, 
using lyophilized materials may be our best bet in the cell therapy space in 
the near to mid-term.

We then need to proceed to a full validation of the measurement of select-
ed quality control markers within the development process of the product in 
question, and to relating the real product to the exemplar material, so that 
manufacturers can define the limits of specification for the product. 

Once all that has been navigated, full confidence in the CMC statement 
can be achieved, because the CMC document is valid for the lifetime of the 
drug product and will be needed for change control purposes.

A particular issue to overcome in reference to production is the need to 
balance protecting the proprietary techniques of the private sector with the 
standardization needs of the community - again, this is where the more ag-
nostic community of reference laboratories might be able to help. Further-
more, the production of reference materials is an extremely expensive process. 
And finally, these are custom-made products, so there is a need to find exem-
plars for the community to work with that will be broadly applicable to their 
specific production needs.
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Beyond physical materials, the second fundamental component in over-
coming comparability challenges is procedural. This takes many forms.

Clearly, this is where documentary standards can have a potent effect, al-
lowing identification of common language – particularly important where 
distributed networks such as those for decentralized manufacture reach the 
international context. 

To realize the success of decentralized models of manufacturing we should 
reflect on their applicability to autologous therapy, meaning quality control 
for starting materials reaches across into the diagnostics space and therefore, 
there’s a greater need to involve healthcare professionals within the manufac-
turing process. 

This may very well produce new job descriptions and vocational train-
ing opportunities. Additionally, future standardization efforts may well reach 
down into identification of healthy donors from an analytics perspective. 
However, we do have to recognize that these therapies are very often for the 
critically or terminally ill, so intervention may proceed as a final resort. I 
think that’s worth considering in the healthcare space, particularly in autol-
ogous therapy: that clinicians will often just go ahead and proceed in the pa-
tient’s best interest. As a standards community we need to remain cognizant 
of this and maintain an adaptive environment.  

Training to meet the analytical challenges at the bedside, or within the 
manufacturing environment wherever it may be located, will be provided 
through enhanced proficiency training (PT) schemes that should involve the 
clinical space as much as the manufacturing space. Furthermore, the sharing 
of best practice is an advantage of centralized manufacture so in a decentral-
ized setting, the hub should take control of document management, training, 
and data control and archive.

 Q Can you tell us about the state-of-the-art in enabling 
technology for the cell and gene therapy space as 
you perceive it – particularly tools applicable to 
decentralized manufacture?

JC: From the measurement community perspective, although we 
interface an awful lot with new technology, our primary focus is on 
finding the most robust measurement so that we can produce ref-
erence methods and offer calibration services most effectively. So 
we’re not always interested in the ‘fancy sport car’: to us, robustness is vital 
– we tend to buy solid workhorses (although highly accurate ones, needless 
to say). We are most interested in contribution to variance so above all, our 
technology has to be stable – that doesn’t often translate to miniaturized sys-
tems and the latest shiny device.
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That said, you can see the way things are going. Two particularly import-
ant areas are the development of analytics that are going to meet GMP re-
quirements and the closing of processing systems. We also need to close the 
gap in analytical technology available in the manufacturing setting – that still 

measures gross metabolites or bio-
mass, for example – to some of the 
state-of-the art technology available 
in the laboratory that allows single 
cell level characterization. And then 
a further theme or direction of travel 
is the combination of analytics – I 
suppose you could call it multidi-

mensional analytics. That’s actually what is needed at the bedside: bringing 
together different modes of analysis will be important for decentralization. 

A classic example of this is flow imaging, which is a really great tool for 
things like rare cell detection. Firstly, flow cytometry can in a reasonable 
amount of time take you down to identification of something like 1 in 1,000 
cells. Then you use imaging to take it down still further and identify the 
characteristics of a given cell. This is whether user intervention and subjective 
analysis and training becomes more important.

From the standards community standpoint, I hope we will see standard-
ization of plug-and-play tools – that will be important in the healthcare set-
ting, boosting ease of use for healthcare operatives.

And then of course, on the analytics side, we have the automation issue. 
Automation will obviously trim out operator variability, but it is also a source 
of problems in itself. For example, we’re seeing issues with software version 
control – what version is the best version? What’s the best algorithm of all the 
different algorithms that the software developers make for actually detecting 
what you need to detect, or being optimal analytically speaking? In measure-
ment we have a term known as ‘commutability’. Mathematically, how closely 
does the measurement of a reference material conform to the measurement of 
natural phenomena? In a similar manner, there is a task here to help AI and 
automation meet the spread of data likely in nature, and this will help with 
meeting the final specification of these complex products. 

 Q Looking to the future, where across the broad spectrum 
of distributed manufacturing models do you expect 
cell & gene therapy manufacture to eventually find its 
‘sweet spot’?

JC: A reasonable amount of centralization will be needed for 
administration, training, technology rollout during change control, 

“Training to meet the analytical 
challenges at the bedside ... will 
be provided through enhanced 

proficiency training...”
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traceability of data, metadata archiving, etc. Plus, you will need a cen-
tral organization point for logistics and raw material supply. Administration 
issues with healthcare coordinators and trusts will also need to be centrally 
managed, ideally. (In the UK, we actually have a big advantage in this regard 
with the NHS organization making things somewhat easier). So I do think 
that ultimately, there will be central hub activities that are needed in coordi-
nation with PT schemes. 

If you take CAR T cell therapy as an example, I think we’re going to find 
a situation where it’s going to find its way into the university and teaching 
hospitals – the major central hospitals – but probably not into district hos-
pitals and clinics. One key element of this is that the diagnostics part has to 
fit - certainly, for autologous therapy, it’s as much about the diagnostics as 
it is the production and final product quality control. You do need to have 
that expertise at the clinical site. And of course, you will have to reinforce 
distribution networks to those major centers that will ultimately produce the 
therapies. 
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DR LINDA KELLEY, Cell Therapy Facility Director, is a Senior 
Member at Moffitt Cancer Center and Professor at the University of South 
Florida. Dr Kelley has provided leadership for cellular therapy facilities 
for over 20 years at three institutions, University of Utah, Dana Farber 
Cancer Institute and Moffitt Cancer Center. She received graduate and 
post-doctoral training in immunology and hematology from Vanderbilt 
University, Nashville, TN. Her scientific career evolved from a funda-
mental interest in immunological mechanisms of T-lymphocyte function, 
growth mechanisms of hematopoietic stem and progenitor cells and mo-
lecular changes associated with malignant transformation. Knowledge of 
the hematopoietic system led to an interest in stem cell biology and ther-
apies. As director of the Cell Therapy Facility at the University of Utah 
from 1994 to 2011, she was responsible for developing and expanding 
a Cell Therapy and Regenerative Medicine Laboratory. During her ten-
ure she was responsible for pre-clinical and clinical cell therapy product 
development to support IND applications for the production of alloge-
neic mesenchymal stromal cells (MSC), autologous bone marrow-derived 
mononuclear cells and allogeneic fetal-derived oligodendrocytes. As di-
rector of the Cell Manipulation Core Facility at the Dana Farber Cancer 
Institute at Harvard from 2011 to 2012, she oversaw management of 
20 FDA-approved INDs for the manufacture of gene-modified CD34+ 
cells, tumor cell vaccines, dendritic cells, MSCs and others. As director 
of the Cell Therapy Facility at Moffitt Cancer Center, she oversees 22 
active INDs for a variety of cell therapy products largely to support im-
munotherapy for adult and pediatric patients. She currently serves as the 
Principal Investigator for Production Assistance for Cellular Therapies 
(PACT) – Cell Processing Facilities to perform pre-clinical cell thera-
py product development in collaboration with NHLBI and other PACT 
Centers and as Core Laboratory Technical Director for the Moffitt Cancer 
Center Support Grant. Dr Kelley excels at bridging the gap between lab-
oratory-based discoveries and new therapies for patients.
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 Q What are you working on right now?

LK: We are a large academic cell therapy manufacturing facili-
ty. We are providing manufacturing services for our own investigator-ini-
tiated cell therapy clinical trials as well as for industry-sponsored projects.

Our main focus right now is on technology development – technology 
transfer – and then moving those new technologies into manufacturing for 
clinical trials.

 Q You have run cell therapy manufacturing facilities at 
some of America’s foremost academic institutions – 
can you firstly frame for us the key pros and cons as 
you see them in terms of conducting manufacture 
relatively close to the point of care?

LK: The pros chiefly relate to providing more timely access to 
the therapeutic product. It leads to much better patient management 
and care if the manufacturing can occur close to the patient.

Cancer patients who have advanced malignancies are at risk of disease 
progression and any time spent sending a cell product out of the city, the 
state, or even the country for bioprocessing can prolong treatment. Like-
wise, when the manufacturing process can only be performed in specified, 
limited facilities, then issues may arise regarding facility capacity limita-
tions and/or operational restrictions that could lead to further delays.

With point-of-care manufacturing there is less risk of a shipment mis-
hap, which doesn’t happen often but could potentially occur. Most of 

“When it comes to assays, there is a continuous flow 
of new technology coming through – novel PCR assays, 

fluorescent assays, functional assays, etc. It is tough to gain 
access to all of those methods and tools as they become 
available and established – they are not easily acquired or 

obtained in a decentralized environment.” 
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today’s cellular cancer immunotherapy products are autologous. Collecting 
each patient’s cells, either by apheresis or as a tumor sample and labelling, 
packing and shipping them off to the manufacturing site, processing them 
there, sending them back to the patient’s location… That’s a lot of logistics 
to manage error-free.

In addition, the manufacturing costs are lower when the manufacturing 
can be done locally. Usually, some of the overhead costs are at least shared 
if not fully covered by the parent institution, so the cost for manufacturing 
the product can be significantly reduced.

The cons are the availability of the technical and regulatory expertise that 
would be required at each point-of-care manufacturing site. There are also 
capacity limitations – there is a dearth of laboratories that have the capa-
bilities and capacity to manufacture large volumes of cell-based therapies.

 Q Cellular immuno-oncology agents involve some 
of the more complex bioprocesses in the cell and 
gene therapy world – are there any particular 
steps or requirements in the manufacture of such 
products that present challenges in the decentralized 
environment?

LK: Yes. For one thing, many of the early-stage, novel cell therapy 
products have to be manufactured in open systems and therefore require 
GMP manufacturing suites, which are not readily available in most hos-
pital settings. Likewise, some of the new gene editing techniques require 
specialized equipment which is not readily available. 

When it comes to assays, there is a continuous flow of new technology 
coming through – novel PCR assays, fluorescent assays, functional assays, 
etc. It is tough to gain access to all of those methods and tools as they be-
come available and established – they are not easily acquired or obtained in 
a decentralized environment.

 Q What for you would be the key innovations or 
advances that might help decentralized manufacturing 
models for cellular immunotherapies become more 
established?

LK: The first one that comes to mind, which we all recognize as 
rate limiting, is the availability of closed systems that are automat-
ed for cell manufacturing.
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I think this is a need in the in-
dustry as a whole. There are some 
solutions available now, or that are 
just coming onto the market, but 
the types of cell products we are 
manufacturing are not all the same. 
Not every cell therapy in clinical tri-
als right now is a CAR T cell prod-
uct and they don’t all require the 
same types of equipment. Even for 
those of us who are eager to have 
automated systems, currently there 

are no one-size-fits-all manufacturing solutions for multiple cell therapy 
products. As the field evolves it will become more clear which types of 
automated systems are efficient and economical for a given cell therapy. 
Academic facilities manufacturing different cell products will likely need to 
employ different techniques. The availability of resources, including capital 
funds as well as physical space will drive those decisions.

New assays are rapidly being developed for defining critical quality attri-
butes and lot release testing for cell therapy products. Standardization of as-
say results from lab to lab is greatly needed yet does not exist even for com-
monly performed assays such as cell counting, viability and flow cytometry. 
Reference standards are needed for these assays as well as knowledge of how 
to perform appropriate assay validation to determine purity, potency and 
sterility. An understanding of when and how to test for accuracy, precision, 
sensitivity, specificity, robustness, etc., would greatly facilitate transition 
through the FDA approval process for new cell therapies. 

Another thing that would be very beneficial is the application of rapid 
microbiological sterility testing to cell therapy products. That is moving 
forward quickly in the blood industry – testing blood cultures by using mo-
lecular techniques, for example – but it’s not yet being done on cell therapy 
products. In many cases, we are having to release products based on a Gram 
stain, which we know is insensitive. And the current automated systems 
are still taking 7 days – in fact, people often have not validated them for a 
7-day culture, so they are still having to wait 14 days for the result. So I do 
think that being able to conduct rapid turnaround sterility testing of cell 
therapy products using molecular techniques will have a significant impact.

Another rate-limiting issue with regard to FDA-approved, commercially 
available cell therapy products is that the individual companies involved are 
using different IT systems to manage the logistics of shipment, scheduling, 
etc. Having a universal information management system would greatly fa-
cilitate the learning curve at the clinical sites for the people who are respon-
sible for scheduling the patients and making sure they get their cells back 

“Another rate-limiting issue 
with regard to FDA-approved, 

commercially available cell therapy 
products is that the individual 
companies involved are using 

different IT systems to manage the 
logistics of shipment, scheduling, etc.” 
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for timely infusion. Having a solution that works for all companies and all 
products would be very beneficial. 

On a general note, I would also highlight the current lack of availability 
of FDA-approved, clinical- or GMP-grade reagents. There’s still a dearth of 
approved reagents. If we can get the commonly used reagents – media and 
growth factors, cytokines, etc. – to GMP-grade, then they can be used early 
on in product development, facilitating the transition from Phase 1 to 2/3. 
That would in turn help get these products approved and into patients faster.

Availability of a trained workforce is certainly another rate limiting fac-
tor right now. Most of the people that come into the cell therapy workforce 
are required to have a bachelor’s degree in a biological science, but what 
we really need are people who have been specifically trained in aseptic cell 
processing and culture techniques. Maybe a 4-year bachelor’s degree is not 
required in all cases – a certification course that is more focused on the ex-
act techniques we use in the laboratory might be more appropriate. 

Finally, I look forward to global harmonization of regulatory require-
ments. It’s becoming more and more commonplace to have products man-
ufactured in the USA being sent to Europe or other regions/countries, and 
vice versa. However, facility requirements and standards differ between 
countries and that limits the potential for international exchange of these 
products. If we could get to a state of global harmonization, that would 
move the field forward much faster.

 Q Can you point to a single future bioprocessing 
innovation that would make the greatest difference 
to you?

LK: I think the biggest challenge we face today relates to the 
volumes of the cell products we are dealing with. Because most of 
the cells we are after need to be isolated and then expanded in vitro, we 
end up with large cell volumes, which are difficult to maintain in closed 

 
“...facility requirements and standards differ between 

countries and that limits the potential for international 
exchange of these products. If we could get to a state of 
global harmonization, that would move the field forward 

much faster.” 
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systems. Genetic modification of fewer cells, perhaps isolated from periph-
eral blood, and modified such that they could then be expanded in vivo 
would reduce the ex vivo cell volumes. This could be accomplished by in-
troducing a growth factor receptor, for instance, or a receptor for some 
other stimulant that could then be given to the patient systemically. That 
would really be the ideal way to get from vein to vein quickly.

 Q What degree of decentralization do you think will 
prove the most feasible for widespread commercially 
available cellular cancer immunotherapies as the 
space matures further? 

LK: In order to provide the best possible patient care, manu-
facturing is going to have to be available at the point of care, or at 
a minimum, at regional facilities closer to the patient. 

Americans, in particular, have become accustomed to having the very 
best healthcare available. As long as our healthcare system stays the way it 
is, patients are going to demand that level of patient care and service pro-
viders are going to strive to provide it. 

Of course, this does depend on a lot of things: it depends on whether or 
not allogeneic cell therapies will replace autologous, and on whether or not 
bioprocessing techniques can be shortened, simplified and reduced in cost. 
But surely, as all of that moves forward, it will get easier and easier to move 
manufacturing to the point of care.
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ATMP raw materials: ‘the plasmid 
conundrum’
Alan Griffith

Plasmids and plasmid DNA (pDNA) have been key components in re-
combinant DNA molecular biology for decades. One of their uses as a 
precursor raw material represents a cornerstone of viral vector ATMP 
manufacturing. Here we provide a synopsis with regard to their own 
manufacturing lifecycle, limitations, demand, regulatory expectations 
and supply chain, as more and more companies join the gene and cell 
therapy clinical trial races to market in this fast-paced sector.

Cell & Gene Therapy Insights 2019; 5(10), 1259–1265

DOI: 10.18609/cgti.2019.132

After a lull period, Advanced Ther-
apy Medicinal Products (ATMPs), 
prominently gene and cell therapies, 
are making a comeback. Attempts 
to treat disease by inserting DNA 
into patients’ cells all but ended in 
1999 after the death of an 18-year-
old from a severe immune response 
to the virus used to deliver a correc-
tive gene. Potential Companies and 
investors left the field in droves [1].  

Arguably, the sector was never 
truly gone, pockets of groups and 
academics in particular stayed true 
to their vocations and continued 

in this research area, realizing gene 
therapy’s inherent potential to pro-
vide a permanent cure for any of the 
more than 10,000 human diseases 
caused by a defect in a single gene. 
Fast forward to today and after 
remedying some limitations, a new 
wave of viral vectors (adeno-associ-
ated virus [AAV], adenovirus, lenti-
virus, etc.) have become prominent 
again due to the trojan work of 
these resilient groups. 

Over the last few years, huge in-
vestment from astute venture cap-
italists and investment consortia 

such as Syncona in the UK has led 
to accelerated progression towards 
market authorization for many 
emerging GCT companies (many 
of which were spawned by academic 
institutes as mentioned).   

Adding to the underlying exper-
tise, and blurring the lines between 
academia and industry somewhat, 
industry partners and biotech pro-
fessionals have piggy-backed on this 
initial development (initial develop-
ment having ambiguous meaning 
here: development remains in its 
infancy in places whereas it actually 
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more accurately reflects decades of 
work, which was proceeding at a 
glacial pace towards clinical transla-
tion) and in turn put huge resources 
into facilitating these ‘start-ups’ get-
ting from preclinical development 
into clinical trials, often in return 
for substantial equity. 

With testimonials of clinical suc-
cess flooding the scientific social 
media newswire platforms over the 
last few years, the sector is continu-
ally being hailed as the next biotech 
revolution. Furthermore, with the 
progression of products (AAV viral 
vectors being one of the most abun-
dant) into late-phase clinical stud-
ies, the GCT industry will see an in-
evitable need for increased amounts 
of plasmid DNA (pDNA), which is 
used as a starting raw material for 
viral vectors, to be made at larger 
manufacturing scales.

Since its discovery in 1952, plas-
mid DNA (pDNA) has become one 
of the most important tools in ge-
netics and recombinant molecular 
biology and, more recently, in gene 
therapy and vaccination in med-
icine [2]. They are self-replicating 
extrachromosomal elements that 
can allow genetic transposition be-
tween animals, other plasmids and 
Genetically Modified Organisms 

(GMOs). Plasmid preparations us-
ing commercially available kits are 
useful for the small-scale bench top 
scientists but are not applicable for 
efficient multi-milligram or gram-
scale plasmid productions. Frus-
tratingly, the resulting plasmid con-
centrations and purity are often not 
reproducible. As many readers will 
understand, this should be a pre-
requisite, especially for therapeutic 
applications. Therefore, manufac-
turing facilities need to be utilized 
to manufacture in a standard way 
(Figure 1).

It is worth noting that for direct 
gene transfer into humans, good 
manufacturing practice (GMP)-
grade plasmid DNA is mandatory. 
The same holds true if the drug sub-
stance contains a genetically mod-
ified cell – for example, chimeric 
antigen receptor (CAR) T cells – 
where these cells as well as the con-
tained plasmids are used. According 
to the responsible regulatory agen-
cies, they have to be produced un-
der full GMP as the pDNA comes 
into contact with the patients’ ‘actu-
al’ cells via ex vivo intervention [3]. 
Conversely, for GMP production 
of viral vectors (lentiviral vectors, 
AAV vectors), it was previously as-
sumed that, High Quality Grade 

 f FIGURE 1
Plasmid manufacturing process. QC testing is done at all unit operations.

MCB (Master Cell Bank), F+F (Fill and Finish) represents the final formulation and final vialling step for the pDNA as its own 
manufactured product, which in turn is ready for use in viral vector manufacture as a starting raw material. During the pDNA 
lifecycle, it is subjected to appropriate Quality Control (QC) for its intended use.
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(HQ or GLP grade) manufactured 
plasmid DNA was acceptable as a 
starting material due to its catego-
rization. Research-grade plasmid 
material has been routinely used in 
early-stage clinical trials, particu-
larly those led by academic groups, 
but changes to FDA guidance mean 
that sponsors are now encouraged 
to treat even early studies as po-
tentially pivotal – and so the use of 
GMP manufactured pDNA is now 
modus operandi [4].

Going back a step, one could see 
the rationale here. The pDNA start-
ing material undergoes significant 
processing and does not itself make 
up the final therapeutic product. 
However, the risk factors exist where 
extraneous pDNA may not be suf-
ficiently cleared during viral vector 
manufacture [4] and may actually 
hint that the processing of the vi-
ral vector is at fault, not the pDNA 
starting material processing (GLP 
or GMP) upstream. Additionally, 
as more and more clinical trial data 
presents itself to the MHRA/FDA/
EMA agencies, they are slowly start-
ing to implement greater stringency 
as plasmids are arguably the most 
important component in the viral 
vector manufacturing process, and 
they are in and of themselves bio-
logical entities that are subject to 
variability.

The manufacturing process-
es used (depending on vendor of 
choice) can represent different pro-
duction steps. To ensure the right 
conditions are used for the plasmid, 
a pilot run must be conducted at 
the beginning. In this pilot run, 
steps must be taken to ensure repro-
ducibility, range-find key process at-
tributes, and establish the suitability 
of precursor pDNA (starting ma-
terial of the plasmid manufacture 
process, as it is not created from 

scratch). Subsequently, once incom-
ing testing is done on the precursor 
pDNA, a cell bank of the trans-
formed E. coli strain is established 
and characterized. This cell bank 
is used for the cultivation/fermen-
tation process. After cell harvesting 
and lysis, several chromatography 
steps are conducted to deliver a 
pure plasmid product. Depending 
on the respective required quality 
grade, the plasmid product (and 
its MCB) is subject to several qual-
ity control assays (such as sterility, 
purity (260/280 nm), full sequenc-
ing, enzymatic digestion, and also 
% supercoiled form homogeneity 
– highlighted lastly here to empha-
size its importance in this article) to 
characterize and evaluate the end 
pDNA product. Once this pDNA 
has been QA released it is ready to 
be used in viral vector manufacture 
or T-cell tissue engineering. 

To meet rising demand as com-
panies successfully navigate clini-
cal trial phases, it is no secret that 
production processes and platforms 
will need to be scaled-up signifi-
cantly. It is difficult to get a clear 
picture of each GCT companies 
processes and implemented tech-
nology at their respective sites, or 
indeed if they use a Contract Man-
ufacturing Organisation (CMO) 
service provider to manufacture. 
This makes perfect sense as the 
sector is highly competitive and 
many companies have numerous 
indications in direct competition, 
thus the need to keep their capa-
bilities and trade secrets close to 
their chest. Basing assumptions on 
the existing market authorized viral 
vector GT products (Glybera from 
uniQure, Zolgensma from AxeXis 
and Luxturna from Spark Thera-
peutics), it may be possible to meet 
the demands for niche therapies of 
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<10,000 patients with small-scale 
production platforms making <10 
g/batch. However, this value may 
only suffice as suitable for clinical 
stage batches for larger indications. 
A reasonable prediction is that 
100–500 g/year of pDNA may be 
required (highly dependent on each 
companies’ proprietary production 
process) for each plasmid vector 
for a marketed product. This cal-
culation may further be adjusted 
depending on factors such as GMP 
suite occupancy/availability, patient 
access and instance rates, competi-
tive products, process development 
and disruptive technologies.

Here lies a twofold problem: 
firstly, with pDNA being such a 
key starting material in ATMP 
manufacture and with ever-in-
creasing demand, plasmid manu-
facturers may start to offer overly 
inflated service costs (due to de-
mand for suite occupancy). Sec-
ondly, regulatory bodies (EMA, 
FDA, MHRA in particular) are 
playing catch-up with governance 
surrounding various aspects of vi-
ral vector manufacturing to GMP. 
Previously, these aspects were very 
much assessed on a case-by-case 
basis, as was the case with the 
three marketed products listed 
above. This second point is worth 
developing in the context of using 
pDNA manufactured to GMP: 
global guidance (being purpose-
fully general here) portrays that 
to increase success rate of clin-
ical trial authorizations (CTAs) 
via Investigational New Drug 
(IND) approaches, a GT company 
must make pDNA to GMP stan-
dards to get the best grade mate-
rial prior to starting viral vector 
manufacturing.

Furthermore, the impact of this 
increased need for pDNA material 

is that a road map detailing plasmid 
quality attributes and standard-
ization must be attained quickly. 
Working closely with the regulato-
ry authorities may help with this. 
The road map critical elements are 
of course driven by the guidance 
literature and compendia, because 
as many will agree, there may be 
room for improvement based on 
the Sarepta [4] issue seen in 2018. 
However, the main issue with this 
is that the cost of GMP manufac-
tured pDNA is often ~200–300% 
higher than that of research grade, 
HQ grade or GMP-s grade, as any-
one who has received a proposal 
from the main pDNA global sup-
pliers will testify. This may prove 
detrimental to early-stage GCT 
companies trying to manage strict 
budgets and having tighter bank-
rolls from less committed venture 
capitalists and investors. This puts 
the ‘already strong’ elite companies 
at an advantage, or the companies 
that can afford to build purpose 
built pDNA manufacturing facili-
ties to feed their respective viral vec-
tor platforms. Another alternative is 
perhaps to find the middle ground 
by finalizing a pDNA ‘grade’ which 
appeases the authorities as well as 
the financially astute, but whether 
this is even achievable remains to be 
seen.

Manufactured pDNA to other 
grades can meet QC/QA require-
ments, depending on the vendor 
used and how specialized they are. 
This is an aspect potentially over-
looked during IND submissions for 
Phase 1 indications. This is needed 
in order to guide the GMP approach 
to plasmid consistency, long-term 
stability and their intended use in 
viral vector manufacture. These 
road maps (driven by compliance 
to regulatory compendium and 
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expectation) also need to demon-
strate comparability with regards 
to safety and functionality. As you 
may imagine, these attributes are 
often overlooked and hard to im-
plement in academic settings at the 
beginning of a therapeutic target’s 
journey, and once a Phase 1 trial has 
been assessed, any changes would 
need to undergo comparability. If 
this comparability exercise could be 
avoided at the early stage of devel-
opment, it would represent a sub-
stantial ‘win’. This may in fact offset 
the cost implications mentioned 
above. 

One aspect that may help with 
the standardization of pDNA in the 
sector is process development (PD). 
PD already plays an important role 
for viral vector manufacture to re-
duce Cost of Goods (COGs), in-
crease quality attribute robustness 
and instill a get-it-right-first-time 
approach. Naturally, then, plasmids 
should be exposed to PD in their 
own right, as one feeds the other. 
We are seeing early movements on 
this globally, with key companies 
such as Aldevron, Cobra Bio, Boeh-
ringer Ingelheim, Biomay AG and 
VGXI all expanding their plasmid 
operations and facilities to position 
themselves for the looming spike in 
plasmid demands. Whether viral 
vector companies also start to bring 
this capability in-house remains to 
be seen, but it would create an end-
to-end supply chain to final prod-
uct, as briefly mentioned above. 

QC/QA demands on plasmids 
remain an uncertain aspect of plas-
mid manufacture for viral vectors. 
This must translate into different 
QC/QA demands not only from 
one regulatory agency to another, 
but also one viral vector manufac-
turing company to another. Add-
ed complexity arises from the fact 

that plasmids can be used either 
as a direct therapeutic or indirect-
ly via a starting raw material, and 
the guidance provided between 
EMA and US FDA appears to have 
some gaps in this regard. One clear 
example of this is that in the US, 
the FDA guidance points towards 
>80% Supercoiling (aka plasmid 
form or homogeneity) specification, 
which appears to come from a vac-
cine guidance repository ‘Consider-
ations for Plasmid DNA Vaccines’, 
whereas in Europe (Eu.Ph 5.14 
monograph), it is not specified at 
present. 

One could argue that the effect 
supercoiling has on viral vector pro-
duction is only realized at the trans-
fection stage of its manufacturing 
lifecycle. It is often alleged that 
supercoiling can impact the trans-
fection efficiency of plasmids being 
used in the transfection unit oper-
ation at scale. In other words, with 
a lower percentage of supercoiling, 
less plasmid gets successfully in-
tegrated into host cells (normally 
HEK293 mammalian cells). This in 
turn theoretically means less AAV 
titer coming out the back end after 
downstream bioprocessing (DSP). 
Data supporting this remains min-
imal and it appears to be a case-by-
case basis, as each starting plasmid 
(especially the transgene or GOI 
plasmid) is inherently different by 
virtue of its intended therapeutic 
use. Conversely, it makes sense to 
have a reasonably high supercoiling 
value in cases where the plasmid is 
used as a direct treatment – howev-
er, the guidance does not seem to 
demarcate this. By complying with 
the guidance, viral vector manu-
facturers may safeguard their pro-
cess and increase yields, but there 
does not seem to be any added 
benefit to the end patient from a 
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Safety, Integrity, Strength, Puri-
ty and Quality (SISPQ) point of 
view. That the FDA (or any agency) 
would be concerned with manufac-
turers’ yields rather than the SISPQ 
may be an overgeneralization, but 
effectively, this is how the gover-
nance around certain QC tests is 
portrayed from the outside look-
ing, specifically for indirect pDNA 
use in ATMP manfacture. This may 
be an avenue for providing a sensi-
ble agenda point when companies 
and agencies convene at early IND 
stages. With the accelerating de-
velopment of GCT, the regulators 
are trying to keep pace and sensibly 
appear to be working more closely 
with GCT companies on a more 
informal basis, which may assist 
with the flow of information and 
choosing the most quality-assured 
path. 

Sector growth is also forcing 
dedicated plasmid manufacturers 
to overhaul and invest in better fa-
cilities and QMS systems, which 
they appreciate their clients will 
require as the regulatory agencies 
start to implement and request 
more quality-driven data. This 
can only be a good thing globally. 
There is also a synthetic revolution 
occurring where companies such 
as Molecular Assemblies, LinearX, 
Touchlight Genetics and DNA 
Script are forging a path for the use 
of plasmid alternatives in the form 
of synthetic analogues, which can 
replicate the mode of action of plas-
mid DNA but are manufactured in 
a more scalable and consistent way. 
Plasmids are inconsistent by nature 
and can be difficult to make at very 
large scale, thus hindering commer-
cial supply chains. They also require 
labor-intensive purification and 
testing, so the assumption is that 
the more you move away from the 

complexity of biological systems 
(you remove, for example residu-
al RNA/DNA/proteins from QC 
testing), the more attractive the 
product becomes as a starting raw 
material. Having analogous DNA 
which behaves the same, yet can be 
made in a ‘cleaner’, more consistent 
way, is a triumph for that aspect of 
viral vector manufacture.

In conclusion, there does not 
currently seem to be an overnight 
fix or convention that early stage 
companies can adopt to ensure that 
pDNA consistency and quality can 
be attained in a cost-effective way. 
There is disparity between guid-
ance repositories globally, which 
can be both time consuming and 
confusing for clinical operations 
and quality teams and departments. 
Plasmids are not your convention-
al non-biological starting materi-
al. This is not helped by the FDA, 
MHRA and EMA struggling to 
keep pace with the influx of clinical 
trial submissions.

Alternatives to pDNA exist 
which may augment these issues 
and make standardization of qual-
ity easier, but these are relatively 
unchallenged. Furthermore, if the 
solution does not lie with synthet-
ic DNA alternatives, then stable 
integration may be another means 
for viral vector production. For 
example, the baculovirus system 
employed by Vigene (OneBac™) 
system simplifies this procedure by 
using Sf9 cells that have been ge-
netically modified to carry rep and 
cap genes from native AAV. This 
would partially negate the need for 
the transfection unit operation and 
reduce reoccurring costs of dedicat-
ed pDNA manufacture and subse-
quent QC testing. 

On a final note, once upon a 
time, plasmids were a means to an 
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end for viral vector manufacture 
and not many people delved into 
all the nuances plasmids bring and 
more importantly, how these nu-
ances can impact large scale viral 
vector manufacture. Now with a 
handful of GCT products reaching 
the market, added scrutiny has cre-
ated this pseudo-space where plas-
mids are taking center stage and 
their characterization is needed 

for longer term use in the sector. 
However, trying to standardize 
and regulate a raw material which 
confers so much legacy intellectual 
property and competitive advan-
tage between GCT companies may 
present a difficult hurdle to over-
come. Like the circular clock shape 
that plasmids represent, only time 
will tell.
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 Q The commercial scale manufacture of viral vectors 
presents a number of challenges for cell and gene 
therapy companies. What do you view as the critical 
pain points in this transition?

CELL & GENE THERAPY INSIGHTS
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CW: As a key supplier of transfection reagent for the cell and 
gene therapy market, we are currently facing an increase in de-
mand in terms of volume of supply and also in terms of supplier 
qualification process and regulatory support.

These aspects are manageable, but in the near future, with more and 
more companies moving to commercial-scale manufacture it could be-
come a critical pain point. As you can imagine, moving to commercial 
scale means a higher quantity of raw material for the scale up of the man-
ufacturing process, and a greater level of regulatory support for submission 
of market authorization.

That’s why gene and cell therapy companies need to organize themselves 
in order to secure their supply chain of raw material.

UV: I believe some of the key components are not just those 
associated with shortages of key raw materials but also in final 
yields obtained due to inefficient downstream processes. For exam-
ple, some of your purification processes, and ultimate potency are currently 
creating pain points for many cell and gene therapy companies. 

 Q There’s a great deal of discussion around the quality 
of raw and starting materials that are required at 
the different stages of product development. What 
impact can the quality of your starting materials have 
on vector production?

UV: Throughout the field the quality of starting materials can 
have a significant impact on the final product. A rather simple exam-
ple that comes to mind is contamination. Raw and starting material man-
ufacturers typically offer more than one product, therefore understanding 
their manufacturing and process contamination controls is critical. For 

example, human interactions with 
a manufacturing process and how 
well you change over at the end of 
each manufacturing run is a key in-
dicator of positive quality output. 

So this is one significant impact 
that’s going to have on the process 
and quality.

CW: At Polyplus we have 
regular discussions with our customers around the quality of raw 
materials for the different stages of product development.

“We launched the very first global 
GMP transfection reagent for the 

gene and cell therapy market ... and 
immediately received a great level of 
interest from all of our customers.”
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We provide a transfection reagent called PEIpro® at three different qual-
ity levels: PEIpro®, PEIpro®–HQ and PEIpro®–GMP. 

You have to know that each quality grade has its own market from pro-
cess development going through clinical trials and up to commercialization.

We guarantee the same vector production yield whatever quality of 
PEIpro® is used, ensuring a smooth transition from the process develop-
ment through to commercialization.

In fact, the different qualities of the transfection reagents we propose are 
related to quality control, traceability, quality environment and regulatory 
support. But definitely our customers have to be assured that they will get 
the same vector production level when using one or the other quality grade 
PEIpro® products, otherwise they would have to fine tune the manufactur-
ing process at each step of the product development, and this is definitely 
not manageable.

 Q At what stage do you typically see companies starting 
to think about using GMP grade materials in their 
manufacture? Is it early enough in your opinion? 

CW: This question is really interesting, and the answer is re-
ally customer dependent. The vast majority of our customers request a 
GMP-grade transfection reagent. 

We launched the very first global GMP transfection reagent for the gene 
and cell therapy market, less than 1 year ago and immediately received a 
great level of interest from all of our customers, independent of their prod-
uct development phase.

Regarding the potential reasons that influence a company’s decision to 
move to GMP-grade raw materials, we have observed that when a gene and 
cell therapy company decides to use a GMP-grade transfection reagent, it’s 
very often linked to a mature risk-based approach on their side. They deep-
ly need to decrease the risk of their raw material supply chain.

Manufacturing GMP-grade raw materials ensures that the manufactur-
ing process has been validated. As such, customers are assured of high lot-
to-lot consistency and reproducibility, which greatly limits any impact on 
their own manufacturing process.

In addition, using GMP-grade raw materials is linked to a stronger 
relationship between gene and cell therapy manufacturer and the sup-
plier. For example, the qualification process of the supplier, signature of 
quality and supply agreement, and having a secured supply chain allows 
the gene and cell therapy manufacturers to reduce risks relating to the 
sourcing of raw materials such as shortage of supply or any other critical 
issue.
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UV: I second Claire’s response for the first portion of that 
question; however, it’s difficult for me to fully address this ques-
tion without understanding the specific goal of the company. Per-
haps it may sound a little cynical, but it’s no surprise that some companies 
seem to bring a product beyond Phase 1 to ultimately become acquired by 
a larger entity.

With this in mind I believe some companies tend to shift to GMP-grade 
materials at a later phase. Now that being said a company with a strong 
focus on scaling up to commercial grade manufacturing will surely seek 
GMP-grade material much sooner rather than later.

I often receive feedback from manufacturing stakeholders that budget-
ing seems to be a key factor as to why they may opt for non-GMP grade 
solutions.         

 Q What guidance is provided by the regulatory agencies 
in terms of the quality requirements for your raw 
materials? Is there any confusion around this issue?

UV: There’s certainly plenty of guidance that can be refer-
enced, for example you look at 21CFR 211 and 210.A4, ICHQ10, 
and the EU Commission directive 2003 94EC.

However, I think we can all agree that when considering the requirement 
for raw materials, some of the requirements can be rather vague or high lev-
el. I strongly believe that the ticket to changing or improving raw material 
requirements is via risk assessments.

By performing assessments of materials based on risk, a manufacturer is 
able to soundly and objectively justify the raw material program, and assign 
criticality. One obvious implication of confusion around requirements can 
be an inadequate incoming testing and acceptance program and a situation 
such as this can be detrimental to the final product.

CW: From the European 
point of view I can highlight the 
Part 4 of the GMP guidelines 
specific to advanced therapy 
medicinal products (ATMPs), 
adopted by the European Com-

mission in November 2017. Here you can find a many of the current 
requirements concerning the quality of raw material, for example in sec-
tions 7.10 and 7.13, where it is written that the quality of starting and raw 
material is a key factor to consider in the production of ATMPs.

“...the ticket to changing or improving 
raw material requirements is via risk 

assessments.”
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It is also written that particular attention should be paid to avoid con-
tamination and to minimize the variability of the starting and raw material. 
Using GMP-grade raw material will definitely address these two require-
ments. In the same section of these guidelines it is also clearly stated that 
while raw materials should be of pharmaceutical grade, it is acknowledged 
that in some cases only raw materials of research grade are available. And 
also that the risk of using research grade materials should be understood, 
including the risk to the continuity of supply when larger amounts of prod-
ucts are manufactured. Meaning that using research-grade raw materials 
is a risk taken by our customers. As soon as GMP-grade raw material is 
available on the market they should switch to this.

I think it is critical for the gene and cell therapy manufacturer to comply 
with this requirement in order to obtain their marketing approval and cer-
tainly we see no confusion at all around this topic.

 Q The cell and gene therapy supply chain is incredibly 
complex when compared with traditional biopharma, 
how can developers mitigate some of their risks 
across the supply chain?

UV: I think auditing agreements can serve as a strong tool to 
assist in the mitigation of supply chain risk. While ensuring robust 
controls in a supply chain process amongst adequate resourcing should 
consist of strong forecasting, redundancy in suppliers wherever possible 
of course, accurate cycle counting, material controls, and training, which 
should also be assisted by a solid inspection program that shall detect po-
tential risks prior to the manufacturing stream.

CW: Sourcing GMP-grade raw material is associated to a 
deeper interaction and closer cooperation between gene and cell 
manufacturers and suppliers. We at Polyplus adapt our support accord-
ing to the needs of each of our customers, as Ulises highlighted, we are used 
to entering into supplier qualification process, meaning that we are quali-
fied either through paper-based questionnaire or more and more through 
on-site audits.

We are also used to signing quality agreements but also supply agree-
ment if needed. It is true that more and more customer want to secure the 
supply chain by sharing annual forecast with us. It really is a good way of 
mitigating risk. 

For us, it is easier to plan manufacturing campaign having this annual 
forecast in mind. And from a customer point of view they are assured they 
will be delivered on time, meaning that they will not delay their cell and 
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gene therapy product manufacturing. While other, less organized custom-
ers, will take the queue for the supply of their transfection reagent.

 Q How does Polyplus work with clients as they move 
through to commercialization? And can you share 
with us any future development plans to further 
support the growth of this industry?

CW: At Polyplus we build strong relationships with our cus-
tomers from the very beginning. And it is visible in different depart-
ments, scientific and technical support, business, quality assurance, supply 
chain and logistics.

Usually it starts at the very beginning of their product development, so 
when they move to commercialization a strong partnership is already in 
place. They are used to contact our amazing scientific support team in order 
to get optimization advice for their transfection step for example. They have 
secured their supply chain by sharing annual forecast with us, quality and 
supply agreements are in place in order to fulfil regulatory requirements, 
qualification process of Polyplus as an approved supplier is finalized, etc.

And regarding future development plants, our outstanding R&D team 
is actively working on new generation transfection reagents in order to 
increase the vector production yield and decrease the volume of DNA 
needed, with still high-quality environment. And it is true that we are also 
developing more and more analytical methods around our transfection re-
agent in order to address regulatory requirements.

UV: I would like to add that I fully recognise the committment 
Polyplus has invested into our working relationship - Claire’s qual-
ity team at Polyplus have been highly transparent and accommo-
dating to ensure Audentes continues to be supported with the 
supply of quality material. I know from my experience with other ven-
dors that this is not always the case and so working with Polyplus has been 
a breath of fresh air.
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PEIpro® product range

Looking for a scalable transfection reagent to produce
viral vectors for Gene & Cell Therapy?

Try PEIpro®!

Seamless transition from process development up to clinical trials and commercialization

Best-in-class PEI-based transfection reagent for viral vector production
Highest virus yields in producer cell lines (HEK-293 and derivatives, VERO, others)
Customized regulatory support to meet compliance requirements
Chemically defined and animal derived component free

Range of PEIpro® quality grade reagents for each step of nucleic acid-mediated viral vector-based manufacturing.

Characteristics PEIpro® PEIpro®-HQ PEIpro®-GMP

Quality Grade R&D grade Pre-clinical grade GMP grade

Composition Ready to use, chemically defined and animal derived component free

Packaging Bottles Bottles Bags (closed system)
Fill & finish 

manufacturing
process

Sterile filtration Sterile filtration Sterile filtration
Validated aseptic process

Quality
Controls Standard QCs Extended QCs to assess Identity, 

Potency, Purity and Safety

Validated QCs according to 
European Pharmacopeia assessing 
Identity, Potency, Purity and Safety
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Challenges in viral vector raw 
materials procurement & management

KATHLEEN SZCZUR, Senior Specialist in the Vector Production Group 
at Cincinnati Children’s Hospital Medical Center (CCHMC), has over 21 years 
of experience in both basic science research and Phase 1/2 GMP manufactur-
ing. She began her career in production of GMP clinical supplies and analyti-
cal chemistry at a small firm working with biodegradable polymers to develop 
long-acting delivery systems of various molecules. She continued her career 
researching immune function at Shriners Burns Hospital, Cincinnati, OH, in the 
lab of Cora K Ogle, PhD and hematopoiesis with the Experimental Hematology 
and Cancer Biology group at CCHMC in the lab of David A Williams, MD and 
Marie-Dominique Filippi, PhD. Her current position involves manufacturing 
of viral vectors for both academic and commercial customers to advance the 
field of gene therapy.

Cell & Gene Therapy Insights 2019; 5(10), 1305–1310

DOI: 10.18609/cgti.2019.136

 Q What are you working on right now? 

KS: Manufacturing clinical grade Retroviral Vectors and Lenti-
viral Vectors for a variety of indications, for both internal and ex-
ternal sponsors.

 Q Can you give us some background on the Cincinnati 
Children’s Hospital Medical Center’s specific activities 
and capabilities in the cell and gene therapy field? 

KS: The Cincinnati Children’s Hospital Translational Core 
Laboratory (TCL) has been assisting investigators in translating 
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innovative processes from bench to bedside since 2003 with a 
focus on manufacturing and testing for cell and gene therapy 

clinical trials. The TCL is operat-
ed under controls that ensure com-
pliance with current Good Manu-
facturing Practices (cGMP) and 
Good Tissue Practice (GTP) in 
support of early phase INDs. Clin-
ical manufacturing is performed in 
ISO Class 5, 7, and 8 cleanroom 
environments in accordance with 
aseptic processing guidance and 

occupies approximately 10,000 sq. feet on the 11th floor of CCHMC 
Research Building S. 

Our Cell Manipulation Labs (CML) are focused on the translation of 
gene and cell therapies into clinical trials and performing the cell ma-
nipulation for these trials. For these studies, they can either develop the 
cell manufacturing process from early stages or they can be transferred 
directly from a Sponsor. For processing of patient material for a clini-
cal trial, the cellular products are manufactured in cleanroom facilities. 
Since 2017, the CML have manufactured more than 30 products in 
support of clinical trials. The CML are compliant with GMP (21 CFR 
211), GTP (21 CFR 1271) and hold a Type V Master File (MF-BB) 
with FDA. 

The Translational Trials Development and Support Lab (TTDSL) is a 
CAP/CLIA certified and GMP laboratory that provides support for early 
phase cell and gene therapy clinical trials. Its services include assay devel-
opment and qualification, biological product characterization, and special-
ized patient monitoring assays. Available technologies are flow cytometry, 
absorbance/luminescence plate readers, qPCR, digital PCR, and protein 
HPLC. The TTDSL holds a Type V Master File (MF-BB) that may be used 
as a cross-reference in support of IND submissions.

Last but certainly not least, we have our Vector Production Facility 
(VPF), which provides technology transfer, process development and scale-
up using cGMP-compatible methods. Additionally, the core competency 
of the VPF is cGMP manufacturing of gamma-retrovirus and lentivirus 
vectors and the generation of Master and Working Cell Banks in compli-
ance with FDA guidelines. The VPF is compliant with GMP (21 CFR 211) 
and holds a Type V Master File (MF-BB) with FDA. Since inception, the 
VPF has produced and certified more than 68 GMP vectors for both inter-
nal and external clients, with the majority of these vectors currently being 
used in ongoing clinical trials. 

“When sourcing materials, we 
examine the Certificate of Analysis to 
assure that critical material attributes 
will remain within specification at all 

stages of manufacturing.”
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 Q The rapid increase in viral vector production at 
CCHMC mirrors that across both academic and 
industrial spheres in recent times – can you share how 
you have dealt with the ‘growing pains’ in seeking to 
keep up with rising demand? 

KS: The Translational Core group has expanded its staff to 
provide resources dedicated for raw materials intake, manufac-
turing campaign staging, scheduled cleaning of the non-critical 
manufacturing areas, facility and equipment maintenance and 
calibration and various other support operations to allow our 
highly trained staff to focus on manufacturing. CCHMC is evalu-
ating options for increasing manufacturing capacity, including improving 
operational efficiency, shift pattern optimization and expanding opera-
tions to multiple shifts. We are also improving our production planning 
and scheduling process to balance efficiency versus flexibility in alignment 
with the customer’s needs while maintaining high-level quality standards. 
For example, depending on the customers’ individual product require-
ments, increasing manufacturing campaign size, from single batch to mul-
tiple batches, allows for reduced downtime of the manufacturing suites for 
changeover operations.

 Q This particular special edition of CGTI focuses on raw 
materials for viral vector production – can you firstly 
outline your particular requirements in this regard? 

KS: We strive to identify materials that are compendial grade 
(e.g., USP/EU) whenever possible. When sourcing materials, we examine 
the Certificate of Analysis to assure that critical material attributes (CMAs) 
will remain within specification at all stages of manufacturing. For exam-
ple, raw material endotoxin levels must be carefully considered to assure 
that, where appropriate, concentrated finished product remains within re-
lease specification. We also source materials from established distributors, 
where possible, to minimize supply chain issues and have established stand-
ing deduct and hold orders for critical items to ensure availability. Lastly, 
we evaluate dual sourcing of critical materials and components as a means 
to hedge against interruption of supply.

 Q What quality systems and processes do you have 
around your raw materials? 
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KS: Our raw materials identification, intake, approval and use 
are managed by Standard Operating Procedures. Following vendor 
selection of a specific component, it is assigned a raw material number by 
QA. A Raw Material (RM) specification is created by Operations according 
to the CMAs, then reviewed and approved by QA. Depending on the nature 
and criticality of the item, it is assigned a particular Quality Control level 
as part of the RM specification. This level assignment dictates whether a 
vendor on-site audit is necessary for supplier qualification or if a self-survey 
may be sufficient. The level assignment also determines the intake process 
and the level of QA review for approval. These reports and assessments are 
handled by our QA department in partnership with the TCL management. 

In terms of raw material intake, quarantine and approval, these processes 
are managed by SOPs and executed by trained individuals. 

Regarding the use of raw materials, everything is documented on the Bill 
of Materials in the BPR and verified by a second person, except for those 
items identified as support items. These entries are then checked by QA 
during executed document review.

 Q What for you are the most challenging or concerning 
areas of raw materials procurement and management 
at the moment? 

KS: Currently, one of our biggest challenges is warehousing 
and storage. As we are increasing our output, storage for refrigerated and 
ambient materials has become a constraint. As we move toward increasing 
our use of custom-built component systems which have larger footprints, 
we must adapt our warehousing and storage facilities accordingly. We are 
partnering with CCHMC support groups for practical short-term options 
within existing facility constraints. 

Another challenge is procurement of certain materials that are in high 
demand. We leverage our relationships with certain vendors to provide 

off-site warehousing of select com-
ponents. Specifically, we enter into 
deduct and hold agreements. Such 
arrangements serve not only as ex-
ternal warehousing, but also guar-
antee the availability of inventory. 

Another challenge is on-site raw materials inventory and control, which 
is currently done via a manual process. We are in the midst of transitioning 
to an electronic inventory system that includes features such as inventory 
tracking and minimum inventory reorder levels.

“As we are increasing our output, 
storage for refrigerated and ambient 
materials has become a constraint.”
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 Q Can you go deeper on where specifically you feel 
innovation is currently missing in this area? 

KS: Generally speaking, as the demand for clinical lots of LV 
and RV gets larger in terms of both individual lot size and the total 
number of lots required, the procurement and use of the raw ma-
terials becomes even more susceptible to procurement challeng-
es and disruptions in supply chain management. This is primarily 
due to the nature of our current manufacturing process being viral vector 
manufacture via transient transfection of adherent cells grown in Fetal 
Bovine Serum (FBS)-supplemented media in multilevel Cell Stacks. This 
platform is limited in terms of the total number of cell stacks which can 
be manipulated and a handled within a single run and cannot be readily 
scaled-up, but rather only scaled-out. This necessitates additional equip-
ment such as incubators to house the cell stacks, cleanroom suites, and 
personnel to perform the manufacturing, thereby increasing manufactur-
ing costs overall. 

Additionally, the use of FBS in the media poses several challenges, with 
one being zoonotic transmission of adventitious agents possibly present in 
the FBS as a contaminant. A second challenge is a reduction in herd size 
due to changing weather conditions brought about by drought or climate 
change impacting price and availability. And a third is societal pressure 
to eliminate or reduce the collection of fetal animal sera as social norms 
around this practice evolve and change. 

While reiterative batch manufacturing of multiple smaller lots of the 
same product could be performed, this strategy is also not an ideal long-
term solution: it does not address the challenges already described and is 
also subject to extended time required for completion of manufacturing as 
well as increased certification costs from the requirement to test and certify 
each individual batch made. For these reasons, the development of a man-
ufacturing platform which uses suspension cells grown in larger bioreactors 
in serum-free defined media is needed. 

One further area of major interest for us is the development of high-titer 
novel gene editing vectors (sgRNA/Cas9 orthologues driven by tissue-spe-
cific promoters) expressed in specific serotypes of AAV cassettes for ex vivo 
and/or in vivo applications – not least due to increased safety profile from 
the promotion of homologous recombination integration.

 Q Finally, can you share your and CCHMC’s chief 
priorities and goals relating to gene therapy for the 
remainder of 2019 and 2020? 
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KS: Specifically speaking for the Vector Production group, our 
top priority is to manufacture safe and high titer vectors for our 
customers who in turn, will administer them to their patients in 
need. Another priority is to strengthen our reputation as a consummate 
gene therapy group, able to offer a ‘one-stop’ experience, from manufactur-
ing and product release testing to cell manipulation and integrated patient 
therapy. Our short-term goal is to increase our manufacturing capacity by 
at least two-fold in the near term, trying to release the bottleneck that is 
plaguing the manufacturing sector. Our second priority is to develop novel 
processes to increase effectiveness and enable our group to continue im-
proving titers and safety controls in the production of challenging vectors.
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Major bioprocessing challenges & 
considerations with gene therapies 
and ex vivo gene-edited cell therapy

ANDY RAMELMEIER currently serves as Executive Vice President 
and Chief Manufacturing and Quality Officer and is responsible for Technical 
Operations at Sangamo, including manufacturing, quality supply chain, and 
process and analytical development. Dr Ramelmeier has 25 years of experi-
ence in the biopharmaceutical industry, developing and transferring biological 
processes, designing and building manufacturing facilities, and directing con-
tract manufacturers as well as internal manufacturing operations. Prior to join-
ing Sangamo in January 2018, he served as Senior Vice President, Technical 
Operations at Portola Pharmaceuticals, Inc., where he was responsible for tech 
transfer, bulk and drug product manufacturing, technical support and sup-
ply chain of Portola’s pipeline products. From 2006 to 2014, Dr Ramelmeier 
served as Vice President, Manufacturing, Process Sciences and Facilities at 
BioMarin, overseeing multiple commercial biologics products, clinical pipeline, 
and facilities in Novato, CA, and Shanbally, Ireland. Earlier in his career, he held 
roles of increasing responsibility at Johnson & Johnson and Merck. Prior to 
joining industry, Dr Ramelmeier conducted post-doctoral work in Germany. 
He received a BSc in Chemical Engineering from Johns Hopkins and his PhD 
in Chemical Engineering from the University of California, Berkeley.

Cell & Gene Therapy Insights 2019; 5(10), 1225–1227

DOI: 10.18609/cgti.2019.128

 Q It has been a busy period for Sangamo: can you firstly 
bring us up to speed on the company’s major current 
activities?

AR: Our focus this year has included progressing our Phase 1/2 
gene therapy trial of SB-525 in hemophilia A, which is partnered 
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with Pfizer, and our Phase 1/2 
ex vivo gene-edited cell therapy 
trial of ST-400 in beta thalas-
semia, in partnership with Sa-
nofi. We recently presented updated 
results of SB-525 at ISTH (more 

at [1]), announced that we have completed our enrollment commitment to 
Pfizer, and that manufacturing transfer from Sangamo to Pfizer has already 
been initiated. Further, we initiated our first clinical trial site for our Phase 
1/2 gene therapy trial of ST-920 in Fabry disease. Lastly, we continue to 
sustain momentum toward the long-term goal with in vivo gene editing and 
gene regulation, while focusing on our gene and cell therapies in the clinic.

 Q What can you share in terms of any specific challenges 
or considerations relating to raw materials that you 
currently encounter?

AR: There are unique considerations with regards to raw ma-
terials and supply chain in the relatively new and quickly evolving 
gene and cell therapy space. Demand for many raw materials is in-
creasing at a rate that suppliers are not always able to match and inventory 
levels can fluctuate significantly. Additionally, the scheduling and consis-
tency of apheresed human cell products can be quite variable, requiring a 
high-touch approach to every order. Raw materials suppliers are a mix of 
large and small players, each with their own strengths and weaknesses. The 
former are not always sensitive to the customized, low volume and high 
value nature of this space and the later do not always have the robust busi-
ness processes or GMP controls of their larger counterparts. It’s important 
to remember that both the companies and the CDMOs are learning as this 
field develops. And, in response to this uncertainty, the companies often 
want greater visibility and control over their supply chains. These are all 
elements that contribute to the dynamic ecosystem.

 Q What is your approach to minimizing their impact?

AR: There are a number of ways these challenges can be ad-
dressed. Sangamo has partnered with strategically aligned CDMOs to com-
plement our expertise. We look to companies like Brammer Bio, now Thermo 
Fisher Scientific, to contribute unique capabilities like late stage and com-
mercial manufacturing for viral vector products, which will augment our new 
Phase 1/2 cGMP manufacturing facility that will be operational in 2020. This 

“...our next steps for HemA are to 
complete regulatory and manufacturing 

preparations for Phase 3.”
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strategy provides us with our own capacity to flexibly supply our early clinical 
trials while complementing our dedicated capacity at Brammer Bio. 

 Q Finally, can you summarize Sangamo’s key priorities 
and goals for the remainder of 2019 and 2020? 

AR: Looking ahead, we are excited to complete our in-house 
manufacturing facility and for it to be operational in 2020. With re-
gards to our programs, in gene therapy, our next steps for HemA are to com-
plete regulatory and manufacturing preparations for Phase 3, which will be 
run by Pfizer. We also expect to dose the first patient in our Fabry disease 
gene therapy trial this year. In cell therapy for beta thalassemia, we expect to 
complete patient enrollment in the Phase 1/2 study this year and look forward 
to clinical results. In the longer-term, our partners at Kite-Gilead expect to 
initiate a clinical study of KITE-037, an allogeneic CD19 CAR-T, in 2020. 
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Commercial insight: 
cell and gene therapy
Providing a critical overview of the sector’s commercial developments – M&As, licensing agreements & 
collaborations, financial results, IPOs and clinical/regulatory updates, with commentary from our Expert 
Contributors. 

CELL THERAPY

Mark Curtis. Financial Portfolio Manager, Emerging Technologies, 
Lonza AG, Switzerland

Certainly, the disruptive news this past month was the acquisition of Semma by Vertex in an all-cash deal 
worth $950 million. This deal puts Vertex head-to-head with Sigilon and Eli Lilly, which are also devel-
oping a beta cell therapy for Type 1 diabetes. While beta cells are generally produced using a similar mix 
of cytokines gated at different time points in vitro, the modes of transplant remain quite differentiated, 
including medical devices and encapsulation. On the financing front Beam, Nkarta, and Achilles were all 
in the news as well with their fundraising efforts. Beam has filed for a $100 million IPO, Nkarta closed a 
$114 million Series B round, and Achilles closed a $120 million Series B round.

GENE THERAPY

Richard Philipson. Chief Medical Officer, Trizell Ltd, UK

It’s been a busy month for Rocket Pharmaceuticals, with the publication of data from its Phase 1/2 trial 
of first-generation RP-L102 for Fanconi Anemia in Nature Medicine, the treatment of the first patient 
in its Phase 1/2 registrational trial of RP-L201 for leukocyte adhesion deficiency-1, and the announce-
ment of IMPD clearance of RP-L301 gene therapy for pyruvate kinase deficiency. The publication in 
Nature Medicine of data from its FANCOLEN-1 gene therapy trial in Fanconi Anemia (FA) are particularly 
noteworthy, showing effective engraftment of transduced hematopoietic stem cells without the use of 
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ROCKET TO INITIATE GENE THERAPY 
TRIAL FOR PYRUVATE KINASE 
DEFICIENCY

Rocket Pharmaceuticals has an-
nounced that the Spanish Agency 
for Medicines and Health Products 
(AEMPS) has approved its Investi-
gational Medicinal Product Dossier 
(IMPD) for RP-L301. 

RP-L301 is Rocket’s lentiviral 
vector (LVV)-based gene therapy 
developed for treating pyruvate ki-
nase deficiency (PKD). The planned 
Phase 1 clinical trial will investigate 
the safety, tolerability and prelimi-
nary clinical efficacy of a single-ad-
ministration of RP-L301 in PKD 
patients. 

PKD is a rare red blood cell dis-
order and is caused by a mutation 
in the PKLR gene. PKLR gene codes 
for the pyruvate kinase enzyme, a 
key component of the red blood 
cell glycolytic pathway, mutation 
of which results in increased red 
cell destruction leading to severe 
anemia. Currently available treat-
ments include splenectomy and red 
blood cell transfusions, which are 

associated with immune defects and 
chronic iron overload.

RP-L301 was shown to reduce 
anemia in preclinical models, 
where at least 20–30% of bone 
marrow progenitor cells were ge-
netically corrected. The gene ther-
apy was licensed from the Centro 
de Investigaciones Energéticas, 
Medioambientales y Tecnológi-
cas (CIEMAT), Centro de In-
vestigación Biomédica en Red de 
Enfermedades Raras (CIBERER) 
and Instituto de Investigación 
Sanitaria Fundación Jiménez Díaz 
(IIS-FJD). 

The trial will enroll a total of six 
adult and pediatric transfusion-de-
pendent PKD patients in Europe 
and the USA. The trial will have 
three cohorts of patients: older pe-
diatric, younger pediatric and adult 
age groups. Upon completion of 
an initial adult cohort, the compa-
ny plans to move to the pediatric 
cohorts. 

pre-conditioning – something that has not been achieved in previous similar trials in FA. Patients with 
the highest levels of gene marking showed an arrest of bone marrow failure progression, and there is no 
evidence so far of gene integration at potentially oncogenic sites. Elsewhere, Alnylam has released data 
showing that the benefits of Givosiran in acute hepatic porphyria continue during the open label exten-
sion period of its Phase 3 study; the treatment is currently under Priority Review by FDA and accelerated 
assessment by EMA.

CLINICAL/REGULATORY
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T-CELL IMMUNOTHERAPY SHOWS 
PROMISE IN TREATING PATIENTS 
WITH MULTIPLE SCLEROSIS

Early results from a Phase 1 trial 
which is testing the safety and effi-
cacy of an allogeneic T-cell immu-
notherapy show promise in treating 
multiple sclerosis. Results were pre-
sented at the annual meeting of the 
European Committee for Treatment 
and Research in Multiple Sclerosis 
(ECTRIMS) at Stockholm last week.

Multiple sclerosis (MS) is an ac-
quired autoimmune central nervous 
system disease, resulting in axon loss 
and myelin damage. Epstein–Barr 
virus (EBV) is thought to play an 
important role in the pathogenesis of 
MS. San Francisco-based Atara Bio-
therapeutics’ T-cell therapy, AT188, 
is designed to target and attack 
EBV-infected B cells for treating MS.

The study is a multi-center, 
open-label, dose-escalation study 
evaluating the safety and efficacy of 
ATA188 in patients with progressive 
forms of MS. In this study, patients 
were treated across four dose cohorts 
(5 x 106, 1 x 107, 2 x 107 and 4 x 107 
cells), with six patients per cohort. 

The preliminary results pre-
sented were those from the first 
two cohorts and clinical outcomes 
of ATA188 were assessed at base-
line and approximately 3, 6, and 
12 months follow-up from initial 
dose using recognized scales for MS 
symptoms, function and disability.

Safety results showed that 
ATA188 was well tolerated in the pa-
tients with no evidence of cytokine 
release syndrome, graft versus host 
disease or dose-limiting toxicities.

Data showed that all six of the 
patients in the second cohort who 
received 1 x 107 cells showed at least 
a partial improvement in MS symp-
toms at 6 months, while four of 
the six patients on the smaller dose 
showed a clinical decline and it was 
maintained at 12 months. 

The trial has just completed dos-
ing of patients in the fourth and final 
dose escalation cohort. Additional 
efficacy and safety results from co-
horts 3 and 4 are expected in 2020.

Professor Amit Bar-Or, Chief of 
MS Division, Department of Neu-
rology, Perelman School of Medi-
cine at the University of Pennsylva-
nia commented: 

“I am encouraged by the well tol-
erated safety profile as well as early 
findings of potential efficacy in the 
ongoing ATA188 Phase 1 study. The 
outcome classification using multiple 
clinically recognized MS scales is an 
innovative approach, and I look for-
ward to advancing the study along-
side my colleagues for progressive MS 
patients who have limited treatment 
options and where continual clinical 
decline is expected.”

CAR-T THERAPY SHOWS PROMISE IN 
TREATING HEART DISEASE

Researchers at the University of 
Pennsylvania’s Abramson Cancer 

Center have developed a CAR-T 
therapy to target cardiac fibrosis, a 
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type of scarring commonly associat-
ed with heart disease which blocks 
the proper functioning of the heart.

Upon injury, cardiac fibroblasts 
in the heart deposits excess extra-
cellular matrix to remodel the myo-
cardium, resulting in increased stiff-
ness of the tissue. Excessive cardiac 
fibrosis contributes significantly to 
the progression of cardiac disease 
and heart failure. However, there 
are no therapies that could target 
cardiac fibrosis.

In the present study published 
in Nature, using gene expression 
analysis, researchers first identified 
a specific protein, fibroblast activa-
tion protein (FAP), associated with 
fibrosis scarring in mice. 

They then engineered CAR-T 
cells to target FAP and transferred 
them into mice with cardiac fibrosis, 
first at one week and then at two. 
Data showed that, after a month, the 
mice showed a reduction in cardiac 
fibrosis and improvements in heart 
functioning. The study provides 
proof-of-principle for the develop-
ment of immunotherapeutic drugs 
for the treatment of cardiac disease.

The team will now run addition-
al studies to determine if FAP is the 
best target for CAR-T therapies in 
heart disease. In addition, they will 
also research the possibility of add-
ing a switch to the CAR-T treat-
ment they developed to minimize 
side effects.

BLUEBIRD BIO PROVIDES UPDATE 
ON ITS PHASE 2/3 STEM CELL-GENE 
THERAPY 

bluebird bio has presented long-
term follow-up results of its in-
vestigational Lenti-D™ gene 
therapy in patients with cerebral ad-
renoleukodystrophy (CALD) at the 
13th European Pediatric Neurology 
Society (EPNS) Congress in Athens, 
Greece. 

The Starbeam study (ALD-102) 
is investigating the efficacy and safe-
ty of Lenti-D in boys 17 years of age 
and under with CALD. Long-term 
follow-up of 32 patients showed 
that the 88% of patients treated 
were free of major functional dis-
abilities (MFDs) at 2 years, and 
continued to remain MFD-free at 
up to 5 years of follow-up.

X-linked  adrenoleukodystrophy, 
also known as Lorenzo’s Oil dis-
ease, is caused by mutations in the 
ABCD1 gene that encodes a pro-
tein of the peroxisomal membrane 

named ALDP. It affects one in ev-
ery 21,000 male births worldwide. 
The cerebral form of the disease, 
CALD, is characterized by demy-
elination and neurodegeneration 
and is fatal. 

The primary efficacy endpoint 
of the study is the proportion of 
patients who are alive and free of 
MFDs at month 24. MFDs are 
six severe disabilities commonly 
attributed to CALD and thought 
to have the most profound impact 
on a patient’s ability to function 
independently. These include, loss 
of ability to communicate, cortical 
blindness, need for tube feeding, 
total incontinence, wheelchair de-
pendence, and complete loss of vol-
untary movement.

Data showed that, 88% 
(N=15/17) continue to be alive and 
MFD-free in a long-term follow-up 
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study. The 14 patients currently on 
study have less than 24 months of 
follow-up and have shown no evi-
dence of MFDs. The longest fol-
low-up of the additional 14 patients 
was 20.4 months. Three out of the 
32 treated patients did not meet the 
primary efficacy endpoint; two pa-
tients withdrew from the study at 
investigator discretion, and one ex-
perienced rapid disease progression 
early on-study resulting in MFDs 
and death.

The safety profile of Lenti-D was 
consistent with myeloablative con-
ditioning with busulfan and cyclo-
phosphamide, the standard prepar-
ative regimen completed prior to 
HSCT. Three adverse events related 
to the gene therapy treatment were 
reported, including viral cystitis 

and vomiting and all resolved using 
standard measures.

Dr David Davidson, bluebird 
bio’s CMO commented: 

“With the longest follow-up from 
the Phase 2/3 Starbeam study now 
up to 5 years, the data show that all 
boys with CALD who were treated 
with Lenti-D and were free of major 
functional disabilities (MFDs) at 24 
months continued to be MFD-free. 
Importantly, there were no reports 
of graft failure or treatment-related 
mortality, and adverse events were 
generally consistent with myeloabla-
tive conditioning,” said. “These results 
support the potential of Lenti-D as a 
treatment for CALD, which we hope 
may become an option for the boys 
and their families affected by this 
devastating disease.”

AKOUOS DISCLOSES LEAD GENE 
THERAPY PROGRAM FOR HEARING 
LOSS

Precision genetic medicine com-
pany Akouos has disclosed details 
of its lead program, AK-OTOF, 
a gene therapy developed for 

restoring hearing in individuals 
with sensorineural hearing loss 
due to mutations in the otoferlin 
(OTOF) gene. 

Long-term follow-up data from bluebird bio’s Phase 2/3 clin-
ical study of Lenti-D™ gene therapy for cerebral adrenoleu-
kodystrophy (CALD) look impressive, with all boys who were 
treated with Lenti-D and were free of major functional disabil-
ities (MFDs) at 24 months continuing to be MFD-free during 

the follow-up period. CALD is the most severe manifestation of adrenoleukodystrophy, a 
rare, X-linked, metabolic disorder. Approximately 35–40% of boys diagnosed with ALD will 
progress to CALD, typically between the ages of 3 and 12 years, which is characterized by 
a rapidly progressive neurologic decline leading to severe loss of neurologic function and 
death, in most untreated patients. Lenti-D™ gene therapy uses myeloablative conditioning 
and ex vivo transduction of the patient’s own CD34+ stem cells prior to re-infusion, and 
therefore carries significant risks relating to the pre-gene therapy chemotherapy; neverthe-
less, it appears to compare favorably with the alternative of allogeneic stem cell transplan-
tation, which also requires myeloablative conditioning but which carries additional risks of 
graft-versus-host disease. – Richard Philipson
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Sensorineural hearing loss is the 
most common form of hearing loss 
and one of the most common of all 
sensory disorders. It results from dys-
function or damage to sensory cells 
and/or nerve fibers of the inner ear. 

Otoferlin, a protein which func-
tions by enabling the sensory cells 
of the ear to release neurotrans-
mitter in response to stimulation 
by sound to activate auditory neu-
rons is crucial for hearing. Without 
functional otoferlin, auditory sig-
nals received by the ear cannot be 
transmitted to the brain. Mutations 
in the OTOF  gene are reported to 
be a major cause of genetic hearing 
loss, affecting an estimated 200,000 
individuals worldwide.

Akouos’ gene therapy uses an 
AAV vector to deliver a healthy 
copy of the OTOF gene to cochlear 

hair cells. Following a single admin-
istration of the vector to the inner 
ear, the therapy is expected to re-
store long-term physiologic hearing 
in individuals with sensorineural 
hearing loss due to mutations in the 
OTOF gene. 

Dr Manny Simons, CEO of Ak-
ouos commented: 

“Together with leading scientists 
and clinicians around the world, we 
are working with urgency to advance 
AK-OTOF for individuals with sen-
sorineural hearing loss due to muta-
tions in the otoferlin gene. We have 
already begun interacting with the US 
Food and Drug Administration about 
our IND-enabling studies to support 
first-in-human clinical trials, and we 
will provide an update on commence-
ment of our first clinical trial as soon 
as possible.”

CAR-T THERAPY TARGETING B CELL-
ACTIVATING FACTOR COULD CURE 
BLOOD CANCERS

City of Hope scientists have de-
veloped a CAR-T cell therapy tar-
geting the B cell-activating factor 
receptor on cancerous cells and the 

new therapy eradicated CD19-tar-
geted therapy-resistant human leu-
kemia and lymphoma cells in ani-
mal models. 

The disclosure by Akouos of its lead gene therapy program 
for patients with sensorineural hearing loss casts an import-
ant light on a somewhat neglected area of research. The AAV-
based treatment, administered using a minimally invasive tech-
nique, will deliver the vector to the sensory epithelium of the 
inner ear, with the potential to restore hearing in individuals 

with sensorineural hearing loss due to mutations in the otoferlin gene. Over 60 mutations 
in otoferlin have been linked to hearing loss, with an estimated 200,000 patients potentially 
amenable to treatment worldwide; interestingly, a number of missense otoferlin mutations 
cause hearing defects but only at higher body temperature. As affected patients are profound-
ly deaf from birth, it will be interesting to see whether there is a ‘window’ for treatment in 
infancy, after which intervention is not effective. The company has a very long way to go from 
these preclinical beginnings, but nevertheless these are important initial steps for patients 
with sensorineural hearing loss. – Richard Pllilpson
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20 to 30% of cancers in leuke-
mia and lymphoma patients who 
achieve remission after receiving 
CD19 CAR-T therapy are thought 
to relapse after a few years. The ef-
fectiveness of those CAR-T cells, 
which target the CD19 protein on 
cancerous B cells, starts to wear off 
and the cancer returns. 

But the new study published 
in Science Translational Medicine 
provides hope for those patients 
who relapse after receiving the 
FDA-approved CD19-CAR T 
cell therapies, and another type of 
CD19-targeted immunotherapy, 
blinatumomab. The study devel-
oped a CAR-T cell therapy target-
ing BAFF-R which was tested in 
animal models.

Animal models with CD19 ther-
apy-resistant human-tumors (in-
cluding Burkitt, mantel cell, and 
other non-Hodgkin’s lymphoma 
subtypes and acute lymphoblastic 
leukemia) were used in the study 
and the animals received BAFF-R 
CAR-T therapy. Significant tumor 
regression and prolonged survival 
were observed after treatment with 
these CAR-T cells. In animal mod-
els with human Burkitt lymphoma, 
BAFF-R CAR-T therapy achieved 
a cure (complete tumor regression 
with 100% long-term survival) after 
a single treatment. 

In addition, the study also com-
pared BAFF-R CAR-T therapy with 
CD 19 CAR-T therapy. Animal 
models which had a mixed popula-
tion of CD19-positive and negative 
human tumors were administered 
with either CD19 CAR-T cell ther-
apy or BAFF-R CAR-T cell thera-
py. Results showed that the BAFF-R 
CAR T cells were able to eradicate 
both tumor populations while 
treatment failed in those receiving 
CD19 CAR-T cells.

Tumor samples from patients 
who relapsed after receiving 
CD19-targeted immunotherapy 
(blinatumomab) were also investi-
gated. The study demonstrated that 
BAFF-R CAR T cells were consis-
tently active against these tumors, 
whereas CD19 CAR T cells had 
greatly diminished responses to 
each patient’s relapse tumor com-
pared to the pre-therapy samples. 

City of Hope plans to open a 
clinical trial next year using the 
BAFF-R CAR T cell therapy for B 
cell leukemia and lymphoma pa-
tients who have relapsed after re-
ceiving CD19 CAR-T cell therapies 
or blinatumomab. The institute will 
manufacture the CAR-T cells at its 
own facility, the Cellular Therapy 
Production Center. City of Hope 
licensed the BAFF-R CAR-T to Pe-
promene Bio Inc. 

ALNYLAM’S GIVOSIRAN SHOWS 
POSITIVE RESPONSE

Alnylam, a Cambridge, MA-based 
biopharmaceutical company spe-
cialized in developing RNA inter-
ference (RNAi)-based therapeutics 
has provided updates on its two 
ongoing clinical trials of Givosiran. 

Data was presented at the 2019 In-
ternational Congress on Porphyrins 
and Porphyrias (ICPP), in early 
September in Milan, Italy. 

Givosiran is an investigational 
subcutaneously-administered RNAi 
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therapeutic targeting aminolevulinic 
acid synthase 1 (ALAS1). Month-
ly administration of givosiran was 
shown to have the potential to sig-
nificantly lower induced liver ALAS1 
levels in a sustained manner and 
thereby decrease neurotoxic heme 
intermediates, aminolevulinic acid 
(ALA) and porphobilinogen (PBG), 
towards normal levels. By reducing 
accumulation of these intermedi-
ates, givosiran has the potential to 
prevent or reduce the occurrence of 
severe and life-threatening attacks, 
control chronic symptoms, and de-
crease the burden of the disease. The 
safety and efficacy of givosiran were 
evaluated in the Envision Phase 3 
trial with positive results.

Presentations included addition-
al results from the ENVISION 
Phase 3 study and the Phase 1/2 
open-label extension (OLE) study 
of givosiran, an investigational 
RNAi therapeutic targeting ALAS1 
in development for the treatment of 
acute hepatic porphyria (AHP).

Envision Phase 3 OLE study: 
93 patients from the Envision Phase 
3 study of givosiran were rolled over 
into the OLE phase of the study. 
Interim data showed that porphyr-
ia attack reductions observed in the 
Envision Phase 3 study were sus-
tained with continued dosing in the 
OLE phase of the study. 

ALA, an intermediate responsible 
for causing both porphyria attacks 
and ongoing symptoms in between 
attacks, was also reduced with con-
tinued dosing. Rapid and sustained 
lowering of attack rates and ALA 
levels was also observed in placebo 
patients who crossed over after the 
6-month double-blind phase of the 
Phase 3 study to receive Givosiran 
in the OLE phase of the study. Re-
garding the safety of Givosiran, the 
safety profile in the OLE phase re-
mained consistent with the profile 
observed in the double-blind phase 
of the Envision study. 

Updated Phase 1/2 OLE Re-
sults: 16 patients in the Phase 1/2 
study continued in the OLE ex-
tension study and Givosiran treat-
ment of up to 30 months demon-
strated sustained or enhanced 
clinical activity with an over 90% 
decrease in mean porphyria at-
tack rate relative to baseline with 
continued dosing. 5/12 patients 
(42%) who received givosiran 
during the Phase 1 study and con-
tinued with givosiran dosing in the 
OLE study and 2/4 patients (50% 
had been in the placebo arm of the 
Phase 1 study and crossed over to 
givosiran treatment in the OLE 
study achieved an attack rate of 
zero for a mean of 18.1 and 24.9 
months, respectively.

ROCKET’S STEM CELL GENE THERAPY 
HOLDS PROMISE IN TREATING 
FANCONI ANEMIA 

Long-term follow-up data pub-
lished from Rocket’s ongoing Phase 
1/2 trial of RP-L102 has shown 
the potential of lentiviral vec-
tor-based gene therapy in treating 

Fanconi Anemia (FA). The study 
was published in the journal Nature 
Medicine. 

The Phase 1/2 trial, FANCO-
LEN-I, is designed to assess the 
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therapeutic safety and preliminary 
efficacy of a hematopoietic cell-based 
gene therapy consisting of autolo-
gous CD34+ enriched cells trans-
duced with a lentiviral vector car-
rying the FANC-A gene in patients 
with Fanconi anemia subtype A.

The data included in the man-
uscript were obtained from four 
pediatric patients (ages 3–6 years) 
who received RP-L102 utilizing 
fresh or cryopreserved CD34+ cells 
that were collected and transduced. 
Follow-up for each of the initial 
four patients was 18–30 months 
from administration of RP-L102. 
Data demonstrated progressive in-
crease in engraftment in peripheral 
blood leukocytes and in the bone 
marrow following administration 
of RP-L102 without the use of 
conditioning. 

Data from our first trial of RP-
L102 demonstrate increasing lev-
els of bone marrow engraftment, 
leading to stabilization and restored 
bone marrow function. These data 
highlight the natural selective ad-
vantage that uniquely exists in FA 
for gene corrected stem cells over 
diseased stem cells, which potential-
ly obviates the need for condition-
ing,” said Jonathan Schwartz, MD, 
Chief Medical Officer and Senior 
Vice President of Rocket. “At the 
end of the year, we will have a first 
look at initial data from our Phase 1 
trial of ‘Process B’ RP-L102, which 
utilizes fresh cells and incorporates 
a modified stem cell enrichment 
process, transduction enhancers, 
and commercial-grade vector and 
final drug product. We are also 
excited by the prospect of starting 
our global registrational trial incor-
porating recent alignment on end-
points from both the US Food and 
Drug Administration and European 
Medicines Agency.”

Progressive increases in the to-
tal number of corrected leukocytes 
were observed shortly after the ini-
tial administration of RP-L102 in 
all treated patients.

Favorable safety profile with 
no serious adverse events associat-
ed with infusion of the investiga-
tional product in these initial four 
patients.

In additional news this month, 
Rocket has announced that it has 
dosed its first patient in the Phase 
1/2 clinical trial of RP-L201, a len-
tiviral vector-based gene therapy 
developed for treating Leukocyte 
Adhesion Deficiency-I (LAD-I). 

LAD-I is a rare, autosomal re-
cessive pediatric disease caused by 
a mutation of the ITGB2 gene that 
encodes for the Beta-2 Integrin 
component CD18. Absence of 
CD18 leads to decreased leukocyte 
adhesion and extravasation 
from blood vessels to combat 
infections. As a result, children with 
severe LAD-I are often affected 
immediately after birth. Without a 
successful bone marrow transplant, 
mortality in patients with severe 
LAD-I is 60–75% prior to the age 
of 2 and survival beyond the age of 
5 is exceedingly rare. 

RP-L201 will evaluate the safety 
and efficacy of the infusion of au-
tologous hematopoietic stem cells 
transduced with a lentiviral vec-
tor encoding the  ITGB2  gene. In 
November last year the FDA had 
accepted its IND application and 
earlier this year The California In-
stitute for Regenerative Medicine 
(CIRM) had awarded the compa-
ny with a $6.5mm CLIN2 grant 
award to advance the clinical trial. 
Proceeds from the grant will be used 
to fund clinical trial costs as well as 
manufacture drug product for the 
Phase 1/2 trial. 
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OCUGEN MERGES WITH 
HISTOGENICS TO DEVELOP 
OCULAR GENE THERAPIES AND 
BIOTHERAPEUTICS

Ocugen, a clinical stage biophar-
maceutical company developing 
biotherapeutics for rare eye diseases, 
has announced the completion of its 
merger with Histogenics Corpora-
tion, and the change of the combined 
company’s name to “Ocugen, Inc.” 

The executive team of Ocugen 
has become the executive team of 
the combined company, and is led 
by Dr Shankar Musunuri, Ocugen’s 
CEO and Co-Founder.

Ocugen’s pipeline includes 
OCU300, an orphan drug can-
didate for ocular graft versus host 
disease in Phase 3 clinical trials, a 
modifier gene therapy platform, 
and OCU400, a gene therapy prod-
uct with two distinct orphan drug 
designations for patients with in-
herited retinal diseases, and retinal 
disease programs in wet age-related 
macular degeneration and retinitis 
pigmentosa.

Immediately prior to the merger, 
Ocugen completed a private place-
ment financing of approximately 
$25 million under the terms of the 
securities purchase agreement previ-
ously announced in August 2019. 
Additionally, immediately prior to 
the merger, Histogenics effected a 
reverse stock split of its common 
stock at a ratio of 1-for-60. As a 
result of the merger, after taking 

into account the reverse stock split, 
stockholders of Ocugen prior to the 
merger received shares of common 
stock of the combined company at 
an exchange rate of 0.4794.

Following the merge, Ocugen, 
Inc. has entered into a strategic 
partnership with CanSino Biologics 
on Ocugen’s gene therapy pipeline 
product candidates for inherited 
retinal diseases, which are currently 
in development with Schepens Eye 
Research Institute of Massachusetts 
Eye and Ear, an affiliate of Harvard 
Medical School.

Under the terms of the collabo-
ration, CanSinoBIO will provide 
all CMC development and clinical 
supplies for developing OCU400, 
Ocugen’s first gene therapy product 
candidate. CanSinoBIO maintains 
the option to support commercial 
manufacturing for Ocugen. The 
agreement also provides commer-
cialization rights to CanSinoBIO in 
Greater China.

OCU400 uses a modifier gene 
therapy platform which was initial-
ly developed by Dr Neena Haider 
at the Schepens Eye Research Insti-
tute of Massachusetts Eye and Ear. 
Ocugen later obtained an exclu-
sive worldwide license to develop 
and commercialize ophthalmology 
products based on this platform. 

LICENSING AGREEMENTS 
& COLLABORATIONS
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The platform uses an AAV vec-
tor to deliver a functional copy 
of the nuclear hormone receptor 
gene  NR2E3 to target cells in the 
retina. NR2E3 being a potent mod-
ifier gene in the retina is believed 
to help reset retinal homeostasis, 
stabilizing cells and potentially res-
cuing photoreceptors from degen-
eration. The US FDA has granted 
two different orphan drug desig-
nations for OCU400; for treating 
NR3E3 mutation-associated retinal 
degeneration and for treating 

CEP290 mutation-associated 
retinal disease.

Dr Xuefeng Yu, CEO of CanSi-
noBIO commented: 

“We are delighted to partner with 
Ocugen as they advance their port-
folio of AAV-based gene retinal dis-
eases. Our expertise in viral vector 
platform technologies, product devel-
opment and manufacturing capabili-
ties will play critical roles to advance 
OCU400 to the clinic and ultimately 
to serve patients in desperate need 
for retinal disease therapies.” 

VERTEX TO ACQUIRE SEMMA 
THERAPEUTICS FOR $950 MILLION

Vertex Pharmaceuticals Incorpo-
rated has announced that the com-
pany has entered into a definitive 
agreement under which Vertex will 
acquire Semma Therapeutics, a pri-
vately held biotechnology company 
developing stem cell-derived hu-
man islets as a potentially curative 
treatment for Type 1 diabetes, for 
$950 million. 

Semma Therapeutics uses a dif-
ferentiated approach to treat Type 1 
diabetes, a serious disease affecting 
over one million people in the USA 
alone. Semma has made two major 
scientific advances: the ability to pro-
duce large quantities of functional 
human pancreatic beta cells that re-
store insulin secretion and ameliorate 
hypoglycemia in animal models and 
a novel device that encapsulates and 
protects these cells from the immune 
system, enabling durable implanta-
tion without the need for ongoing 
immunosuppressive therapy. 

Most recently, together with 
Harvard University researchers, the 
company developed a strategy to 
differentiate pluripotent stem cells 

into insulin producing-pancreatic 
beta cells. The research was led by 
Prof. Doug Melton who for the first 
time in 2014 showed that stem cells 
could be converted to functional 
beta cells. 

Semma Therapeutics was found-
ed in 2014, raising $44 million 
in a series A funding. In 2017, it 
partnered with Novartis and other 
investors to raise $114 million in 
series B financing to advance ther-
apies for diabetes. 

Semma will now work to deter-
mine whether a mixture consisting 
of 80% beta cells will be sufficient 
for treating people with diabetes. 
In addition, identifying the optimal 
cell mixture will also be a priority.

Dr Jeffrey Leiden, Chairman, 
President and CEO of Vertex 
commented: 

“This acquisition aligns perfectly 
with our strategy of investing in sci-
entific innovation to create transfor-
mative medicines for people with seri-
ous diseases in specialty markets. We 
are excited to work with the talented 
scientists at Semma to build on their 



CELL & GENE THERAPY INSIGHTS 

1410 DOI: 10.18609/cgti.2019.148

significant progress toward providing 
effective and potentially curative cell 
therapy options for people living with 
Type 1 diabetes. We see a substantial 
opportunity to transform the treat-
ment paradigm for Type 1 diabetes, a 

specialty disease cared for by endo-
crinologists, both by advancing the 
development and manufacturing 
of the cells themselves, as well as 
through the highly innovative cell/de-
vice combination.” 

ENTOS PHARMACEUTICALS ENTERS 
INTO R&D AND COLLABORATION 
AGREEMENT

Entos Pharmaceuticals, a health-
care biotechnology company fo-
cused on developing next genera-
tion nucleic acid-based therapies 
using their Fusogenix drug deliv-
ery platform, has entered into a 
research, development and collab-
oration agreement with a clinical 
stage biopharmaceutical company 
developing novel biotherapeutics 
for autoimmune and inflammatory 
diseases.

Under the terms of the agree-
ment, the undisclosed partner has 
the option to exclusively license 
candidates developed under the 

agreement from Entos for further 
development and commercializa-
tion. In return, Entos will receive 
research funding and is eligible for 
option exercise fees, research, devel-
opment, regulatory, and sales mile-
stone payments of up to US$109 
million. In addition, the partner 
will pay Entos undisclosed royalties 
on sales of products resulting from 
the collaboration.

Deloitte Corporate Finance Inc. 
acted as exclusive financial advisor 
and Norton Rose Fulbright Canada 
LLP acted as legal counsel to Entos 
on the transaction.

ACHILLES RAISES £100 MILLION IN 
SERIES B FINANCING

Achilles Therapeutics, an UK-based 
biopharmaceutical company devel-
oping personalized immunothera-
pies for cancer has raised £100 mil-
lion in Series B financing. 

Achilles will use the funds to be-
gin two human proof-of-concept 

studies using its personalized T 
cell immunotherapy to treat non-
small cell lung cancer and mela-
noma. The trials are expected to 
begin this year. The financing will 
also support the company to build 
its manufacturing capabilities 

FINANCE
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and extend its growing product 
pipeline.

The company has thus far raised 
approximately £114 million, in-
cluding a £13.2 million in Series A 
financing in 2016.

Achilles is developing T cell ther-
apies targeting clonal neoantigens 
that are specific to each individual’s 
cancer cells. These unique protein 
markers are expressed on the sur-
face of every cancer cell, but not 
on healthy cells. Using DNA se-
quencing data together with bioin-
formatics technology, the company 
identifies clonal neoantigens spe-
cific to each patient and develops 

personalized T cell immunother-
apy. Because the therapy targets 
only cancer cells, the treatment is 
believed to leave the healthy tissues 
intact.

Achilles Therapeutics was 
launched in 2016 by Syncona Ltd, 
the lead investor and the CRT Pio-
neer Fund, UCL Technology Fund, 
Cancer Research Technology, UCL 
Business (UCLB) and the Francis 
Crick Institute. 

The finance round was led by 
Syncona along with RA Capital 
Management and new investors in-
cluding Forbion, Invus, Perceptive 
Advisors and Redmile Group.

NKARTA SECURES $114 MILLION IN 
SERIES B FINANCING 

NKarta Therapeutics has raised 
$114 million in Series B Financing 
to advance its natural killer (NK) 
cell therapy portfolio and initiate 
clinical trials.

Although currently cell thera-
pies for cancer has centered around 
T cells, for instance, CAR-T cells, 
Nkarta believes NK cells offer ad-
vantages that T cells lack. Since NK 
cells are part of the innate immune 
system, they can identify and hit a 
broader range of targets presented 
on tumor cells.

In addition, CAR-T therapy 
shows limited success in blood 
cancers and are associated with 

unwanted side effects such as cyto-
kine release syndrome. NKarta be-
lieves NK cell therapy, could over-
come these hurdles. 

Proceeds from the finances will 
be used to conduct clinical pro-
grams in blood cancers and solid tu-
mors for Nkarta’s allogeneic NK cell 
therapy. The treatment, NKX101, 
targets a cell surface receptor called 
NKG2D found on various immune 
cells. It will also support IND-en-
abling and clinical studies of its 
CAR-NK program targeting CD19 
in B-cell malignancies. 

The company will also finish 
building a GMP manufacturing 

Achilles is the latest player in the growing field of using per-
sonalized cancer neoantigens to target solid tumor cancers. 
Other notable companies including Neon Therapeutics and 
PACT Pharma. Achilles differentiates itself by identifying 
clonal neoantigens, rather than sub-clonal mutations, which 

are mutations that are found across the entire population of cancer cells. It now has the 
money to put its platform to the test in human proof-of-concept studies. – Mark Curtis
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site in South San Francisco that will 
supply treatments for its early-stage 
studies.

Nkarta CEO  Paul Hastings 
commented: 

“Since the company’s founding, 
we have worked to bring our poten-
tially transformative, engineered and 
off-the-shelf NK cell therapies to pa-
tients. With multiple INDs expected 

in the next year for an array of hema-
tologic and solid tumors, now is the 
time to fund the company for its next 
stage of growth.” 

Samsara BioCapital led the round, 
with Amgen Ventures, Deerfield, 
Life Science Partners, Logos Capital, 
RA Capital Management and its ex-
isting backers NEA Ventures, Novo 
Holdings and SR One joining in. 

BASE EDITING FIRM BEAM AIMS FOR 
$100 MILLION IPO

Nearly 7 months after raising $135 
million in Series B Financing, Beam 
Therapeutics has filed an S-1 filing 
with the Securities and Exchange 
Commission to raise up to $100 
million in its Nasdaq IPO.

Headquartered in Cambridge, 
MA, Beam Therapeutics is focused 
on developing precision genetic 
medicines through base editing. The 
company was launched last year and 
Prof. David Liu of Harvard Univer-
sity, inventor of the base editing 
technologies is a cofounder of the 
company. He was also a cofounder 
of one of the original CRISPR com-
panies, Editas Medicine, along with 
Feng Zhang, an inventor of CRIS-
PR gene editing at Broad Institute, 
and Keith Joung, a gene editing 
researcher at Massachusetts Gener-
al Hospital and Harvard Medical 
School. Zhang and Joung are co-
founders of Beam Therapeutics too. 

The new funding will be used 
for discovery-stage research and 
push the company’s three delivery 
methods – electroporation, liquid 
nanoparticles and adeno-associated 
viruses – through preclinical proof 
of concept.

Currently one of the best avail-
able genome-editing tools is the 
CRISPR-Cas9 system, but it results 
in imprecise correction of muta-
tions due to double strand break 
in DNA. The base editing platform 
developed in Liu’s laboratory can 
overcome this by correcting a sin-
gle base at a time, without causing 
double-stranded breaks. Liu has 
developed technologies that could 
convert all the 4 bases- C to T, T to 
C, G to A and A to G. 

According to a database, 33000 
single point mutations are associ-
ated with disease and Beam’s nov-
el approach to base editing could 

With a healthy injection of cash, Nkarta is poised to make 
headway into the clinic with a series of allogeneic natural kill-
er (NK) cell therapies for both blood and solid tumor cancers. 
While the T cell landscape has become increasingly crowded, 
there remain a relatively limited number of companies pursu-
ing NK cells. Nkarta’s most notable competitor is NantKwest. 

Nkarta also recently announced it will build-out its own manufacturing facility. – Mark Curtis
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correct 63% of them in principle. 
Beam now has 10 active programs 
underway. 

Beam’s most advanced programs 
are in blood disorders and oncology, 
with treatments for beta thalassemia, 

sickle cell disease, acute myeloid leu-
kemia and acute lymphoblastic leu-
kemia all at the lead-optimization 
stage. It also has programs in liver 
disease and disorders of the eye and 
central nervous system in the works.

SANGAMO APPOINTS BETTINA 
COCKROFT AS ITS NEW CMO

Sangamo Therapeutics has appoint-
ed Dr Bettina M Cockroft as its new 
CMO and Senior Vice President. In 
her new role, Dr Cockroft will over-
see all clinical development activi-
ties and operations and will report 
to Dr Adrian Woolfson, the Execu-
tive Vice President of Research and 
Development.

Dr Cockroft has over 20 years of 
experience in clinical development 
and has worked across multiple 
therapeutic areas in several coun-
tries. Prior to joining Sangamo, 
she was a member of the senior 

leadership team at Cytokinetics, 
Inc., where she was responsible for 
clinical development of fast skel-
etal muscle troponin activators in 
diseases such as Amyotrophic Lat-
eral Sclerosis and Spinal Muscular 
Atrophy. Before that, Dr Cockroft 
held various leadership roles at Au-
ris Medical AG, Merck Serono S.A., 
Novartis Consumer Health and 
Menarini Ricerche.

Written by Dr Applonia Rose, 
Cell and Gene Therapy Insights
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