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The growth of cell and gene therapies has opened the doors to revolu-
tionary new treatment options by harnessing the power of the body’s
own cells (or donors cells in an allogenic setting). Cells that are highly
specialised in a complex network, further modified to overcome the
complexity of disease evasion. complex solutions come with complex
challenges one of which is the donor variability associated to the cell
source. Stem cell transplant have been a curative treatment for patients
with blood cancer and other haematological disorders for over 60 years.
Here we explore the challenges and strategies employed in this setting to
overcome the hurdles of donor variability.
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There has been years of research and
huge amount of investment that has
brought us to a potential tipping
point in the cell and gene therapy
field. Two pioneering advanced cel-
lular therapy products have received
approval and are now commercially
available, leading the way in a field
poised to erupt as there are current-
ly 854 companies working to devel-
op advanced therapies [1]. However,
there are a number of big challenges
to overcome if they are to have a sig-
nificant impact on patients’ lives on

a mass scale. Complex problems of-
ten require complex solutions, and
with childhood acute lymphoblastic
leukaemia and advanced lympho-
mas as the target, it is no surprise
that the first two approved advanced
cellular therapy products utilize a
complicated adoptive cell transfer
approach to target these diseases.
However, the less of that complex-
ity that we can introduce, the faster
our research and trial processes can
become. One of the easiest ways to
reduce the variables and complexity,

is by getting smarter in the way we
select and use the starting cellular
materials.

Here we explore examples of
the depths of complexity from the
Anthony Nolan registry and Cord
Blood Programme and how we
may learn from them to quickly
overcome them in the cell and gene
therapy setting.

Anthony Nolan has been pro-
viding cells for therapy for over 40
years. Established by Shirley No-
lan in 1974 in the absence of an

BIOINSIGHTS

>

VA

3
X4

AV

www.insights.bio

901



CELL & GENE THERAPY INSIGHTS

902

available donor for her son, Antho-
ny, who was suffering from Wis-
kott—Aldrich syndrome, which, at
the time, was a condition that only
a bone marrow transplant could
cure. Shirley’s vision was to estab-
lish a register of Human Leucocyte
Antigen (HLA) typed individuals
who would be willing to donate
bone marrow to anyone in need.
The primary critical attribute asso-
ciated to the donor is HLA type.
As a resul, the fate of the graft and
its success is weighted on donor
selection.

Cord Blood Banking is a bit dif-
ferent, however: whilst maintain-
ing the same registry mentality, its
ethos is to ensure there are suffi-
cient donors or ‘products’ to meet
the needs of patients by recruiting
well matched population demo-
graphics. They, in addition, provide
rigorous assessment of products to
avoid poor engraftment. The goal is
to provide a well-defined and tested
product that can guarantee quality
with known variability. This is the
fundamental of Quality by Design
(QbD).

QbD requires the identification
of a target quality product profile
(TQPP). In the instance of a cord
blood unit or adult cells for trans-
plant, the profile would include
features such as the ability to home
to the bone marrow and the abili-
ty to repopulate the hematopoietic
system in a timely fashion. Once
the TQPP is sufhiciently under-
stood, a set of critical quality at-
tributes should be identified that
guarantee the product will achieve
its TQPP [2].

This is very difficult for cell
therapies because of the complex-
ity of identifying characteristics of
a cell population that guarantee
its function. It is argued by some
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to be unachievable due to the in-
tricacy and number of potential
dimensions in data sets, and lim-
ited knowledge of mechanism of
action. This should not deter us
from thinking, in terms of best
practice, and using it as a frame-
work to guide development. In the
cord setting, we have quasi-critical
quality attributes such as total nu-
cleated cell count [3] and CD34
expression [2,4,5], which correlate
to functional outcome in many
scenarios. However, they arent
necessarily key determinants of
function. Using them to judge the
outcome of process modification
would be insufficient and poten-
tially dangerous as it may not relate
to clinical function.

DONOR VARIABILITY

Looking at lessons from the Histo-
compatibility and Immunogenetics
(H&I) field, Since the Anthony
Nolan’s inception in 1974 there
has been vast advancements in the
field. In 1974 less than 100 HLA
had been identified and therefore
could be typed in order to find a
tissue match. To date there are cur-
rently greater than 20 000 HLA
and related alleles identified [6]
with a potential of 6.9 x 10 dif-
ferent combinations. The actual fig-
ure of observable variations would
be much lower due to known HLA
associations, which limit the total
number of variations. However, this
illustrates the magnitude of donor
variability. There are two key lessons
here:

1. Donors/Patients are ‘unique’,
HLA is an extreme example but
for reasons discussed later an
individual is the result of a myriad
of interconnecting complexities




and many of which could have an
impact on the TQPP and therefore
‘function’ of the products;

2. The variability you think you
know now, could just be the tip
of the iceberg.

It is essential to understand the
factors of incoming product vari-
ability; every donor is different.
Where selection cannot be applied
it’s important to know whether the
downstream process controls can
compensate for the levels of vari-
ability to produce a standardized
and defined end product. For ex-
ample, the starting number of the
target cell type will almost certain-
ly be a critical factor. Too few cells
and the process may not show an
economically sensible return whilst
too high could alter the growth
or transformation kinetics. It may
be possible to compensate for this
with process controls and appropri-
ate dosing but where the controls
are not possible, pre-screening is
essential to ensure the end product
remains defined. If the risk of pro-
cess failure can be avoided through

critical evaluation of the starting
material then this will save money
in the longer term, as typically the
starting material is a relatively small
proportion of the overall process
costs.

There are three ways to reduce
variability that will ensure the prod-
uct meets its specification prior to
being provided to a patient:

» Selection

» Automation of the design space

» Rejection

SELECTION

Lessons on improving product spec-
ification can be learned from Cord
Blood Banking. The Anthony No-
lan Cell Therapy Centre receives be-
tween 7,000 and 10,000 cord blood
units every year.

Figure 1 shows the variability ob-
served in incoming products (TNC
and Volume).

In our setting the critical quality
attributes will be TNC, so we can
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Histograms showing distribution of (A) total nucleated cell counts (TNC) of the incoming UCB units, and
(B) volume of the incoming UCB units.
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—» FIGURE 2

select the donor products that will
meet our needs. We can further pre-
dict which products are most likely
to meet the specification through
observation of donor variables such
as age and ethnicity. Procurement
variables are also important, such as
the collection methods or the birth
type, which have been demonstrat-
ed to impact the quality of the unit
collected.

High stress births have increased
TNC and CD34+ [7,8] cells com-
pared to low stress births such as
elective caesarean sections. The cel-
lular signals that led the increased
TNC and CD34+ cells in the high
stress births could have had a fur-
ther impact that means the product
may respond differently. Likewise,
in the adult stem cell setting, it is
well known that patients fair bet-
ter when a donation comes from

younger donors [9]. Selecting TNC
in the cord or HLA in the adult do-
nation is potentially insufficient to
qualify the TQPP as the same prod-
ucts (i.e., will home to the bone
marrow niche and reconstitute the
marrow in a timely fashion). The
range of variability as observed in
transplant outcome include graft
failure, graft success or, on the
other end of the scale, graft-versus-
host disease. The donor variability
shouldn’t be overlooked and there-
fore working collaboratively with
the source provider to understand
and control the incoming product
should be encouraged. This will
be the key to precision medicine
where more and more treatments
are funded based on outcome. It is
imperative that a positive outcome
is guaranteed for the therapy to be
cost effective.

>
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Demonstrates that the incoming cellular material has a large amount of variability, which is dependent
on the donors characteristics, obstetric factors and delivery factors.

Decreasing vari

This variability is decreased during selection, automation and rejection, each step reducing the level of variability.
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Selection of diverse donors (1) move through a qualified manufacturing process to reduce variability (2),
generate a ‘standard’ product (3) to go on to treat a diverse range of patients (4).
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AUTOMATION OF THE
DESIGN SPACE

Automation has brought many
needed benefits to the industry. It
aims to remove laborious processes
that are heavily dependent on hu-
man interaction. It also aims to re-
duce wastage through process opti-
mization and to reduce or eliminate
in process errors. Ultimately, it en-
sures the processes are cost-effective
and enables commercially viable
manufacturing [5].

Automation may provide addi-
tional benefits in specific circum-
stances; sterile manufacturing pro-
cesses are much easier to control, or
many processes may look to adopt
an information governance aspect
that ensures integrity and traceabil-
ity. The common goal in an auto-
mated process is to increase quality
and reduce costs.

To help achieve this, QbD [10]
can be employed to the automation
process as a framework to guide
the development phases. QbD is a
mechanism in which you can test
the impact of variability ensuring
the automation effectively and re-
producibly deals with variability

Cell & Gene Therapy Insights -

so as the final product achieves the
TQPP. We can characterize the
input products, which enables us
to assess the incoming variability
and the process parameters or crit-
ical process attributes (the factors
in the automation space that can
be controlled); this could include
centrifugation speeds and/or time,
forces applied, cell densities or buf-
fer exchange frequencies. These are
all aspects that can have an impact
on variability and the interconnect-
ing relationship of these can be ex-
plored in the design space. Finally,
the TQPP is the definition of what
is being created, which allows for
the critical quality attributes to be
assessed in the design space, thus
ensuring the TQPP is achieved.
The design space allows you
to assess the impact of all known
variables and understand how they
affect the TQPP. Often, the pro-
cess parameters are looked at in
isolation (and rightly so in many
circumstances) or the variability of
the input products is corrected in
the first step of the process in the
design space, which may be nor-
malized within a defined range. It
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is important to consider, however,
that the input variability exists in
the design space and may be a pow-
erful tool that has a great impact on
the TQPP.

Finally, once the variability is
understood and the critical qual-
ity attributes and critical process
attributes provide robust process
predictability, the automation steps
can be locked in into the control
space. Figure 2 demonstrates how
each process contributes to reduc-
ing variability ensuring a consistent

TQPP.

REJECTION

How can rejection be a solution
to ensuring product specification?
QbD is employed to ensure the
product meets the specification.
If it is done right there is no need
to reject a product. Unfortunately,
these are complex cell systems with
variability at every level. Cells may
be characterized, with a given vari-
ability, but may exhibit very differ-
ent functional characteristics. This
is certainly true from the cord set-
ting. CD34+ positive cells are well
characterized and in some settings
correlate positively to transplant
outcome, but intriguingly, we ob-
serve vastly different functionality
within these units in their potency
as assessed through colony forming
unit assays. Characterization alone
doesn’t imply function. What's
more, function doesn’t necessarily
dictate fate. A high colony forming
response in the functional assay may
be indicative of short-term engraft-
ment but could fall short of pre-
dicting long-term engraftment. The
definable critical quality attributes
will only go so far. A key principle

of QbD is continual improvement.
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Judgements are made using mech-
anistic models and knowledge of
these improves with time. The pro-
cesses occupying the design space
will need to be developed and re-
developed. Stem cell transplants
from unrelated donors have been
happening for over 40 years, over
200,000 hematopoietic progenitor
cell products have been provided in
the last 20 years alone, yet [11] even
in this setting, we still get unpre-
dictable negative results.

In the cord setting, we could
control this more by identifying
the earliest predictors that give the
greatest possibility of success. In
doing this we would only select
cords from instrumental deliveries,
as this gives the greatest number of
CD34+ cells [8], and collect only
from Caucasian donors as, in our
experience, the volume of blood
collected from Caucasian donors
is higher. This more rigorous se-
lection when combined with the
robust automated processing and
freezing systems that are employed
would provide a product that is
far more predictable and defined.
Rejection of an unsuitable starting
material would reduce the over-
all variability of the system, thus
helping us to get closer to hitting
the target, but we would miss the
point as the bank of cords will not
meet the needs of the patient pool.
The nature of cord blood banking
is to meet the unmet need which
is largest in ethnic minorities —
collecting solely from Caucasian
donors would not serve the entire
populous and as such, would be
impractical as a pre-screening tool.
The optimal collection may not
be suitable for the patient, so we
need to work within the variability
pools of our patients. As a result,
we accept greater variability and




therefore accept rejection is a pos-
sible outcome.

It is also not cost effective to be
pedantic: being too selective will
rule out units that are less likely to
meet specification, but a percentage
still will. Using the ‘leaky funnel’
analogy (which implies that the
more we have going into the top of
the funnel - even if the structural in-
tegrity of said funnel is brought into
question — we will still have more
coming out of the bottom) the co-
nundrum of efficient versus effec-
tive should always be evaluated, and
accepting that there will be a rejec-
tion rate is important in weighing
up its impact.

Learning from the registry and
gained cord banking experience,
the only reason we know so much
about what has a positive impact on
the TQPP and as a result, transplant
success, is by collecting as much
data as possible on the variability of
donors, immunogenetics, the col-
lection procedures, the processes,
characterizations and functional as-
sessment, to name a few. In order to
control the variability, we first need
to understand it. In the transplant
setting we have hundreds of thou-
sands of data points to draw on.

The development chain adds an
additional dimension to consider.
By examining different points in
the development chain we can ob-
serve that there are different aspects
to consider with regards to the se-
lection, automation and rejection
thresholds that could all be more
flexible in the earlier stages. These
parameters are all dictated by ethi-
cal, regulatory, scalability and trans-
latability requirements, but more
often than not, these are dictated by
budget. Early stages of development
could be earmarked for collating
and understanding the impact of

variability to better know whether
it can be controlled or directed.

Is variability our enemy?

Quality by design aims to
pre-emptively control variation by
first measuring and understanding
the variation that exists by using
historical data, testing, and mod-
eling to help forecast, analyze, and
eliminate the deleterious effects of
variation using standard statistical
techniques [6].

Should we be in such a hur-
ry to remove variability? We have
touched on the inherent variabil-
ity when using donors of the cells
procured. These can be affected by
genetics and any diseases or dis-
ease susceptibility, age [9], sex [12],
whether the donors have had chil-
dren [13] and the collection process
[8]. All this variability is to be con-
trolled during the manufacturing
process to produce a defined TQPP,
and to then go into a patient with
as much if not more variability than
the donors, due to their current dis-
ease state (Figure 3).

In the registry setting, no amount
of automation (with current tech-
nology) will control the HLA vari-
ability and matching donor charac-
teristics to patient characteristics is
vital. Again, this is an extreme ex-
ample but there are lessons to the
learnt based on the known variabil-
ity beyond HLA we have seen from
40 years of selecting donors.

The aim of automation is to re-
duce the variability and ensure
product consistency in a cost-effec-
tive manner. Given the limitations
in present day knowledge, for the
majority of cases, this could be an
unrealistic expectation for auto-
mation alone and at best could be
an opportunity to generate off the
shelf products that can be selected
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and combined for patients whose
variability is equally as big as that of
the donors, if not greater.

CONCLUSION

The aim of the industry is to pro-
vide high quality products to treat
complex disease indications in a
cost-effective manner. To achieve
this, some complex problems needs
to be resolved before it can become
available to patients on a mass scale.

To accelerate the development of
novel cell therapy treatments and
enable researchers to quickly and
efficiently progress towards success-
ful clinical trials. a multi-agency ap-
proach is needed between those that
understand the donor challenges,
those that understand the manufac-
turing capabilities and the clinicians
selecting the appropriate treatment
options for their patients.

At Anthony Nolan we help con-
trol the noise associated with donor
variability, working to ensure the
treatments meet specification by im-
proving consistency, reproducibility

and scalability through selection
and provision of high-quality start-
ing materials.

Today’s challenges and complex-
ities are greater than we have seen
before. The gains, however, are
proving worthwhile as better treat-
ment options are made available
improving the patient survival and
quality of life. Shirley Nolan started
this journey to treat her son, who
today would be a prime candidate
for a gene therapy.
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