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GLOBAL REGULATORY UPDATE

REGULATORY PERSPECTIVE

A need for a novel regulatory 
framework for individualized 
neoantigen-specific therapies
Amy Hardwick & Kathleen Francissen

Manufacturing of individualized neoantigen-specific therapies for patients takes place one 
batch at a time. The existing regulatory mechanisms for post-approval changes for tradi-
tional products can be applied for limited types of changes to either controls or manufac-
turing processes for some individualized Advanced Therapy Medicinal Products. However, 
these existing mechanisms become untenable given the rapid pace of evolution among 
these therapies and constant innovations in manufacturing technologies (such as next-gen-
eration sequencing and bioinformatics workflows). There is a need for a novel regulatory 
framework for these therapies and mechanisms of pre- and post-approval lifecycle man-
agement (such as a predetermined change control plan) that allow for streamlined process 
updates, to ensure that patients receive products manufactured using the best technol-
ogies and most accurate data based on a continuous improvement mindset. The applica-
tion of relevant medical device regulatory mechanisms to individualized neoantigen-specific  
therapies is proposed here, as devices have mechanisms for iterative improvements man-
aged in a risk-based approach. While there are ongoing attempts at harmonization of regu-
latory expectations for lifecycle management, new regulatory mechanisms (and leveraging 
existing frameworks where available) are needed to avoid some existing pitfalls. A novel reg-
ulatory framework is proposed to consider the genomics and bioinformatics workflows as 
integral parts of the design and end-to-end manufacture of individualized neoantigen-spe-
cific immunotherapies.
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Advanced Therapy Medicinal Products (AT-
MPs) (which include cell and gene therapy 
(CGT) products) pose many new challeng-
es, and also bring new concepts and oppor-
tunities that are not necessarily applicable to 
conventional biologicals. The ATMP field 
is highly dynamic with numerous rapidly 
evolving technologies in the manufacturing 
processes and the products themselves. As a 
result, traditional regulatory frameworks and 
lifecycle management mechanisms may not 
be well suited to these innovative medicines 
and thus call for fit-for-purpose approaches. 

As the regulatory frameworks for ATMPs 
are being established globally, they need to 
be better aligned across countries and regions 
as highlighted by the WHO white paper on 
Considerations on Regulatory Convergence 
of Cell and Gene Therapy Products [1]. The 
regulations for ATMPs also need to enable 
the interface with regulations for devices and 
diagnostics, and other requirements (such as 
those for genetically modified organisms). 

With the advent of ATMPs came fully 
individualized or ‘make-to-order’ medicinal 
products that are custom made for each pa-
tient; they include well-known modalities 
like autologous CAR-T cell products, and 
newer modalities like individualized neoanti-
gen-specific therapies (iNeST). These iNeST 
products are sometimes referred to as ‘cancer 
vaccines’, being recognized as therapeutic 
vaccines (rather than preventative), but are 
more appropriately recognized as cancer im-
munotherapies. The iNeST class of products 
seek to mount a natural immune response 
to the patient’s tumor-specific (neo)anti-
gens, and can be messenger RNA (mRNA)- 
or DNA- or cell-based in their final form, 
but all begin with the identification of tu-
mor-specific mutations called neoantigens 
which are only expressed in each patient’s 
solid tumors [2–4]. The manufacturing pro-
cesses for iNeST products require next-gen-
eration sequencing (NGS) and bioinfor-
matics workflows as an integral part of their 
neoepitope identification processes. NGS 
and bioinformatics technologies are rapidly 
evolving, with continual improvements in 

instrumentation and methods being imple-
mented on short timelines. 

Indeed, the development of iNeST prod-
ucts has been enabled by the rapid and pro-
found evolution of genome sequencing, 
which continues today. The dramatic reduc-
tion in the time and cost of sequencing [5] 
has allowed identification of each patient’s 
neoepitopes by applying NGS technology 
for the production of each patient’s batch of 
iNeST product. The nucleic acid extraction, 
library preparation, library sequencing, and 
mutation calling must be done in a matter 
of days to minimize the turnaround time for 
manufacturing the product while the patient 
waits for iNeST treatment.

While iNeST manufacturing processes 
begin with the acquisition of patient tumor 
and blood samples, these tissues are used for 
analysis (i.e., genome sequencing and bio-
informatics) with the resulting data and in-
formation being used for production of each 
batch of product. It is recognized that the 
patient-derived tissues/cells are critical for the 
production of the batch and are thus consid-
ered ‘critical materials’ for manufacturing for 
this specific process but are not considered 
raw materials, nor are they considered start-
ing materials since they do not form an in-
tegral part or significant structural fragment 
of the final product [6]. Indeed, the quality 
and reliability of genomic data is critically 
dependent upon maintaining sample integri-
ty as it affects the DNA and RNA integrity 
and, in turn, the downstream performance 
of the NGS steps [7]. These critical materials 
are analyzed using NGS followed by bioinfor-
matics analysis to identify and prioritize the 
candidate neoantigens for each batch of the 
product. 

In order to keep pace with ongoing im-
provements in NGS technologies, it is im-
portant to establish appropriate change man-
agement practices for the genomics process 
steps, particularly when iNeST products are 
approved globally and different review time-
lines per region apply. For example, a new se-
quencing instrument and associated software 
and reagents are launched every 2–3 years by 
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Illumina, a well-known instrument manufac-
turer, followed by phased discontinuation of 
older instruments in a relatively short time 
[8–11]. In the absence of a streamlined ap-
proach to implementing NGS process chang-
es, the manufacturer would eventually have 
to use obsolete instruments that are no longer 
supported by the vendor. Therefore, regula-
tory mechanisms must keep pace with these 
technological advancements to ensure that 
the most current and complete information is 
used for the design and production of iNeST 
products, and to avoid manufacturing based 
on out-of-date technologies.

CHANGE MANAGEMENT 
CONSIDERATIONS
To date, much work has been done to enable 
mechanisms to streamline and reduce the 
regulatory burden of change management 
throughout the life cycle of biopharmaceutical 
products. Though progress varies by region, 
traditional examples of available mechanisms 
include but are not limited to Post-Approval 
Change Management Protocols (PACMP – 
EU), Comparability Protocols (CP submit-
ted as Prior Approval Supplement (PAS) – 
US), and potential opportunities outlined in 
ICH Q10 Annex 1 [13]. More recently, ICH 
Q12 has sought to complement these regu-
latory approaches in the post-approval set-
ting through the introduction of established 
conditions (ECs) and recognition of changes 
that can be implemented with supportive in-
formation but do not require reporting [14]. 
Throughout these approaches, a risk-based 
assessment is warranted to accompany the 
change evaluation process. 

Manufacturing process changes are nor-
mally implemented for biological products 
by conducting a comparability exercise to 
ensure there has been no adverse impact on 
the product quality, safety, or efficacy. In-
deed, the comparability principles described 
in ICH Q5E should be applied to ATMPs us-
ing a risk-based approach, while recognizing 
that the typical data packages and practices 

for demonstrating comparability may not be 
suitable for certain innovative modalities [12]. 
The design of comparability exercises (e.g., 
tests to be performed; acceptance criteria to 
be applied) are typically described in compa-
rability protocols prior to initiating the exer-
cise for post-approval changes.

While the approach described in ICH Q5E 
for demonstrating comparability can be ap-
plied to changes in the downstream manufac-
turing steps for iNeST drug substance or drug 
product, changes in the upstream neoepitope 
selection process require new concepts to 
maintain product quality since head-to-head 
comparisons are not meaningful. Indeed, the 
genomics and bioinformatics workflows are 
analogous to analytical processes, and each 
and every product batch contains unique pa-
tient-specific sequences; therefore, it is not 
necessarily meaningful to try to assess compa-
rability at the product level. Certain chang-
es in the neoantigen selection process are 
intended to improve accuracy. For example, 
bioinformatic algorithms and databases (such 
as the publicly available Immune Epitope 
Database (IEDB)) [15] used during the neo-
epitope selection process should be updated 
to leverage growing amounts of relevant data. 
Updates in the algorithms and NGS steps 
should be evaluated for their performance 
using appropriate metrics rather than an as-
sessment at the product level. For example, 
a change in the NGS sequencing kit chem-
istry version on the same sequencer platform 
(e.g., kit v1.0 to v1.5) would need to meet or 
exceed the vendor-specified performance cri-
teria and the pre-specified NGS QC criteria 
for the specific instrument and read length set 
by the developer/manufacturer (one example 
criterion being average base call quality Q30 
≥ 85%). The developer/manufacturer main-
tains control of the sequencing workflows to 
ensure quality of the resulting data.

While updates in manufacturing processes 
and controls are tracked in the pharmaceutical 
quality system/quality management system 
(PQS/QMS) using change control processes, 
the more substantial changes should be made 
transparent to regulators while balancing the 
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need to make iterative improvements to keep 
up with NGS technology and bioinformatics 
updates. This balance is better for the accu-
racy of neoepitope selection processes and 
ensures that the quality of the data generated 
during the manufacturing process keeps pace 
with the state-of-the-art process technologies. 

In support of the lifecycle of iNeST prod-
ucts, a novel change management mechanism 
is being devised to ensure the appropriate 
product quality while maintaining state-of-
the-art neoantigen selection. To enable robust 
development and iterative improvements in 
the genomics and bioinformatics steps, which 
are considered by health authorities in major 
regions to be an integral part of the end-to-
end manufacturing process, a medical device 
regulatory mechanism is being adapted. Since 
software is being used directly in the manu-
facturing process, rather than indirectly by 
controlling equipment, software as a medical 
device (SaMD) regulatory mechanisms can be 
leveraged. This entails the use of a pre-speci-
fication plan (PSP) or predetermined change 
control plan (PCCP) as a mechanism which 
defines a ‘region of potential changes’ to pro-
vide an appropriate level of control over the 
unit operations of the workflow while allow-
ing the flexibility to incorporate technology 
improvements as they become available in a 
‘do-and tell’ approach. This approach allows 
pre-defined changes and performance metrics 
to be implemented in the manufacturing pro-
cess as available and ensures transparency to 
regulators at regular time intervals (e.g., an-
nually or at the next submitted amendment). 
A PCCP strategy incorporates elements 
similar to those described in several recent 
publications [16–19]. Further, this approach 
is aligned to the ‘least burdensome’ concept 
outlined for medical devices by US FDA 
CDRH/CBER [20].

Specific unit operations are clearly defined 
within the NGS and bioinformatics work-
flows. By defining the unit operations and 
pre-specified acceptance criteria for their per-
formance, the goal is to demonstrate and doc-
ument incremental improvements to the pro-
cess. When using the PCCP, improvements 

are introduced into the workflows when bet-
ter techniques and knowledge become avail-
able and can be incorporated into production 
to ensure the process is not becoming obsolete 
or using outdated technologies. The planned 
changes under the PCCP undergo a full as-
sessment by the developer/manufacturer, and 
data are collected during this assessment to 
ensure the proper performance characteristics 
of the unit operations are met. When sub-
stantial changes outside of the PCCP are pro-
posed, the developer/manufacturer should 
take a risk-based approach to assessing the 
change, and seek prior approval from health 
authorities in order to implement the change.

It should be noted that the PCCP approach 
was proposed by US FDA CDRH for use 
with Artificial Intelligence/Machine Learn-
ing (AI/ML) in Software as a Medical Device 
[19]; as such, an accepted device regulatory 
mechanism is being leveraged and applied to 
the software used during iNeST manufactur-
ing. The PCCP approach is novel and regula-
tors in major markets have only theoretically 
agreed to this approach at this time. Proposal 
of a PCCP to regulators as part of the clinical 
development process begins the conversation 
around the pre-specified changes and perfor-
mance metrics against which those changes 
will be evaluated. The intent of the PCCP is 
to ensure the same or better quality of pro-
cess performance, or non-inferiority of pro-
cess performance, as was previously defined. 
Regulator acceptance of changes within scope 
of the approved PCCP will enable the neo-
epitope selection process to evolve quickly 
along with the rapidly evolving underlying 
technologies.

Developers/manufacturers and regulators 
should understand that the PCCP will con-
tinue to evolve during clinical development 
as more technologies, information and data 
emerge. The final PCCP for post-approval 
modifications with pre-defined acceptance 
criteria should be proposed and included in 
the Initial Marketing Application. Changes 
within the scope of the PCCP would be im-
plemented, documented within the quality 
management system (QMS), and reported at 
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regular intervals to regulators via an annual 
report or at the next available opportunity. 
Changes that fall outside of the pre-speci-
fied criteria, and changes to the PCCP itself, 
should be submitted to regulators for prior 
review and approval per local regulations.

A PCCP should include the:
 f Category (type) of pre-specified changes 

for a specific unit operation in the 
workflow

 f Scope of assessments/studies to 
demonstrate performance for each unit 
operation

 f Pre-defined acceptance criteria for each 
unit operation – one or more performance 
metrics along with the acceptable cutoff or 
range for that metric, and

 f Specific examples of changes planned

For example, a portion of a PCCP for ge-
nomics could include:

 f Category: Sequencing instrument change 
(from same vendor)

 f Scope of Assessments/Studies: Instrument 
I/O/PQ; Comparative sequencing study 
with post-capture libraries sequenced 
on both current and new sequencing 
instruments

 f Pre-defined Acceptance Criteria: NGS data 
must meet or exceed vendor requirements 
and/or developer/manufacturer pre-
specified performance criteria

 f Specific Examples of Changes: Change 
from the Illumina HiSeq 4000 instrument 
to NovaSeq 6000 instrument

NEOEPITOPE SELECTION WITHIN 
THE MANUFACTURING PROCESS
A novel regulatory framework is proposed 
here and includes the neoepitope selection 
process as an integral part of manufacturing 
of iNeST products, rather than as a device or 
diagnostic. The rationale for defining the ge-
nomics and bioinformatics as manufacturing 

steps lies within the definitions of ‘intended 
use’ and ‘medical device.. From a practical 
standpoint, this integrated regulatory strat-
egy acknowledges the inter-dependency of 
the neoepitope selection process and the final 
product, and ultimately patient outcomes.

FDA’s labeling regulations define ‘intend-
ed use’ as the objective intent of the persons 
legally responsible for the labeling of the drug 
or device [21]. Per Section 201(h) of the Food, 
Drug, and Cosmetic Act, a device must have 
an intended use ‘in the diagnosis of disease or 
other conditions, or in the cure, mitigation, 
treatment, or prevention of disease, in man or 
other animals, or intended to affect the struc-
ture or any function of the body of man or 
other animals...’ [22]. The objective intent of 
the neoepitope selection process is to support 
the design of the individualized medicinal 
product, and does not itself have a medical 
purpose; therefore, it does not constitute a 
medical device (or IVD). Instead, these ge-
nomics and bioinformatics workflows are part 
of the end-to-end process for manufacturing 
the iNeST product and fulfill their intended 
purpose, which is a individualized medicine 
designed to the particular tumor-specific mu-
tations of each patient. Defining the work-
flows as part of the manufacturing process 
provides a critically important line of sight to 
the full manufacturing process and product 
batch design for both Chemistry, Manufac-
turing, and Control (CMC) and Clinical reg-
ulatory reviewers.

It should be noted that genome analysis 
can generate a broad array of data types; the 
neoantigen selection process aims to identi-
fy neoantigens specific to the tumor only, 
rather than self antigens. Additionally, the 
US FDA CDRH Guidance, Considerations 
for Design, Development, and Analytical Vali-
dation of Next Generation Sequencing (NGS) 
– Based In Vitro Diagnostics (IVDs) Intended 
to Aid in the Diagnosis of Suspected Germline 
Diseases (April 2018), explicitly states that it is 
not applicable to RNA sequencing or tumor 
genome sequencing [23]. Further, the neoan-
tigen selection process is not used to identi-
fy patients where the benefits outweigh the 
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potential risks of treatment nor to monitor 
response to treatment, and is initiated only 
after a treatment decision has been made, 
thus its objective intent is the design of the 
product for each patient. 

Along these lines, there are broad, compli-
cating implications of whether the NGS and 
bioinformatics procedure were designated as 
part of the manufacturing process or as a diag-
nostic (CDx). As described above, we have tak-
en the position that the neoepitope selection 
process for iNeST manufacturing is an integral 
part of the production process, and is not des-
ignated as a diagnostic. If the neoepitope selec-
tion process were considered an IVD, it would 
create a disconnect since it would be regulated 
under medical device regulations in the United 
States (CDRH) and Europe (Notified Bodies 
and IVDR), while the downstream drug sub-
stance/drug product manufacturing process 
would be regulated under biologics regulations 
(CBER and EMA, respectively). Additional-
ly, classifying the process as a diagnostic/CDx 
would require the workflow to be conducted 
under the requirements described in 21 CFR 
820 and ISO 13485 [24,25]. Similarly, in order 
to be a stand-alone manufacturer of a device, a 
company is required to establish a quality sys-
tem aligned with and in fulfillment of device 
regulatory requirements. 

DEFINING FIT-FOR-PURPOSE 
QUALITY MANAGEMENT SYSTEM
The neoantigen selection process for pro-
duction of iNeST therapeutics is novel and 
does not fit readily into existing regulatory 
and quality frameworks. Currently, there are 
few guidelines and standards to follow for the 
use of NGS and bioinformatics as part of a 
manufacturing process, thus there is a lack of 
clarity regarding regulatory requirements that 
should be incorporated into a QMS. The up-
side is that there is recognition that a flexible 
framework on what guidelines, standards, and 
regulations may be applicable to define ‘good 
practices’ is required. However, the challenge 
remains to determine what is appropriate and 

exactly what should be incorporated into this 
flexible framework for genomics and bioin-
formatics workflows used in manufacturing 
of the iNeST product.

In order to aid in this determination, the 
following points should be considered:

 f The neoantigen selection process and 
the downstream manufacturing process 
(drug substance/drug product) should be 
considered as an integrated end-to-end 
process given that they are inherently 
interdependent, and together they result in 
a clinically evaluated product

 f The current GMP expectations for ATMPs 
have been described in guidelines issued by 
EMA and PIC/S Annex 2A [26,27]

 f The production of individualized (i.e. make-
to-order) ATMPs involves interfaces with 
new types of compliant environments, such 
as good clinical practice (GCP) or good 
clinical laboratory practice (GCLP) during 
clinical development [28], and CAP/CLIA, 
JACIE/FACT accredited facilities and/or 
ISO 15189 certified environments during 
commercial production [29–31]

 f Controls need to be appropriate for the 
particular steps in the manufacturing 
process, and certain steps may be carried 
out under device requirements

 f Elements of existing quality compliance 
requirements should be leveraged. For 
example, NGS steps carried out as part 
of a diagnostic test already have defined 
validation requirements as described by 
CAP; these existing requirements should 
be reviewed to determine their sufficiency 
for a commercial product requiring NGS 
process steps 

 f Consensus of which items apply to 
the QMS may be achieved through 
technical cross-functional vetting and gap 
assessment

Developers/manufacturers should review 
and consider pertinent guidelines, regulations 
(where they exist), and industry standards to 
define a quality management system that is 
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appropriate for NGS and bioinformatics 
processes. A fit-for-purpose QMS for iNeST 
may include an amalgam of pharmaceutical 
and medical device standards and practic-
es, and leverage existing GxP frameworks, 
where deemed appropriate. Once the QMS 
requirements are defined, the authoring, 
training and implementation of revised and/
or new internal policies and standard operat-
ing procedures (SOP) would naturally follow. 
Further, the developer/manufacturer should 
incorporate into the QMS how to assess the 
acceptability of a contract manufacturing or-
ganization’s (CMO) QMS. The developer/
manufacturer should consider what expecta-
tions should be codified in new or existing 
quality agreements (QAG).

CONCLUSION
The rapid pace of technological advances in 
the cell and gene therapy field requires cor-
respondingly rapid adaptation of solutions, 
including regulations, to progress beyond es-
tablished systems in order to ensure that the 
appropriate patients can benefit from these 
innovative medicines. Regulations for AT-
MPs must enable the interface with regula-
tions for devices and diagnostics, and other 
requirements (such as those for genetically 
modified organisms). The regulatory strategy 
described herein for this innovative new class 
of iNeST products is an example of a fit-for-
purpose approach that is being established to 
maintain the appropriate quality of the prod-
uct, particularly through the generation and 
use of genomic sequencing data for designing 
each batch. When developers/manufacturers 
call for flexibility in regulatory requirements, 
this flexibility should uphold high standards, 
and do so in pragmatic ways that proper-
ly leverage existing regulatory mechanisms 
whenever appropriate. This being said, when 
highly innovative products, such as iNeSTs, 
truly challenge the status quo and require 
new concepts, this should be thoughtfully ap-
proached and enabled so that such promising 
products can be delivered to patients.

We ask the reader to consider lifecycle 
management mechanisms that tend towards 
iterative improvements over time, consistent 
with ICH Q12 and those used with next-gen-
eration sequencing and AI/ML for Software 
as a Medical Device, to provide the best 
possible product to patients. Predetermined 
Change Control Plans (PCCP) may be used 
to streamline updates by establishing a ‘do-
and-tell’ approach with regulators to support 
innovation in production processes that use 
rapidly evolving technologies. Process perfor-
mance metrics, rather than product compara-
bility, are appropriate to ensure consistency in 
the manufacture of this class of make-to-or-
der ATMPs. A comprehensive risk assessment 
and appropriate discussion with global regu-
lators will enable developers/manufacturers to 
evaluate and document pre-specified changes 
within their Quality System, and report these 
pre-specified changes as part of an annual re-
port or at the next available opportunity. 

In summary, a novel regulatory framework 
is proposed to consider the genomics and bio-
informatics workflows as integral parts of the 
design and end-to-end manufacture of indi-
vidualized neoantigen-specific immunothera-
pies. Considering the NGS and bioinformat-
ics workflows as part of the overall end-to-end 
manufacturing process (rather than as a diag-
nostic) provides regulators with much-needed 
transparency of the entire manufacturing pro-
cess while enabling the manufacturer to update 
the genomics and bioinformatics neoantigen 
selection processes in a timely manner. Thus, 
developers/manufacturers and regulators en-
sure that the best product is made available to 
patients. Leveraging elements of NGS IVD 
guidance, where applicable and appropriate, 
provides some structure for the regulatory 
framework in aspects of design, development, 
and analytical validation. However, it should 
be noted that this guidance is not wholly ap-
plicable to the current scenario. Flexibility, 
not leniency, should be the goal when estab-
lishing internal quality frameworks; devel-
oping a fit-for-purpose QMS entails picking 
the appropriate elements and applying where 
reasonable or possible. Finally, developers/
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manufacturers of individualized neoanti-
gen-specific immunotherapies should review 
and consider pertinent existing guidelines, 
regulations, and industry standards, and 

consult with regulators, to define the require-
ments for NGS and bioinformatics workflows 
that should be incorporated into the quality 
management system.
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 Q What are you working on right now?

RP: I work at Vor Bio, a biotechnology company located in Cambridge, Mas-
sachusetts developing treatment-resistant Hematopoietic Stem Cell (HSC) trans-
plants that allow new, potentially curative targeted therapy opportunities for blood 
cancers. The company was founded on the premise that targeted therapies, such as chimeric 
antigen receptor T cell products (CAR Ts), are specific for certain protein markers on tumor 
cells but are not truly ‘targeted’ to tumor cells alone. It is known that because healthy human 
cells, from which the cancer cells are derived, also have these targets, toxicity can occur as a 
direct targeted effect on the patient’s normal blood cells. The first successful CD19-CAR Ts 
target B-cells, which fortunately, we can live without for a time before they regenerate – hence 
the fact those CD19 CAR Ts can be tolerated by the patient apart from the serious risks of 
cytokine release syndrome (CRS) and neuropsychiatric toxicity. However, in trying to expand 
beyond B-cell malignancies, the field has encountered significant on-target, off-tumor toxicity 
barriers. Vor Bio’s approach is to remove these targets from the patient’s normal blood cells in 
order to protect them from the targeted therapy. In a condition like acute myeloid leukemia 
(AML), a human leukocyte antigen (HLA)-matched volunteer’s donor blood cells are collected 
and then those targets (in this case, CD33) are edited out from these normal HSCs. When the 
cells are administered to a patient undergoing a stem cell transplant and engrafted, they will 
not have that marker. When the targeted therapies then are administered, they should kill the 
tumor cells, but not the patient’s normal blood cells. In vitro and in vivo animal data support 
this hypothesis. 

Data from preclinical studies in multiple independent laboratories show that CD33 can 
be removed from HSCs without any deleterious impact on cell biology. However, we believe 
the strongest support for our approach comes from existing human genetics data suggesting 
the non-essential nature of CD33 function in humans. In studying the Genome Aggregation 
Database (gnomAD), we found there are at least 75 healthy individuals in the world who do 
not have CD33 and are otherwise normal. 

Currently, around 40% of patients with AML who receive a Hematopoietic Stem Cell 
Transplant suffer a relapse of their cancer, with two-year survival rates of less than 20%. 
Thus, there is a high unmet medical need, and a new treatment approach is necessary. 

We are now working to bring this therapy and the possibility of a cure to patients with 
high-risk AML, a disease that carries a poor prognosis despite aggressive therapies including 
traditional HSC transplantation, the standard of care for decades. In partnership with lead-
ing transplant centers across North America, we are actively enrolling patients with high-risk 
AML who are first-time HSC transplant candidates to participate in our first in-human 
Phase 1/2 proof of concept clinical trial (VBP101). The treatment is called VOR33, which 
is administered during the transplantation process. It is composed of modified or engineered 
hematopoietic stem cells lacking the CD33 protein marker. VOR33 is utilized in conjunc-
tion with Mylotarg TM (gemtuzumab ozogamicin) which is administered post-transplant. 
Mylotarg is an anti-CD33 product currently on the market. It is an antibody drug conjugate 
that releases the toxin when it interacts with the CD33 marker. 
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 Q As one of the initial drivers behind the introduction of cell and gene 
therapy (CGT)-specific expedited regulatory pathways - an effort 
which culminated in the regenerative medicine advanced therapy 
(RMAT) designation - what are your views on that pathway today, 
and its adoption and implementation so far?

RP: Data from the FDA indicate that the RMAT designation is frequently being 
utilized in the CGT arena and is now the more common approach taken by compa-
nies, versus the breakthrough therapy designation.

There are several key features of the RMAT designation that are different from breakthrough 
designation or other expedited pathways. The RMAT criteria to fulfil are somewhat like break-
through therapy in that you do need to provide supportive clinical data; however, for the break-
through designation, the therapeutic candidate must be for an unmet medical need for which 
there are no other available therapies. Therefore, the hurdle might be considered slightly less for 
RMAT in that the product must address an unmet medical need, regardless of whether there are 
other available therapies.

Once RMAT designation is awarded, it is noted that the FDA needs to consider the feasi-
bility of an accelerated approval based upon a biomarker or an intermediate clinical endpoint. 
Companies are looking at ways to bring these products to a greater patient population includ-
ing many rare genetic diseases. For cell and gene therapies, specifically, there is an opportunity 
to enhance or modify a specific gene or marker which is reasonably likely to predict clinical 
benefit. There is also the possibility for accelerated approval in rare orphan diseases based on 
an intermediate clinical endpoint. Full approval could then be based upon either survival or 
another agreed upon measurable clinical benefit.

An additional feature of RMAT is that for accelerated approval, the requirements for a con-
firmatory study are different. One could either use an expansion of the initial patient cohort 
to replicate the results seen in the initial trial 
or provide confirmatory evidence based upon 
real-world data.

 Q What could be the next targets 
for further regulatory guidance 
evolution in the space?

RP: The industry had been request-
ing two critical guidance documents, 
one for genome editing and one for the 
development of CAR Ts. There are modifi-
cations and iterations for the next generation 
of CAR Ts that are being developed and this 
latter guidance will be useful in addressing 
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the FDA’s expectations of what should be included in IND submissions. Both draft guidance 
documents were issued recently.

There is a third guidance document that is not out yet, which covers expectations around 
potency assays. This is a timely but difficult topic because how do you make uniform cells on a 
consistent basis and how can you determine this? How do you test their potency? The ultimate 
goal is to have a rapid in vitro test for lot release. Previously, people had relied on in vivo animal 
testing. For Zolgensma® (onasemnogene abeparvovec), the initial potency test was a one-year 
animal study, which was not practical. How can you release a product, which is manufactured 
as a single lot per patient, that must wait a year for a potency test result in animals?

Figuring out validated potency tests of new CAR Ts and expectations for these newer 
products is a difficult assignment. With some of the cellular products, the mechanism is 
unknown, so coming up with a potency test requires a sound scientific approach and much 
planning. Work needs to be performed alongside input and feedback from the Agency be-
cause it is critical to have agreement on a potency test to ensure the product will work con-
sistently and reliably in patients based on product quality characteristics.

Another area for guidance to be considered is how the agency can quickly communicate 
toxicities that are occurring in clinical trials. For example, we have been aware of initial 
toxicities with adeno-associated viral (AAV) vectors; however, new toxicities associated with 
these products were occurring in the clinical trials. In response, the Agency called in an ad-
visory committee in 2021 to discuss concerns regarding AAV vector toxicities beyond those 
that had been seen previously. As we move forward with CAR Ts and other newer CGT 
products, we must find a way for the Agency to convey these concerns early, without breach-
ing confidentiality, so that other companies designing their preclinical studies and clinical 
protocols can monitor for these toxicities. It will benefit companies and patients in the long 
run to provide that type of information and to implement an early warning/notification 
system during clinical development of these novel therapies. 

 Q 20 years ago, you were involved in the successful accelerated 
approval program for Velcade® (bortezomib). What learnings from 
that experience are relevant to today’s advanced therapies space, 
where accelerated clinical developments are almost the norm? 

RP: Velcade is a product that would have been considered a breakthrough therapy 
by today’s standard as the initial clinical results looked very promising. At that time, it 
was approximately 50 years since the last product was approved in the multiple myeloma space. 
We talked to our investigators and looked at the history. They said if we could get a ‘molecular’ 
cure with complete remission - it would be a miracle. We set a criterion of a 10% molecular cure 
rate in patients. Despite some doubts that it would be possible, we hit this target.

It was very important to meet with the FDA and have the Agency agree with this endpoint. 
We had experts in the field attest to the relevance and significance of this endpoint. In addition, 
we submitted the protocol for special protocol assessment (SPA). That SPA process proved 
arduous and time-consuming, but in the end, the result was a buy-in from the FDA. Upon 
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submission of the NDA, the Agency found the data convincing and approved the product well 
before six months, the targeted priority review date under the Prescription Drug User Fee Act 
(PDUFA). If the product you are working on has dramatic results, you need to find a way to 
show that this is truly remarkable and convince the Agency of those meaningful endpoints pri-
or to filing the BLA or NDA. That was a key learning point for me. In addition, we submitted 
a confirmatory study protocol in an earlier stage of multiple myeloma and then were able to 
demonstrate an overall survival benefit. 

 Q What are the specific regulatory considerations for Vor’s engineered 
hematopoietic stem cell (eHSC) therapeutics, from the translational 
and clinical R&D standpoints as well as manufacturing?

RP: This approach had never been done before. Volunteer HLA-matched donors 
underwent a process called dual mobilization. This was necessary because we needed at least 
triple the amount of eHSCs, to manufacture the product, do the analytical testing, and retain 
a rescue dose (non-engineered cells), should the engineered cells not engraft. Patients would 
enroll, and clinicians would put patients into the trial, only if there were a backup amount of 
non-engineered transplantable stem cells available.

We also had to work with the transplant centers to find suitable patients and to find do-
nor collection sites for the apheresis so the apheresis would be done in a consistent manner. 
We performed research to document donor-to-donor variability, and we had to balance that 
variability from the donors with the product we were manufacturing based upon analytical 
testing and the manufacturing process.

We also had to determine the appropriate degree of editing of these cells using CRISPR/
Cas9 and a guide RNA. We tested this in various animal models to ensure that the engraft-
ment and cells would be protected, and that the stem cells would reproduce continually. 

This degree of CRISPR/Cas9 editing, both on-target but also off-target for next-generation 
sequencing, had never been done before. Today, we have the IND in place, and we are actively 
enrolling patients.  We are looking forward to seeing clinical results in the second half of 2022.

 Q What is your take on how the CGT industry has responded so 
far to heightened regulatory stringency around CMC, and do you 
have any specific points of focus or related words of advice for the 
future? 

RP: Despite dramatic life-altering successes in patients with serious conditions 
such as Spinal Muscle Atrophy (SMA), there are no shortcuts or areas of flexibility in 
the manufacturing standards and requirements for approval of a CGT product. There 
is no compromise in the quality of the product, no matter what condition or how small the 
population may be – that is a key learning point.

We do have some regulatory flexibility in the requirements for GMP for initiating clinical 
trials, which is sometimes known as fit-for-purpose or phase-appropriate GMP. Typically, 
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the hurdle is relatively low compared to what would be necessary in the final GMP scenario 
required for product approval. 

The real problem is rapidly moving towards a pivotal trial, which requires qualified analytical 
tests and a higher degree of quality control. Then in registration, the hurdle is even higher, which 
many companies don’t fully anticipate. There is a large amount of testing and input necessary to 
bring the product to the finish line. Expedited clinical development can leap ahead of the man-
ufacturing controls and validation required for the product. GMP requirements for a Phase 1/2 
study are not the same as GMP required for a pivotal trial and certainly not for commercialization.

In small companies with limited resources, it can be a push to get into the clinic quickly, 
which needs to be balanced against investing for the long-term by trying to get a product 
that is almost final before bringing it forward into the clinic. Agencies prefer the latter ap-
proach. However, due to lack of an abundant amount of investment, getting there before 
you have proof of concept in the clinic can be difficult to achieve. Showing that a product 
works in the clinic is ideal for generating additional investment, rather than attempting to 
take a further developed product into the clinic with millions of dollars already invested and 
then having it fail. Before companies are going to take that big risk, there needs to be proof 
of concept showing that the product works.

We may be getting there with CAR-Ts because we already have approved products on the 
market. In the wider cell therapy area or for other rare diseases, we do not know enough yet. 
With AAV vectors, for example, there are so many variables that could influence efficacy, in-
cluding the required degree of exposure and penetration into individual cells. We are still on 
the learning curve in this field, and there are going to be failures. Another thing to consider 
is that therapies, such as AAV- based products, have the problem of pre-existing immunity 
to overcome. Questions being raised include if patient response wanes over time, how can 
another dose be given? Is it ethical, and what can be done to minimize any problems of 
immunogenicity with a second dose? Should corticosteroids be administered to all patients 
before administration of an AAV based therapy?

Other issues include viral vector availability and cost. The waiting time for lentiviral vec-
tors is out to two or three years now. The cost of goods for a particular product or therapy is 
going to be expensive, even for just one patient. Reimbursement is another major issue for 
many of these ‘one-and done’ therapies.

 Q How is the CGT field doing in coming to terms with post-marketing 
requirements?

RP: The current requirement is a 15-year follow-up of patients from the clinical 
trials for any gene editing or vector-integrating program. If you are optimistic and you 
do everything right, you will have some additional time to look at long-term data for those 
treated patients. It will also be important to look at registries. It is too early to know what 
those post-approval requirements will be. In the future, there will be more questions about 
how to follow individuals long-term, whether it remains at 15 years or becomes longer still. 
A current issue is how much persistence data are required for approval. There is a high degree 
of uncertainty about how much longer-term data are required for approval vs. what may be 
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acceptable as a post-approval requirement or 
commitment.

 Q Finally, what will be some key 
goals and priorities, both for 
yourself in your own work and 
for Vor Bio as a whole, over the 
coming 12–24 months? 

RP: The next step we are taking is 
working on an anti-CD33 CAR T (VCAR-
33), which eventually can be used in 
combination with our VOR33 product. 
We plan to file an IND next year for VCAR33. 
After assessing that product in the clinic, we 
plan to combine it with VOR33 so we can directly measure the benefit of the combination.

Regarding the future, we are looking at multiplexing, i.e., editing out two or more pro-
teins. If you alter two targets or markers as you are killing tumor cells, the tumor cells should 
be less likely to develop resistance than with a single marker change. The next step is testing 
if our platform can knock out three or more proteins. We are looking at how to do that with 
various approaches to gene editing. In our next program, the dual multiplex markers to be 
removed are CD33 and CLL1, both of which are produced by AML tumors and are on the 
patient’s normal cells. 

Our overall goal is to provide safe and effective therapies for these cancer patients who do 
not have other alternatives with the potential to provide cures.  
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Products Incorporating Human Genome Editing] from the FDA is 

very helpful in delineating some expectations for sponsors.”
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In March 2022, the US Food and Drug Ad-
ministration (FDA) released a draft guidance 
for gene editing products (Human Gene 
Therapy Products Incorporating Human 
Genome Editing). Gene editing products in 
this context include those that add, delete, 
alter, or replace DNA sequences at specified 
locations in the genome of human somatic 
cells, in vivo or ex vivo. This guidance is a 
timely addition to the body of FDA recom-
mendations given the ever-increasing number 
of in vivo and ex vivo gene editing products 
in development. In addition to many useful 
points relevant specifically about gene editing 
products, the guidance reiterates best-practice 
recommendations similar to those that might 
apply to any development program. Particu-
larly informative in this new guidance is some 
understanding of how the FDA will view the 
risk/benefit profile of gene editing products, 
including a reference to the ‘significant risk 
and an uncertain potential for benefit’ in gene 
editing clinical studies. It is also worth noting 
that although this guidance addresses topics 
across the Chemistry, Manufacturing, and 
Controls (CMC), nonclinical, clinical, and 
general regulatory disciplines, its breadth is 
complemented by more focused deeper-dive 
guidances previously developed by the FDA 
including a detailed CMC-specific guidance 
released in early 2020 (Chemistry, Manufac-
turing, and Control [CMC] Information for 
Human Gene Therapy Investigational New 
Drug Applications [INDs]) and a similarly 
in-depth nonclinical-focused guidance re-
leased in late 2013 (Preclinical Assessment 
of Investigational Cellular and Gene Therapy 
Products). 

A major theme running through the doc-
ument is the need to extensively characterize 
and minimize off-target editing in gene edit-
ing products through thoughtful product de-
sign and robust and reliable safety evaluations. 
In manufacturing and design considerations, 
FDA notes that limiting the in vivo persistence 
of the direct gene editing components can cur-
tail off-target edits, as can restricting distribu-
tion of gene editing components to specific an-
atomical sites using elements like tissue-specific 

promoters. Thoroughly evaluating the effects 
of off-target activity is also important, and the 
Agency provides specific and clear instruc-
tion—demonstrate comprehensive evaluation 
of the type (presumably insertion/deletion or 
conversions), frequency, location, and biologic 
consequence (when available) of all off-target 
events in the genome. FDA appreciates that 
this will likely need to be accomplished using 
more than one method and indicates that mul-
tiple orthogonal approaches should be consid-
ered. Furthermore, these genome-wide investi-
gations should be conducted using target cells 
from multiple human donors. 

Similar to the recommendations regarding 
off-target editing, this latest guidance also con-
tains instructions for assessing genomic integ-
rity, another key safety evaluation for gene ed-
iting products. Specifically, FDA recommends 
looking for chromosomal rearrangements, 
large insertions or deletions, integrations of ex-
ogenous DNA, and potential oncogenicity of 
insertional mutagenesis. Taken together, FDA’s 
advice on both off-target editing and genom-
ic integrity assessments comprises a useful list 
of assessments that sponsors of gene editing 
products will be expected to conduct. Indeed, 
this feedback is very similar to product-specif-
ic advice we have received for multiple prod-
ucts. Specific details related to target cell types 
for these assays as well as ‘cut-off’ criteria for 
off-target editing events will be decided on a 
by-product basis and could be useful topics 
for discussion in a meeting with the FDA. 
Such early-stage discussions could take place 
in the context of either INTERACT or pre-
IND meetings, although the former have been 
difficult to obtain and, indeed, this guidance 
provides sufficient details to resolve some ques-
tions such that an INTERACT meeting may 
not be needed or granted.

As indicated above, substantial attention 
in this guidance is given to the gene editing 
components themselves. By contrast, relatively 
few points of guidance are provided regarding 
the different delivery mechanisms that have 
been employed in the field. FDA notes that 
gene editing components can be delivered via 
viral vectors or nanoparticles. Interestingly, 
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the Agency indicates that certain nanoparti-
cles used for in vivo delivery of gene editing 
components may be regulated as devices. No 
further criteria for which nanoparticles might 
qualify as devices are provided, and additional 
clarification from the Agency would be helpful 
when this guidance is finalized, given that de-
veloping a biologic-device combination prod-
uct requires significantly more investment and 
resources than that of a biologic alone (other 
FDA guidance documents including Consid-
ering Whether an FDA-Regulated Product 
Involves the Application of Nanotechnology 
are similarly vague on this point and indicate 
that nanoparticles are designated as devices or 
non-devices on a case-by-case basis). Again, 
sponsors may need to address this issue in fo-
cused consultations with the Agency or by way 
of a Request for Determination.

Finally, in addition to the separate manu-
facturing and nonclinical assessment guidance 
documents mentioned above, the genome ed-
iting guidance also offers preliminary informa-
tion on considerations for clinical studies of 
gene editing products. As mentioned above, 
the potential risks of gene editing products 
are reinforced here by the FDA. In that con-
text, the Agency’s advice is that first-in-human 
studies should at least initially enroll only 
subjects with no other treatment options. An 
interesting point within FDA’s recommen-
dations for selecting a trial population is that 
subjects with more advanced disease, although 
potentially more likely to accept the risks of a 
gene editing product, may also be more like-
ly than subjects with less advanced disease to 
experience adverse events (AEs). Given this 
consideration, sponsors may choose to enroll 
subjects with early-stage or moderate disease. 
Further, as with other high-risk products with 
no precedents, the Agency recommends stag-
gered enrollment with waiting periods based 
on the product’s expected in vivo duration of 
action and which are also sufficiently long to 
monitor for acute and sub-acute AEs. Special 
safety monitoring recommendations include 
observing for events related to off-target ed-
iting, aberrant cell proliferation, tumorige-
nicity, and immunogenicity. The Agency also 

reinforces the existing recommendation for a 
15-year long-term follow-up period for sub-
jects exposed to in vivo or ex vivo gene editing 
products.

Overall, this newly released guidance docu-
ment from the FDA is very helpful in delineat-
ing some expectations for sponsors. Given that 
no in vivo gene editing products have yet to 
be approved by the FDA, these recommenda-
tions are likely to become more numerous and 
specific as the field of gene editing products 
evolves and marketed products set regulatory 
precedents.  It will be very interesting to see 
how this document changes as it is finalized 
by the Agency and potentially augmented by 
additional related guidance documents.
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 Q What are you working on right now?

JB: At Catapult, I am working on several things. We are establishing our new site 
in Edinburgh, which will be in the University of Edinburgh Institute for Regeneration and 
Repair. We are building this manufacturing development capability to bridge the gap between 
the R&D process development activities carried out at our London site, and what is required 
to move these processes to scale and to GMP, then technology transfer to say, either a CDMO 
or to a developer’s own facility. Our primary focus will be on pluripotent stem cell work, as 
this is an area that is really starting to take off now. We will also have translational regulatory 
support capability.

My team are working on supporting the collaborators we have from academia and industry, 
both within and outside of the UK, to help them design their regulatory strategy, regulatory 
submissions, and market access strategy.

I am spending time securing further funding for the Advanced Therapy Treatment Center 
(ATTC) network, which we have been coordinating for the past 4 years. This is a network of 
centers spanning the whole of the UK, a true collaboration with both the NHS and industry. 
We have been helping with education, institutional readiness, development of technological 
solutions, and with clinical trials. This was all funded through the Industrial Strategy Challenge 
Fund (ISCF), which has provided £47 million over the last four years. The ISCF no longer 
exists. We have funding internally to continue wither the Network activities until March of 
next year and are in discussions about potential further funding.

 Q It’s obviously been a particularly tumultuous period in the UK. As 
the nation emerges from both Brexit and COVID-19 and moves 
forward, what do you see as some of the key directions/priorities – 
and also challenges – firstly in terms of ATMP regulatory evolution? 

JB: Following Brexit, we are no longer part of the European Medicines Agency 
(EMA), the centralized submission pathway and the new clinical trial regulation be-
ing implemented in Europe. That means we are not part of the market of Europe. 

The flipside of that is we have a standalone regulator that is really embracing innovation. 
The UK Medicines and Healthcare products Regulatory Agency (MHRA) have redesigned 
their operations, and they have introduced an innovation accelerator. They are focusing on 
the systems to assist innovation and are looking at streamlining of approvals and systems. For 
example, advanced therapies that use human tissues and cells are covered by tissues and cells 
legislation and overseen in the UK by the Human Tissue Authority. However, the medicines 
are covered by the MHRA. The hand-off between those two directives has always been clunky, 
but they are now looking at how that can be streamlined, which is a real positive.

MHRA are also looking at clinical trial regulation for the UK. They released a public con-
sultation, and I was happy to see how bold they were being. They are looking in-depth at what 
can be done to accelerate approval and conduct of trials and reduce the administrative burden 
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whilst ensuring safety, which is paramount 
in clinical trials. They are reassessing the re-
quirements for adverse event reporting and 
have already introduced a streamlined sub-
mission portal for both ethics and regulatory 
approval. 

Hopefully, they will be able to also intro-
duce things like bringing local R&D approv-
al and GMO legislation and approval into a 
single submission, in order to provide a one-
stop-shop for approval. And in what I believe is a world first, they have introduced the Inno-
vative Licensing and Access Pathway (ILAP), which uniquely considers regulation, reimburse-
ment, and commissioning for these innovative medicines. ILAP provides a platform where you 
can have the appropriate people in the room and have those discussions to help developers 
move along the pathway quickly. Unlike other international schemes, this allows provision of 
data early on, even before you have much, if any, preclinical data.

The benefits that the COVID-19 pandemic brought in terms of the real-time implemen-
tation of research into clinical practice can be demonstrated by the introduction of dexa-
methasone in the treatment of COVID-19. It was seen that dexamethasone had improved 
the outcome of patients with severe and critical COVID-19 disease. This was announced one 
morning and by that afternoon, it’s prescribing was implemented in the NHS. That is aston-
ishing. COVID-19 has brought a nimbleness to the regulators and the NHS. The NHS is the 
third-biggest employer globally and as someone who used to work there, it is very dear to my 
heart – but as with all huge organizations, it can sometimes be slow to act. COVID-19 has 
allowed people to act quicker, and many people in the NHS do not want those lessons and that 
boldness to be lost.

 Q What are the main directions, priorities, and challenges relating to 
ATMP clinical development environment in the UK?

JB: Priorities lie in accelerating clinical trials through more permissive clinical 
trial guideline development. Support from regulators for clinical trial development through 
things like ILAP gives developers the means to speak to these people and have confidence in 
what they are doing.

The lessons learned from COVID-19 and the interactions it brought with people work-
ing together in a way that had not been done before are key. Collaboration is much stronger 
now, as is signposting for where you can go to get assistance. This will help accelerate clinical 
development.

For things like ATMPs, we are still gaining the knowledge of the mechanisms of action and 
the potential adverse events. Importantly, the regulators are also gaining that knowledge. In 
previous years, the dialogue has been scientifically driven, and it continues to be so, but today, 
with both parties learning fast, the regulators are being much firmer in their requirements. 

“COVID-19 has allowed 
people to act quicker, and 

many people in the NHS do 
not want those lessons and 

that boldness to be lost.”
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If regulation is not appropriate it can slow development, but if it is helps aid knowledge of 
requirements, that can act to accelerate development. If it’s proportionate, which I believe it 
continues to be, then for some innovative medicines, clearer regulatory requirements are a 
good thing. 

 Q And what is the future direction regarding increasing patient access 
to ATMPs in the UK?

JB: The ATTC network was a global first. It was farsighted of the UK government to 
understand that this was the last piece of the jigsaw in the supportive ecosystem for these inno-
vative medicines. As the number of these therapies starts to increase, we must share the learnings 
from early adopters, say between the hematologists and the oncologists and the neurologists.

Regardless of indication there are common learnings, and ways that processes can be stan-
dardized, such as in training staff to handle living cell products, having a pharmacy with ad-
equate liquid nitrogen, or the implementation of suitable governance structures. With the 
ATTC network, we have tried to produce frameworks that can be re-used throughout the 
NHS. 

The Innovative Medicines is an important development step in increasing patient access to 
these innovative medicines. As was the revision of the National Institute for Health and Care 
Excellence (NICE) methodology. 

Another thing that is important is the understanding that patients need to be involved 
with development and trial of products from the beginning. Sometimes clinicians and drug 
developers think are indicators of patient benefit do not necessarily align with patients’ require-
ments. Patients know what is important to them and what will improve their quality of life the 
most and therefore improve patient access. 

 Q In what ways is Cell and Gene Therapy Catapult specifically going 
to help drive progress in the translation of ATMPs towards and 
onto the market?

JB: We continue to perform environmental shaping to understand what would 
accelerate innovation in the UK. We do that within the reimbursement, the regulatory, and 

the manufacturing spaces.
We continue to work closely with the UK 

MHRA to understand the perceived barriers 
for developers, and whether these are true bar-
riers stemming from the regulatory authori-
ties, or myths that need to be broken down. 

We continue to spend a lot of energy on 
building skills, whether it be through appren-
ticeships or through the Advanced Therapies 

 
“...patients need to be 

involved with development 
and trial of products from the 

beginning.”
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Skills Training Network. We aim to build skills at all levels, whether it be to operating in a 
cleanroom, understanding analytics, or working through regulatory challenges. 

The third aspect is on-the-ground supply. This involves supply from a manufacturing point 
of view, accelerating cluster formations, supply chain formation and logistics, and ultimately 
NHS adoption. Looking at this in a holistic and connected way from process development 
through to adoption is important to drive progress. This encourages developers and academics 
to work with the end in mind form an early stage, thereby reducing unnecessary duplication or 
reworks. Having a translational pathway with the end in sight can be beneficial for marketing 
authorization.

 Q Are there any specific developments relating to the MHRA and 
ATMP regulation in the UK that you expect to see in the foreseeable 
future, and why might they be important for the field?

JB: The MHRA are supportive of innovative trial design, which is needed for 
these types of products. It is key to have a regulator that understands and balances risks 
against benefits, and a clinical trial system that accelerates approval and cuts down on the ad-
ministrative burden. Again, as we are no longer part of the European system, the revisions to 
clinical trial regulation needs to be clear and effectively communicated, especially if there are 
going to be radical changes made. If those changes are implemented in the way described in 
the consultation paper, they should accelerate clinical trials.

Another thing to look out for is the point of care manufacturing initiative from the MHRA. 
That is going to be exciting, not only for ATMPs, but also other innovative medicines such as 
the 3D printing of medicinal tablets. This could lead to localized at-the-bedside production of 
tablets for an individual patient.

We are also seeing collaborations and agreements with global regulators. When we are ac-
cepted into a mutual recognition scheme for the International Council for Harmonization of 
Technical Requirements for Pharmaceuticals for Human Use (ICH), this will act to reduce the 
burden for developers of mainstream medicinal products. Then, if we could get mutual recog-
nitions for ATMPs, that would be very beneficial for the entire field and, of course, for patients. 

 Q Finally, what are some key goals that you have for your work over 
the next couple of years?

JB: Our focus continues to be that the UK is attractive to developers and supports 
accelerated access for these life-changing and potentially life-saving medicines.

Panos Kefalas, the Director of Access Strategy at Cell and Gene Therapy Catapult, is looking 
after the regulatory team and the health economics and market access team. Between us, we 
will continue to work with MHRA, NICE and the NHS Accelerated Access Collaborative to 
ensure that the reimbursement and innovative payment models are functional for both the 
NHS and the developers. 
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Personally, my focus will be obtaining further funding for the ATTC network and the open-
ing of the Cell and Gene Therapy Centre in Edinburgh to provide support to the north of the 
UK.
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also an understanding of the extremely complicated and highly regulated area of manufacture, 
David now assists industry in the shaping the design of the next generation of ATMPs to opti-
mise adoption, maximising the incredible promise many of these therapies offer.
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 Q What are you working on right now?

DC: I put my role into three distinct areas that have overlapping synergies. First-
ly, there is my role as a Pharmacist in the UK NHS. There, I’m supporting the adoption of 
disruptive therapies, including the marketed advanced therapies. That includes providing ini-
tial advice to the companies commercializing the approved therapies around considerations 
to minimize disruption, thus helping to ensure the therapies get used in the way they are 
supposed to be used. It involves the IT infrastructure and how we are going to use cell tracking 
systems and the information governance (eg. how the patient information is going to be used). 
And this role also involves leading the contract discussions – sending the contract out to the 
NHS Foundation Trust lawyers and ensuring it complies with all the procurement laws, and 
that the contract presents in a balanced manner.

Secondly, we have five manufacturing sites within Newcastle Hospitals (two for nuclear 
medicine, a conventional pharmacy, and two for advanced therapies) and my remit is pro-
viding quality leadership for all of them. (We are currently building a sixth, which will be a 
PET tracer site. Hopefully there will be some overlap between the PET tracing and advanced 
therapies – for instance, in terms of the labeling and tracking of cells in vivo). I’m very well 
supported – there are Heads of Quality at each site. It is more of a strategic support role where 
I try to make sure we can provide for both the translation of the Newcastle Advanced Thera-
pies-derived ideas, as well as contract manufacturing services. The number one priority is to 
ensure that Newcastle patients are first in line to be able to access innovative therapies.

Finally, I am a Director of a small company through which I offer consultancy services, 
including as a Qualified Person (QP) to ATMP manufacturers. I serve as a contract QP to 
both Autolus and TC BioPharm, and I am in the midst of developing new relationships with 
larger conventional biopharma companies that are just getting into the cell and gene therapy 
space, as well as some very small start-ups that are working in point-of-care manufacturing 
– something we will discuss more a little later on.

 Q Newcastle Advanced Therapies has been a stalwart of the field in 
the UK for many years – what are your reflections today on how 
the organization and facility have advanced in step with the cell 
and gene therapy space?

DC: I would say that when Newcastle first invested in ATMPs, it was seen as a 
bit of a punt – a case of ‘let’s see what happens’ – which really reflected the status 
of the nascent field in general. And as with all these things, it has evolved since. The fo-
cus of activity used to sit very much within stem cell research whereas today, after becoming 
Newcastle Advanced Therapies, the department has become an integral part of pharmacy. 
Basically, if we manufacture a product and it is administered into a patient, in a hospital it 
sits best as being part of pharmacy. Clearly, not all such products are medicines, per se – bone 
marrow transplants, for example – but the manufacture and preparation aspects sit within 
the governance structure of pharmacy nonetheless.
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I feel that by becoming a site that actually 
does ATMP manufacture for patient use, we 
became a lot more institutionally ready from 
a relatively early stage to deal with these dis-
ruptive technologies. The benefit to us as a 
hospital has primarily been that we’ve been 
able to say ‘yes’ to the huge majority of clini-
cal trials and to all the commercial products, 
and we have also had the governance and 
regulatory infrastructure in place to allow 
us to offer these treatments in a controlled 
environment to our patients. Clearly, there’s 
still work to do to ensure there continues to 
be enough of an internal academic R&D pipeline coming through, not least because the 
demand for contract manufacturing is growing rapidly. 

Related to Brexit, we are also seeing a lot of investment and opportunities coming from 
outside the UK now and interestingly, at a recent conference I learned from one UK ATMP 
contract manufacturer that about 90–95% of their business currently comes from outside 
the UK. That does make us ask the question of what’s driving it – is it our capabilities? Is it 
that we are cheaper than elsewhere? Is it that we don’t have enough funding in the UK at the 
moment to bring homegrown biotech companies through? (As I mentioned, I do work for 
two UK-based companies, but they are both now on the NASDAQ). I think it is an inter-
esting question to consider.

To me, the infrastructure is more than just the buildings. It’s the people, the training, and 
the governance that has to follow that then unlocks the ability to do things in the hospital.

 Q What have been the key areas of regulatory guidance, legislation, 
and/or evolution relevant to advanced therapies that have impacted 
your role in recent times?  

DC: The legislation is constantly evolving. Several years ago now, the GMP for AT-
MPs guidance came out from the EMA. I would say it met with a mixed reception, largely 
because of the fact that it was designed as a standalone piece of GMP guidance. However, 
things have moved on from there. Clearly, COVID has been horrendous, but I think one of 
the major silver linings from the pandemic was how the UK MHRA approached the regulation 
and licensing of the vaccines. They looked to fast-track, seeking efficiencies and asking whether 
processes be done in parallel rather than sequentially. Communication was also improved – for 
instance, if they found a problem during their initial review, they pushed that back to the vac-
cine developers and manufacturers and asked them to be looking at the issue while the regula-
tor continued with the review. That sort of approach is potentially more labor intensive for the 
regulator, but for the companies working in that space, for patients wanting that intervention, 
I believe that change delivered real benefits.

“To me, the infrastructure is 
more than just the buildings. 
It’s the people, the training, 
and the governance that has 
to follow that then unlocks 
the ability to do things in  

the hospital.”



CELL & GENE THERAPY INSIGHTS 

700 DOI: 10.18609/cgti.2022.106

The EMA’s Clinical Trials Regulation has come in now into force, and the MHRA just 
recently closed the consultation on proposals for legislative changes for clinical trials. This 
consultation is asking stakeholders in a structure way what needs to happen in the clinical 
trial environment in order for the UK to remain competitive but also taking to opportunity 
to ask if they should retain the efficiencies realized during the vaccine approval processes. 
I welcomed the flavor of the clinical trial consultation but also the aspiration, in that the 
MHRA are really pushing the boundaries. They are going beyond a small evolution and 
trying to think about what needs to be legislation versus what could be guidance only, there-
by providing more autonomy, which will help future-proof the regulatory environment. 
Clearly, the products, the facilities, and the controls are all changing. Therefore, you have to 
be careful when writing legislation to make sure you don’t stifle innovation. Of course, the 
Clinical Trial Regulation was meant to help innovation, but I am not sure whether it is go-
ing to change enough in mainland Europe to allow that to happen. They have got the single 
submission process in place, which does make things more streamlined, but that has never 
really been a key barrier in my experience, at least not for industry. On our academic side, it 
will make a small difference.

But I think the most important thing the MHRA have done in the clinical trial consulta-
tion is to ensure that this is going to be a patient-centric process moving forward. The pro-
posal asks how/if we are going to engage patients when we design trials, and the knowledge 
sharing in general with patients is going to improve considerably. That lived experience of 
the disease is very important for informing clinical trial designs. I heard an interesting talk 
from the Head of Cell and Gene Therapy at Pfizer recently. He said they went to the patients 
with their (Pfizer’s) perception of what the patients wanted from a therapy for a particular 
rare disease, and they found that those assumptions were not accurate. It actually clarified 
what the secondary endpoints should be for the trial in question, as they started to realize 
they weren’t measuring what was most important to the patients themselves. So I think that’s 
a really exciting development that is ongoing.

Another consultation period that closed relatively recently relates to point of care man-
ufacturing. When I first came into this space, we used various closed system automated 
manufacturing platforms for what was then termed as decentralized or distributed manu-
facturing models. I think the initial idea was that there would be a similar manufacturing 
platform in every hospital, and they would simply make their own products – CAR T cell 
therapies, etc. But then everyone seemed to realize that manufacturing is one thing, but the 
product characterization and QC testing is another thing entirely – let alone the regulatory 
requirements for quality systems, infrastructure, etc. that a hospital needs to be able to satisfy 
in order to become a registered ATMP manufacturer in the first place. Consequently, the 
distributed manufacturing piece doesn’t seem to have gained much traction, certainly not in 
the engineered cell therapy space. 

However, point of care manufacturing becomes a necessity in some instances where it 
is either not possible to have a manufacturing facility (eg. on a battlefield) or where the 
product simply doesn’t have the shelf-life to allow it to go through ‘conventional’ ATMP 
manufacturing processes. I’m working with a company that’s looking at chronic wound care 
with a blood-based intervention (not an ATMP, but somewhat related) and that product has 
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an incredibly short shelf-life. The point of care consultation is starting to consider about the 
processes need to transition clinical trial processes through to marketing authorization. It 
is a response to the fact that there is now a lot of compelling clinical data for some of these 
products. (It’s not just ATMPs: there are medical gases, as well as therapy for use after serious 
trauma on the battlefield). 

The legislation is very clear when processes are classified as manufacture. When something 
becomes ‘manufacturing’ of a medicine, then it falls under the medicines legislation albeit 
there are several circumstances that can exempt the need for formal manufacturing autho-
rizations. It’s about applying controls in a commensurate nature, whilst not stopping the 
benefit to patients. I think it’s a fascinating area – it will be very interesting to see exactly 
where the legislation eventually lands. 

In the early clinical development phases for products manufactured at the point of care, it 
has been possible to have a QP and an MHRA inspector sat at the patient’s bedside. But that 
is not a scalable model, so what is the answer? Pursuing a hub-and-spoke arrangement, where 
a QP sits in a centralized control site with a QP advocate – someone who can be the ‘eyes and 
ears’ of the QP – located at every clinical site may be the risk-appropriate solution. For these 
processes, it is critical that we redesign and ensure robust feedback loops and mechanisms for 
trending. We need to think about how scale-out works. The MHRA are clear that the core 
of medicines legislation will remain the same – the question will be, what additional piece of 
legislation do we need to allow regulatory compliance and ensure patient safety?

Elsewhere in the regulatory sphere, EU GMP Annex 1 looks very likely to come through 
this summer. While many aspects and principles have already been adopted, it will have a 
very significant impact on how we start shaping manufacturing process and designing the 
associated manufacturing facilities. The headline is utilizing a Quality Risk Management 
(QRM) principles in an overarching contamination control strategy, whereby one seeks to 
identify all the risk presented and apply mitigations holistically in a manner commensurate 
to those risks.

For example, when I first started manufacturing T cell products, we had open-fronted cab-
inets and open processes. Clearly, the technology readiness levels have improved significantly 
since then – now we are able to minimize 
(with an aim to eliminate) processing with-
in the Grade A environment. The revised 
Annex 1 means that anything involving an 
open cabinet is going to become prohibitive 
to manufacture due to the controls that will 
be required. Automation is of course part of 
the answer, but the technologies while devel-
oped significantly are still in their infancy, 
relatively speaking – many of these com-
panies are still transitioning to becoming 
compliant to a level where the technologies 
can be used in the manufacture of marketed 
medicines. While this presents a challenge, 

 
“It’s about applying controls 
in a commensurate nature, 

whilst not stopping the 
benefit to patients. I think 

it’s a fascinating area – it will 
be very interesting to see 

exactly where the legislation 
eventually lands.”
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these companies work in a nimble manner, and ATMP manufacturer who engage early can 
help shape and evolve these technologies to make sure they are fit for purpose. 

So Annex 1 is definitely going to have a huge impact. It is going to push us out of the Grade 
A cleanroom environment, and towards closed systems where everything has to link together. 
I think we are reaching a point where we need standardization in the components used i.e. 
plastic tubing materials and diameters. This will aid the ability to use manufacturing equip-
ment in a modular format while allowing closed system transfer via sterile welding.  I see the 
whole network and infrastructure of manufacturers, developers, analytical laboratories, and 
tool providers really starting to work together. It feels like nobody has all the answers, and so 
it’s about trying to evolve something that doesn’t just work for one manufacturer, but works for 
everybody. We have seen an excellent example of what can be achieved with this type of collab-
orative approach in the COVID vaccine response, and the cell and gene therapy space has the 
opportunity to follow suit. But I think the solution providers in particular need to collaborate 
in terms of standardizing, in contrast to perception that to not do so presents a commercial 
risk to the outliers.

 Q As a QP, what have been the key changes you have seen in terms 
of the batch data presented to you and your role in reviewing it? 
What do you perceive to be the key areas of recent advancement 
or evolution in cell and gene therapy QC/release testing? 

DC: When you are acting as a QP, one size doesn’t fit all. Clearly, if you are a 
company making autologous ATMPs and doing so at scale, you are going to have a lot more 
infrastructure, automation, electronic batch records, hard barriers to stop people using out 
of calibration machinery, etc. A lot of the checks required are system-based, and that’s abso-
lutely the way controls have to develop. It’s about creating systems with intrinsic controls to 
ensure that things are going to happen the way you want them to, but then also document-
ing and triaging in a contemporaneous nature whenever something unplanned does occur. 

When considering whether a product is suitable to be QP-certified, in simple terms, I think 
of the black, the white and the grey – a kind of Venn diagram of QP certification. The white 
area is where everyone knows the product is fine. The black is a product clearly unsuitable for 
administration to patients. I think it is in the overlapping grey area where the QP really adds 
value to the certification process. This said, I actually think the QP currently adds the most 
value outside of the certification process itself – in product and system design. In sharing that 
knowledge and ensuring we learn and remain proactive, so that we can create a process that is 
robust, easily trainable, and that can be validated. Its import to recognize the variable nature 
of the patient-derived starting materials – as such, the concept of design space and process an-
alytical technology are paramount to defining optimal manufacturing parameters on a batch-
by-batch basis. With these strategies we increase the chance of meeting the product release 
specifications, defining our product not by a fixed manufacturing process, but instead by how 
we characterize the product.
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We also need to consider the sheer volume of paperwork that these complex manufac-
turing process create – files upon files of it for a single batch. On the flip side, though, it 
is noticeable how many more well-trained QA personnel are working in the cell and gene 
therapy space today, who are supporting the QP and instrumental in reviewing these doc-
uments.  There is now a healthy mix of people who have both cell/gene therapy knowledge 
and QA knowledge. This results in the batch records and QC data being presented in a really 
good way, which allows the QP to very much focus on the exceptions. The QP can then con-
centrate on evaluating the impact of any deviations and what options exist to best serve the 
patients concerned. I often joke that the QP is the one who isn’t ashamed to ask the stupid 
questions! We are not the scientists; our role is to lean on the expertise that surrounds us to 
ensure patients receive compliant and safe products. 

As a QP, one of the hot topics in my world at the moment is potency tests. I’ve seen a lot 
of potency tests, and often as data is gathered there is limited correlation to clinical efficacy. 
But a representative potency test is instrumental in creating a design space and allowing 
continuous improvement to happen in the manufacturing processes.

 Q You mentioned Brexit earlier – do you anticipate any further 
changes to, or repercussions for, the QP role stemming from it?

DC: We have always had really great collaboration and partnerships with our 
European colleagues and actually, that has continued. For example, we are involved 
currently with German-led grants, and one of our collaborators on our dendritic cell products 
is Dutch. We are treating patients in Spain, we are importing products from Switzerland, and 
we have a reciprocal agreement with a hospital in Germany where we bring their products into 
the UK and do the QP oversight piece, while they certify our products that go to the EU via 
Germany. The supply chains have clearly got more complicated as a result of Brexit – ATMPs 
going to Spain pay a visit to Germany first for QP certification, for instance. But I think these 
collaborations and partnerships are there be-
cause we are all united in putting the patient 
first.

Holoclar is a marketed Tissue Engineered 
Autologous ATMP that is manufactured in 
the EU, and therefore needs the oversight 
of a Responsible Person (import), or RPi, in 
order to be used within Great Britain. I’m 
the RPi for Newcastle, which is supplying 
all of the NHS with this product. We have 
found the UK MHRA to have been really 
pragmatic in allowing us to fulfil this duty 
on a virtual basis. Consequently, we are 
able to supply the treatment centers for this 
product in London, Liverpool, Nottingham, 

“As a QP, one of the hot 
topics in my world at the 

moment is potency tests... a 
representative potency test 
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and Newcastle. And the product doesn’t have to physically come via us in Newcastle – it is 
a robust paperwork review exercise. This echoes the risk proportionate approach that the 
MHRA advocates, is compliant with the legislation, and is most importantly a patient-cen-
tric approach. 

I think what isn’t likely to change is the UK MHRA’s perspective. The EU has made its 
decision with categorizing the UK as a third country following EU Exit, and I think it’s 
unlikely that decision is going to change. When one listens to June Raine from the MHRA 
talking in recent times, their viewpoint seems to have shifted away from Europe and more 
towards the US and Asia Pacific, very much thinking of a global marketplace. I do hope and 
believe there will always be very close relationships and a lot of cross pollination between the 
UK and EU, though. A large portion of the staff working in the UK ATMP manufacturing 
originate from mainland Europe, and I feel access to this wider workforce has been import-
ant in the early success of these companies. 

Clearly, many ATMP companies are global these days. I suppose that does beg the ques-
tion of whether we will see an increase or a decrease in the number of QPs needed in the 
UK, but at the moment, it certainly seems that the demand for QPs is as strong as it has ever 
been. (In fact, regarding the RPi role I mentioned earlier, the MHRA initially wanted that 
to be performed by a QP, but there simply weren’t enough QPs available). Looking to the 
future, I see no reason for this situation to change, either. ATMP supply chains are complex. 
I believe that at one point, some global pharmaceutical companies thought they would lose 
their UK-based QPs, but what they have actually done is to recruit more. They realized it 
was cheaper to get UK QPs than to make the requisite change to the complex supply chains.

When I’m talking to relatively new companies in the space, they often ask whether they 
need a specific type of QP – an ATMP QP, if you will. My view on that is that breadth of 
knowledge, experience, and skill set is one of the most important things a QP can bring to 
discussions with these small companies. So personally, I think it’s important that the QP 
study guide stays the same. Clearly, the study guide is evolving iteratively with Brexit, as new 
legislation comes in, but I don’t think it should become compartmentalized by product type. 
And in fact, the assessment process is mindful that not everybody will be an expert in every 
type of product, which would simply not be possible. The core fundamentals of validation, 
quality systems, and taking proportionate actions whenever something untoward happens 
apply regardless of the product type being manufactured.

 Q Finally, can you sum up some chief goals and priorities for your 
work over the coming 12–24 months?

DC: My chief reflection from COVID19 is that life is too short, so in the past six 
months I’ve gone part-time. I’ve decided I need more time with my young family.

I think finding that balance is my most important goal, but I’m also equally excited and 
feel privileged to be working in this field as we start to see increasing patient numbers and 
scaling up of the manufacturing. For one thing, I do think we’re going to see some really 
promising allogeneic products coming to market in the really near future, and it will be 
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interesting to see how we deal with those. We are seeing some of them in the UK, testing the 
water through the Specials market and there are others in later phases of clinical trials. It will 
be particularly interesting to see how adoption evolves and where in the treatment pathways 
these allogeneic products sit, as the cost of goods is clearly one massive aspect of the first 
part of my role: an NHS Pharmacist. I can see quite a few companies creating a strategy to 
bring down that cost of goods to make delivery at scale much more palatable and affordable 
to healthcare systems.

I think the outlook for these therapies and actually, the whole of life sciences and per-
sonalized medicine, is really exciting. There is a huge investment into genomic medicine at 
the moment in the UK – plans to review the approach to routine genetic sequencing as we 
increasingly understand the underlying aetiology of these diseases, through to working out 
who is going to benefit most from certain therapies. I think data management is probably 
one of the elements that I’m going to be watching most closely – I hope that the NHS re-
ally grasps and improves this aspect. There’s a lot of good infrastructure already, but I think 
getting all the systems to talk together will really be the key to delivering these therapies to 
patients at scale.
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 Q What are you working on right now?

AS: My current focus is on educating and creating awareness around the field 
of Regenerative Medicine. I speak at events and conferences about cell and gene therapies, 
novel therapies, and regulations. I have been advocating for the need to update the existing 
regulations or adopting new regulations that can be brought in. Post-Covid, there are more 
patients who are now waiting in line for us to help them, so that has been my primary focus 
for the last six months.

On the professional side, I am working as a consultant for many cell and gene therapies 
globally. Several new facilities are being opened currently in the UAE, as COVID taught 
us that we need facilities closer to our homes and especially, outside of the US and Europe. 
Easily accessible facilities should be made available to the people who need them, as we re-
quire many on-site visits and off-site audits in order to provide the best possible healthcare 
solutions.

 Q Can you give us a brief history of cell and gene therapy in terms of 
R&D activity in the UAE over the last two decades? 

AS: The UAE has been a part of the field since the opening of the first cord blood 
bank in Dubai in 2006. There were fewer regulations around at that time, and they followed 
the accreditation standards of the Association of Advancement in Blood and Biotherapies 
(AABB), Therapeutics Good Administration (TGA), and the Foundation for the Accreditation 
of Cellular Therapy (FACT).

We have been studying the regulations and the regulatory frameworks from the US, Eu-
rope, and the UK, including China, Japan, and Korea. Despite the similarities with the 
regulatory framework of the USA FDA - in regard to the minimal manipulation of cells, for 
instance - the UAE has adopted its own evidence-based regulatory framework. For example, 
stromal vascular fraction (SVF), which is also known as a type of adipose stem cell therapy, is 
available in the UAE. Additionally, UAE was one of the first countries in the world to allow 
platelet-rich plasma (PRP) to be used in certain conditions. 

Although at this point of time we are not developing gene therapy ourselves in the UAE, 
we are open to adapting to the developments in Europe or the US. For clinical trials in areas 
such as gene therapy, UAE has  limited  machinery, being a small country, but we do have 
a multiracial, diverse pool of around 200 different nationalities living here. This gives us a 
highly diverse gene pool in which to test investigative drug products through clinical trials, 
which can be attractive to certain companies and in certain indications such as rare diseases.

In the last two decades, I have seen much development in the region. There has been an 
increase in knowledge of regenerative medicine, cell and gene therapies, and stem cells, even 
within the general population. There are cord blood banks and adipose cell facilities where 
cells and tissues are collected, processed, and then returned to the patients (the majority of 
the cell therapy treatments available in the UAE are autologous). There are also small contract 
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research organizations (CROs), and contract development, and manufacturing organizations 
(CDMOs) present here locally to help companies navigate through the local regulations.

Since 2018, we have seen many oncology treatments being made available in this region 
and this will remain a strong focus over the next two years, as the medical tourism market is 
of interest especially in the current geopolitical circumstances. The UAE provides high-stan-
dard healthcare to patients through their internationally accredited facilities.

 Q You mentioned oncology is going to be a key focus, including CAR-T 
products. What are the other important areas for cell and gene 
therapy currently?

AS: In the UAE, there are many incidences of consanguineous marriages. Due to 
the marriages in close communities the populace is prone to rare diseases, sometimes consisting 
of metabolic disorders and inherited disorders. The Al Jalila Foundation, based in Dubai, is a 
great example of the UAE’s commitment to healthcare, which focuses on children’s healthcare, 
including rare diseases and metabolic disorders. Over the last two decades, we are witnessing 
a renewed focus on genetic testing. The UAE is amongst few countries who have introduced 
pre-marriage counselling, in order to prevent consanguineous marriages.

The UAE will enter into the foray with the advent of gene therapy, despite the limitations 
I mentioned earlier.  We want to see this field develop and be proven safe and effective, so 
that in the future, we can all benefit from it here.

Primarily, UAE is promoting an open, progressive atmosphere where vital ideas can be 
strategically translated into clinical applications. For example, CAR-T is available for hema-
tological malignancies, and is now being explored for solid tumors. In this region we have a 
high incidence of gastrointestinal (GI) cancers and breast cancers.  For the right company in 
this niche, this can be a key application area moving forward.

In many countries the regulations have remained stagnant, but here, we have seen the 
regulatory framework being constantly updated and adapted to address the needs of pa-
tients. Every two or three years in the UAE, the regulations have been updated. We have 
seen hematopoietic stem cell (HSC) therapy guidance being revamped. We have also seen 
new regulations around the adipose stem cells. This frequency of change and improvement 
is not happening anywhere else in the world 
currently. 

Coming back to gene therapy, we are in 
the process of investigating relevant guide-
lines from around the world. We utilize the 
framework of the US, but we are also look-
ing at the Korean FDA, for instance. Overall, 
we are looking to take a cautious approach 
with gene therapy, in terms of not being too 
progressive, but at the same time allowing 
fast-track approvals and compassionate use 

 
“... we have seen the 

regulatory framework being 
constantly updated and 

adapted to address the needs  
of patients.”
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of biotherapies for patients. We have ethics committees conducting timely reviews of bio-
therapies and their usage. The focus on the regulatory end is to provide a good, robust envi-
ronment for people to come and set up cell and gene therapies in the region.  The UAE has 
several incubators, and world class internationally accredited labs to provide diagnostic care, 
and to aid in processing and manufacturing of biotherapies. 

During the COVID pandemic, the UAE approved a new advanced therapy after enrolling 
itself on clinicaltrials.gov, and was approved for a clinical trial. With the successful recruit-
ment and completion of the patient arms, we are now in the process of building a new hos-
pital in Abu Dhabi to provide fast-track patient access to regenerative medicine against long 
COVID, and other complications arising from similar diseases. 

 Q What does the regulatory organization and infrastructure look like 
in the UAE?

AS: From an outsider’s perspective, there has been some hesitancy in this regard 
in the past because the UAE consists of seven separate emirates, with different 
agencies regulating each of these regions. In Abu Dhabi, there is the Department of 
Health (DOH) with its own policies, documentation, and regulatory framework, whereas the 
Dubai Health Authority (DHA) develops the guidelines for Dubai. The Ministry of Health 
and Prevention (MOHAP) provides policies and documentations for the rest of the emirates 
to follow. Today, though, many of the hospitals and facilities in Dubai and Abu Dhabi follow 
a similar regulatory framework. There are small nuances, but overall, what the regulators are 
looking for is the intention of providing safe and effective therapies. Patient safety and patient 
access are amongst the primary goals of the UAE.

When providing these regulatory frameworks, it is all about simplification. The UAE al-
ways aims to harmonize the best regulations from the US, UK, EU, Korea, Japan, and China 
and adopt them based on its evidence-based guidances. The plan is always looking forward 
to where we want to be in five years’ time. 

I advise new companies, biotechs, and healthcare providers to leverage the opportunity 
to involve MOHAP right from the beginning. If there is a new therapy being developed, 
MOHAP always encourages good communication highlighting the process involved, and 
milestones required to pass for successful approvals in UAE. 

 Q What would be some of the key considerations for a sponsor 
coming into the UAE and looking to conduct a cell/gene therapy 
clinical trial?

AS: First and foremost, many people who come to the UAE with the intention of 
conducting a clinical trial assume that since they have a trial approved in their own 
country, they can automatically run one here. That is a real no-no in this region, though.

Things that work in the rest of the world may not work in the UAE. You must be con-
scious of the regulations in this part of the world. For one thing, people must be mindful of 
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Shariah law compliance, which is inbuilt in 
the regulatory framework. This includes the 
intent to do no harm and to be halal. These 
are some of the concepts that outsiders may 
not know. 

Secondly, many people bring the evidence 
of work that they have done elsewhere in the 
world that they think is applicable and ac-
ceptable here. In the UAE, there are certain 
intricacies involved around Shariah and ac-
ceptable practices, such as details of any an-
imal studies and informed consents. Good 
consultants are an important key to facilitate 
the dialogue between the regulators and the 
company. 

When one is aware of the local customs and traditions in place, the task becomes easy. 
Awareness of the expectations of each stakeholder is an indispensable requirement in the 
region. There are a multitude of companies and healthcare facilities open to these types of 
collaborations. You can seek a local partner, hospital, or healthcare facility here to partner 
with, and bring forth the therapies or ideas that you would like to develop in/for the region. 
There are a good deal of clinical trials happening currently in this part of the world, includ-
ing ones by ADSCC (Abu Dhabi Stem Cell Center) and Cleveland Abu Dhabi. 

 Q What might be some key regulatory and healthcare priorities or 
points of evolution in the region moving forward?

AS: In the future, I believe the current focus for regenerative medicine of creat-
ing a balance between being progressive and being mindful will continue. The essence 
of human dignity is of the utmost importance in this region. In every situation, patient safety 
is critical. 

Providing access to world class healthcare solutions locally is high on the priority list here. 
There is a commitment to focus on preventive health issues, such as in breast cancer, and the 
UAE has created many avenues there, including mobile units for breast cancer screening, 
partnering with numerous hospitals who offer this service free of charge during the Breast 
Cancer Awareness Campaigns. 

Diabetes is a common disease in UAE, too, and taxes have been levied on various sugary 
drinks to minimize consumption of these beverages. Alongside the therapies for cancer, rare 
diseases, and metabolic diseases, the focus is now moving towards prevention of lifestyle 
diseases. We are currently working on projects based on regenerative medicine in this space, 
but this is definitely going to be something to look out for in future.

The overall focus of the region will remain firmly on the longevity and health of the UAE 
population.

“In the future, I believe 
the current focus for 

regenerative medicine of 
creating a balance between 
being progressive and being 

mindful will continue...In 
every situation, patient safety 

is critical.”
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 Q How do you see the UAE’s CRO and CDMO services sector 
evolving further moving forward? 

AS: There have been amendments to the regulatory framework, often in favor 
of new technology and new techniques for CROs and CDMOs based in the UAE. 

There are a few existing CROs and CDMOs operating in the field of biosciences here. 
If you have a therapy, a prototype or an idea that you would like to bring to the UAE, you 
can bring in your own outfit, including lab services, or take the help of the facilities already 
set up here, through collaborations or through technology transfer. CROs and CDMOs are 
currently hiring, and there is a buzz of activity in this area. Being a relatively small country, 
I do not expect too many CROs and CDMOs to be here, but there will certainly be some 
facilities available with good quality management systems.

The UAE has laid down some of the strictest laws and regulations to adhere to the guide-
lines for human safety. Some of these laws are around evidence-based practice, training, 
licensure and approvals, and towards data protection. The breaching of any or some of these 
laws and regulations is a criminal offence. These directives and laws require us to take extra 
care surrounding each of these requirements such as the data management, and it is also the 
reason why we require the clinical or manufacturing services to be based in the UAE. Any 
company or entity that is interested in setting up operations in the UAE, and that might 
wish to act as a CRO or CDMO, must have a base here.

There are endless possibilities when you are based here in the region. UAE provides a great 
environment for the progress of biotherapies and regenerative medicine. I would conclude that 
UAE is definitely a place worth keeping an eye on if you are operating in the biotherapies space.
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 Q What are you working on right now?

PM: We are the center of cell and gene therapy for the Leiden University Medi-
cal Centre. Our core business is development and manufacture of advanced therapy medicinal 
products (ATMPs) for this academic center, but we also do some manufacturing for other centers.

We assist in the whole translation, regulatory, and quality elements of the new products 
that are developed by the different research departments in our center. When they want to 
go to the clinic, we help them with the translation and the manufacturing of the product.

Many different types of ATMP are developed and manufactured at our facility at the 
moment, including T cell products such as tumor-infiltrating lymphocyte products for ma-
lignancies, T cell receptor (TCR) gene transduced T cell products, and CAR-T cells. We are 
also currently generating our own GMP induced pluripotent stem cell (iPSC) line. Further-
more, we manufacture gene corrected stem cells, dendritic cells, and we work on an embry-
onic stem cell (ESC) derived product. 

 Q What key recent regulatory developments have affected ATMP 
manufacture in Europe, for you?

PM: At the Leiden University Medical Center, we think that patient access to 
ATMPs should be improved. 

Compared to other medicinal products, we see a lot more academic-sponsored studies of 
ATMPs, and the products that are developed further by industry often come from academia. 
Academia plays a major role, and it is important that this connects to the regulatory side. 
Cooperation between regulatory offices, academia, and industry is important to bring this 
field further forward and create patient access to those products that are developed, but often 
remain within academia. For products that are on the market - or have been on the market and 
then subsequently withdrawn - there are many places where academia could play a major role. 
Over the last years, we have experienced an improved access to European Medicines Agency 
(EMA) and the national regulatory bodies for academia.

 Q How is the point of care manufacturing picture developing in you 
view?

PM: Point of care manufacturing is 
important for ATMPs. It will be the future 
for at least a subset of these products. But it 
will be challenging. 

We are now joining a point of care man-
ufacturing study. It will be interesting to see 
how the process will progress with regards to 
requirements, infrastructure, different quality 
systems, responsibilities, and regulation.

 
“Over the last years, we 

have experienced an 
improved access to European 
Medicines Agency (EMA) and 
the national regulatory bodies 

for academia.”
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At the least, the ATMP field needs specialist centers with their own GMP license and 
GMP quality systems. 

 Q What will be the likely impact on academia of current and likely 
future developments to the ATMP field? And how should academia 
prepare? 

PM: At the moment, academia oversees the first phase of R&D and some prod-
ucts are developed further by industry. However, some of the industry products that 
reach the market are then withdrawn due to commercial reasons, and furthermore, not all the 
ATMPs developed in academia are of interest to industry - for example, those for ultra-rare dis-
eases, or those with particularly complex manufacturing processes. Therefore, academia should 
take a responsibility for the further development of ATMPs and should consider even moving 
towards marketing authorization, in some cases.

We in academia should discuss this fact with regulators, industry, and all the stakeholders 
in the field. We should also listen to patients and how they see things.

 Q How has your role as a Qualified Person (QP) evolved over recent 
years as the ATMP field continues to develop, and how might it 
evolve further moving forward?

PM: I started as a QP in 2011, for ATMP. In 2011, we encountered some hurdles 
with the regulations at the time. For example, fresh products had to be released without all the 
testing being in place yet, since this was a new paradigm – a personalized production for one 
patient and not an off-the-shelf product. We collaborated to solve problems like these. Even-
tually, the regulation was adapted to this paradigm, including the addition of GMP for ATMP 
guidance. However, not so much changed for us as QPs in that regard.

We manufacture many different products - ATMPs constitute a fairly broad area. This means 
knowledge must also be broad, and QPs need to fully understand their product. For example, 
QPs need to understand the possible effect of the number of non-specific T cells (or other 
impurities) in each specific product, whether it is autologous or allogeneic, and what all that 
means for the patient. We should realize it is different from a conventional medicinal product. 

The role of the QP in point-of-care manufacture is again something we should prepare 
for moving forward. Specifically in academia, we now need to be releasing more products 
for clinical studies. And with regard to academia increasingly going for late product develop-
ment / market authorization, individuals should be trained in realizing that there are some 
key differences in what you need to do.

 Q What should phase-appropriate GMP look like in practice?

PM: Phase-appropriate GMP is a challenging subject. In the end the products you 
are administering to a patient in a Phase 1 clinical trial should be of the same basic quality as 
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the products during later phase clinical stud-
ies or the commercial end product that is on 
the market, although later phase products 
of course will have more development data 
available. 

In multi-product facilities, like our facili-
ty, I also see organizational challenges in ap-
plying phase-appropriate GMP. So for me, I 
don’t see a direct necessity for a phase-specific 
approach to GMP.

 Q There is a lot of talk of the ‘new normal’ in the wake of COVID-19 
- can you define what GMP manufacturing of ATMPs in the ’new 
normal’ will look like from your perspective? 

PM: For us, there has not been a large amount of change in our daily work 
during, with the exception that we have the opportunities to do more on a remote 
basis. What we have learned, especially with the speed of COVID vaccine development, is the 
importance of flexibility during product development and applying regulation.

We should always have a critical look at the regulations that are there and whether they fit a 
purpose for the products we are developing and manufacturing - especially for ATMPs, as the 
diversity is enormous. Sometimes, certain preclinical studies are important to do, but at other 
times they will not teach you anything, or even give you ‘false’ expectations about safety. We 
should be able to be flexible and pragmatic, and discuss with regulators what is truly necessary 
to do in a development program. This will also speed up the whole process.

 Q What are your key goals and priorities for your work over the next 
few years?

PM: We hope the products we develop reach the patients. I hope we achieve good 
results in clinical studies and start even more clinical studies with products we are currently 
developing. As I mentioned at the beginning, patient access is very important to me. 

Especially in academia, we see that the regulatory expertise is lacking, as people are often 
not familiar with the whole process. Over the next few years, we want to be a regulatory 
expertise center and resource for academic and not-for-profit institutes. They can come to us 
and we can aid in the ATMP development process.

We need further harmonization in Europe, especially for multi-center clinical studies in 
different EU member states, which are currently difficult – hopefully, the Clinical Trials Infor-
mation System (CTIS) will help in this. We also need to work on hospital exemption. We need 
to better define where the hospital exemption should apply and try to harmonize that between 
different countries. 

And I hope we can improve the collaboration between all stakeholders in the field, to 
improve patient access to ATMPs, via academia and/or industry.

“What we have learned, 
especially with the speed of 

COVID vaccine development, 
is the importance of flexibility 
during product development 

and applying regulation.”
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is also difficult to synchronize different instruments and products to make the workflow traceable 

and compliant with regulatory requirements. To solve these issues, a closed modular system can help 
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labor and human error. It is in this third aspect that digitalization plays a particularly vital role. 
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In 
collaboration 

with:

Integrating process 
analytics, supply chain 

data, and cost modelling 
components would greatly im-

prove the process and the prod-
uct quality and reproducibility, 
reduce batch failures, and drive 

down cost.

Dr Krish Roy

Read the full article here

 
DeltaV can provide a bubble 

around your entire control system. 
We are compliant and allow end users 

to achieve ISASecure SSA Level 1 certifi-
cation for their control system from a cyber 
security perspective. The up and out com-

munications go through our secure Emerson 
smart firewall. Using industry standards like 
OPC-UA, we also have web services tools 

that will be used for connecting to the 
ERP or MES layers.

Bruce Greenwald

At Thermo Fisher, we are 
designing cell therapy instru-

ments to be equipped with the 
OPC-UA, the standard interface to 

allow an instrument to exchange data 
with other platforms or control systems. 

With OPC-UA, Thermo Fisher instru-
ments have the capability to connect 

to other systems. 

Dr Sean Chang
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Manufacturing considerations 
underpinning viral and non-viral 
platform selection
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a BS in Biochemistry from the University of Massachusetts 
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ral vectors. Previously he was Executive Director of Vector Technology at Autolus Therapeutics, 
leading process development for manufacturing of lentivirus vectors in suspension cell culture, 
guiding assay development to support process development for lentiviral vectors, managing 
CMO for GMP vector production and T-cell processing. Before that, Dr Slepushkin was direct-
ing research vector core, and providing lentiviral, retroviral and AAV vectors for Kite Pharma. 
Vladimir proved successful in developing novel high-quality products by managing diverse tech-
nical groups and cross-functional teams, developing first-in-class clinical product from scratch, 
including facilities, equipment, manufacturing process, quality systems, regulatory CMC sub-
missions and clinical trials design. He has proven expertise in technically understanding and 
leading the development and improvement of cell culture and purification processes, and op-
erations and analytical methods, adhering to customer, regulatory, safety and environmental 
requirements and guidelines. Vladimir is experienced in identifying and resolving regulatory and 
manufacturing technical problems, as well as intellectual property assessment and licensing. He 
has authored 61 scientific papers in peer-reviewed journals and he’s an author on 14 patents 
and patent applications.

LAURENS SIERKSTRA received his PhD in biotechnology in 1994 from the University 
of Utrecht after studying biology at the University of Leiden. He then joined Unilever as Project 
Manager and Unit Leader. In 2005, after the spinout of BAC BV from Unilever, he became CEO 
of BAC BV and set up the business in using single-domain antibodies for affinity purification, 
called CaptureSelect, which was sold in 2013 to Life Technologies. Since the acquisition by 
Thermo Fisher Scientific, he has been the business leader for the affinity purification business 
within the Bioproduction Division.
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With an ever-increasing range of viral and non-viral technologies available to advanced biother-
apeutics developers, manufacturing considerations must play a key role in the decision-making 
process behind platform selection. These considerations include the current level of innovation 
in the bioprocessing toolkit and its corresponding capability to address the specific challenges 
facing individual technology areas.

In this article a panel of experts spanning the lentiviral vector (LVV), exosome, and oncolyt-
ic virus fields discuss the impact of manufacturing considerations on their respective platform 
selection and ongoing product/process development strategies, comparing the state of the art 

at Amherst, a ME in Biotechnology Engineering from Tufts University and an Engineering 
Doctorate in Biochemical Engineering at University College London.
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in enabling technology in each application area, and discussing related challenges, needs, and 
opportunities.

 Q Can you each briefly introduce us to your organization’s current 
activities? 

VS: MedTherapy is a startup company in the Boston area. The company is dedicat-
ed to providing services as a contract manufacturing organization (CMO) for the manufactur-
ing of CAR T cells and lentiviral vectors. 

Our main goal is to make manufacturing cost effective for people in developing countries. 
We consider the cost of goods when developing our manufacturing methods. One of the fea-
tures that distinguishes us from many other CMOs is that our manufacturing facility is located 
in India, near New Delhi. This will allow us to lower prices due to a reduction in labor costs. 
We are still in the facility building phase, and starting next year we will be operational and 
looking for partners and clients. 

AN: Codiak is a therapeutics company that started in Cambridge about 7 years 
ago, focused on demonstrating exosome therapeutics as effective immune-oncolo-
gy drugs. Codiak’s key technology is engineering exosomes to modify the tropism and deliver 
different payloads. We use these effective delivery vehicles in a way that takes advantage of the 
fact that they are immunologically silent.

We currently have three clinical candidates in or entering Phase 1 trials. One of them 
has an engineered surface Il-12 cytokine that allows for engagement with receptors on NK 
and T cells. Another takes advantage of the synthetic payload synthesis route for a selective 
cyclic dinucleotide STING agonist and combines that small molecule with an exosome to 
enable selective uptake in tumor-resident antigen presenting cells. Finally, we are working 
with anti-sense oligonucleotides attached to exosomes to downregulate various transcrip-
tion factors in hepatocellular carcinoma. Other constructs in the pipeline include encapsu-
lating AAV to enable re-dosing, and using exosomes with combinatorial ligands to enable 
vaccines.

LS: The Bioproduction division of Thermo Fisher Scientific is the global lead-
ing supplier of both upstream and downstream consumables, hardware, and single 
use products used in bioprocessing. My specific area is in affinity purification. We enable 
customers working on new therapeutics to come up with platform processes for purification, 
which will result in safe, affordable products.

Our pipeline is usually composed of all kinds of new modalities, including ongoing R&D 
programs to support lentiviral or exosome purification. Our main focus is for our customers to 
receive good platform purification solutions and associated analytics to be able to scale up their 
process in an affordable way.

AH: Oncolytics Biotech is working on a cancer therapeutic using a non-patho-
genic virus, with the active ingredient being the double-stranded RNA virus itself.
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That product is currently in Phase 2 trials in a number of oncology indications, most no-
tably breast cancer. The team I lead is responsible for the process development, manufacture, 
analytical testing and clinical supply for that product.

 Q Can you tell us about the key manufacturing-related considerations 
that impact strategic decision-making around initial platform 
selection and subsequent early development activities in your 
respective fields? 

AN: The first thing we focused on for exosomes, which are a new modality, was 
reducing the risk. This means first reducing the risk of supply. We needed to have technology 
that can be scaled up to GMP manufacturing in a predictable way.

As a small company starting out, we did not have our own manufacturing facility, so we had 
to use a CMO. As we chose our CMO, it was important they already had equipment that we 
needed and trained operators already familiar with technology, in order to de-risk the produc-
tion process.

The other key strategic piece pertains to regulatory risk. As we looked at exosomes, we want-
ed to make the process more acceptable to regulatory agencies, which involved taking steps 
such as using well-known cell lines, avoiding animal-derived components, and crafting release 
and characterization assays that build on the established state-of-the-art for recombinant pro-
tein production.

LS: For these early technologies, adding new components can complicate things, 
so de-risking those aspects is key. However, it can be good to utilize new technologies 
to deliver short-term improvements. That is where we sometimes help customers with their 
challenges, for example in purification, and we work with them to deliver a scalable solution.

VS: There are two viral vector platforms that can be used for CAR T cell trans-
duction, either retroviral or lentiviral. The difference between these two platforms is con-
nected to manufacturing in various aspects.

Lentiviral vectors are easy to make with relatively high titers for transient transfection, mak-
ing it a very common platform. However, it can be difficult to make a stable cell line that would 
produce these vectors, which can limit large-scale manufacturing.

Retroviral vectors are made mostly using stable cell lines, making large-scale manufacturing 
easier. However, you cannot create high titer vectors with transient transfection for retroviral 
vectors. For early-stage development with varying vector design, it can be difficult as you need 
to make a stable cell line each time.

 Q How would you sum up the current status of the bioprocessing 
toolkit in your respective fields? What have been the important 
recent advances, and also the important innovation needs? 
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AH: Oncolytics’ lead product is relatively simple by today’s standards of viral 
and immuno-therapeutics. The toolkit we have available to us is fairly extensive, from old 
standbys to newer technology with more advanced controls for improved yields and outcomes.

From my perspective, the biggest recent advance is the widespread availability of single-use 
systems. This not only means single-use reactors, but also prepacked columns and single flow 
pass disposable items. These are appealing to CMOs because it limits their workload and pro-
vides ease of switching for varying client processes. If all these things are single-use systems, 
they tend to be accessible in a variety of locations at different facilities. This makes the process 
more flexible and adaptable for extension to other markets down the road.

In my experience, the most important challenge is limited facilities for live virus production. 
There is less innovation in the near-term in this area.

LS: We work on many different modalities at Thermo Fisher and every modality 
comes with its own challenges. For example, monoclonal antibodies have a different in-
novation need and drive than oncolytic viruses. Another example is lentivirus, as only a small 
subset of the material you produce can infect cells.

We work with companies that know their specific application, molecule, and challenges, to 
make those step changes in productivity that are often desperately needed.

AN: I echo the point that single-use disposable components are a key part of 
how we operate. For exosomes in particular, re-uptake of vesicles is a phenomenon by pro-
ducer cells. Perfusion cell culture, wherein the released exosomes are rapidly separated from the 
cells, has been effective in terms of increasing titer. It however has introduced the challenge of 
separating 200 nm bio-nanoparticles from cells that are several µm in diameter. There is a need 
to grow the technology to do this.

More broadly we need to reach a critical mass in the industry to help drive innovation, learn 
from leaders, and enable enough large companies to share what they are doing in order to build 
into each other’s advantage and thereby help the entire sector flourish.

 Q For your specific class of molecules, what is the biggest challenge 
you see for achieving commercial production scales, specifically – 
or if production-scale has already been achieved, what would be 
the biggest improvements that would add the greatest amount of 
value to the manufacturing process? 

LS: In this area, we have always been working on different new modalities and 
every modality has it specific unique requirements. For example, AAV started around 
15–20 years ago, with people wondering what the platform system was going to be in terms 
of serotypes. The biggest step change was starting to make products for single serotype forms, 
to enable a scalable system. Later on, we launched a product that could do all serotypes as 
opposed to only one, which became the platform for AAV manufacturing independent upon 
serotype.
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As a technology supplier, we moved towards focusing on what different types of modalities 
are being chosen. From our point of view, zooming in on the platforms that people will be 
adopting is one of the biggest challenges. Resolving this enables products which can be used to 
support that platform. The key step change is going from a plethora of different technologies, 
for example to purify products, to real platforms which can do that, which then streamlines 
and the use of a specific technology in early research into process development and finally into 
manufacturing for all new therapeutics derived from new modality platform.

AH: Scalability is a product of your process but also your materials. In addition to 
scaling up and out for larger volume production, we are also scaling up and out for later phase 
production, and eventually commercial production. This needs to be factored into planning 
as early as possible with your manufacturing partner, to avoid a situation where you are using 
reagents and materials that are suitable for early phase and not later phase.

Use of non-animal component-derived material and sourcing of materials that are fully 
cGMP suitable for later phase production will avoid the need for comparability efforts either 
in the clinic or in the manufacturing pipeline. Imposing or at least developing reagent specifi-
cations and controls early can help with scalability later. 

VS: The greatest advantage for production at commercial scale is the develop-
ment of stable cell lines for lentiviral vectors. Both lentiviral and AAV vectors are mostly 
manufactured by transient transfection. The main disadvantage of transient transfection is the 
need for a lot of plasmid DNA and expensive transfection reagents. Creating a stable cell line 
that does not require plasmid DNA to make vectors greatly improves scalability of the process.

The problem with this stable cell line is that some of the vector components are toxic to the 
cells, so you need to regulate expression. So far, several systems have been used with some success, 
but for lentiviral vectors, we are not yet ready to use this platform for commercial manufacturing.

AN: From my vantage point in exosome production, we run 500 L perfusion 
reactors, turning over a bioreactor volume a day. Over 20 days, we produce 10,000 L. 

The production scale we are at, combined with the reasonable likelihood of doubling that scale, 
gives us ample material for commercial supply. The challenge now is ensuring consistency and 
safety of the product. One of the challenges in the bio-nanoparticle space is ensuring virus and 
adventitious agent safety. If there were inactivation technologies that were suitable for use with 
enveloped particles, that would be a huge advantage. That is one area we need advancements.

The other point speaks to comparability. The more complicated and the newer the modality 
gets, and the newer it is, the less understanding you start with. For the larger bio-nanoparticles, 
especially when they are relatively early in clinical progression, there is not a full sense of all 
the critical quality attributes (CQAs). It is important to define the likely CQAs early on and 
make the effort as a community to ensure CQAs are well understood to ensure comparability 
throughout process changes and batch.

 Q What are the biggest challenges relating to the current toolkit 
– in particular, its scalability for commercial production when 
considering downstream processing and analytics?
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AH: In my experience, which is limited to production of an infectious viral vec-
tor itself, the downstream processing scalability has been relatively straightforward. 
There is certainly room for optimization, simplification, and improvement, but we are com-
fortable with the accessibility of the technology itself.

The more interesting challenge for our product type falls in the analytics. In any given sit-
uation, the variability in production is no higher than the variability in the analytical testing. 
There is room for improvement in understanding that range, the appropriateness of those 
ranges, and possibly looking to custom methods and consistency of outcomes. There is room 
for different manufacturers and analytical labs to support those types of activities to help these 
new molecules progress through the development pathway. The sooner we can start exploring 
those, the better.

VS: I agree that analytics present a more complex issue than downstream pro-
cessing for lentiviral vectors. Downstream processing is relatively established with combi-
nations of chromatography and tangential flow filtration (TFF). The only challenge in down-
stream processing is formulating the vector to avoid aggregation. 

In terms of analytics, there are many challenges, for example variability in the titer deter-
mination. There is also no standard in the field that allows comparison of titer results between 
different companies. The results are often dependent on how the assay is performed. Another 
challenge is developing the potency assay, which can be difficult for these vectors, because they 
are used as an intermediate material to transduce T cells.

A third analytical challenge is the replication-competent lentivirus assay, as this assay is 
complicated, time-consuming, and expensive. In my view, it is not necessary, but the FDA and 
European agency still require this assay. It creates additional hardship and raises the price of 
the final product.

LS: The analytics bottleneck certainly applies when working on something rela-
tively new. As a technology provider we always like to get into contact with customers who 
have specific issues, because there are many tools available within our company to help with 
these developments.

An example, which is close to our own purification products, is that when we develop a 
purification resin, those same ligands can be used for quantification and titer analysis, usually 
on any commercial analytical platform. Each analytical challenge can be overcome using the 
right tools.

 Q Looking to the future, what would be the next-generation 
technologies for your specific platform areas that would represent 
a breakthrough?

VS: In terms of CAR T cells as a cell therapy product, next-generation technol-
ogies are being developed to shorten the time of manufacturing. Now, the time to 
manufacture T cells is between 7 and 10 days, and considering the time to test and release cells, 
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it often takes about a month from needle-to-needle for this product. That is challenging both 
in terms of pricing and for the patients, so it is critical to decrease it. 

There are also developments in making allogenic CAR T cell products. Some companies are 
even trying to make lentiviral vectors that could be injected directly into patients without the 
necessity of making CAR T cells ex vivo. If this is successfully developed, it could be a huge 
advantage for the future.

AN: Single particle analysis would be a breakthrough, similar to how fluores-
cence-activated cell sorting has developed understanding of cell biology, allowing 
sorting for different markers. For exosomes, and this class of ~100 nm bio-nano particles, 
single-particle characterization would enable an understanding of the population you have and 
potentially enable the development of surrogates for potency. If you could subsequently sort 
those, that would be incredibly valuable because you could then directly connect potency to 
phenotypic properties of the particles.

AH: I agree with what’s been said so far, and it touches on this concept of 
timeliness of information related to your production process. The quicker we can have 
readouts of the state of the process, whether that is the state of cell expansion, the infection 
process, or other elements depending on the molecule up for discussion, the quicker the overall 
production. Many of the analytical methods available at present are robust but time consum-
ing, and only allow data gathering after a batch has completed.

The ability to get readouts mid-process that could be applied to decision making would pro-
vide an opportunity to optimize these biologics productions at exactly the right moment. For 
me, technology in this area that would be the most interesting development.

LS: In the purification and downstream area, one of the real breakthroughs would 
be if one could remove  packed bed column technology. The volumes associated with 
new modalities  are quite different than those in, for example, monoclonals or recombinant 
proteins, so that could make the area more amendable to this. 

For example some new modalities could lend themselves  to magnetic bead approaches 
like in cell therapy, where you move away from  traditional purification steps. 

 Q What would be the key advances in innovation specifically for 
downstream processing and analytics? 

AN: Robust particle sorting is technologically beyond the current technology. 
Affinity chromatography is a way to complement analytical characterization by sub-fractionat-
ing exosomes. Fusion of analytical techniques with the purification technology could be useful 
to drive potency higher or amplify selected properties.

Another unknown in analytics is what makes a potent particle. In viral vectors, where the 
potency per particle is relatively low, it is not always understood why this is. In exosomes, the 
reason behind the potency of the particles is also often unknown. Developing the characteriza-
tion technology to enable that would be powerful.
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VS: One of the most important things in the lentiviral vector field is developing 
lentiviral vector standards that everyone can use in their lab, and qualify it there, 
using a titer assay.

 Q What are the keys to successful collaboration between end users 
and bioprocess solution developers/providers, with a view to 
getting these new solutions introduced into processes?

AH: The key to any successful collaboration is clear communication. This means 
a clear understanding of both the requirements of the clients and the services available from 
the supplier.

Transparency around any roadblocks or bottlenecks leads to an efficient, smooth collaboration. 
If there is a circumstance where a group either is unfamiliar or uninterested in a certain scope of 
work, we can source the right partner for that collaboration and potentially pull teams together 
where possible. More generally, early conversations between stakeholders considering scope and 
scale allow providers to clearly see market needs and ensure they are solving a valuable unmet need.

LS: From our side, the focus is on openness and clarity. We have always been suc-
cessful in working with customers to develop new areas. Our current product for AAV was fully 
developed together with a company in France and is now being used by most people working 
with and purifying AAV.

Collaboration requires openness, willingness, and the realization that certain advances will 
help the whole field. With these factors, there is no limit in terms of the products and areas 
that can be developed.

AN: Openness between companies like my own and vendors is happening. You 
need to have that trust to make breakthroughs. It has still been difficult to share externally, 
although this is changing as companies gain more confidence, and as technology advances. In 
the AAV field, the amount of collaboration is tremendous.

A successful collaboration requires openness and trust that allows you to use authentic ma-
terials, and transfer between sites. It is also important to build in time for iteration. 
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Digital supply chains are challenging to implement, especially in fast-paced and burgeoning 
industries. It is important to be thoughtful and intentional in determining key supply chain 
aspects, such as a delivery and operational culture, the roadmap, and a decision-making 
methodology; before initiating a transformation to digital capabilities. This article outlines 
some key elements and lessons learned for consideration that could make or break a digital 
transformation.
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BACKGROUND
Planning, making, and delivering person-
alized autologous cell therapy products is 
complex and rapidly evolving. Digitizing 
the end-to-end supply chain offers real-time 
visibility into all aspects of manufacturing, 
which enables operational flexibility and un-
locks efficiencies. Failure or lack of oversight 

during any step of the cell manufacture jour-
ney could impair the product and jeopardize 
timely patient treatment. 

As an example, an autologous vein-to-
vein cell manufacturing supply chain (Fig-
ure 1) encompasses cell collection from the 
patient, apheresis, and product administra-
tion. Throughout the process, cell storage, 
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handling, and patient / product identity 
needs to be confirmed. This requires complex 
controls and digitization is key to achieving 
efficient scale and oversight. 

“Early on in our development as a com-
pany, we recognized the importance of digi-
tizing the patient journey,” said John Lunger, 
Adaptimmune’s Chief Patient Supply Officer. 
“While atypical for an early stage biotech to 
make such an infrastructure investment, we 
knew that managing the complex autologous 
manufacturing process would be impossible 
at even relatively small numbers without such 
capabilities.”

Supply chain digitization fundamental-
ly changed the way Adaptimmune operates. 
Digital capabilities improved the ability to 
understand capacity and demand, lowered 
cost of goods, formalized proper controls 
such as chain of custody and chain of iden-
tity, as well as provided the ability to adapt 
quickly to scheduling changes due to the ur-
gency of patient treatment and care. The goal 
is to get the product to the patient as quickly 
and safely as possible. 

Most organizations understand the bene-
fits that a digital supply chain provides and 
want to make this transformation as well, and 
getting there can be challenging due to a wide 
variety of internal and external factors. 

Some key external factors include lack of 
mature vendors and IT systems specifically 
designed for cell and gene manufacturing, 
unclear data standardization, bespoke sys-
tem integrations and challenging pricing 
models for clinical-stage biotechnology 
companies. Although external factors are ex-
tremely important to understand and there 
are many challenges to overcome, this arti-
cle will focus on the softer internal elements 
within an organization that can make or 
break a successful transformation to a digital 
supply chain.

CULTURE
Most start-up cell therapy companies can get 
by with manual processes due to less organi-
zational complexity, small patient numbers in 
pilot trials, and the relative simplicity of the 
supply chain as typically outsourced to more 
established contract manufacture organiza-
tions. Interpersonal relationships among staff 
are enough to handle oversight, manufacture 
operations, compliance, and capacity needs. 
These manual processes do not easily scale 
and / or support cost efficiencies when multi-
ple clinical trials across different product can-
didates are in play.

 f FIGURE 1
Patient cell journey for autologous SPEAR T-cell products.
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Before initiating a digital transformation, 
a company should set aside time to align and 
agree on a target culture that best supports 
the journey from manual to digital process. 
Project management should not be confused 
with culture, and good project management 
cannot make up for poor culture. Culture 
cannot be formed organically. It needs to 
be established intentionally and thoughtful-
ly by leadership, and continually reinforced 
throughout the organization. Formalizing a 
culture will shape behaviors and develop an 
ingrained understanding at all levels of the 
organization of how value is created for the 
company, patients, and partners through 
digitalization. 

Considerations on culture include:

 f Staff phenotypes – It is vital to hire and 
support staff who are resilient and can 
effectively deal with change, be willing to 
innovate while under pressure, understand 
the best balance of quality versus risk, and 
most importantly be supportive of each 
other. Phenotypes needed will evolve over 
time (some will disappear, new ones will be 
created), as manual processes give way to 
digital ways of working.

 f Cross-functional teamwork – As organizations 
grow, departments get formed and functional 
heads put into place, which can easily lead to 
silo creation. Cross domain communication, 
alignment in execution and strong internal 
partnerships to achieve common deliverables 
across functional swim-lanes are critical. Trust, 
problem solving, willingness to disagree and 
commit, and compromise on methodology 
are principal elements to engrain into cross-
functional operations.

 f Achieving appropriate scale at the right time 
in the best way – Deep industry expertise is 
valuable, and often necessary to make efficient 
progress to digital. However, lifting and shifting 
playbooks / approaches from big pharma 
often conflicts with being nimble in resource 
constrained, timebound and cost-conscious 
smaller scale start-up and clinical-stage 
situations. Being too early in maturity can be 

frustrating, create unforeseen bureaucracy 
and stifle execution.

 f Enterprise thinking – Not to be confused with 
cross-functional teamwork, understanding the 
what and the why of broader company aims 
is important to shape the ‘how’ of a digital 
eco-system. Independent functional strategies 
can easily create unnecessary complexity in 
methodology, increase cost and bureaucracy, 
cloud decision making and lengthen 
operational execution.

 f Hands on mindset evolution – As manual 
processes evolve to digital processes, the 
work changes from data tracked in paper-
based forms to more structured IT systems, 
which requires a different set of hands-
on skills, outlook and experience. Being 
intentional in resourcing skills at the right 
time is key.

 f Conflicting priorities / muti-tasking – In early-
stage companies, staff usually wear multiple 
hats to fulfill the needs of a variety of roles. 
In a digital eco-system, some of these hats go 
away (become digital), while others evolve 
into deeper disciplines due to the demands of 
digitization. 

 f Process maturation – It is inevitable that 
digitalization drives formality on process, as 
functionality requirements and data flows 
need to be thoughtfully considered as a whole 
rather than piecemealed into a digital eco-
system. It is important to decide how fast to 
mature process and how to build in flexibility 
where process cannot be matured easily. 
Digitizing too quickly could create bad digital 
processes.

 f Change management should not be overly 
ad-hoc or over-engineered, yet needs to be 
formalized to ensure all parties understand 
what good end points look like.

ROADMAP TO STAND UP  
DIGITAL CAPABILITIES
Envisioning the end state early on and estab-
lishing the underlying delivery principles can 
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provide a common focus for the organization 
and a mutual understanding of the milestones 
to get there. Appropriate business needs and 
key milestone triggers should drive prioriti-
zation. Organizations must consider their 
unique business processes, identify the infor-
mation capabilities that are needed to support 
those processes, and prioritize the implemen-
tation of those capabilities. It is important to 
understand and accept which processes are 
not really that unique. This will allow the or-
ganization to focus on the unique aspects of 
the business, and leverage what already exists 
for established processes.

The strategy should aim to establish flex-
ible IT platforms and solutions which align 
to a company’s short- and long-term goals. 
The strategy should account for supporting 
immediate needs with an ability to evolve ra-
tionally to future needs as well. 

Some considerations when creating a 
roadmap:

 f Process agility – Each process flow should 
be mapped out to define key data that 
needs to be managed across numerous 
internal and external systems, as well as 
the interactions between processes. Due 
to the evolving nature of cell manufacture, 
requirements may not be well understood 
so tolerance of less than perfect solutions 
in the beginning should be acceptable.

 f External IT tools – IT systems used 
by external vendors such as contract 
manufacturers, logistics couriers and clinical 
sites will book-end requirements. These 
vendors deal with a variety of customer 
tools, so having a good understanding of the 
boundaries and limitations of their technical 
landscape and capabilities is essential.

 f Iteration is your ally – Interim ‘throw-
away’ solutions and continual use of 
manual process should be acceptable in 
the short term, where risk acceptance and 
scalability factors allow. Research emerging 
technology solutions because traditional 
tools may not be right sized for your 
organization and / or can be too expensive 
and complex to adapt to bespoke needs.

 f Process maturity readiness – You need to 
ask yourself, ‘Are we ready for the structure 
and discipline required to make the change’. 
As mentioned above, the transformation is 
a journey, it cannot be realized overnight; 
therefore prioritization is key.

 f Timelines – Do not underestimate the time it 
takes to deliver. There are many moving parts 
to coordinate with making cell therapies in this 
rapidly evolving environment. In lieu, explicitly 
deciding on a phased versus big bang approach 
to deploying digital capabilities reduces risk 
on achieving immediate needs versus longer 
term goals. In addition, change management 
complexities needs to be a major consideration 
when determining the ‘end state’.

 f Decisions will evolve – There will always be 
constraints with both budget and people 
resources. In early start-up mode, things 
are usually fast-paced and each person has 
multiple jobs. Careful thought should go 
into decisions such as in-source versus out-
source, buy versus build, and in-house versus 
cloud. These decisions should not be taken 
lightly, and will change over time as the 
organization matures and evolves.

DECISION MAKING &  
ENABLING MACHINERY
In many ways, digital transformation is about 
people and less about IT technology. Standing 
up technology does not guarantee a successful 
digital transformation. Making good decisions 
can help to reduce implementation risk and 
confusion among functional, project and enter-
prise goals. One of the most important mecha-
nisms that fuels effective decision making is the 
underlying machinery that enables the decision 
process. Enabling machinery requires ade-
quate formal structure to guide decision rights 
(who owns which decisions), how decisions 
get made, timing of decisions and why certain 
decisions are made (or not made). The appro-
priate balance between ad-hoc and formality 
is largely dependent upon the experience and 
maturity of the people involved. A successful 
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supply chain transformation involves the col-
lective effort from Business Resources, Infor-
mation Technology, and Quality Oversight.

Some considerations on decision making 
structures:

 f Effective decision making involves making 
sure that the organization is solving the 
right problems. Do not get caught in the 
trap of automating a poor process or 
implementing solutions that will make one 
person’s job easier. The solutions must 
provide significant business value for the 
entire department or organization.

 f New inexperienced workforce – There 
are very few deep experts in the cell 
therapy space. Everyone has their 
individual perspectives, and experience 
can be leveraged but new ways of thinking 
are welcome and needed. Be open to 
innovative ideas, as collectively we are all 
still learning together. 

 f Ways of working – Requires a shift 
in organizational behavior and talent 
management. This will involve retraining 
staff and adding additional skill sets to your 
workforce over time. Workforce talent is 
not always fungible in new situations; in 
that success in manual processes does not 
predict success in a digital eco-system. 
Maturity, experience, expertise, and attitude 
are key elements to be considered in 
digital staffing models. Digital operational 
management skills are challenging to 
measure, and essential to delivering 
consistent outcomes on time and on budget.

 f Decision makers – Clearly define who are 
the decision makers. Be willing to listen 
to new ideas but in the end, decisions 
need to be made, understood, and clearly 
communicated with commitment and buy in 
across the organization. Value creation and 
enterprise thinking should be at the core of 
any decision, especially unpopular decisions.

SUMMARY
Over the last 5 years, Adaptimmune has im-
plemented in-house bespoke solutions, larger 
traditional systems, and new IT tools specif-
ically designed for cell manufacturing to cre-
ate an integrated digital capability. No single 
IT system provides all the necessary features 
and functionality. In addition to culture, 
roadmap, and decision machinery, cyber-se-
curity, data protection regulation, business 
continuity, architectural fundamentals and 
disaster recovery should be considered prima-
ry requirements due to the importance of the 
cell therapies and the urgency of delivery of 
product for patients.

The cell manufacturing industry is matur-
ing, and traditional IT vendors seem eager 
to work with manufacturers to re-configure 
their tools specifically to the unique challeng-
es of the cell manufacturing market. Vendors 
can provide advice and IT solutions, but each 
company must be in control of their destiny. 
Leadership of the digital transformation is 
not something that can be easily outsourced, 
as each company is unique and will likely re-
quire some bespoke, home-grown solutions 
along the way.

There are many elements to a successful 
digital transformation, and at the center of 
it all is the people responsible for making it 
happen. The digital part is the means to the 
end. The transformation part is the challenge, 
and critical to get mostly right to create sus-
tainable value. 
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