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RAW AND STARTING MATERIALS

INNOVATOR INSIGHT

Managing starting material stability  
to maximize manufacturing flexibility 
and downstream efficiency
Dominic Clarke & David Smith

The cell and gene therapy industry is filled with excitement and promise 
as recent clinical and commercial successes have made headlines world-
wide. New therapies are entering clinical trials like never before  [1]. With 
this growth comes underlying challenges, some of which are obvious and 
well documented, such as scale-up manufacturing and the need for cost 
of goods reduction [2] – but others are perhaps not currently given the 
amount of attention they deserve or require. Two such challenges are the 
increasing demand for quality starting materials and the logistical issues 
in getting those products that are typically shipped fresh from the clin-
ic or donor processing center to the manufacturing facility [1,3,4]. There 
are many time-sensitive elements within the cell and gene therapy supply 
chain and these present critical challenges. This article will explore some 
specific examples and look at how the industry can address them by im-
proving quality and consistency of starting materials and reducing some 
of the existing bottlenecks which may impact downstream manufacturing 
and therapeutic success.
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EVERYTHING BEGINS 
WITH THE STARTING 
MATERIAL

The value of starting material is vi-
tal to the industry: as the old saying 
goes, ‘garbage in equals garbage out’ 
and if you begin with poor starting 
material, you’re likely to end up 
with an inconsistent process and a 
poor outcome. This is particularly 
true for cell therapy, whether autol-
ogous (i.e., the patient’s own cells) 
or allogeneic (i.e., generic cells from 
a donor). In both cases, the starting 
material represents the most vari-
able part of the process, whether it 
is in early stage development or in 
the clinical/commercial manufac-
turing setting [1].

Since donors and patients are all 
unique, there is an inherent variabil-
ity in the cells derived from them. 
Since there is a finite supply, it is 
even more important to maximize 

not only the quality, but also the 
availability of that material.

After source material collection, 
we move into processing and pack-
ing immediately for shipping to the 
manufacturing site where further 
processing and isolation, selection 
and expansion and purification 
steps occur. This is followed by a 
degree of biopreservation to enable 
shipping to the patient for admin-
istration (Figure 1). The critical im-
portance of the starting material 
is illustrated by how it can impact 
each step, from the processes of 
isolation, selection and expansion 
right through to biopreservation, as 
well as the final product itself.

Historically, the cell therapy in-
dustry has invested a great deal of 
time and capital into logistical is-
sues and much of this has focused 
primarily on biopreservation of the 
final product and maintaining the 
cold chain [4,5]. Solution providers 

in North America, maybe on the 
same coast or at worst, going from 
one coast to the other. That would 
typically equate to a timeframe of 
24–36 hours from the product be-
ing collected to the point when it’s 
received by the manufacturer. For 
donor material, one might even ex-
tend geographically speaking from 
the USA into Europe, or even Asia. 
However, once it’s collected, the 
stability and quality of the materi-
al begins to decline over time and 
while this shows average times, not 
everything relating to collection 
and logistics necessarily follows the 
standard. Delays are frequently en-
countered at some point or another 
that can increase the transit time.

What this ultimately means is 
that the cells to a varying degree 
will begin to die and the quality of 
the material will reduce. This is re-
flected in parameters such as cell vi-
ability, number, and critical quality 

have entered the market specializing 
in the transportation of cell therapy 
products, but the challenge we are 
now experiencing is the require-
ment for that starting material to be 
both available in sufficient quantity 
and of the highest quality to ensure 
consistency downstream. Attention 
is therefore starting to shift to logis-
tics and biopreservation at the front 
end of the supply chain. 

IMPACTING STABILITY
Several elements impact the sta-
bility of the starting material, not 
the least of which is time. Figure 2 
provides an overview of the time 
required by the logistics relating 
to collection of the starting ma-
terial. When considering clinical 
patient material, the collection 
site is usually located relatively 
nearby the manufacturing facility; 

ff FIGURE 1
Process steps of the source material through to administration back into the patient. 
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attributes, which can affect down-
stream processing.

One aspect that is often over-
looked upfront by developers and 
manufacturers is the availability of 
resources for receiving and process-
ing the starting material. Certain-
ly, manufacturing that relies upon 
just-in-time shipment and delivery 
of the material is inherently inflex-
ible. For example, if one expects 
a product to be received at 9  a.m. 
one morning, but it’s delayed until 
the afternoon, any reserved manu-
facturing space and personnel will 
have been standing idle. This is go-
ing to ultimately impact the cost of 
goods and also the shelf-life limits 
of both your materials and the final 
product. 

Starting materials are commonly 
shipped fresh at ambient tempera-
tures or hypothermic in autologous 

plasma at 4°C. Similar to cell ther-
apy final products however, given 
limits to their shelf-life and stability, 
high demand for access to products, 
and the risk of diminishing qual-
ity and consistency, other options 
should certainly be considered [5]. 
For final product stability, cryopres-
ervation has subsequently become a 
more standard approach to ensure 
stability and consistency are main-
tained (e.g., Novartis’ Kymriah and 
Kite’s Yescarta).

Given the complexity, not all 
products are going to be cryopre-
served. Other options to consider 
may be hypothermic in specialized 
storage mediums – for example, 
HypoThermosol (Biolife Solutions) 
– which can potentially extend 
shelf-life and stability and offer the 
required flexibility to support prod-
uct requirements.

ff FIGURE 2
Overview of time required by various logistics steps relating to collection of the starting material. 
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BENEFITS OF  
CRYOPRESERVATION FOR 
EXTENDING STARTING 
MATERIAL STABILITY & 
SHELF-LIFE
Historical studies have supported 
the shift away from shipping cell-
based products at room temperature 
to using hypothermic conditions 
as a means to extend and preserve 
shelf-life and quality [6,7]. Data 
has demonstrated that hypother-
mic storage can improve the stabil-
ity and extend shelf-life of starting 
materials like bone marrow and pe-
ripheral blood stem cells. The study 
by Kao et al. also noted the decline 
in cell function over time may be 
more significant than observed with 
cell viability [6]. However, while 
hypothermic conditions offer im-
proved stability of starting materi-
als, significant loss in both cell vi-
ability and function can still occur 
over the initial 24–48 hours post 
collection.  Methods to preserve 

the starting material quality at the 
point of collection and subsequent-
ly extend shelf-life are important. 
Options to consider may be the 
inclusion of an optimised storage 
medium (e.g., HypoThermosol) or 
cryopreservation.

To develop this further, collab-
orative studies were performed to 
evaluate alternative methods for 
extending shelf-life and improv-
ing stability of donor-derived leu-
kapheresis products as a means 
of ultimately providing enhanced 
quality and flexibility for the down-
stream processing and manufactur-
ing consistency. For both studies, 
three unique donor leukapheresis 
collections (two separate studies) 
were performed (HemaCare Corp, 
Northridge, CA). Following collec-
tion, the products were processed 
and split onsite with half of the 
product placed in HypoThermosol 
(BioLife Solutions), while the other 
half was cryopreserved in CryoStor 

ff FIGURE 3
Recovery of WBCs following preservation.
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CS10 (BioLife Solutions). Both sets 
of products were then shipped with 
the downstream processing being 
performed at the respective collab-
orating facilities. 

In the first study, the clinical 
research facility received and pro-
cessed the incoming leukapheresis 
material 24 hours post-collection 
and evaluated the product for re-
covery and viability of white blood 
cell (WBC) and CD14+ cells. 
While some donor to donor prod-
uct variability was observed, via-
bility and recovery of WBC post 
hypothermic storage (24 hours) 
in HypoThermosol or cryopreser-
vation were similar (Figure 3) and 
in each case similar to traditional 
fresh products. 

In addition to WBC, the study 
also analyzed total CD14+ cell 
viability, recovery and function. 
Similar to the WBC results, total 
viable CD14+ cell recovery ranged 
was 78% to 94% (average of 89%) 
and was similar between preserva-
tion conditions. CD14+ cell func-
tion was maintained and similar to 
preconditioned controls. Collec-
tively, the study demonstrated that 
cryopreservation and hypothermic 

storage (using an optimized media) 
are both viable options to extend 
stability and shelf-life and to main-
tain quality of the starting material. 

For the second study, the prod-
uct stability was evaluated under 
four different conditions in order to 
understand the impact of the pro-
cess timing for both hypothermic 
and cryopreserved starting material. 
To evaluate this, the leukaphere-
sis was collected and initially pre-
pared at HemaCare (time zero) and 
then shipped overnight to Hitachi 
Chemical Advanced Therapeutics 
Solutions (HCATS), where per-
formance was evaluated by viable 
cell recovery and a naivety panel 
(CD45RA and CCR7) over a total 
of 120 hours. Four different condi-
tions were evaluated for this study:

ff Unmanipulated leukapheresis 
(held at 2–8°C)

ff Ratio of 1:1 leukapheresis to 
CS10 (cryopreserved)

ff Ratio of 1:1 leukapheresis to 
HypoThermosol (held at 2–8°C)

ff FIGURE 4
Recovery of WBCs following preservation.
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ff Ratio of 1:1:2 leukapheresis 
to HypoThermosol to CS10 
(cryopreserved)

The results of this study can be 
seen in Figure 4 below. For the un-
manipulated leukapheresis (held 
at 2–8°C), the viable cell number 
began to dramatically decrease af-
ter 48 hours. This indicates that 
manufacturing processes using this 
short-term stability method should 
commence within 48 hours of leu-
kapheresis collection, to ensure that 
overall final product quality is not 
compromised. When comparing 
starting material held at 4–8°C to 
cryopreserved starting material, 
there is a clear crossover in viable 
cell recovery after 96 hours. The fact 
that the cryopreserved leukapheresis 
shows stability over time is not sur-
prising, however, it does provide a 
good indication that if the manu-
facturing is taking place in a differ-
ent region from the collection (e.g., 
USA to EU, as above), then cryo-
preservation should be employed to 
ensure stable and appropriate prod-
uct quality for manufacturing. 

Figure 4, shows the naivety of 
the CD3 cell population, which 

represents a sub-population of the 
CD3+ cells. In the leukapheresis 
held at 2–8°C, the population na-
ivete is ~60% after 24 hours and 
50–60% after 96 hours. However, 
in the cryopreserved leukaphere-
sis the naivete has been reduced 
to ~30%, a dramatic decrease in 
this quality marker, indicating that 
cryopreservation may have a nega-
tive impact on product quality. That 
said, if starting material stability is 
required for a period exceeding 96 
hours, cryopreservation is a via-
ble method to ensure stability and 
allows for simplified scheduling 
in manufacturing. Production de-
mand can be level-loaded by hold-
ing product for specific manufac-
turing slots, rather than requiring 
on-demand manufacture.

Considering the data and study 
results collectively, it is important 
to understand your downstream 
processing or manufacturing re-
quirements of the starting mate-
rial to apply the most effective bi-
opreservation platform. Working 
with fresh material is ideal, but 
stability in the form of cell viabil-
ity and function begin to decline 
immediately following collection 

ff FIGURE 5
Recovery of WBCs following preservation.
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(Figure 5). Historical data from the 
literature has demonstrated that 
hypothermic conditions can offer 
some added stability and shelf-life, 
but certainly not without its limita-
tions. Cryopreservation is known to 
extend shelf-life and offer long-term 
stability for cell-based products [1]. 
Studies described herein have also 
demonstrated the efficacy of inclu-
sion of cryopreservation for starting 
materials. Traditionally, cryopreser-
vation has been performed post-col-
lection at the manufacturing site 
(e.g., CDMO such as HCATS will 
often receive the starting material 
24 hours after collection) prior to 
performing extended processing 
steps. The issue here, as described 
in the aforementioned collaborative 
study, is the stability and quality of 
the starting material is already com-
promised by the time it is processed 
and cryopreserved.  Alternative-
ly, some collection facilities (e.g., 

HemaCare GMP collection and 
processing facility) are able to per-
form cryopreservation at the point 
of collection (Figure 6, cryo on day 
0 line). This enables cryopreserva-
tion when the starting material is at 
peak quality resulting in extending 
the shelf-life while reducing bottle-
necks and processing inconsistency 
with downstream manufacturing.

THE CDMO PERSPECTIVE
Moving down the chain from col-
lection into downstream process-
ing, it becomes quite clear how 
important the starting material 
collection is as the first step of the 
cell journey. If this is where we are 
going to begin, we need to ensure 
premium quality and consistency. 
Any decline in these standards at 
this early stage of processing will 
have a significant negative impact 

ff FIGURE 6
Recovery of WBCs following preservation.
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on the complexities we encounter 
at the manufacturing site.

There is of course a big difference 
between patient-specific and off-
the-shelf therapies when it comes 
to starting material. With the cel-
ebrated emergence of patient-spe-
cific CAR-T therapies, there's been 
more of a focus on the autologous 
area, but there continues to be a 
big question mark about how we 
manufacture and supply this novel 
product. Therefore it’s imperative 
that vendors, developers, regulators 
and manufacturers continue to work 
through the challenges in a collabo-
rative way to ensure that optimum 
solutions are created.

Collection is a controllable step. It 
is something that has been done for 
years, going back to the first blood 
transfusions and hematopoietic stem 
cell transplants.  We have seen the 
beginnings of automation and docu-
mented procedures to improve consis-
tency, but there still remains a consid-
erable manual, operator-specific art to 
collection. Site-to-site variation is also 
considerable, although this is a fact 
which can be missed until later stage 
clinical trials: at early development 
and even Phase 1 clinical stages trials, 
oftentimes just a single collection site 
is used. It is vital to tackle this chal-
lenge upfront, knowing that a single 
collection site will not be feasible for 
later stage and commercial process-
ing. For example, data from the last 3 
months for one of the processes per-
formed at HCATS shows low collec-
tions of 7 billion total nucleated cells 
up to highs of 145 billion – a 20-fold 
variation.

There is a need to have a funnel 
approach to processing at a manu-
facturing site, where all starting ma-
terials come in and a more consis-
tent product comes out at the end. 
The challenge of the funnel is that 

the more complexity and variability 
that we start with, the more variable 
the manufacturing process becomes 
considerably increasing both cost 
and time. Developed industries, 
such as the automotive industry, 
are now moving beyond tolerances 
of six sigma. For the cell and gene 
therapy industry today, that seems 
a near-impossible stretch, yet the 
more mitigation of variation that 
can be achieved, the more rapidly 
we can grow to ultimately increase 
patient access.

So how can we improve the con-
sistency of starting material? Remov-
ing any living entity from its natural 
habitat induces a certain amount of 
stress and this is no different for cells 
as they are moved from an in vivo to 
an in vitro environment. This issue 
is also compounded over time, so it 
is important to determine a method 
that either allows for rapid manufac-
turing, such as bedside operations 
(although this seems to be a future 
vision that is some way off commer-
cial use) or one that allows for pres-
ervation of the cells. As we transition 
into global manufacturing, clinical 
site-to-manufacturing-site-to-pa-
tient distances are likely to increase, 
requiring longer stability times for 
both starting and final products. As 
these logistical timeframes increase, 
so too does the likelihood of delays. 
As discussed previously, this has the 
knock-on effect of not only starting 
material deterioration, but also inef-
ficient scheduling of resources, per-
sonnel, and clean rooms. Currently, 
it is common that an apheresis is de-
layed by half a day, which means the 
personnel is delayed by half a day. If 
the employees can only work 8 hours 
a day, this means they can only pro-
cess for 4 hours so a new team must 
be on standby, thus increasing both 
cost of labor and the number of staff 
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who require specific training. On 
top of this, perhaps the next process 
coming into the cleanroom will also 
be delayed as part of the knock-on 
effect. The net effect of all this is in-
creased complexity, increased cost, 
increased deviations, and further 
variability in manufacturing process 
time.

A further supply chain challenge 
is presented by the need to accom-
modate the complete bill of mate-
rials required to execute a variable 
process. Taking the earlier example 
of a 20-fold increase to 145 billion 
cells, this will involve different con-
tainer sizes and centrifuge tubes to 
accommodate the variance. All of 
the potential containers will need to 
be kept on standby ready to bring 
into the cleanroom, or to have in 
the cleanroom ready to utilize. The 
batch record will also need to have 
multiple options for an operator to 
pick from given the starting materi-
al characteristics, further increasing 
the manufacturing complexity.

There is one everyone is talking 
about – the desire to automate in 
order to deliver greater consistency. 
Automation of a variable process is 
vastly expensive, challenging and 
potentially something that’s start-
ing to hold the field back. There’s a 
lot of automation out there, a lot of 
ideas, but being able to implement 
it in a cost-effective and quality-ef-
fective manner is extremely hard for 
variable processes. The majority of 
automation in this industry does 
not offer the flexibility that is re-
quired in today's clinical setting.

CONCLUSION
While the concept of fresh cells is 
appealing, it doesn’t necessarily 
mean it will ultimately be the best 

option, given the potential for de-
lays along the length of the supply 
chain. Both autologous and allo-
geneic material require transport 
post-collection for downstream 
manufacturing, and extending the 
shelf-life of the starting material is 
going to be a necessity for the in-
dustry as it maintains quality but 
also improves flexibility and maxi-
mizes downstream manufacturing 
capacity, to help to achieve the best 
possible final product.

In summary, as the quality or 
consistency of a starting materi-
al decreases, the complexity and 
therefore the cost of manufacturing 
increases.

There are many solutions out 
there that can start minimizing 
starting material variation. And 
working with the key partners hav-
ing this experience is vital to ensur-
ing product success.

Today, cell therapy manufactur-
ers continue to deal with a certain 
degree of variation making it more 
difficult and costly, which increases 
deviations as the variation and com-
plexity increases. As the industry 
and regulatory landscape continue 
to evolve, it’s vital that as an indus-
try, we take a lifecycle approach to 
risk management – a periodic re-
view, phase-gated approach to en-
sure that we mitigate as much risk 
as possible all the way from discov-
ery through to commercialization.

It’s vital that both manufactur-
ers, and developers stay ahead of 
this variability issue and control it 
as effectively as possible. Let’s work 
together to ensure we can get there, 
and make sure that if we’re demand-
ing this consistent quality from our 
vendors, that really translates all the 
way through the manufacturing 
process to the success of the product 
and success for the patient.
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About HemaCare:

HemaCare is the global leader and trusted brand in the customization of hu-
man-derived biological products and services for biomedical research, drug dis-
covery, and cell therapy process development. The company’s network of FDA-reg-
istered, GMP/GTP-compliant collection centers ensure fresh donor material is 
available to customers and for use within HemaCare’s research and GMP-com-
pliant isolation laboratory. Human biological material including peripheral blood, bone marrow, and cord blood is isolated into 
various primary cells types for fresh and frozen distribution. For over 40 years, HemaCare has developed an extensive registry of 
repeat donors and provides human-derived primary blood cells and tissues for biomedical and drug discovery research and cell ther-
apy clinical trials, and supports commercialization with apheresis collections, directly enabling customers to advance both autologous 
and allogeneic cellular therapies.

Our recently opened new, state of the art facility enables HemaCare to provide GMP collections and  GMP processing. In 
addition to a newly renovated, larger footprint and donor collection center, the facility has four cleanroom suites, which are both 
FDA and EMA compliant. Combined, the new facility provides an optimized process flow which reduces risk (handling and time) 
between steps to ensure a flexible and scalable production environment to support industry demand.

About Hitachi Chemical Advanced Therapeutics Solutions 
(HCATS):

Hitachi Chemical Advanced Therapeutics Solutions, LLC (HCATS), is a wholly 
owned subsidiary of Hitachi Chemical Company, Ltd. (Hitachi Chemical) represent-
ing Hi¬tachi Chemical’s Regenerative Medicine Business Sector in the United States. 
HCATS leverages two decades of experience exclusively focused on the cell therapy industry. It provides contract development and 
manufacturing organization (CDMO) services at current Good Manufacturing Practices (cGMP) standards, including clinical 
manufacturing, commercial manufacturing, and manufacturing development. For more information about these services, please 
visit www.pctcelltherapy.com 

HCATS is investing heavily in a number of areas to accelerate the cell and gene therapy industry’s ability to mitigate some of the 
risk associated with the high variability of cell therapy products. Setting up a global footprint is vital for harmonization. With the 
recent acquisition of apceth in Europe, HCATS now has access to manufacturing capacity in the US, Asia and the EU through sites 
in New Jersey and California in the US, Yokohama in Japan, and Munich in Germany. Hitachi Chemical sites across the globe are 
looking closely at standardisation initiatives and are working with the standards and regulatory bodies in different regions to try to 
harmonise this industry around documented best practice for manufacturing.

Electronic systems are vital for the management of data flow throughout manufacturing and beyond. Starting with the patient, 
talking to the collection site, to the logistics company, to the cell therapy developer – this entire flow of data needs to be seamless. 
HCATS invests in electronic systems to help alleviate communication breakdowns and ensure chain of command and chain of 
custody. 

Developing next-generation platforms to help control variation is going to be vital. It is another area of heavy investment by 
HCATS. There are many phenomenal people in this industry working to deliver the required solutions, but who require further 
investment and frequently need to hear more of the voice of the customer to ensure they are developing solutions that meet a need 
rather than developing ‘innovative’ solutions that unfortunately do not currently help the sector. This means that partnering with 
the right people - the experts - to combine experience and develop these new solutions together is going to be vital. Such partnerships 
are  a priority at HCATS, as is ensuring we can provide our clients and our partners with the best tools available. With the recent 
announcement of Hitachi Chemical’s intention to acquire Apceth in Europe, HCATS will soon now have access to manufacturing 
capacity in the US, Asia and the EU through sites in New Jersey and California in the US, Yokohama in Japan, and Munich in 
Germany

http://pctcelltherapy.com
https://www.hemacare.com/


Complex Study Logistics?

High-Quality Starting Material On Demand

Cryopreserved leukopaks extend shelf life and stability providing you 
with the consistency, quality, and flexibility you desire. 

For more information on HemaCare’s best-in-class research use and GMP-compliant human cells, 
visit www.hemacare.com or contact us at info@hemacare.com.

GMP Compliant  
Also Available

New cell therapies are progressing from discovery 

to clinical application at an extraordinary pace.

Planning and coordinating activities throughout 

the discovery and development continuum can be 

complicated.

With HemaCare’s unique cryopreserved leukopak, 

store your materials to simplify complex logistics: 

•	 Donor management
•	 Quality and viability preservation
•	 Shipping logistics 
•	 Staff and project scheduling
•	 Supply allocation
•	 Downstream processing consistency 
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