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Takeaways

Av

With the clinical success of cell therapies, allogenic cell and gene therapy has
been receiving more attention due to its availability, diversity, scalability, and
affordability.

Av

Manufacturing of cell-based products is challenging, understanding how to
harness cell source, process, and scalable production is critical to ensuring
consistent quality of the final product.

Av

Mycenax is your trusted partner for overcoming cell and gene therapy
manufacturing challenges, and our platform can streamline your path from
early discovery to commercialization.

Considerations for Allogenic Cell and Gene Therapy Manufacturing

Cell and gene therapy (CGT) has been regarded as the next advanced frontier
and new modalities in biologic pharma. Driven by increasing promise as life-
saving products, CGT market continues to thrive. Even though approved
autologous CGTs currently dominate the global market, allogeneic CGT has
become a future trend and is driving growth. Figure 1 shows five main
allogeneic CGT products developed by several key players in the global currently
(updated in 2023 Nov). The products are classified by cell sources including
mesenchymal stem cells (MSCs), T cells (T and yd T), NK cells and various cell
types derived from iPSCs. The reasons behind the increase are the advantages
of allogeneic CGT, including (1) ready-to-use, (2) choice of cell source from
healthy donors, and (3) economic cost-of-good (COG) structure through scalable
mass production.
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Figure 1. Main Allogeneic CGT Products and Their Key Developers

Each CGT product is unique as the customized process is specifically proposed
based on indication, mechanisms of action, route of administration, expansion
strategy, and anticipated cell scale. Currently, main challenges and limitations
facing in developing allogeneic CGTs include diverse cell starting materials,
complicated and non-standardized processes, characterization of in-process
control and CQA, sterility assurance, and scalable manufacturing. In this article,
we will discuss main challenges and possible solutions in respect of (1) control
of cell sources (starting materials), (2) process design strategies, and
(3) scalable production.

Start with the Right Cells

In order to avoid batch-to-batch variation of biomaterials, it is recommended
that cells be procured and selected from adequate high-quality donor banks
which are provided by experienced collection centers with qualified cell collection
and logistics management system. Cellular starting materials derived from
different tissues display distinct properties such as abundant degree, growth
kinetics, resting state of unexpanded cells, immunoreactivity, expansion
potential (population doubling level), and function. These biological differences
bring variability into manufacturing process and affect the yield and critical
quality attribute (CQA) of the final cell product. Taking NK cellular
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immunotherapy as an example, the pros and cons of 4 main cell sources are
summarized in Table 1.

Table 1. Pros/cons of Different Cell Sources for Allogeneic NK Product Development

Donor Expansion Production Drawbacks/
Variation potential Time concerns

PBMC high low weeks mature phenot_ype with _
reduced proliferative capacity
naive phenotype with lower
ucCB median median weeks to cytotoxic potency;
months  complicated process if starting
from UCB CD34+ HSC

Highly complicated process

- I -

iPSC ow high months tumorigenesis potential

NK-92 . No ADCC pathway
Cell line N/A high weeks Irradiation needed

tumorigenesis potential

Peripheral blood mononuclear cells (PBMCs), umbilical cord blood (UCB), induced pluripotent

stem cell (iPSC) and immortal NK-92 cell line.

Design Your Process with Quality

Cell products are living entities whose characteristics change dynamically due to
changes in cell source, ancillary material, process, cultivation time, and expansion
technology. Meanwhile, the complexity of cell product manufacturing requires a
deep understanding of cell biology, cell culture techniques, regulatory
requirements, quality control measures, and industry best practices. In Figure 2,
along with cultivation time/life-span of cell product, the limitation of accumulated
population doubling levels (aPDLs) (gray line), steady state (plateau period) of
cell potency (green line), and cellular senescence or exhausted state shall be
identified and defined (red dashed line). The cell product characterization map
during life span will facilitate the definition of the ideal manufacturing aPDL
window where steady state of cell proliferative capacity and cell potency overlap
but interleave with states of cellular senescence or exhaustion.
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Figure 2. Determination of Optimal Manufacturing Window Based on Well-characterized Cell

Product Knowledge

Process design should be based on sufficient process knowledge space,
considering the balance between limited cell expansion window and production
scale. Furthermore, in the face of concerns of multiple lot production from the
same donor cell source, the establishment of 1 or 2-tier cell bank systems
(MCB/WCB) is strongly recommended for allogeneic setting if cell exponential
growth window of PDLs is permitted so as to diminish donor variation and CQAs
shift from process. Benefits of pre-banked MCB/WCB system include making
GMP manipulation friendly and feasible such as GMP engineer run from the same
lot of WCB, process validation, etc.

Secondly, variabilities from ancillary materials are directly introduced into
manufactured cell products and lead to quality and quantity deviations in the cell
products. Development of chemically defined materials for cell and gene therapy
products remains unsatisfactory, so biological ancillary materials are often used
in cell culture process. Taking human platelet lysates and human AB serum as
examples, they are mostly used biological ancillary materials and serve as
nutrient supplements to support primary cell growth. In order to reduce quality
risk caused by lot-to-lot variation, it is recommended to conduct quality risk
assessment and in-house QC testing on critical ancillary materials before
manufacturing.

The role of process analytical technology (PAT) is critical for CQA/CPP to discover
and develop in-process control strategies to improve production efficiency, reduce
CoG, and maintain consistent product quality (e.g., cell density, viability and
metabolite profiling) through real-time monitoring and feedback control of
manufacturing process.
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Make Your Process Scalable

Cell scale demand during the roadmap of CGT development from pre-clinical to
commercial stages generally ranged from billion to trillion cells, which is
estimated depending on product-specific indications, dose per patient and target
patient populations (Figure 3). Taking MSC approved product TEMCELL for
treating Hematopoietic Stem Cell Transplant (HSCT)-related graft-versus-host
disease (GVHD) as an example, cell numbers for one 80 kg patient dose with a
complete regimen of 8 infusions are 1.13 x 10° (calculated from 1.77 x 10° (mean
cell dose per kg from clinical trial study) x 80 x 8). Estimated cell manufacturing
scale needs to be calculated by patient dose x patient numbers of stage x 140%
(assume 30% cell loss from downstream process and 10% QC testing). Cell scale
range from 16 to 791 billion cells accompanied by clinical trials phases and
commercial production (assume 500 patients per year), and approximate
manufacturing model, bioreactor size and lots are proposed in Figure 3.

16P£|ﬁfnecjls Phase II Phase III Commercial
48 Billion cells 237 Billion cells 791 Billion cells
(30 patients) (150 patients) (500 patients/year)
3D: 50L BR (2 lots) 3D: 200L BR (3 lots) 3D: 200L BR (8 lots)

(10 patients)
2D:CS40 (2 lots)
3D:50L BR (1 lot)

Figure 3. Consideration of Manufacturing Cell Scale, Technology Platform and Lot Numbers during

the Roadmap of CGT Development

Given high cell-scale demand, manufacturing strategy shift to 3D bioreactor
process earlier in phase I/II is strongly recommended for lot-to-lot consistency,
automation in alternative of 2D manual manipulation and massive productivity
from one lot. The biggest barriers to commercialization of allogeneic CGT products
are scalable manufacturing technologies and high-volume production capacity of
single-use equipment. To meet massive cell-scale demands of up to trillions of
cells, it is crucial to overcome these barriers across upstream process,
downstream process, large-volume aseptic filling with bag containers, and
freezing large amount of samples in controlled-rate freezers. Developing a 3D
bioreactor process for both suspension and adherent cells is a pressing need for
large-scale production to replace manual 2D static culture devices such as
multilayer flasks for adherent cell types and G-Rex for suspension immune cell
types. In addition to scalability, the 3D bioreactor process has the added
advantage of enabling automation and closed-system processes to reduce the
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risk of variations and errors that may arise from manual handling and sterility
assurance. Notably, characterizing the small-scale process and understanding the
CPPs and CQAs are fundamental steps in developing a scale-up strategy. This
knowledge helps select appropriate bioreactor type and size, determine optimal
strategies for cell expansion and harvest, and address challenges associated with
scale-up, such as mass transfer limitations and shear stress.

‘ '\, SHOWCASE:
< . ..\? Mycenax’s Solution for Allogeneic MSC/MSC-

derived Extracellular Vesicles Production

Mycenax has built up 3D manufacturing technology platforms to overcome the
challenges mentioned above for allogeneic MSC product development. First, we
leveraged RoosterBio’s MSC cell source to streamline PD path to cGMP
commercialization based on its featured design that RUO cell source materials
derive from cGMP counterparts which are accompanied by comprehensive
regulatory packages such as FDA type II drug master files to support seamless
translation to first-in-human clinical trials. After that, RUO grade MSC starting
materials with cGMP counterparts from selected donor are utilized for process
optimization and scale-up study.

Secondly, we developed a 3D microcarrier-based culture process that is
compatible with scale-up capability in place of traditional 2D planar culture

(Figure 4).
starting cell 20D Seed - : . - ) .
3 i 3D expansion Harvest & Fill Cryopreservation
:-._:::'_ =H -

MSC WCB

=
>

Single-use Bioreactors Automatic single-use Control rate freezer
wash & concentration system

Figure 4. Workflow of MSC Scalable Manufacturing Process

By implementing a robust scalable manufacturing process integrated with a state-
of-the-art automated, modular and closed single-use bioreactor and cell
washing & concentrating system, cell product quality will be improved by reducing
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human error, real-time monitoring of cell dynamics during bioreactor culture,
sterility assurance, process consistency and high cell doses produced in a single
batch. In Figure 5, with Mycenax’s efficient 3D platform, the yields of allogeneic
MSC product can be linearly amplified 500-fold through a 10-day bioreactor
process to obtain 15 billion cells per 50 L batch, while a 25-day process is required
to achieve equivalent MSCs cell yields through bead-to-bead transfer technology.
More importantly, compared with 2D culture, the cell quality attributes of MSCs
are maintained after 3D culture including cell proliferation, identity and purity, tr-
lineage differentiation, and immunomodulatory potency marker of IDO
expression level.

MSC cell yield Identity and Purity
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Figure 5. Comparability of MSC CQA between 2D and 3D Process

N ©
3 8

Doubling time (hr)
S

Thirdly, we applied 3D manufacturing technology and leveraged RoosterBio’s cell
source of BMMSC and Xeno-free hMSC expansion media system to produce MSC-
derived extracellular vesicles (MSC-EV), as shown in Figure 6. 3D process of
MSC-EV production was developed by a mini-bioreactor Ambr250 system,
whereas 2D counterpart process served as the parallel control. When viable cell
density of 3D-cultured BMMSC reached approximately 3 x 10°/mL, cells were
shifted to collection phase by changing MSC-XF expansion media into low-
particulate EV collect media. In-process analysis of particle production reached a
plateau (approximately 1.8 x 1019/mL) by day 5 of EV collection phase, and then
conditioned medium was collected and subjected to ultracentrifugation to purify
MSC-EVs. EV productivity from 3D process was dramatically enhanced compared
to conventional 2D process (3D: 3 x 10° versus 2D: 1.8 x 108 particles/mL of
cultured media). EV size distribution was similar between 3D and 2D MSC-EVs,
whereas the mean diameters of 3D and 2D MSC-EVs were 164.9 nm and 160.1
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nm, respectively. However, CD44, CD81, and CD63 of 3D MSC-EVs specific
tetraspanin markers highly increased compared to those of 2D MSC-EVs,
indicating the great majority of MSC-specific EVs is produced by 3D process.
Taken together, we have successfully developed an efficient 3D microcarrier-
based process for MSC-EV production utilizing RoosterBio’s products with
Ambr250 mini-bioreactor system.

Process Development EV Productivity EV Identity Marker
from 2D to 3D Process
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Figure 6. Process Development of 3D MSC-EV production by leveraging RoosterBio’s products

and Ambr250 mini-bioreactor system

The experienced CDMO can help you successfully manufacture cell and gene
therapy products by employing the following tips: (1) obtain a consistent cell
source, (2) pre-built modular platform with an automated and closed single-use
system, (3) apply PAT and QbD approach to gain deep product knowledge on
process design, and (4) adopt 3D manufacturing technology for scale-up.
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