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There is currently a high demand for 
flexible and scalable technologies 
for viral vector manufacture 

For small-demand indications, cell 
factories maybe the optimal 
technology

For indications with mid-large 
demand, structured fixed bed 
bioreactors are optimal 

This case study has demonstrated 
that the use of these technologies 
results in a significant increase in 
throughput and a reduction in COG

Structured fixed-bed bioreactors are 
available in low-footprint 
automated and integrated 
platforms for low COG intensified 
viral vector bioprocessing 

These platforms are designed to be 
compatible with modular facility 
designs for rapid deployment of 
manufacturing capabilities 
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Background and motivation
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Figure 1: Dose sizes and incidence for different AAV-based gene therapy products 

> There are currently 100’s of clinical 
trials for gene therapy applications 

> Gene therapies have the potential to 
provide treatment and even cure to 
previously unmet indications 

> The difference in dose size across 
indications can be > 100-fold 

> High capacity and flexible 
technologies are needed in order to 
ensure availability and affordability of 
these revolutionary products 

> Novel technologies for intensified 
productions in viral vectors have 
demonstrated to enable higher 
productivities than traditional systems 

> This study assess the economic 
and operational trade-offs of 
different technologies for Gene 
Therapy manufacture 
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Figure 2: Tool description and manufacturing process modeled in this analysis. Additional assumptions include depreciation period = 10years, transfection mix (incl. DNA ) costs = 0.04 
$/cm2, media costs =  40 (growth), 30 (transfection and production), resin costs = 30,000 $/L

> A detailed process economics model was developed in order to assess the capacity and cost-effectiveness of different 
manufacturing platforms for the production of an AAV-based gene therapy product with a dose size of 1 x 1015 vg

> This product was to be manufactured in a USP manufacturing suite of 120 m2 running 30 batches per bioreactor per year  

Materials and Methods 
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> There are currently a limited options for adherent cell-based viral vector production 

> Fixed-bed bioreactors are the key technology for large scale manufacture of viral vectors 

> Current “off-the-shelf”  single-use DSP technologies are oversized for viral vector production 

Pilot scale non single-use  DSP Stand alone batch unit operations 

Integrated 
continuous 

Structured 
fixed-bed 

Randomly 
packed fixed-
bed bioreactorMulti-layer flasks 

Figure 3: Key features of the technologies considered in the case study here presented 
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Results: Technology flexibility 

Figure 4: Scalability of cell culture vessel 
across different technologies for adherent 
cell-based gene therapy products across 
different dose sizes for an annual demand 
of 1,000 patients.  For multi-layer flasks 
and randomly packed fixed-bed 
bioreactors the titers in vg/cm2 assumed 
were extracted from Cameau et al., 2020 
where values as high as 2E4Vg/cell at 
200k cells/cm2 at transfection were 
reported. Titers in vg/cm2 for structured 
fixed-bed bioreactors were computed 
using the experimental results in Duyck et 
al., 2020  which reported 3 to 4-fold 
higher titres in the structured fixed bed 
bioreactors with respect to randomly 
packed fixed bed bioreactors. This case 
study assumes that the number of units 
per cleanroom are 3 (incubators of 48 10-
layer flasks), 2 and 4  for multi-layer 
flasks, randomly packed fixed bed 
bioreactor and structured fixed-bed 
bioreactor respectively 

> Different technologies offer different capacities and productivities 

> For small-demand applications, Multi-layer flasks will likely remain the optimal technology to be adopted 

> Structured fixed-bed bioreactors have shown to offer >3 to 4 -fold higher productivity with respect to randomly packed fixed-
bed bioreactors

> Moreover, structured fixed-bed bioreactors are available for GMP manufacture with configuration ranging from 10m2 up to 
600m2 whilst randomly packed fixed bed bioreactors are available for GMP manufacture in scales ranging from 66m2 to 500m2

> This makes fixed-bed bioreactor the most flexible and scalable technology for adherent-cell based viral vector manufacture 
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Results: Capacity and economic benefits 

Facility related Labour QC materials Consumables Reagents

Figure 5: No of doses per year of 1 x 1015 produced in a facility with a USP cleanroom of 120m2 & COG/dose across different manufacturing platforms   

> The higher productivity of the structured fixed-bed bioreactor combined with the compact design of integrated continuous 
solutions enable a 7 to 80-fold increase in doses produced per year 

> High productivity also reduces materials utilization and footprint 

> Chaining and intensification enables reductions in key reagents usage further reducing materials costs 
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A scalable manufacturing platform for viral vectors

Traditional viral vector 
manufacture relies on 
large stand-alone 
equipment resulting in 
large footprints

Process intensification, 
chaining and continuous 
processing can be applied in 
order to dramatically reduce 
the footprint creating fully 
automated “end-to-end” 
platforms for bulk product 
manufacture  

The low footprint of these automated and 
intensified platforms makes them highly 
compatible with modular facility concepts for 
rapid deployment of capabilities and capacity 
increase in response to market demand 

Multi-column chromatography, enables further 
process intensification and the flexibility to 
accommodate small and large while maintain a 
high productivity 

These bioreactors have a unique dual structure 
of sheets of hydrophilized non-woven PET sheets 
spaced by hydrophobic structuring PP netting 
concentrically rolled which enable homogenous 
cell distribution & nutrient supply while 
reducing the shear stress on  the cells

Scalable and flexible solutions for upstream 
processing of adherent cell-based GT products 
are available in the form of structured fixed-bed 
bioreactors which can be found in different 
configurations for R&D, clinical trial and 
commercial scale manufacture 
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Figure 6: Schematic representation of the key features of Univercells scannable manufacturing platform for viral vector manufacture 
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Conclusions 

There is currently a high demand for flexible and scalable technologies for 
viral vector manufacture 

For small-demand indications, cell factories may be the optimal technology

For indications with mid-large demand, structured fixed bed bioreactors are 
optimal 

This case study has demonstrated that the use of fixed-bed bioreactors results in 
a significant increase in throughput and a reduction in COG

Structured fixed-bed bioreactors are available in low-footprint automated and 
integrated platforms for low COG intensified viral vector bioprocessing 

These platforms are designed to be compatible with modular facility designs 
for rapid deployment of manufacturing capabilities 
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