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Introduction

Cell and gene therapy developers are today’s trailblazers, venturing into unchartered territory, establishing new pathways to achieve commercial viability, with the ultimate goal to bring unmatched efficacy of 
revolutionary therapies to the masses.

Each journey in cell and gene therapy is unique, because each process is customized. It requires extensive experience in your specific modality of cell & gene therapy to anticipate the challenges you will face and 
to put in place a plan of action to address them. It also becomes critical to identify what you should focus your teams’ efforts on and when you should leverage a partner’s expertise.

This eBook aims to shed some light on the challenges to look out for in your cell and gene therapy commercialization journey and provide a roadmap on how to approach them. 

Use the infographic below to select the challenge that is most pressing for you.

MULTIPLE IMMUNE CELL TYPES Serum-free Media
CLOSING AND AUTOMATING

ENDOTOXIN AND PYROGEN DETECTION

REGULATORY STRATEGIESTRACKING & TRACING

PROCESS DEVELOPMENTASSAYS
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Navigating the Complexities 
of Tissue Sourcing for Cell 
and Gene Therapies
JASON TRUEBLOOD, C&GT TISSUE ACQUISITION PROGRAM MANAGER AT LONZA

pathway. Based on the customer’s clinical 
indication, there may be additional considerations 
and testing that should be carried out. Many 
times a customer will reference a regulation that 
requires certain testing and evaluation for starting 
donor material that is not appropriate for their 
intended use. They insert this specification into 
their criteria and have difficulty finding the “perfect 
donor” for a specification that is not necessary.
 
A close second overlook is the consideration of 
access to donors. For allogeneic therapies that 
utilize a healthy living donor, it is important to 
remember that at time of donation, the donor 
is under medical care of a physician. Lonza and 
other industrial, for-profit organizations have 
minimal access to appropriately screen, perform 
the eligibility assessment, and ultimately approve 
a “patient/donor” for a CGT tissue donation. 
That is why it is absolutely critical to ensure 
that appropriate qualification and vetting of our 
recovery agencies and their treatment/access to 
patients are done under the appropriate medical 
and ethical conditions and only with the approval 
of an Institutional Review Board.
 
Q: How does a good tissue acquisition sourcing 
strategy help you to meet BLA/MAA approval?
 
A: A good tissue sourcing strategy begins by first 
identifying and creating a regulatory road map 
specific for their product. Much like manufacturing 
regulations vary locally, so do tissue recovery 
regulations and required screening and testing. 
It is also important for an organization that 
performs cGMP/cGTP tissue recoveries to have 
a dedicated team to monitor and adapt to the 
changing landscape and guidance available 
from the appropriate regulator. Additionally, we 

need to make sure that the desired product and 
subsequent tissue source is something that can be 
supported by the available access to the donors, 
both in terms of quantity and quality. Finally, a 
successful strategy does not forget about a robust 
supply chain, stability and logistic feasibility. 
Qualifying multiple sources who have access 
to appropriate donors and ensuring that once 
the tissue is recovered it can be delivered to the 
processing facility in a timely manner are essential.

Having a robust and complete regulatory 
pathway will ensure that the tissue recovery 
strategy addresses the requirements for the 
product’s intended use. If we understand where 
the product is going to be used, we establish the 
donor eligibility process to meet the appropriate 
regulation (in the US – FDA 21 CFR Part 1271, or 
equivalent), while at the same time incorporating 
unique client specifications that may be needed 
based on the intended use of their product.

Lonza Tissue Acquisition Donor Programs are 
not one-size-fits all. We strive to build a Donor 
Program in partnership with each customer to 
run throughout the life cycle of their project. Each 
donor program is established to fit uniquely to 
the customer’s product and regulatory pathway. 
Additionally, Lonza stands by our customers and 
their need for future support for BLA readiness 
and filing. The Lonza Donor Programs are not 
considered a transactional relationship where 
once the tissue is delivered, we are finished. 
We view the delivery of the tissue sample as 
the beginning of the road to get our customer’s 
product on the market!

To learn how Lonza can support you with your 
tissue sourcing strategy click here.

Q: What is your teaḿ s role at Lonza?

A: Lonza Tissue Acquisition is responsible for 
ensuring adequate quantity and quality of tissue 
for all Cell and Gene Technology (CGT) projects. 
We have robust tissue sourcing agreements with 
selected and qualified tissue recovery agencies 
to assure the quality of research tissue for 
BioScience research cells produced by Lonza. 
These same tissue sources can provide reliable 
tissue for research use in CGT Development 
projects. Additionally, Tissue Acquisition has built 
Donor Programs to provide GMP tissue and the 
required donor information package to support 
our clients’ clinical manufacturing programs at 
Lonza. TA has selected clinical partners to recover 
certain types of tissue that can be collected from 
eligible donors and patients who have been 
screened and tested to meet the regulatory 
requirements that fit our clients’ intended uses for 
clinical trials through commercial manufacturing.

Q: Why is Tissue Acquisition on the critical path to 
cell & gene therapy industrialization?

A: The starting source material (tissue) for CGT 
is the first component that regulators investigate 
when evaluating INDs and eventual BLAs. 
Ensuring that the tissue was recovered and 

processed in a compliant manner is critical. If the 
tissue and donor are not fully qualified, eligible, or 
procured appropriately, the integrity and success 
of the remainder of the manufacturing and 
eventual product are in jeopardy.

Q: What do customers often overlook when 
considering tissue acquisition practices?
 
A: The most common overlook is the initial 
evaluation of the donor and tissue specifications 
as it relates to their intended regulatory approval 

Jason Trueblood, C&GT Tissue Acquisition Program 
Manager at Lonza

https://pharma.lonza.com/offerings/cell-and-gene-therapies/tissue-sourcing-acquisition
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Using Serum-free Media to 
Streamline and Optimize CAR 
T-Cell Manufacturing Workflows
BY CHENGKANG (CK) ZHANG & AMBER JONES

INTRODUCTION
CAR (chimeric antigen receptor) T-Cell therapy 
plays a central role in the development of 
innovative therapeutic approaches to battle 
various cancers and non-cancer targets. Therapies 
utilizing CAR T cells have led to breakthroughs 
in treating hematological malignancies, and 
research is now exploring how to extend their 
use to treat solid tumors. In such therapies, T 
cells are extracted from a patient via apheresis 
and process-specific cell selection and genetically 
engineered ex vivo to express the CAR, which is 
an artificial protein receptor capable of binding 
to specific cancer cell antigens and activating T 
cell functions. The genetically engineered cells are 
then expanded using a cell culture medium and 
returned to the patient for treatment.

Choosing an appropriate cell expansion medium 
is key to ensuring the health and performance of 
the relatively small populations of cells present 
at the beginning of the CAR T-Cell manufacturing 
process, and after gene transfer. Traditionally, 
serum- containing media are widely used in 
such processes, but these come with a range of 
challenges. Serum can vary in quality between 
batches, and may contain toxic substances and 
impurities that not only require additional time 
and investment to remove, but can put the final 
product—the cells needed for patients—at risk. 
Moreover, as the industry becomes increasingly 
competitive, with numerous new CAR T-Cell 
products under development, high-quality serum 
is becoming more difficult and expensive to 
obtain.

Due to these complexities and costs, the 
availability of CAR T-Cell therapies to cancer 
patients is currently limited, despite their 

significant promise. Serum-free media offer ways 
to overcome these challenges, providing more 
reliable and effective ways to produce valuable 
CAR T cells.

THE LIMITATIONS OF SERUM-BASED MEDIA
The cell therapy industry is heavily reliant on 
serum derived from either animal or human 
donors, with demand for serum increasing as 
more cell therapy products enter clinical phases. 
However, serum is a complex mixture of a large 
number of constituents, and the quality of serum 
varies inherently between individual donors, 
causing the quality of subsequent products to 
differ between batches. This fluctuating quality 
can lead to inconsistency—and runs the risk of 
compromising CAR T cells produced for oncology 
therapeutics.

Even serum sourced from healthy human or 
animal donors may contain pathogens. Serum 
is usually sterilized by filtration through multiple 
0.2 μ or 0.1 μ filters after collection, because 
heat-treatment may adversely affect its growth-
promoting properties. This filter-sterilization 
procedure is, however, unreliable because small 
viruses, viral fragments or prions may pass 
through the filters. As a result, stringent quality 
control tests must be performed to ensure that 
serum is free from adventitious agents.

Serum that passes the sterility quality tests may 
contain undefined cytokines, hormones and 
growth factors, whose presence may influence 
the phenotype of the expanded T-Cell product. 
Growth factors such as transforming growth 
factor beta (TGF-β) cannot be filtered out, and 
are present in sera at various concentrations in 
different lots, contributing to lot-to-lot variability. 

CAR T-Cell therapies have led to breakthroughs in treating hematological malignancies, 
but the complexity and cost involved in their production limits their availability to patients. 
One challenge in CAR T-Cell manufacturing outside of efficacy of your CAR-T product is 
achieving consistent expansion of T cells available after gene transfer. Optimizing the media 
used to support T-Cell proliferation is, therefore, a key consideration—but it has proven 
difficult to develop media that enable consistent expansion while meeting regulatory 
quality requirements. However, recent advances in cell culture strategies have improved 
productivity and performance in CAR T-Cell workflows using serum-free media, enabling 
the development of large-scale regulatory-compliant processes capable of producing 
billions of T cells within a short timeframe. This article will discuss how serum-free media 
can streamline CAR T-Cell manufacturing workflows, highlighting how this can reduce time-
to-market and make these treatments more widely available to patients.
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are often stored separately and under different 
conditions to the base media, and have different 
shelf lives, making their storage and maintenance 
a challenge. Some supplements must be stored 
in freezing conditions and thawed before use, 
adding time, inefficiency and complexity to the 
overall cell culturing process. 

Serum-free media are ‘complete’ and ready to use, 
reducing the risk of contamination by eliminating 
the need for additional supplementation, which 
streamlines the overall cell expansion process. 

This high-performance serum-free media is 
applicable not only to T-Cell therapies, but also 
many other cell types, such as natural killer 
(NK) cells and dendritic cells. Due to their high 
versatility, serum-free media form highly suitable 
bases for a wide range of therapeutic applications 
(either with or without cytokine supplementation, 
depending on the specifics of the process).

Current Good Manufacturing Practice (cGMP) 
release criteria 
Regulatory compliance and cGMP processes 
underpin the successful production of CAR T-Cell 
therapies, and are, therefore, essential in ensuring 
effective therapeutic treatment reaches those 
in need. To protect patients, release criteria are 
strict. For example, the criteria for commercially 
manufactured Tisagenlecleucel (CTL019; 
Kymriah®), a medication used to treat B-cell acute 
lymphoblastic leukemia, which usually demand at 
least 80% viability before the therapy can be used 
to treat patients. Achieving high levels of T-Cell 
viability, though, requires consistency and high 
quality: even small changes in processes and raw 
materials, such as the composition of the growth 
media, can introduce inconsistency that puts the 

quality of the CAR T-Cell product at risk.

By bringing the control and definition needed 
to eliminate inconsistencies and variability, 
serum-free media facilitate the production of 
CAR T cells that meet rigorous cGMP criteria. 
These media are a safe, high-quality alternative 
to serum-based media for effective CAR T-Cell 
expansion in-line with regulatory requirements. 
They enable effective scale-up and are available 
in versatile formats—bottles or bags with plug-
and-play connectors—that can be tailored to 
meet the specific needs of various cell production 
platforms.

TRANSLATION INSIGHT
Serum-free media made of non-animal origin 
materials hold great promise—and as the cell 
therapy industry moves away from serum and its 
galaxy of undefined, inconsistent components, 
more therapies will move towards serum- free 
media expansion. Media that do not rely upon 
blood-derived supplements offer increased 
regulatory compliance and process control, 
and will bring many more specific choices and 
opportunities regarding quality and performance 
in the development of novel cell therapies.

A notable area for future advancement regards 
chemically defined media. The introduction of 
recombinant versions of proteins and growth 
factors that are derived from blood will further 
eliminate the need for undefined, animal origin 
constituents from cell culture media and bring 
even-more consistent performance. Not only will 
this facilitate compliance with regulatory quality 
requirements, it will also enable the development 
of therapies that will present less risk to patients, 
while removing the variability associated with 

TGF-β induces the generation of regulatory T 
(Treg) cells that may suppress CD8 T-Cell activity, 
which can diminish the efficacy of the final CAR 
T-Cell product. Hormones such as glucocorticoids 
that are known for their anti-inflammatory and 
immunosuppressive actions may be present 
within sera, again impacting the final CAR T cells 
produced.

As a further consideration, prior to CAR T-Cell 
infusion, cancer patients are typically pre-treated 
with lympho-depleting chemotherapy to ensure 
that endogenous T cells do not suppress the 
proliferation of infused CAR T cells [1]. Therefore, 
to safeguard patient health, there is an even 
greater pressure and need to successfully 
produce a high percentage of viable CAR T cells—
and to ensure that this is done consistently.

To ensure high levels of sterility and an 
absence of unwanted substances or impurities, 
scientists must qualify all the raw materials 
and components they use in the serum-based 
expansion media. However, the need to check 
the quality of each serum lot before it can be 
used increases the overall cost of the CAR T-Cell 
expansion process, and can delay CAR T-Cell 
manufacture if there is a shortage of high-quality 
serum. With increasing numbers of new CAR T-Cell 
therapies under development, competition for 
good quality serum is becoming steeper and more 
prevalent—and this may eventually increase the 
cost of CAR T-Cell products.

SERUM-FREE MEDIA: OPTIMIZING CAR T-CELL 
EXPANSION
The use of serum-free media offers a potential 
way to address the challenges, limitations and 
costs associated with serum-containing media— 

including concerns around fluctuating quality, 
the need for extensive supplementation and 
the complexity of regulatory requirements. 
Serum-free media bring reliability, flexibility and 
versatility to the CAR T-Cell expansion process, 
facilitating large-scale and regulatory compliant 
processes that are capable of producing billions of 
T cells in a short timeframe [2].

Improved quality & consistency
Serum-free media may use proteins (such as 
serum albumin) that are purified from plasma, 
and the additional processes involved in purifying 
these proteins help to eliminate some of the 
undesirable contaminants mentioned above. 
Using serum proteins derived from human 
plasma instead of materials derived from cattle 
also minimizes the risk of including transmissible 
bovine spongiform encephalopathy in the end 
products. 

To eliminate inconsistency and ensure that vein-
to-vein time is achieved within expectations, 
scientists require greater control. This control can 
be provided by serum-free media, which eliminate 
much of the variability that may compromise CAR 
T-Cell production. Lower levels of variability also 
reduce the need for lot-by-lot qualification, which 
in turn helps the final product reach the market 
faster.

Streamline the supplementation
process
Many available media are offered in the form of 
a liquid base that requires the addition of one, 
two, three or more components—such as serum, 
critical amino acids and other supplements—
before use to stimulate cell growth and maintain 
high cell viability [3]. However, these supplements 
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human sourced components.

While moving to this higher quality level of 
chemically defined media, manufacturers of 
expansion media should always ensure that 

performance remains top priority to safeguard cell 
viability. Overall, this will contribute to reaching 
the ultimate goal of cell-based therapeutics—
ensuring patient safety and product efficacy—in a 
timely, efficient and reliable way.
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TheraPEAK™ X-VIVO™ Media are scalable, 
high-performing media that can be used 
from discovery to commercialization. 
Currently used in FDA approved cell 
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Non-viral Gene Modification  
for Ex-vivo Cell Therapy
LUDGER ALTROGGE, PHD, HEAD OF TRANSFECTION R&D, LONZA

while transposase systems (e.g. Sleeping Beauty™ 
or piggyBac™), as well as engineered nucleases 
for more targeted integrations (e.g. zinc-finger 
nucleases, TALEN or CRISPR) lead to stable genetic 
engineering of cells. With the latter, a safer and 
more controlled modification can be achieved. 
Viral- and transposase-based modifications are 
generally more efficient, but are less controllable 
as integration occurs randomly in the genome. 
Delivering the engineered nucleases as mRNA or 
protein may allow for a better dosage control of 
the modification.

Q: Can you briefly describe the non-viral gene 
transfer technology that Lonza offers?

A: The key for a successful implementation 
of a non-viral technology is to combine high 
transfection efficiencies that can be achieved 
by viruses with the flexibility of a non-viral 
technology. Our solution is an improved 
electroporation technology, the Nucleofector™ 
Technology, originally introduced into the 
market by Amaxa in 2001. Optimized electrical 
parameters combined with cell-type specific 
solutions enable transfer of a molecule directly 
into the cells nucleus. It has been optimized 
for highly efficient transfection of primary cells, 
including those relevant for ex-vivo cell therapy. 
Since it does not rely on proliferation, it can even 
transfect non-dividing cells, like resting T cells.

It is based on three key components: firstly, 
a Nucleofector™ Device that generates 
unique electrical pulses. Secondly, specified 
Nucleofection™ vessels used in combination 
with cell-type specific Nucleofector™ Solutions 
acting as a supportive environment for high 
transfection efficiency, cell viability and 

functionality. And thirdly, optimized protocols 
offering comprehensive guidance for optimal 
Nucleofection™ conditions along with tips for cell 
sourcing, passage, growth conditions and media, 
and post-transfection culture.

There are different platforms available ranging 
from small scale, higher throughput for drug 
discovery phases to larger scale for preclinical and 
manufacturing phases.

Q: For which cell types can the Nucleofector™ 
Technology be used and what applications does it 
support?

A: Principally, the Nucleofector™ Technology 
can be used for virtually any cell type; however, 

Q: Why would one use a non-viral technology for ex-
vivo cell therapy?

A: Viral transduction has been used for ex-vivo 
and in-vivo gene therapy approaches for several 
decades. In-vivo gene therapies rely on viral 
vectors to transport the therapeutic gene to 
the target cells in selective tissues. In contrast, 
tissue or target cell specificity in ex-vivo cell 
therapy is achieved by isolating the required cells 
from a donor, modifying them in culture and 
transferring them back into a patient to treat a 
disease. Historically, most ex-vivo processes also 
used viral transduction for genetic modification 

of cells. More recently non-viral alternatives are 
being increasingly deployed, since those may 
have some advantages over viral transduction 
due to fewer safety concerns, lower costs, fewer 
limitations in genetic payload and co-delivery 
capabilities. Non-viral methods provide flexibility 
with regards to the type of cargo/substrate used. 
For instance, it can not only deliver nucleic acids 
(DNA, mRNA) but also proteins such as Cas9 
ribonucleoproteins (RNPs) for CRISPR-based gene 
editing. Non-viral methods are suitable for both, 
transient expression of a therapeutic gene or 
stable genetic engineering of cells. The first can 
be achieved by delivering plasmid DNA or mRNA, 

Ludger Altrogge, PhD, Head of Transfection R&D, 
Lonza
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it is particularly beneficial for hard-to-transfect 
cells. Primary or stem cells typically used for cell 
therapies, like primary T cells, hematopoietic stem 
cells, or natural killer cells, are notoriously hard to 
transfect by non-viral methods. The Nucleofector™ 
Technology has proven to efficiently transfect 
these cell types, as well as, being well suited to 
generate or transfect induced pluripotent stem 
cells. The predominant cell therapy applications 
generated using the Nucleofector™ Technology 
are chimeric antigen receptor expressing T cells 
(CAR-T cells), engineered T cell receptor (TCR) and 
hematopoietic stem cells (HSCs). Natural killer 
cells might be the next big thing.

Successful generation of CAR-T cells has been 
shown for Nucleofection™ in combination with 
Sleeping Beauty™ or piggyBac™ transposon-
transposase systems. As large amounts 
of DNA can be toxic for T cells, the use of 
minimalistic DNA vectors encoding transposon 
and transposase, so called mini-circles, might 

be a promising alternative. For the Sleeping 
Beauty™ system, researchers demonstrated that 
transfection of mini-circle CAR transposons with 
mini-circle- or mRNA-based transposase provided 
significantly higher transfection efficiency and less 
toxicity compared to a plasmid-based approach, 
while keeping functional effects comparable 
to viral vectors. DNA toxicity as well as non-
specific, random integration into the genome can 
also be overcome by transfecting CAR mRNA. 
Furthermore, using transiently expressed CAR can 
temporally limit the CAR-T activity and thus reduce 
off-tissue toxicity affecting normal tissue.

More recently, CRISPR/Cas9 has been used for 
targeted insertion of the CAR sequence into the 
TCR locus. This allowed for endogenous control of 
CAR expression with parallel knockout of the TCR. 
CRISPR/Cas9 has also been used to knock out the 
inhibitory checkpoint PD-1 receptor in T cells to 
potentially improve the efficiency of CAR-T cell-
based therapeutics.

Q: Is the Nucleofector™ Technology scalable to 
manufacturing needs?

A: Ability to scale up is an important 
consideration for GMP manufacturing and clinical 
translation of cell therapies. Lonza’s large-scale 
4D-Nucleofector™ LV Unit is designed with this 
need in mind. Transfection protocols established 
on the smaller-scale Nucleofector™ Units can be 
efficiently transferred to the large-scale LV unit 
without the need for extensive re-optimization. 
A highly skilled Scientific Support Team is 
available for any optimization or fine-tuning. 
The 4D-Nucleofector™ LV Unit can handle up 
to 1 billion cells and supports most autologous 
cell therapy applications. The system can be 
closed via weldable connections to upstream 
and downstream equipment. This was recently 
demonstrated in a Lonza case study of the 
Cocoon® Platform, where the 4D-Nucleofector™ 

LV Unit and X-VIVO™ 15 Medium were integrated 
in a closed and automated workflow for non-viral 
gene delivery into primary T cells and subsequent 
cell expansion.

Q: Can the technology be used in a GMP 
manufacturing process?

A: The use of the 4D-Nucleofector™ LV Unit as 
manufacturing equipment in a GMP cell therapy 
process is supported by various means. The 
unit itself can be equipped with a 21CFR part 
11 compliant software to fulfill documentation 
needs in a GMP environment and Lonza offers 
IQ/OQ services for equipment qualification. In 
addition, a set of GMP-grade consumables are 
soon to be launched. The Nucleofector™ Solutions 
are already available and Nucleofector™ Vessels 
will follow soon. Early clinical trials are already 
ongoing involving the use of this technology.
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Addressing the Challenges of Cell 
and Gene Therapy Manufacturing 
in Process Development
BEHNAM AHMADIAN BAGHBADERANI, GLOBAL HEAD OF PROCESS DEVELOPMENT,  
CELL & GENE TECHNOLOGIES

their process, taking it from concept, pre-clinical, 
clinical to late stage and finally to commercial 
launch. Both the viral vector and cell therapy 
needs are addressed with highly experienced 
experts in a phase-appropriate manner leveraging 
process development and bioassay service 
expertise.

Q: What are the current challenges of manufacturing 
processes in cell and gene therapy?

A: The field of cell and gene therapy is rapidly 
growing, and new technologies such as chimeric 
antigen receptor (CAR-T), gene modifications, 
reprogramming and directed differentiation are 
emerging as revolutionary technologies offering 
promising solutions for treatment of devastating 
diseases such as diabetes, neurodegenerative 
disorders and cancer. However, some of the 
manufacturing processes we see carry quality, 
quantity and efficiency risks and challenges.

From a quality point of view, the existing 
open manufacturing processes, for example, 
are associated with open manipulation steps 
that increase the risk of contamination. They 
are carried out under uncontrolled 2D unit 
operations. Some involve serum-dependent 
processes with lot-to-lot variability and lack proper 
cell characterization strategies. From a quantity 
perspective, these processes include small unit 
operations with limited yield, lack flexibility and 
scalability (scale-up or scale-out depending on the 
application).

In addition, from an efficiency perspective, 
the existing open, manual, 2D unit operations 
are often very labor intensive and require 
large manufacturing footprint, which leads to 
significantly high manufacturing cost and overall 

treatment cost.

Q: What specific challenges are involved in 
manufacturing of a gene therapy product?

A: Some of the specific challenges in the area 
of gene therapy include (1) scalability of the 
manufacturing processes, (2) low productivity 
and yield of process, (4) lack of flexibility 
and suboptimal technologies used in the 
manufacturing of the viral vector products, and (4) 
access to the analytical methods that can provide 
accurate measurement of specific unit operations 
and process steps. 

These challenges can significantly impact the 
quantity and quality of the gene therapy materials 
generated during the manufacturing process as 
well as the costs of manufacturing. Overcoming 
these challenges would allow industrialization of 
the gene therapy manufacturing processes and 
production of clinically and commercially viable 
quantities of high-quality vectors for cell and gene 
therapy applications. 

Q: What challenges do allogeneic cell therapy pose?

A: At a high level, a typical allogeneic 
manufacturing process includes several unit 
operations starting from cell isolation, cell 
expansion, differentiation (depending on the 
starting materials), cell harvest and downstream 
processing, and characterization and release 
of the final product. One of the quickly growing 
allogenic applications is the use of pluripotent 
stem cells, including human embryonic stem 
cells and induced pluripotent stem cells (iPSCs) 
for generation of specialized functional cells with 
therapeutic applications. Generation of human 
iPSCs involves reprogramming of somatic cells 

In this interview, Behnam Ahmadian 
Baghbaderani, Global Head, Process 
Development, Cell and Gene Technologies 
(Lonza, Basel, Switzerland) discusses the current 
challenges with development of a robust and 
reproducible current good manufacturing 
practices-compliant manufacturing process and 
best practices to overcome them.

Q: Why is process development important in the 
manufacture of cell and gene therapies?

A: Development of a robust, reproducible, and 
current good manufacturing practices (cGMP)-
compliant manufacturing process is the corner 
stone of success for drug developers in cell 
and gene therapies (CGT). Unfortunately, the 
risks involved in not properly addressing gaps 
in the manufacturing process are too often 
under-estimated. These risks can result in 
major setbacks in the transition of the process 
to manufacturing, recurring failures during 
the manufacturing runs, or industrializing the 
production of final product.

Our goal is to ensure developers and researchers 
are aware of these challenges and have 
the best chances of taking their therapy to 
commercial, ensuring a phase appropriate 

process development (PD) and bioassay services 
(BAS), removing the manufacturing (MFG) 
bottlenecks and reducing their cost of goods 
(COGs), preparing for the commercial readiness in 
advance.

In Houston, we have constructed state-of-the-art 
development (PD and BAS) labs and gathered our 
key experts under one roof to enable the best 
outcome for our customers and truly industrialize 

Behnam Ahmadian Baghbaderani, Global Head, 
Process Development, Cell and Gene Technologies
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process optimization / improvement steps along 
with the assays. 

Process and analytical development: The focus of 
this step to address the risks identified in Step I; 
establish a robust and reproducible MFG process 
that meets the GMP design considerations. We 
focus on examining critical process parameters in 
relationship with their respective Critical Quality 
Attributes (CQA). In this context, we dissect the 
process into different unit operations. We aim 
to implement appropriate in process controls 
and in process monitoring techniques along with 
innovative technologies to minimize the open, 
manual unit operations.

Deliver to GMP: While we work with our 
manufacturing science and technology (MSAT) 
team early on during step 2 to ensure we have 
a detailed understanding of the GMP design 
consideration, we also continue to support our 
MSAT team in step 3 with tech transfer of the 
MFG process to GMP. In this respect, we offer our 
technical support in preparation of production 
documents and batch records, training operations 
team, technical investigations, and any specific 
skills that requires PD and BAS expertise. 

Q: What best practices does Lonza employ in 
development of allogeneic therapies using iPSCs or 
other stem cells?

A: There are a wide range of strategies that 
we apply in early clinical development phase 
to address these challenges through (1) 
carefully selecting the starting somatic cells, 
reprograming method, and cell culture system 
used for generation and expansion of iPSCs, 
(2) development of 3D bioreactor protocols for 
expansion and differentiation of stem cells, and 

(3) implementing appropriate in process control 
and characterization methods in the entire 
manufacturing process. We take a systematic 
approach towards the product characterization 
and quality by focusing on identifying the CQA of 
the process, understanding their relationship with 
the critical material attributes (CMA) and critical 
process parameters (CPP). Equally important, 
we also pay specific attention to the analytical 
methods and assays that are required to 
incorporate in the manufacturing process either 
as in process monitoring and characterisation 
assays or methods used to make a decision or 
release the final products.

Q: What are the main bioprocessing and upscaling 
challenges for allogeneic cell therapy products 
and how does process development address these 
challenges?

A: Besides the open and manual unit operations 
we see with allogeneic cell therapy processes, 
some of these processes are also developed using 
a 2D cell culture system. The use of 2D cell culture 
system is particularly problematic due to lack of 
flexibility and scalability. Different 2D cell culture 
systems, including Cell Factories (Thermo Fisher 
Scientific, MA, USA), Cell Stack, and HyperStacks 
(both Corning, NY, USA), are available to increase 
the scale and address the yield and cell number 
requirements for cell therapy applications. 

However, these large scale 2D cell culture systems 
have the potential to create significant hurdles to 
overcome for developers down the road as they 
continue on the path to commercialization, such 
as significantly high processing time, increased 
medium and material requirements, highly 
labour intensive nature of the process, increased 
manufacturing foot print, heterogeneity of the 

into induced pluripotent cells, which is a highly 
manual process, starting from introduction of 
transcription factors into starting somatic cells, 
reprogramming stage and selection of iPSC 
colonies, expansion and passaging of iPSCs. 

These open, manual steps could result in 
contamination, variability in the process yield, 
significantly high labor, and increasing the 
production cost. Besides, without the appropriate 
in process controls or monitoring steps, it is 
harder to ensure high quality final product. These 
problems increase the risks of manufacturing, 
cost of treatment, and most importantly present 
challenges to having a robust and reproducible 
process, which is the first fundamental step for 
development of reliable manufacturing process 
under current good manufacturing practices. 

Q: And for autologous cell therapy? 

A: In general, an autologous manufacturing 
process includes several unit operations starting 
from cell isolation, cell expansion, activation, 
gene modification, expansion, cell harvest and 
downstream processing, and characterization and 
release of the final product. The gene modification 
can be done through viral modification or non-
viral modification. 

The non-viral modification would require specific 
unit operations such as nucleofection technology 
(for instance Lonza 4D Nucleofector) to carry out 
the gene modification step. Isolation of peripheral 
blood mononuclear cells (e.g. T cell isolation for 
autologous application using CAR-T) is also a 
manual process that is often carried out using 
manual washing and ficolation steps. 

Open, manual steps, variability in the process 

yield, lack of control or monitoring process 
variables all carry the risk of impacting the critical 
quality attributes of the final product. It is difficult 
to establish a robust and reproducible process in 
the presence of these open, manual steps. This, 
in turn, increases the risks of manufacturing, 
cost of treatment, and negatively impacts the 
critical quality attributes of the final product. 
Therefore, we advocate closing open processes 
and automating the unit operations as much as 
possible. This is a collaborative process where we 
work with our clients very closely.

Q: How is Lonza aiming to address these challenges?

A: At Lonza, we take a step-by-step approach 
towards the development of manufacturing 
processes for cell and gene therapy applications. 
This is truly a phase appropriate process 
development exercise based on establishing 
a deep understanding of our customers’ 
needs considering their timeline and phase of 
application. We also collaborate very closely with 
our customers, and in a sense of partnership; we 
involve them in each stage or phase of the project. 
These step-by-step phases include:

Diagnose to de-risk: The first key step is a 
feasibility study aiming at evaluation of the 
manufacturability and establishing the existing 
baseline process prior to the start of process 
optimization and development activities. 
Depending on the duration of the process, we 
carry out two feasibility runs using existing client 
processes focusing on understanding key unit 
operations, process parameters, and quality 
attributes of the final product. At the end of this 
step, we perform a joint risk assessment exercise 
with our client to define the key risks from 
manufacturing perspective and propose required 
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development of automated cells culture systems 
or transition of existing open, manual protocols 
into computer controlled, automated processes 
at early clinical development phase. Also, 
currently available technologies with automation 
capabilities need to be further improved to 
cover the entire autologous manufacturing 
process including selective isolation of specific 
population of cells, priming, activation, genetic 
modification (viral or non-vital manipulation), cell 
expansion, harvest and downstream processing. 
The transition of the process into automated 
unit operations can be done using an end-to-
end approach, if fully automated manufacturing 
process is available, or via a modular approach, 
step by step transitioning of the manual steps into 
automated unit operations. 

During the process optimization, we can 
develop or improve different unit operations in 
the manufacturing process by comparing and 
evaluating different technologies. For instance, 
instead of using an open, manual Ficoll separation 
step, we can take a modular approach and 
develop a robust cell isolation step using one or a 
combination of multiple automated cell wash and 
isolation systems.

Q: What technological solutions do you use for 
different challenges in cell and gene therapy process 
development?

A: The field of cell and gene therapy involves 
a wide range of autologous and allogenic 
applications, each require addressing different 
challenges, including scale out vs. scale up. 
Different cell types have unique characteristics, 

for instance, cell suspension vs. cell attachment, 
require different unit operations to develop 
clinically viable products, such as choice of gene 
modification technology or directed differentiation 
process. They may have distinct critical 
quality attributes, defined by identity, viability, 
functionality and safety assays. Therefore, it 
is necessary to have different technological 
solutions to offer a wide range of applications and 
customers.

We have developed processes using a variety of 
technologies to address process needs including 
magnetic bead-based cell isolation step, various 
cell harvest and washing systems, 2D and 3D cell 
expansion methods, viral and non-viral based 
gene modification methods, cell harvest and 
concentration methods, cryopreservation systems, 
as well as a wide range of cell characterization 
and testing methods such as latest flow cytometry 
systems, molecular biology and PCR methods, cell 
counts and viability systems, ELISA-based assays 
and other cell-based assays.

In essence, as the cell and gene therapy field 
matures, the issue of industrialization will be a 
more pressing problem as we aim to treat more 
and more patients globally. Our approach to 
process development is to remain technology 
agnostic, yet to ensure we de-risk the process with 
the end in mind, developing processes and testing 
methods that are robust and scalable so that the 
ultimate cost of goods can be sustained by the 
market as the therapy gets commercialized.

This interview was first published by Bioinsights on 
insights.bio/cell-and-gene-therapy-insights

cells manufactured in multiple vessels and, 
most importantly, lack of in process control and 
monitoring methods. 

To address these challenges, it is important 
to develop scalable, computer-controlled 
3D bioreactor protocols for expansion and 
differentiation of allogenic cell therapy products 
during early clinical development phases. We 
can use different single use bioreactor systems 
including wave, continuous stirred-tank reactor or 
vertical wheeled bioreactors. Our bioprocessing 
experts perform extensive engineering studies, 
for example effect of hydrodynamics and impeller 
design, scales and computer-controlled systems 
to monitor and control physiological parameters 
in different mode of operations, including batch, 
fed-batch and perfusion. We can use appropriate 
cell culture solutions and bioreactor systems for 
anchorage dependent or anchorage independent 
cell types.

Q: What step in gene therapy manufacture could 
benefit most from process development?

A: The manufacturing of gene therapy products 
involves multiple unit operations, from upstream, 
viral vector generation, to downstream, 
purification and recovery of the final viral product, 
that should be properly linked to each other 
based on process specifications and predefined 
set of design criteria. One of the most important 
aspects of the development of manufacturing 
process is to establish the relationship between 
critical process parameters (CPP) and critical 
quality attributes (CQA) of the final product.

Implementation of appropriate analytical 
methods including in process control and in 
process monitoring methods in the process would 

be critical to explore each process parameter 
in relationship with the quality attributes of 
the intermediate or final product. This would 
eventually allow establishment of a robust and 
reproducible process that meets the GMP design 
considerations.

Q: What is the Lonza approach toward the 
automated development of gene therapies?

A: As mentioned earlier, successful production 
of viral vector products with high yield and 
recovery largely depend on establishment of a 
scalable, robust and reproducible manufacturing 
process along with implementation of appropriate 
in process control and monitoring steps. At 
Lonza, we rely on our bioprocessing expertise 
and innovative technologies to move towards 
more automated, in-line computer-controlled 
manufacturing processes for the development of 
manufacturing process for gene therapy products. 

In particular, we look for opportunities for scalable 
technologies in the upstream and downstream 
processes to minimize run-to-run variability, and 
build into our processes in-line measurements 
for optimal operating ranges. For instance, we 
focus on replacing adherent cell culture systems 
with scalable, computer-controlled suspension 
bioreactor system in upstream for production of 
viral vector. Importantly, we pay specific attention 
to the development and implementation of 
appropriate analytical methods to ensure each 
process step is optimized, and the manufacturing 
process is robust and reproducible. 

Q: How could autologous therapies benefit from the 
development of an automated process?

A: We believe it is important to consider the 
To learn how we can support you to de-risk and industrialize your process click here.

https://pharma.lonza.com/offerings/cell-and-gene-therapies/process-development
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LONZA’S 3-STEP APPROACH 
TO INDUSTRIALIZE PROCESSES 
FOR CELL & GENE THERAPY 
TRAILBLAZERS

STEP 1: “DIAGNOSE TO DE-RISK”
We establish the baseline process and identify the major manufacturability gaps of the process and come 
up with the scope of development activities.

https://www.youtube.com/watch?v=T0xTsNF4dXA&t=1s

STEP 2: “DEVELOP & INDUSTRIALIZE”
Process optimization and development based on the manufacturing design specifications and critical 
quality attributes.

https://www.youtube.com/watch?v=E_xiuL7qymo

STEP 3: “DELIVER TO GMP”
Transferring the manufacturing process into the GMP suite starting with pilot and training runs.

https://www.youtube.com/watch?v=AGn4ky8D3o8

https://www.youtube.com/watch?v=T0xTsNF4dXA&t=1s
https://www.youtube.com/watch?v=E_xiuL7qymo
https://www.youtube.com/watch?v=AGn4ky8D3o8
https://www.youtube.com/watch?v=T0xTsNF4dXA&t=1s
https://www.youtube.com/watch?v=AGn4ky8D3o8
https://www.youtube.com/watch?v=E_xiuL7qymo
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The Cocoon® Platform Integrated 
with the 4D-Nucleofector™ LV 
Unit: A Non-viral Workflow for 
Modifying Primary T-Cells
Boon Hwa Neo1, Samatha Bandapalle1, Joseph O’Connor1, Kelly Lin1, Kalyani Daita1, Janet Sei1, Meike 
Zander2, Timo Gleissner2, Jenny Schroeder2, Eytan Abraham1, Yaling Shi1

1Lonza Walkersville Inc., Walkersville, MD, USA; 2Lonza Cologne GmbH, Cologne, Germany

requiring solutions, others issues exist, including 
the expense (hundreds of thousands to millions 
USD), time (9-12 months), and availability (up to 
24 months for a manufacturing slot) of GMP viral 
vectors (lentiviral & γ- retroviral). One solution 
to address this pain point is utilizing non-viral 
transfection methods to gene modify cells. Lonza 
has such a system, the 4D-Nucleofector™ LV Unit. 
The Nucleofection™ Unit utilizes electroporation 
technology which enables automated, scalable 
transfection capabilities for multiple cell types  
and applications.

To address multiple pain-points, these 
complimentary technologies (the Cocoon Platform 
and 4D-Nucleofector™ LV Unit) were combined 
to enable non-viral gene delivery for cell 
immunotherapy manufacturing in a functionally-
closed, automated workflow. In doing this, Lonza 
provides a platform which can reduce costs, 
improve process efficiency, and increase final 
product quality.

The study objective was to demonstrate the ability 
of the combined platforms to modify primary 
T-Cells in a functionally-closed, automated fashion.

METHODS
Experimental design
9x108 fresh or frozen healthy donor peripheral 
blood mononuclear cells (PBMCs) were 
transfected with the pmaxGFP™ Vector 
(DNA plasmid encoding for GFP) using the 
4D-Nucleofector™ LV Unit. Frozen PBMCs were 
prepared by thawing PBMCs in X-VIVO™ 15 Media 
containing 5% human AB serum (X-VIVO complete 
media) with DNase I. The PBMCs were seeded in 
T225 flasks with X-VIVO complete media at 2x106 
cells/ml. Flasks were placed upright in a 37°C, 5% 
CO2 incubator for 2 hours prior to transfection. 
Following transfection, the cells were transferred 
through a functionally-closed fluid path 
connection to the Cocoon® Platform for a 10 day 
expansion step which included automated media 

exchanges. PBMCs were activated with TransAct™ 
and expanded in X-VIVO complete media and 
20 IU/ml IL-2. The cell washing and harvesting 
process steps were automated and performed 
within the Cocoon® Platform. In-process cell 
samples were collected (in a functionally-closed 
manner) and analyzed forCD3, CD4, CD8, and GFP 
expression via flow cytometry. Cell counts and 
viability were assessed using a NucleoCounter® 
NC-200™ (n=3 per condition).

Cocoon® Platform integration with the 
4D-Nucleofector™ LV
Unit via functionally-closed tubing connection. The 
PBMCs were mixed with the P3 Nucleofector™ 
Solution containing 40μg/ml pmaxGFP™ Vector. 
PBMCs were manually loaded into the input 
4D-Nucleofector™ LV Reservoir prior to initiating 
transfection. PBMCs were pumped into the LV 
Nucleocuvette™ Cartridge and electroporated 
using the EO115 program at 5x107 PBMCs/ml 
per cycle. After transfection, the PBMCs were 
transferred to the output 4D-Nucleofector™ LV 
reservoir pre-loaded with 45ml of X-VIVO™ 15 
Media and 5% human AB serum. Once all PBMCs 
had undergone the Nucleofection™ Process, the 
pooled PBMCs were transferred to the Cocoon® 
Platform proliferation chamber in an automated 
step via integrated, functionally-closed fluid paths. 

Figure 1: Cocoon® Platform integration to the 
4D-Nucleofector™ LV Unit via functionally-
closed tubing connections. Standard 
Nucleofection™ Process tubing set with the 
4D-Nucleofector™ LV output reservoir connected 
to the Cocoon® Platform.

CELL IMMUNOTHERAPY MARKET NEED
The market need for gene-modified T cellular 
immunotherapies has increased significantly 
since two CAR (chimeric antigen receptor) T 
cell products (1,2) were commercialized in 
2017. Kymriah® (Tisagenlecleucel; Novartis) and 
Yescarta® (axicabtagene ciloleucel; Kite Gilead) 
demonstrated marked clinical benefits in patients 
with B-cell haematological malignancies. These 
products illustrated a critical patient need for 
curative cell immunotherapies in oncology. 
Consequently, more than 500 clinical trials 
worldwide are testing CAR T cells in oncology 
applications with the number of programs 

entering the clinic climbing annually (3).

Autologous T cell immunotherapy research 
and development has quickly evolved but a key 
bottleneck is scaling manufacturing to meet 
commercial demand (4). Lonza has provided a 
new tool to address this pain-point, the Cocoon® 
Platform, which enables automation of cell 
isolation, activation, transduction, expansion, cell 
washing and harvest while providing real-time 
biofeedback (temperature, CO2, pH, and DO) 
throughout the process.

Although manufacturing is a critical pain-point 
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Table 1: Final product acceptance criteria. 
The table lists the defined acceptance criteria to 
determine a successful manufacturing process for 
the combined platforms (Cocoon® platform and 
4D-Nucleofector™ LV Unit) ).

Parameter Acceptance Criteria
Transfection 
Efficiency, Day 1

≥ 50%

Cell Yield, Day 10 ≥ 1.5x109 Total Viable Cells
Cell Viability, Day 10 > 70% Viability
Purity, Day 10 CD3+ >90%

RESULTS
Assessing transfection efficiency in fresh and 
frozen PBMCs. 
Comparable GFP+ transfection efficiency was 
observed in frozen and fresh PBMCs over the 
course of a 10 day expansion (Figure 3A-C). Day 
1 CD3+ GFP+ transfection efficiency in the frozen 
and fresh PBMCs was 61% and 58% respectively 
(Figure 3A). Similar transfection efficiencies in the 
CD4+ and CD8+ T cell populations were observed 
(Figure 3B & C). 

Because the pmaxGFP™ Vector does not integrate 
into the cell’s genome, GFP expression was 
transient and decreased over time as the cells 
proliferated. The data illustrated this with GFP 
expression decreasing after Day 1 (Figure 3A-C). 

Cell recoveries immediately after the 
Nucleofection™ Process on Day 0 averaged 73% 
for Frozen and 56% for Fresh PBMCs (Figure 
4). Twenty-hours later, on Day 1, cell recovery 
dropped further to 30% on average, indicating 
additional cell death (Figure 4). 

Cells subsequently recovered and viabilities 
exceeded 90% at all time points (Figure 5). 

In-process and final product cell characteristics
All Cocoon process runs, whether using frozen 

or fresh PBMCs as starting material, exhibited 
comparable expansion profiles (Figure 4). 

A lag period was observed between Day 1 and Day 
4 where cell expansion was limited. Cells began to 
rapidly proliferate after Day 4 and averaged 10.6 
fold expansion by process end. Total viable cell 
numbers averaged 2.0x109 on Day 7 and 2.8x109 
on Day 10 (Figure 4). Doubling time averaged 29 
hours between frozen and fresh PBMCs from day 
4 to 7. 

Cell viabilities remained high, greater than 95%, 
during expansion and harvest (Figure 5).

Figure 3A-C: Transient GFP expression 
degrades over time in frozen and fresh 
transfected PBMCs. A: % GFP+CD3+ T cell 
population; B: % GFP+CD4+ T cell population; C: % 
GFP+CD8+ T cell population. (n=2 Frozen samples 
from 1 donor; n=3 Fresh samples from 2 donors).

Key process steps
As illustrated in Figure 2, following 
electroporation; Day 0 – The PBMCs recovered 
in the Cocoon® Cassette proliferation chamber 
for 4 hrs in 180ml of X-VIVO complete media. An 
80% media exchange was performed and fresh 
activation media containing IL-2 and TransAct™ 
beads were added to the PBMCs increasing the 
total volume to 276ml. The activation substrate 
ratio was 4 ml TransAct™ to 2x108 PBMCs. 

Day 1 – 50% media exchange (276ml volume) was 
performed. 

Day 3 – 80% media exchange (450ml volume) was 
performed to remove and dilute the TransAct™ 
beads. 

Day 4 thru 9 – 75% daily media exchange (450ml 
volume) was performed. 

Day 10 - Expanded T cells were harvested in 90ml 
of Plasma- Lyte A containing 3% HSA, counted, 

and cryopreserved in CryoStor® CS10 at 2.5x107 
cells per cryovial at 1ml. FACS and cell counts were 
analyzed on Day 0, 1, 4, 7 and 10.

Final product characteristics
The transfection efficiency, cell yield, cell viability 
and percent CD3+ cell purity were assessed in the 
final cell therapy product. Acceptance criteria for 
the processes using the combined platforms were 
established based on prior knowledge from other 
cell therapy processes. 

The 50% transfection efficiency threshold was set 
based on the expected total viable cell number 
from a 10-day process (1.5x109 total viable cells; 
Table 1) which, if met, would produce clinically-
relevant cell numbers. Utilizing these thresholds, 
predicted gene-modified cell numbers can be 
extrapolated using Day 1 transfection efficiency, 
assuming a stable-expression system. 

Cell viability and purity were established based on 
past cell therapy process experience.

Figure 2: Process step flow, media exchanges, and sampling points. Fresh or frozen PBMCs were 
utilized as starting material, transfected using the Nucleofection™ Process, and seeded into the Cocoon® 
Platform. All media exchanges were automated during a 10-day expansion process. A final T-Cell product 
was harvested on Day 10.
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Table 2: Final product critical quality attributes 
compared to acceptance criteria. The 
transfection efficiency, cell yield, cell viability and 
% CD3+ cell purity met the established acceptance 
criteria.

Parameter Acceptance 
Criteria

Frozen 
PBMC

Fresh 
PBMC

Combined 
Frozen 
& Fresh 
PBMC

Number of 
runs N/A 2 3 5

Transfection 
Efficiency, 
Day 1

≥ 50% 61% 58%
± 5%

61%
± 6%

Cell Yield, 
Day 10

≥ 1.5x109 Total 
Viable Cells 2.80x109 2.82x109

± 4.35x108
2.81x109

± 3.42x108

Cell Viability, 
Day 10 > 70% Viability 97.2% 97.2%

± 0.6%
97.2%

± 0.004%

Purity, Day 
10 CD3+ >90% 99% 96% ± 4.4% 97% ± 3.5%

CONCLUSIONS
These study results illustrate the utility of 
combining the 4DNucleofector ™ LV Unit with 
the Cocoon® Platform to enable automation of 
non-viral cell therapy manufacturing processes. 
By transfecting PBMCs prior to activation and 
expansion, the combined platforms produced 
a gene-modified T-Cell product with clinically-
relevant characteristics (high cell yield, 
transfection efficiency, and purity). 

The combination of the Cocoon® Platform and the 
4DNucleofector ™ LV Unit provides an alternative, 
non-viral gene delivery system which removes the 
need for costly, timeconsuming viral vector preps. 
The integrated platform provides transfection and 
operation scalability, high cell yield, manufacturing 
COGS reduction, reduced operator error, and 
better process control to generate high quality cell 
immunotherapies. 

Follow-on studies will focus on transfecting a CAR-
coding plasmid using a stable expression system.
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Learn more about Lonza’s Cocoon® Platform at 
www.lonza.com/cocoon

Figure 4: Frozen and fresh PBMC expansion 
profile in the Cocoon® Platform during a 10 
day non-viral transfection process. Expansion 
profiles were comparable pre- and post- 
Nucleofection™ Process steps whether using 
frozen or fresh PBMCs as starting material. (n=2 
Frozen samples from 1 donor; n=3 Fresh samples 
from 2 donors).

Figure 5: In-process and final product cellular 
viability remained high in cells expanded in 
the Cocoon® Platform. Cell viabilities above 90% 
were observed in both frozen and fresh PBMCs 
pre- and post- Nucleofection™ Process steps. High 
cell viabilities continued to Day 10. Data of Day 0 
represented viabilities measured before and after 
transfection. (n=2 Frozen samples from 1 donor; 
n=3 Fresh samples from 2 donors).

CD3+ T cell purity and CD4+:CD8+ ratio in 
frozen and fresh PBMCs
In-process sampling showed high CD3+ (T cell) 
purity by Day 4 and greater than 90% by Day 7 
when using frozen or fresh PBMCs as starting 
material (Figure 6). A similar CD4+:CD8+ ratio, 
marginally favoring CD4+ T cells, was observed 
on Day 1 (Figure &A-B). By Day 10, the CD4+:CD8+ 
ratio trended closer to parity (Figure 7A-B).

Figure 6: CD3+ T cell purity over a 10-day 
process. Greater than 90% CD3+ T cells was 
observed by Day 7 and purities were comparable 
between frozen and fresh PBMCs. (n=2 Frozen 
samples from 1 donor; n=3 Fresh samples from  
2 donors).

Final product criteria
In the 5 process runs performed using the 
combined platform, the final product critical 
quality attributes met the acceptance criteria 
defined in Table 2. 

In an integrated process utilizing a stable-
expression system, the extrapolated cell yield is 
1.7x109 transfected cells by Day 10 (assuming 
60% transfection efficiency on Day 1).

Figure 7A-B: The CD4+:CD8+ ratio Day 1 versus 
Day 10 comparison. A: CD4+:CD8+ population 
ratio on Day 1; B: CD4+:CD8+ population ratio on 
Day 10. (n=2 Frozen samples from 1 donor; n=3 
Fresh samples from 2 donors).

https://www.fda.gov/vaccines-blood-biologics/cellulargene-therapy-products/yescarta-axicabtagene-ciloleucel
https://www.fda.gov/vaccines-blood-biologics/cellulargene-therapy-products/yescarta-axicabtagene-ciloleucel
https://www.fda.gov/vaccines-blood-biologics/cellulargene-therapy-products/yescarta-axicabtagene-ciloleucel
https://www.fda.gov/vaccines-blood-biologics/cellulargene-therapy-products/kymriah-tisagenlecleucel
https://www.fda.gov/vaccines-blood-biologics/cellulargene-therapy-products/kymriah-tisagenlecleucel
https://www.fda.gov/vaccines-blood-biologics/cellulargene-therapy-products/kymriah-tisagenlecleucel
https://clinicaltrials.gov/
https://doi.org/10.1038/s41417-019-0157-z
https://doi.org/10.7717/peerj.1907
https://doi.org/10.7717/peerj.1907
http://www.lonza.com/cocoon
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manually inputted to be automatically captured 
and transferred to any system that requires it, 
saving the personnel time and contributing to 
lowering the COGS.

Q: Why is digitalizing the manufacturing floor such a 
critical success factor for cell and gene therapies?

A: Digital manufacturing is an important 
opportunity for every modality to make the 
outcome of the manufacturing execution more 
repetitive, and to simplify the overall life cycle of a 
batch record. Cell and gene therapies are not an 
exception, but they introduce some elements that 
are unique, like the unique challenges that CGT 
face in their commercialization journey.

In no other cell & gene therapy modality is there 
a tighter vicinity to the patient than in autologous 
cell therapy. Each and every step in the supply 
chain is organized and executed for a specific 
person; each and every effort is made to ensure 
a treatment can be administered to the patient at 
the needed time.

This “just-in-time” way of providing treatments to 
patients is new to treatments of certain diseases 
and creates new challenges for every actor in 
the supply chain. The combination of such strict 
delivery requirements with the fact that the 
current manufacturing processes are manual, and 
therefore more prone to issues, poses additional 
challenges to the process.

Digitalization helps the manufacturing process to 
be more repetitive, and therefore the delivery of 
treatments to patients more predictable. 

In addition, it helps everyone in the supply 
chain to be informed about the status of the 

activities. Patients, sponsor companies, hospitals, 
manufacturers, and couriers are the main actors 
of the complex supply chain process. Everyone 
needs to receive the necessary information for 
their part of the process, at the right time. Without 
structured digital tools, the information exchange 
is governed, but by less-structured tools like 
emails, phone calls and un-structured files. 

Since a delay in delivering a treatment can be 
critical to patients’ lives, the digitalization of the 
supply chain and of the manufacturing floor is 
critical to ensure that the risk is mitigated, by 
having the right information available to the right 
audience at the right time without additional 
burden and cost for the industry.

Q: What is MODA-ES™ and how does it work?

A: In an effort to make the manufacturing output 
more predictable and reduce process deviations, 
manufacturers adopt Manufacturing Execution 

Walter Bagni, CGT CoE Lead at Lonza

The MODA™ Platform – Next 
Generation Electronic Batch 
Record for Cell and Gene Therapy

Q: What does “digitalizing manufacturing” mean and 
what does it imply?

A: In a “pre-digital” plant, the activities 
are documented on paper. The process of 
documenting the receipt of the patient material, 
releasing to manufacturing, and the entire 
manufacturing process is documented in paper 
forms. The paper forms pose many challenges 
for manufacturers, for example the fact that 
people need to make a lot of critical decisions 
based on information stored in those forms. The 
information in the form could be not clear or not 
accurate from issues during the transcription. 
Additionally, the fact that forms are physical poses 
the risk of losing the forms themselves and the 

risk of contamination when taking the forms into 
the clean room.

Digital manufacturing means replacing the paper 
forms with digital versions that allow, through the 
use of environmentally compatible computers, to 
collect information in real time with the process. In 
the digital world, processes can be adapted to use 
information generated by the process, or acquired 
by external systems, to streamline the process 
itself. Information is accurate, and decisions can be 
made by systems, not by operators.

A more system-enforced process helps minimize 
departures from written procedures, and helps 
information that in the “pre-digital” plant was 

WALTER BAGNI, CGT COE LEAD AT LONZA



32 / June 2021 June 2021 / 33© Informa UK Ltd 2021 (Unauthorized photocopying prohibited.) © Informa UK Ltd 2021 (Unauthorized photocopying prohibited.)

Systems (MES). An MES offers a flexible recipe 
modeler that helps manufacturers to define the 
sequence of events, materials to be used, and so 
forth to manufacture a treatment. Recipes have 
to be approved by the proper personnel, prior 
to using them for the manufacturing activities. 
The MES allows the execution of those, pre-
approved recipes, for every required order/
patient, and operators use the MES in real time, 
during the manufacturing process to document 
the manufacturing activities. There are many MES 
systems in the market, but very few are purpose 
built for the industry, with a special focus on CGT. 
MODA-ES™ is one of them.

MODA-ES™ is a flexible MES system, developed 
by Lonza to fulfil the needs of the broad 
pharmaceutical industry. In addition to 
functionalities that are common in the industry, 
like a flexible recipe builder, a full set of electronic 
logbook functionalities, material management 
and so on, MODA-ES™ has special functionalities 
for CGT. Just to name a few, MODA™ can mask 
on screen sensitive information of the patient, 
and can handle in a compliant manner, the need 
of documenting and signing operations while 
operators work continuously inside the biosafety 
cabinets.

Compared to other more traditional MES solutions 
MODA-ES™ was developed by the end user for the 
end user leveraging Lonza’s domain knowledge 
and expertise in quality and manufacturing.

Q: How easy is it to make this transition from paper 
to MODA-ES™? Can you talk about how you have 
achieved it at Lonza?

A: A transition from paper to digital is a painful 
exercise for all modalities and CGT is not 

different. The biggest pain points of a digital 
transformation are the impact on a plant’s 
organization and readiness of the digital tools to 
fulfil the requirements of the plant. The advantage 
of implementing MODA-ES™ is that we have 
been able to remove the risks associated to the 
readiness of the MODA-ES™ Platform, considering 
that the tool has always been able to adjust to the 
plant’s needs. 

The implementation of MODA-ES™ at the CGT 
sites of Lonza has been organized into a program 
that is defined in close collaboration between 
global functions and sites. The program is split 
in two phases; in the first one we digitalize the 
chain of custody/chain of identity by digitalizing 
the shop-floor traceability. We call this phase 
Track and Trace. The second phase is to digitalize 
the manufacturing process of a product and 
establish unit operations that will be shared with 
other manufacturing sites to make their journey 
smoother.

We try to dedicate as much as possible the site’s 
personnel to the implementation of the system, 
so that they have time to focus on the activities 
related to the implementation of the platform. 

The MODA™ team supports all of the site’s 
implementation providing a variety of services. 
They perform the system’s installation and 
configuration, and also lead the validation of the 
platform. Probably the most valuable activity 
that MODA™ is leading during the deployment is 
the implementation of the initial recipe/master 
batch record for the manufacturing process. I 
worked with many MES vendors before and I truly 
appreciate the knowledge MODA™ provides about 
the CGT processes. Very often the MES vendor 
masters the technology, but not the process. On 

the contrary MODA™, in addition to having deep 
knowledge of the system, also masters the CGT 
manufacturing process and can support and 
recommend to sites the best path in the process 
digitalization.

Because of the deep knowledge of MODA™ and 
the dedication of resources, we were able to 
shorten the implementation of the system and to 
a range between 6 and 9 months.

Q: Can you share some of the outcomes this digital 
transition has had for Lonza sites? For example, 
time/cost saved, reduced errors?

A: Lonza is investing significantly in the 
digitalization of manufacturing sites. We are not 
only digitalizing manufacturing, but also preparing 
the backbone of all information required to be 
exchanged in near-real-time for treatments that 
are on a commercial scale.

The first tangible outcomes are visible already. 
Some of our manufacturing sites are already 
executing electronically the shop-floor traceability 
that reduces the risk of any mix-up with the 

patient material, and therefore reduces the risk 
of rejected batches. Executing the shop-floor 
traceability electronically, and preventing product 
mix-up, allows Lonza to perform the so called 
open-parallel-processing that allows for the 
execution of the open phase of the manufacturing 
process of the same product for parallel or 
multiple patients in the same room. 

The open-phase is critical, because the product 
can be contaminated during its execution; 
therefore, without a system enforcing the chain 
of custody/chain of identity, only one batch can 
be processed at a given time in a clean room. The 
possibility to run multiple open-phases in parallel 
is the one of the elements that the industry needs 
to help lowering the COGS of the treatments.

An additional tangible outcome is that Lonza is 
now prepared to share in near-real-time data 
with clients that increase their product volumes. 
Instead of exchanging data using un-structured 
tools, Lonza shares data from its structured 
data sources, MODA-ES™ being one of the most 
important sources of information.

COMBINE QUALITY AND MANUFACTURING 
DATA IN A SINGLE BATCH RECORD
Cell and gene therapy is a rapidly changing area 
of pharmaceutical manufacturing experiencing 
significant innovation. Currently, process and 
sample data are captured manually using paper 
batch records, but these are slow, error-prone and 
can be difficult to trace across the manufacturing 
life cycle. To enable more efficient, effective and 
flexible data capture, Lonza has developed the 

innovative MODA-ES™ Platform: a paperless batch 
record solution combining manufacturing and 
QC data designed to meet the needs of cell and 
gene therapy manufacturing. The MODA-ES™ 
Platform is purpose-built by the end user, for the 
end user. This is reflected in the intuitive nature 
of the system, which enables quick and easy 
implementation, while innovative in-built features 
offer deep insight into operations and processes, 
bringing valuable efficiency gains.
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A View on Assay Development 
for Cell & Gene Therapies
BOB SCHROCK, ASSOCIATE DIRECTOR, BIOASSAY SERVICES

Q: The determination of “% full” capsids continues 
to be a hot topic for viral gene therapy vectors. 
Could you elaborate and give us an idea of where 
technology is headed to measure this CQA?

A: Regulatory agencies are increasingly pressuring 
manufacturers of viral gene therapy products 
to include a reliable analytical measurement of 
% full capsids, sometimes referred to as “full/
empty” assays. The concern is not necessarily to 
maximize the % full capsids in a batch of product 
(although the target must be reasonable), but to 
show consistency in the % full capsids from lot to 
lot. Consistency infers the process is robust and 
in control. The gold standard is arguably analytical 
ultracentrifugation, but this method requires a 
relatively large volume of sample, specialized 
instrumentation and specialized expertise to run 
this equipment. Transmission electron microscopy 
can also be used, but this is highly dependent on 
the operator and relies more on the “art” of the 
execution as opposed to a robust method that can 
be readily replicated by multiple analysts. Newer 
technologies are focusing on several techniques. 
Ion exchange chromatographic separation of full, 
empty and intermediate capsid species has been 
successful for some serotypes. Other techniques, 
such as size-exclusion chromatography coupled 
with multiple-angle light scattering (SEC-MALS) 
show promise. Various serotypes of common gene 
therapy viral vectors (e.g., AAV and adenovirus) 

can have different biochemical properties, making 
the development of “platform” methods that apply 
to multiple serotypes a challenge. It is likely that 
an analytical “toolbox” of methods will need to 
be created that, taken collectively, will cover the 
majority of serotypes. To successfully develop 
these methods, it is key to create “empty” and 
“full” standards that have been purified (usually 
by cesium chloride [CsCl] or iodixanol gradients) 
that can be used to demonstrate key validation 
parameters such as specificity, accuracy and 
linearity.

Bob Schrock, Associate Director, Bioassay Services

Compared with traditional approaches, the 
MODA-ES™ Platform is designed to provide a 
range of configurable options for expedited 
implementation and validation at an affordable 
price point and with a lower total cost of 
ownership. With a flexible, user-friendly workflow 
that is suitable for manufacturers of any size, 
the MODA-ES™ Platform brings the power of 
paperless execution to cell and gene therapy.

ENABLE OPEN PARALLEL PROCESSING WITH 
TRACK AND TRACE
Track and Trace implementation is the base 
to industrialize the manufacturing processes 
of cell therapy and maximize the utilization of 
manufacturing suites. With its Track and Trace 
functionality, the MODA-ES™ Platform offers an 
electronic overview of everything in the facility at a 
given time, enabling open parallel processing and 
preventing cross contamination.

The MODA-ES™ Platform enables a paperless 
manufacturing process from the moment material 
enters to when it leaves a facility, for batch 
records and electronic logs, and across all stages 
of review and approval. With paper records, 
manufacturers must sift through copious amounts 
of paperwork to identify the location or status of a 
specific material.

With Track and Trace, data are logged and 
accessible through all stages of storage, 
processing and shipment, without the need 
to physically move or re-enter data into 
different systems or at different facilities. This 
transparency, accessibility and connectivity are 
crucial for accurate, efficient manufacturing that 
supports patient health: it ensures that processes 

are fully compliant, error free and progressing 
as planned. The system has cGMP compliance 
and tracking at its core, and ensures that data 
and trends are visible, organized, accessible and 
available in real time.

BUILT BY THE END USER, FOR THE END USER
The developers of the MODA-ES™ Platform have 
first-hand experience of the complex challenges 
facing cell and gene therapy manufacturers. 
Consequently, they have a deep understanding 
of these challenges – and know precisely how to 
solve them. Building upon a wealth of domain 
knowledge and experience, the MODA-ES™ 
Platform brings together Lonza’s Cell and Gene 
Therapy (CGT) manufacturing expertise and the 
MODA™ Software Platform to create a compliant 
solution that puts the user first. Unlike other 
approaches, which are prohibitively expensive, the 
MODA-ES™ Platform prioritizes the needs of the 
end user to ensure both cost-effectiveness and 
usability.

The platform can be integrated with various 
equipment, automation layers and enterprise 
systems, further reducing the chance of operator 
error and strengthening data integrity.

By focusing on flexibility, configurability and 
scalability, the MODA-ES™ Platform developers 
have created an electronic batch record solution 
that brings innovation and efficiency to cell and 
gene therapy.

Ready to rethink your approach to cell and 
gene therapy manufacturing batch record 
management with the MODA-ES™ Platform, 
visit www.lonza.com/moda

http://www.lonza.com/moda
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Q: What are some of the key challenges of 
advancing a late-phase viral gene therapy 
program to commercial phase?

A: The manufacturing processes used in 
C&GT can be complex. Like with any biologic, 
demonstrating control of the process involves 
measuring a high number of process parameters. 
Most programs in C&GT are still in clinical phase 
stage, and moving to commercial stage can 
involve substantial “first in class” challenges. 
Process characterization campaigns can generate 
over 5,000 samples, and it is imperative that the 
laboratory handling this project has organized 
sample tracking and data management 
capabilities. This includes the use of LIMS 
(Laboratory Information Management System) 
and implementation of operational excellence 
concepts, such as 6S methodology. Finally, the 
methods used to test parameters during process 
characterization must be qualified and have 
reasonably high throughput. Other challenges 
include sourcing of unique raw materials that are 
often research use only. It is critical that solutions 
to sourcing and testing these raw materials are 
determined early in the program lifecycle. 

Q: How much of a challenge is measurement of 
aggregation of viral vector gene therapy products?

A: Aggregation of viral vectors is a major 
challenge. Formulation of the drug product 
matrix is a primary focus in development of 
these products; the ultimate goal is to find a 
formulation that enables long-term storage at the 

highest possible temperatures. In the early days 
of viral vectors, long-term storage at ultra-cold 
temperatures (≤ –60⁰C) was the norm, and is still 
common. This is a challenge for smaller clinical 
trial sites, medical clinics and pharmacies. Long-
term stability at –20⁰C is still considered a “win” in 
the industry. 

As for measuring the CQA (critical quality 
attribute) of aggregation, dynamic light scattering 
(DLS) is commonly used, but the response is not 
always linear or reproducible. Establishment of 
well-characterized standards for aggregation 
is not yet common, and developers must rely 
on dynamic forced-instability samples such 
as heat-treated samples. The recent use of 
chromatographic solutions such as size exclusion 
chromatography (SEC) HPLC has promise. This 
approach has the promise of being more robust 
and reproducible, and it is arguably more suited 
for a CQA for a commercial product.

Q: What is another challenging CQA for viral 
vectors?

A: Determining the infectious titer of viral vectors 
is arguably the most universal challenging 
CQA for viral vectors. Methods for classes of 
vectors such as AAV and adenovirus are not 
always harmonized, and different infectious titer 
methodologies can yield different results with the 
same virus samples. The key for C&GT developers 
is to develop a robust method and stick to it. The 
agencies are more concerned about consistency 
between lots than they are about using a specific 

titer method. As long as the method is robust, 
well characterized and can be validated, this will 
pass the scrutiny of the agency. That said, it is not 
unusual for infectious titer methods to have a 
+/– variation of 50% (e.g., AAV vectors). This lack 
of precision is one of the reasons dosages for 
humans are not determined by infectious titer, 
but by viral particle (or viral capsid) determination. 
Using the latter method, an intermediate precision 
of 15% or lower can be achieved. Another solution 
to the infectious titer challenge is to avoid using 
it at all; some viral vector developers are moving 
forward with a biological potency assay as a 
surrogate assay to infectious titer. Potency assays 
are required regardless, and it can be successfully 
argued that the demonstration of biological 
activity in a cell-based assay inherently also 
demonstrates the infectious potential of a sample.   

Q: What newer analytical technologies are starting 
to be used for CQAs of C&GT products?

A: The use of liquid chromatography – mass 
spectroscopy (LC-MS) is starting to occur for 
detection and quantitation of residuals and for 
characterization of viral gene therapy products. 
Residual host cell protein assays can be developed 

on this platform, which has advantages over the 
traditional ELISA approach, since it avoids bias due 
to non-immunoreactive HCP epitopes. Another 
technique that is becoming well-established is 
next-generation sequencing, both for product 
characterization and testing for contaminating 
adventitious viral agents. It has not supplanted 
the commonly used cell-based approach for in 
vitro adventitious agent testing, but that day will 
likely come. Finally, automation of labor-intensive 
assays is a focus of development analytical labs. 
For example, the Ella platform (a microfluidics-
based instrument) can supplant the traditional 
ELISA approach and give much higher throughput 
and more consistent results. Another example 
is laser force cytology, a technology that is used 
to measure viral infectivity by analyzing single 
cells in a microfluidics platform. This is still at 
the R&D stage, but it is promising for achieving 
methods that are more precise and higher 
throughput. The ultimate goal is to have these 
analytical technologies directly linked into the 
manufacturing process flow; such in-line, in-
process analytics will ultimately lead to lower cost 
of manufacturing and testing, and it will facilitate 
faster release turn-around times for commercial 
therapies.

To learn more about our bioassays services offering and library, click here.

http://pharma.lonza.com/offerings/cell-and-gene-therapies/bioassay-services
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Endotoxin and Pyrogen 
Detection in Cell and Gene 
Therapeutic Products
ALLEN L. BURGENSON, GLOBAL SUBJECT MATTER EXPERT, TESTING SOLUTIONS, LONZA

The development of Cell and Gene Therapeutics 
(CGT) is an expanding field leading to new 
treatment options. However, pyrogen 
contaminations upon manufacturing of these 
products pose a significant risk to the patient 
since a downstream sterilization process is not 
feasible. Manufacture of products for somatic 
cell therapy may involve the ex vivo propagation, 
expansion, selection, or alteration of their 
biological characteristics before re-introduction to 
the patient. 

Chimeric antigen receptor (CAR) T-Cell therapy is 
a type of somatic cell gene therapy treatment in 
which a patient’s (autologous) or donor-derived 
(allogeneic) T cells are re-programmed to attack 
cancer cells (Fig. 1). To generate CAR T cells, T cells 
are genetically modified to express a CAR. Next, 
CAR T cells are expanded and infused back to the 
patient. Promising CAR T-Cell therapies include 
treatment of certain types of hematological 
cancer. In 2017, two CAR T-Cell therapies were 
approved by FDA. One such application was to 
treat children with acute lymphoblastic leukemia 
(ALL). The other approved application addressed 
adults with advanced lymphomas. 

Another promising new therapeutic tool is 
CRISPR-Cas9 (clustered regularly interspaced 

short palindromic repeats, and CRISPR-associated 
protein (9)). This technology may be used to 
correct genetic mutations by removing them, and 
then re-inserting the correct genetic sequence in 
its place. Following expansion such cells are re-
introduced into the patient at the desired location.

Figure 1. CAR T-Cell Therapy 

Allen L. Burgenson, Global Subject Matter Expert, 
Testing Solutions, Lonza

REGULATORY REQUIREMENTS
As prevention and early detection of pyrogenic 
contaminants in CGT products are critical to 
patient safety, regulatory agencies recommend 
including microbiological testing (i.e., sterility, 
mycoplasma, and adventitious viral agent testing) 
and assessments of product characteristics such 
as identity, purity (including endotoxin), viability 
and potency before releasing a product. The 
suitability of a compendial pyrogen test method 
(Fig. 2) must be carefully validated for each 
product to show that there is no interference 
with the assay. Regarding end product testing the 
Rabbit Pyrogen Test (RPT) method is currently 

required in the US for testing biological products 
for pyrogenic substances (21 CFR 610.13), 
while in Europe, the RPT has been replaced by 
the Monocyte Activation Test (MAT) in many 
monographs. Although a pyrogenicity test is 
always required, there may be specific cases 
where a test method cannot be performed for 
release due to properties of the cellular product 
(i.e., short product shelf life or toxicity of product 
in rabbits). Under these circumstances, a test 
method such as the Limulus Amebocyte Lysate 
(LAL) Test may be used as an alternative, but 
prior to licensure assurance of safety, purity, and 
potency must be demonstrated. (21 CFR 610.9).
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MANUFACTURING – WHAT AND WHERE  
TO TEST?
The production of CAR T cells is carried out by a 
variety of manufacturing approaches leading to 
differences in batch sizes as well as a number of 
manipulations during manufacturing. However, all 
include common steps (Fig. 3). First, white blood 
cells (WBCs) are aseptically obtained, isolated 
by leukapheresis and washed. Often, T cells 
are further separated, for example, by MACS or 
FACS. Then, T cells are activated, transduced with 
the CAR transgene and expanded in differential 
culture media. After washing for removal of 
antibiotics and media residues, the therapeutic is 
formulated, filled and stored in a cryoprotectant 
solution at -80°C, or lower. 

Each manipulation poses a risk of introducing a 
pyrogenic contaminant that may lead to fever, 
septic shock or death if a pyrogenic threshold 
is exceeded. Since the final product cannot 

be sterilized, contamination control, including 
the prevention of microbial and endotoxin 
contamination, is critical throughout the entire 
process. All reagents and components that 
support manufacturing must be assured of a 
low endotoxin level to prevent unwanted effects 
in cell culture. Special consideration should be 
given to biological materials, such as media and 
supplements, as these materials have the highest 
chance of endotoxin contamination. Salts and 
chemically synthesized materials have a lower 
risk of contamination. In-process testing should 
encompass anywhere in the process where the 
system is opened, potentially allowing microbial 
ingress. Adverse effects of endotoxin may lead to 
surface ruffles on the cells, increased organelles, 
large vacuoles in cytoplasm, morphological 
damage and decreased hexose uptake, or even 
severe membrane damage. 

Figure 3 shows a typical CAR T-Cell manufacturing 

process outline from leukapheresis to final 
formulation. Each of the arrows indicates a break 
in the process where microbial contamination 
may enter. These are ideal points in the process 
for bioburden and endotoxin measurements. 
The large arrow indicates the mandatory product 
release test for endotoxin.

Figure 3. In-process Testing

HOW TO DETERMINE THE ENDOTOXIN  
RELEASE LIMIT?
When establishing the Endotoxin Release Limit 
(ERL), the volume of therapy administered, the 
recipient’s weight and the infusion time need to 
be considered. For parenterally administered 
products the ERL is typically 5 EU/kg/hour while 
for intrathecally administered products, the ERL is 
0.2 EU/kg/hour. In order to rule out interference 
of the test substance with the assay, different 

dilutions are tested with and without a spike of 
a known amount of reference endotoxin. The 
dilution tested shall display a valid spike recovery 
of 50-200%. The maximum valid dilution (MVD) is 
dependent on the sensitivity of the assay.

Small Volume: 
25 mL

Large volume: 
250 mL

Weight 70 kg 70 kg
K 5 EU/kg/hour 5 EU/kg/hour
M 25 mL/hour 250 mL/hour
λ 0.005 EU/mL 0.005 EU/mL
ERL 14 EU/mL 1.4 EU/mL
MVD 2,800 280

When setting up the assay for qualification, 
validation of a spike recovery must be performed. 
In order to do so, the ERL and the MVD must be 
calculated as above. A dilution series out to MVD 
is performed, and each dilution is spiked with 
endotoxin to approximately the middle of the 
standard curve (5 EU/mL or 0.5 EU/mL). A valid 

Figure 2. Pyrogen and endotoxin tests

Test type Detection mechanism LOD EU/mL Identification

Py
ro

ge
ns

Rabbit Pyrogen Test 
(RPT)
Ph. Eur. 2.6.8
USP <151>

In vivo: Measures a raise 
in body temperature after 
injection of a drug

0.5
Bacterial endotoxins, 
non-endotoxin pyrogens 
(e.g., Gram-positive 
bacteria, virus, yeasts & 
molds, chemicals)

Monocyte Activation 
Test (MAT)
Ph. Eur. 2.6.30

In vitro: Measures cytokines 
released by monocytes 
from human blood

0.02

En
do

to
xi

n

Limulus Amebocyte 
Test (LAL)
Ph. Eur. 2.6.14 
USP <85>

In vitro: Measures clotting 
cascade by horseshoe crab 
blood amebocytes 

0.005
Gram-negative 
bacterial endotoxin Recombinant Factor C 

Test (rFC)
Ph. Eur. 2.6.32

In vitro: Recombinant 
alternative to LAL, based 
on factor C 

0.005

Example:

Endotoxin release limit (ERL) = K/M

Where K =   5 EU/kg/hour for parenterally 
administered products 
(threshold pyrogenic dose,  
TPD per administration time)

 M =  Maximum total dose  
delivered in a single hour

 λ = LAL lysate sensitivity

And MVD =  (ERL)(conc of soln)/ λ =  
(140 EU/mL)(1)/0.005)
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recovery is 50-200% of the nominal spike. The 
dilution closest to 100% may be picked for further 
qualification. In the below example for a product 
with an ERL of 14 EU/mL, and an MVD of 2800 the 
dilution 1:500 seems to be most appropriate.

Dilution % Recovery
Undiluted 20
10 33
50 51
100 75
500 99
1000 102
5000 99

OVERCOMING ASSAY INTERFERENCES
LAL reagents are prepared to contain some 
buffering capability. However, certain product 
components or characteristics may interfere with 
an in vitro assay. If inhibition or enhancement 

occurs, the endotoxin spike concentration cannot 
be recovered within the 50-200% parameter. 
Different techniques are available to overcome 
interferences; examples are shown in Fig. 4. All 
treatments, other than dilution with LAL reagent 
water (LALRW), must be validated before use to 
test and release a batch of product. 

CONCLUSION
The ability to detect endotoxin in CGT products 
is critical to the manufacturing process, and to 
patient safety. Endotoxin contamination may 
cause significant physiological changes in the 
cellular product, making it ineffective, or cause 
health consequences to the patient receiving it. 
Using pyrogen detection assays (for either BET or 
NEP) can assure that the manufacturing process 
remains uncontaminated, and that the patient will 
not suffer pyrogenic effects due to contaminating 
pyrogens.

Method Reagents Method
Dilution Endotoxin-free LALRW Dilute product up to the product-specific MVD 

pH adjustment
M NaOH or HCL
or Tris buffer

Adjust pH range to 6-8

Heat
10 min at 70°C
30 min at 60°C

Denature (inactivate) interfering enzymes

Enzymatic 
treatment

Protease (followed by heat 
treatment to inactivate 
protease)

Dissolve positively charged proteins that interfere with 
spike recovery

Adding divalent 
cations

MgCl2 Replenish cations that are bound by chelating agents

Dispersing 
agent

Pyrosperse™ 
Eliminates binding or masking of endotoxin, e.g., by 
plasma protein fractions, electrolyte solutions and lipid 
emulsions

β-glucan 
blocker

ß-G-Blocker
Blocks the non-endotoxin specific G-pathway to avoid 
false positive results

Figure 4. Overcoming Interferences
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CGT Regulatory Strategies and 
Considerations in the Path to 
Commercialization
KAREN MAGERS, HEAD OF REGULATORY AFFAIRS, CELL & GENE TECHNOLOGIES AT LONZA

and complex nature of these types of products. 
This is exemplified by the Good Manufacturing 
Practice (GMP) specific to Advanced Therapy 
Medicinal Products (ATMPs) guideline adopted 
by the European Commission on November 
22, 2017. In 2020, the US FDA issued a suite of 
guidance documents for gene therapy products. 
The FDA Commissioner at the time the guidance 
draft documents were issued for public comment, 
Scott Gottlieb, MD, stated, “Today, we’re taking a 
step toward shaping this modern structure for the 
regulation of gene therapy. The agency is issuing 
a suite of six scientific guidance documents 
intended to serve as the building blocks of a 
modern, comprehensive framework for how 
we’ll help advance the field of gene therapy while 
making sure new products meet the FDA’s gold 
standard for safety and effectiveness.”

As stated in the ATMP guideline, “ATMPs are 
complex products and risks may differ according 
to the type of product, nature/characteristics of 
the starting materials and level of complexity 
of the manufacturing process. It is also 
acknowledged that the finished product may 
entail some degree of variability due to the use of 
biological materials and/or complex manipulation 
steps (e.g. cultivation of cells, manipulations that 
alter the function of the cells, etc.). In addition, the 
manufacture and testing of autologous ATMPs 
(and allogeneic products in a donor-matched 
scenario) poses specific challenges and the 
strategies implemented to ensure a high level of 
quality must be tailored to the constraints of the 
manufacturing process, limited batch sizes and 
the inherent variability of the starting material.” 

Dr. Peter Marks, Director, CBER also provided 
an example of the complexity of these products 

at the CASSS Cell & Gene Therapy Products 
Symposium (2018) by noting that a cell therapy 
product may contain 3.6 X 106 proteins and 1 x 
1014 atoms whereas a single subunit protein 
product could contain only 1 x 102 atoms. Due to 
the complexity of these products the tenet that 
the “process is the product” is highly relevant 
for ATMPs with manufacturing as a critical 
element of product development. Although the 
basic Current Good Manufacturing Practices 
(cGMP) are a uniform set of standards for all 
pharmaceutical products to ensure the identity, 
strength (including potency), quality and purity 
of products, there are unique challenges in 
adhering to cGMP standards for gene therapy 
products. That is why working with a supplier 
that provides transparency into the details of the 
products you are using is helpful in overcoming 
some of these regulatory burdens. Lonza’s new 
TheraPEAK Support Packages aim to do just 
that. With details about manufacturing practices, 
biological raw materials, validations and testing 

Q: What is the basis for regulatory challenges that 
are specific to cell and gene therapy products?

A: The regulatory framework for the development 
and manufacturing of drugs and biologics is 
shaped by regulations, guidance documents and 
the interpretation of these governing documents 
by regulators and product sponsors as experience 
is gained in practice. As a result, approaches to 
meeting Chemistry, Manufacturing and Control 
(CMC) regulatory requirements for manufacturing 
many types of biological products for which 
there are many commercialized products (e.g. 
monoclonal antibodies, recombinant proteins 

and viral vaccines) are well established. However, 
the pathways to meeting the CMC requirements 
for gene therapy products are not as clearly 
defined. Guidelines and guidance documents that 
reflect the current thinking of regulatory agencies 
continue to be issued by regulatory agencies at 
a rapid pace. Although these guidelines reflect 
the current thinking of these regulatory agencies, 
experience with the manner in which these 
documents are interpreted and implemented in 
practice is limited. 

Specific guidelines focused on cell and gene 
therapy products are of benefit due to the unique 

Karen Magers, Head of Regulatory Affairs,  
Cell & Gene Technologies at Lonza
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products containing genetically modified cells 
provides recommendations that go into effect 
in June 2021 contains specific recommendations 
on the application of GMP principles to starting 
materials. For example, the guideline states, 
“For genome editing approaches, the tools 
used to genetically modify the cells shall be, as 
appropriate, the vector (viral or non-viral vector) 
carrying the nucleic acid sequences encoding 
the modifying enzyme, the mRNA expressing 
the modifying enzyme, the modifying enzyme 
itself, the genetic sequence for modification of 
the cell genome (e.g. a regulatory guide RNA) 
or a ribonucleoprotein (e.g. Cas9 protein pre-
complexed with gRNA), the repair template 
(e.g. linear DNA fragment or a plasmid), and the 
components to produce them. When vectors, 
mRNA or proteins are used, the principles of GMP 
shall apply from the bank system used to produce 
these materials onwards.”

Understanding the requirements for raw 
materials is complicated by the lack of global 
harmonization in the terminology used to 
describe these materials. There is also a lack 
of clarity in the definition of some labels used 
to market materials such as “xeno-free.” In the 
US raw materials include starting or source 
materials, components, ingredients, reagents, 
ancillary materials, processing aids, formulation 
components and excipients. Ancillary materials 
are defined in USP <1043> Ancillary Materials for 
Cell, Gene and Tissue-engineered Products, as 
materials used as processing and purification aids 
or agents that exert their effect on the therapeutic 
substance that are not intended to be present in 
the final product. These materials include plasma- 
or serum-derived products, biological extracts, 
antibiotics, cytokines, culture media, antibodies, 

polymeric matrices, separation devices, density 
gradient media, toxins, conditioned media 
supplied by “feeder cell layers,” fine chemicals, 
enzymes, and processing buffers. In the EU the 
phrase ancillary materials is not used to describe 
these materials; however, quality requirements 
with respect to identity, purity, sterility and 
biological activity and absence of adventitious 
agents for these materials are similar to the US 
requirements.

Several of the key challenges encountered in 
sourcing and using quality raw materials to 
manufacture cell and gene therapy products 
include the use of Research Use Only (RUO) 
materials such as cytokines and growth factors 
labeled “not for clinical use, for research purposes 
only,” use of human- and animal-derived materials 
(e.g. fetal bovine serum, FBS), the biological 
complexity of the materials and variable lot-to-
lot performance characteristics. Many materials 
used in the manufacturing of gene therapy 
products are from single-sources (e.g. Benzonase, 
PEI), which presents both logistics challenges 
in maintaining adequate inventory to support 
manufacturing demands and complexities in 
importing these materials if the source is in 
another country, especially if they are animal-
derived. For example, there are a limited number 
of affinity resins for AAV purification, each of 
them single sourced, such as AVB sepharose and 
POROS 8/9. To avoid supply chain disruptions, 
ensuring that appropriate documentation 
required for importation of these materials is 
obtained is essential.

A risk-based approach should be used to assess 
raw materials used to manufacture cell and 
gene therapy products. Approaches to assessing 

performed during the creation of critical finished 
goods, customers can now get a pre-set packet 
of information that will truly help understanding 
of more details about the components in their 
process.

Q: With the 2020 publication of FDA’s gene therapy 
guidelines and the pending European Medicines 
Agency (EMA) update of its guidance to industry on 
the development of new medicines with genetically 
modified cells, what challenges do these guidelines 
pose for gene therapy developers? 

A: The Chemistry, Manufacturing, and Control 
(CMC) Information for Human Gene Therapy 
Investigational New Drug Applications (INDs) 
guidance document provides a comprehensive 
framework to guide the development of a broad 
range of products. The guidance document 
provides many recommendations that help to 
clarify the expectations for product development, 
characterization, manufacturing and testing of 
these products. Stakeholders, including Lonza, 
submitted a comment requesting clarification 
on the information to be submitted prior to 
a first in man clinical study, and information 
to be submitted in a phased approach as 
more manufacturing experience is obtained 
during product clinical development. The 
FDA acknowledged in the final document 
that “information may be limited in the early 
phases of development and recommends that 
sponsors provide additional information and 
updates as product development proceeds.” 
However, as limited specific recommendations 
and examples were provided in the guidance, 
there are remaining challenges in determining 
the requirements for first in man studies and 
subsequent clinical studies.

The EMA guideline on quality, non-clinical 
and clinical aspects of medicinal products 
containing genetically modified cells provides 
recommendations that go into effect in June 
2021 and contains revisions to a 2012 guideline 
based on the agency’s increasing experience 
with novel technologies. Some of the CMC areas 
of focus of the guideline include the quality of 
starting materials, comparability and validation.  
There were several comments that noted that 
there are inconsistencies between FDA and 
EMA on the classification of starting materials 
and drug substances or intermediates, which 
has implications for the type and amount of 
information to be included in a regulatory filing 
and inspections of manufacturing facilities.

Q: What principles should be followed for assuring 
regulatory compliance for raw and starting materials 
used in the manufacturing of cell and gene therapy 
products?

A: The US FDA summarizes the cGMP standards 
as “establishing strong quality management 
systems, obtaining appropriate quality raw 
materials, establishing robust operating 
procedures, detecting and investigating product 
quality deviations, and maintaining reliable testing 
laboratories. This formal system of controls 
at a pharmaceutical company, if adequately 
put into practice, helps to prevent instances of 
contamination, mix-ups, deviations, failures, and 
errors. This assures that drug products meet 
their quality standards.” The use of raw materials 
of appropriate quality is therefore one of the 
pillars of cGMPs and presents some of the most 
significant challenges in manufacturing gene 
therapy products. The EMA guideline on quality, 
non-clinical and clinical aspects of medicinal 
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custom formulation services
 c.  How does vendor prevent cross 

contamination? 
 d.  Change notification procedures

5.  QA/QC – qualification program monitored by 
quality unit

Q: Are there specific regulatory considerations 
for sourcing starting material from humans for 
genetically modified cell-based products?

A: For ex vivo genetically modified human cells, 
there are two potential sources of human cells, 
allogeneic and autologous.  Allogeneic products 
are derived from cells from healthy donors 
wherein one donor is typically the starting 
material for product used to treat a number of 
patients (e.g. iPSC-derived products). Autologous 
products are derived from the cells obtained 
from a single patient, modified and returned to 
the same patient (e.g. CAR-T products).  There 
are some challenges that are unique to these 
two sources of human cells. For example, there 
is variability of starting material for autologous 
products based on the donor health status of the 
patient. The ability to meet product specifications 
(e.g. targeted cell count) can be impacted based 
on the cell count of the targeted cell population 
in the starting material and the ability to select/
expand the population of interest.

Starting materials used to manufacture allogeneic 
products have rigorous quality criteria to ensure 
quality and safety of the final products. The 
quality and safety standards to ensure the 
use of safe blood, tissues and cells for starting 
material for cell therapy products are described 

in regulations such as 21 CFR part 1271, European 
Commission Directive 2004/23/EC (complemented 
by several implementing Commission Directives 
that specify technical requirements) and US FDA 
guidance documents for Eligibility Determination 
for Donors of Human Cells, Tissues, and Cellular 
and Tissue-Based Products (HCT/Ps) and Good 
Tissue Practices.

Lonza works with qualified tissue recovery 
agencies and licensed tissue establishments that 
follow applicable regional regulatory requirements 
to procure starting materials from eligible 
donors. Donor eligibility criteria are established 
based on regulatory requirements, plus the 
specific requirements of the product and current 
donor screening and testing requirements and 
recommendations. These requirements change 
based on the risk of transmission of emerging 
infectious disease agents through human cells 
and tissues.  In addition, Lonza’s manufacturing 
facilities obtain tissue bank/establishment licenses 
as required by local and regional authorities 
and maintains a bone marrow donor program 
accredited by the American Association of Tissue 
Banks (AATB). During the process development, 
appropriate tissue receiving conditions including 
packaging and shipping conditions, temperature, 
tissue receiving and processing time limits are 
established to build robust and reproducible GMP 
manufacturing processes. Donor tissues and cells 
are transferred from the tissue recovery agency or 
tissue establishment into a manufacturing facility 
where the ATMP manufacturing and testing are 
controlled by a cGMP quality system. Cell banks 
for allogeneic product are manufactured, tested 
and released for further manufacturing according 
to cGMPs and established procedures. 

risk and developing material qualification 
programs are described in documents such as 
USP <1043>, Standards for Biological Materials 
(MHLW) and European Pharmacopoeia General 
Chapter 5.2.12, Raw materials of biological 
origin for the production of cell-based and gene 
therapy medicinal products. The risk assessment 
may result in the requirement to complete 
additional characterization tests and/or incoming 
functionality tests for high-risk materials. Having 
as much information from the supplier of your 
critical raw materials as possible is of the utmost 
importance in performing appropriate risk 
assessments. Lonza’s TheraPEAK products confirm 
to USP <1043> and EP 5.2.12 guidelines to provide 
further assurance that the right quality is being 
given to customers developing patient therapies.

Lonza is building efficiencies for customers by 
leveraging experience gained across the Lonza 
network during the selection of starting materials 
and during process development work for 
many of the products that Lonza manufactures. 
Process development efforts include evaluating 
alternatives to the use of RUO and animal-
derived materials, where possible. The use of 
licensed/authorized therapeutic products (e.g. 
Human Serum Albumin, Plasmalyte-A, IVIg) is 
preferred. Process development efforts are 
focused on eliminating the use of FBS in media 
used to cultivate cells during the manufacturing 
of gene therapy products, and, when FBS is used, 
gamma irradiated FBS from countries with low 
BSE risk is sourced. If novel raw material assay 
methods are required to assess the quality of 
the material, assay development is initiated as 
early as possible during product development. 
Suppliers of raw materials are qualified with an 
acknowledgement that the phrase “GMP Grade” 

is subject to interpretation. A grade is a quality 
standard defined by specifications, and GMP 
refers to a quality system. Both aspects must be 
evaluated during the qualification of the supplier 
and a material qualification program. A material 
qualification program with the following elements 
is followed:

1.  Identification
 a.   List of materials, where they are used in 

the process, source, intended use, quantity, 
concentration, alternate sources and 
supply format/formulation (e.g. frozen, 
lyophilized…)

2. Selection and Suitability for Use
 a.  Establish and document selection criteria: 
  i.  assessment of microbiological and 

chemical purity
  ii.   identity
  iii.   biological activity pertinent to 

manufacturing process
 b. If animal origin
  i. country of origin
  ii.  look for plant/chemically synthesized 

alternatives
  iii.   documented chain of custody/material 

traceability
  iv.   look at grades and processing

3. Characterization
 a.  Identity, purity, functionality, freedom from 

microbial and viral contamination 

4. Vendor qualification
 a.  Evaluate vendor CGMP systems, testing 

program, processing and documentation 
 b.  Build good working relationships, may 

provide higher manufacturing standards or 
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patients faster. Your path from discovery to 
commercialization, we’ll walk it together. 
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Q: How can GMP guidelines for emerging therapies 
be further refined, or what guidelines are still 
needed?

A: Although guidelines have been issued that 
address GMP requirements specific to gene 
therapy products, the FDA has not issued 
a guidance document with detailed GMP 
recommendations. The Good Manufacturing 
Practice Guidelines on Good Manufacturing 
Practice specific to Advanced Therapy Medicinal 
Products that went into effect in May 2018 
contains detailed recommendations. Some of 
these recommendations were included in the 
PIC/S GMP Guide Annex 2A Manufacture of 
Advanced Therapy Medicinal Products (ATMP) 
for Human Use, which was published from 
September to December 2019. In public forums 

the FDA is providing recommendations to 
address specific topics (e.g. recommendations for 
multiproduct cell and gene therapy manufacturing 
facilities and capacity); however, no guidelines 
have been issued. In addition, it would be 
beneficial if the FDA would update some CMC 
guidance documents to reflect its current thinking. 
Guidelines that should be updated include the 
Content and Review of Chemistry, Manufacturing, 
and Control (CMC) Information for Human 
Somatic Cell Therapy Investigational New Drug 
Applications (INDs) issued April (2008). In addition, 
guidelines addressing comparability approaches 
for cell and gene therapy products are needed as 
changes are often made during the development 
of these products that require an assessment of 
comparability.

To learn how we can support you on your regulatory path to commercialization, click here.

https://pharma.lonza.com/offerings/cell-and-gene-therapies/regulatory-support
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A Look into Leukopaks
STEPHANIE NICKLES THIELEMANN AND ANDREW WINNER AT LONZA DISCUSS THE FUTURE OF 
IMMUNOLOGY AND CELL THERAPY, LOOKING AT HOW USING CRYOPRESERVED LEUKOPAKS CAN 
ALLEVIATE SEVERAL KEY RESEARCH CHALLENGES

Importantly, the prospect of immune cell therapy 
gives the pharma industry the stimulus to develop 
more innovative, life-saving therapies, and also 
offers potential for developing effective therapies 
that can be released to the market much faster 
and at lower costs. In short, unlocking the secrets 
of the immune system is not only the key to 
saving millions of lives every year, but also vital to 
furthering our understanding of the complexities 
of the human body.

Q: How does using cryopreserved leukopaks in 
immunology and cell therapy research differ from 
alternative methods?

A: Given the complexities of the immune system, 
it’s critical not to focus solely on one immune cell 
type, but to see how multiple cell types within 
the immune system react and interact with 
each other. What’s more, our immune systems 
develop with age, through exposure to many 
different antigens, to become highly personalised. 
So, using immune cells from a single donor is 
important when conducting research to ensure 
that observed responses are truly the result of 
a normal immune response and not simply the 
result of the host immune cells reacting to foreign 
immune cells.

Historically, when a researcher needed multiple 
immune cell types from a single donor, the best 
and least expensive option was a fresh leukopak, 
as it yielded a mixture of billions of immunological 
cells from a single donor in a single collection. 
However, there are significant logistical issues 
with fresh leukopaks, as cell viability can degrade 
over time. This triggered the development of 
a more convenient alternative format – the 
cryopreserved leukopak.

Furthermore, many immune cell therapies are 
autologous, meaning that the patient provides 
the tissue or cells to be altered, but this causes 

Q: What are the benefits of immunology and 
cell therapy research, for patients and the 
pharmaceutical industry?

A: Malfunctions of the immune system can lead 
to a range of conditions, from cancer through 
to allergies and asthma. Recent research has 
also indicated links between the immune 
system and metabolic, cardiovascular, and even 
neurodegenerative disorders. The study of the 
immune system is, therefore, key to understanding 
and treating human disease. Immunotherapy is a 
promising treatment that works by using parts of a 
person’s own immune system to more effectively 
fight diseases, such as cancer.

In terms of patient benefits, advances in cell 
therapy research have enabled patient treatment 
using adoptive cell therapies that modify a 
person’s immune cells to seek out and destroy 
cancer cells, like with CAR T therapy, for example. 
For many cancers, these therapies can offer 
better results and provide an effective alternative 
when radiation or chemotherapy won’t work. 
Cell therapies generally cause fewer side effects, 
since they target only specific cells. In addition, 
immunotherapies may be more effective than 
other treatment approaches at preventing cancer 
remission by facilitating ‘immunomemory,’ 
whereby the immune system is trained to 
remember cancer cells.

Stephanie Nickles Thielemann, Associate Director of 
Bioscience Discovery Services at Lonza

Andrew Winner, Global Product Manager for CellBio 
Services at Lonza
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a raw material challenge for scale-up and 
commercialisation. Leukopaks – cryopreserved 
or fresh – provide a ‘ready-to-use’ supply of 
immune cells that supports an alternative 
allogeneic approach, which enables larger scale 
manufacturing with reduced costs and improved 
raw material supply.

Q: What are the advantages of using cryopreserved 
leukopaks?

A: The short viability window of fresh leukopaks 
means researchers are at the mercy of donor 
and shipping schedules, so any logistical delays 
can wreak havoc on project costs and the quality 
of research results. Cryopreserved leukopaks 
remove these challenges, as they can be shipped 
anywhere at any time. Additionally, since they are 
also suitable for long-term storage, cryopreserved 
leukopaks can be used at researchers’ 
convenience, adding much more flexibility to often 
rigid research timelines. With the recent impact 
of COVID-19 on work schedules and resource 
availability in the laboratory, cryopreserved 
leukopaks provide an even greater advantage 
when managing experiments. In addition, when 
using fresh leukopaks, testing results are not 
available until a few days after the product is 
collected. However, with cryopreserved leukopaks, 
testing can be completed even before shipping 
the product. As such, results are available 
immediately and, therefore, can be used as 
selection criteria for a specific donor profile. Most 
importantly, researchers using cryopreserved 
leukopaks don’t have the difficulty of receiving 
less-than-ideal testing results after research has 
already begun, which can result in lost time and 
resources.

There is, however, the perception from some 
researchers that fresh is better, but our studies 

have shown comparable viabilities and cell 
populations when comparing fresh leukopaks 
to cryopreserved leukopaks. Not only that, but 
when splitting a leukapheresis collection into 
multiple smaller cryopreserved bags, the data 
also showed comparable results. So, by splitting a 
cryopreserved leukopak, researchers essentially 
get multiple, smaller collections that are identical 
to each other.

Q: Are there any possible disadvantages to using 
cryopreserved leukopaks?

A: While they offer some significant advantages, 
cryopreserved leukopaks do require an additional 
thawing step that is not needed for fresh 
leukopaks. However, as long as the leukopaks 
are cryopreserved, stored, and thawed properly, 
they typically provide viability and performance 
that is comparable to their fresh counterpart. 
Furthermore, for long-term storage, it is 
recommended that cryopreserved leukopaks be 
maintained in liquid nitrogen. Given the size of 
cryopreserved leukopaks, this may add logistical 
challenges, especially for researchers with limited 
liquid nitrogen storage space.

Q: What are the financial implications of using fully 
customisable cryopreserved leukopaks?

A: While cryopreserved leukopaks are generally 
more expensive than the equivalent-sized fresh 
product, the convenience of having a product 
that is ready to use when needed without the risk 
of unexpected donor cancellations or shipping 
delays outweighs the price difference for many 
researchers. The cost savings associated with 
the simpler lab setup for using fresh product 
can be lost when the product does not arrive 
on schedule. Aside from mitigating the impact 
of unexpected schedule changes, customisable 

cryopreserved leukopaks can be conveniently split 
into smaller cryopreserved units, and additional 
tests can be carried out on the product with 
results that are available when it is ready to be 
thawed. When full cell collections are not needed 
for each experiment, the possibility to split the 
collection can greatly reduce time and costs.

Q: What can be said for the future of cell therapy 
research and immunology?

A: Cell therapies of the immune system continue 
to improve at a rapid pace, providing ever-
improving treatment options for cancer patients. 
With various types of cellular immunotherapies in 
further development, including tumour-infiltrating 

lymphocyte, T cell receptor, CAR NK, and CAR T 
therapies, the future of immunology research 
and the cell therapy treatments it yields are 
both exciting and promising. The FDA’s recent 
approval of CAR T therapies for blood cancers 
triggered another wave of research that has 
led to personalised CAR T therapies for solid 
tumours. With the pharmaceutical industry now 
valued at over $1 trillion per year globally, and 
with the threat of new and emerging viruses and 
diseases to cure, there will always be a need for 
new advances in the field of immunology and cell 
therapy research.
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Learn more about Lonza's cryopreserved leukopaks here.
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