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improve the cost of  
goods of viral vectors?
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UPSTREAM PROCESSING

Lentiviral and adeno-associated viral vectors make up the vast majority of gene therapy 
candidates for in-vivo and in-vitro applications. While effective for treating a range of 
debilitating diseases, they are also currently very expensive to produce, which hampers 
patient accessibility. While other biologics have been studied and optimized for several 
decades, viral vectors still suffer from relatively low titers, difficulty in scaling up and poor 
downstream recovery. A review of available technologies focusing on upstream solutions 
highlights that despite the development of randomly packed bed bioreactors for adherent 
cells and the move to suspension cell cultures in stirred tank bioreactors, technology design 
flaws hamper efforts to cost-effectively bring new therapies to the market. In this paper, 
the scale-X™ and NevoLine™ technologies are shown to provide conditions that support 
two to ten-fold increase in cell specific productivity for AAV and LVV relative to alternative 
technologies, which results in drug substance cost of goods reduction between −18% 
and −61%. Furthermore, increased titers, smaller footprint and reduced complexity could 
improve the efficacy of facility utilization. 
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AAVS & LVVS WILL LIKELY  
DOMINATE THE CLINICAL & 
COMMERCIAL LANDSCAPE  
FOR YEARS

The cell and gene therapy field is one of the 
fastest growing fields in biopharmacy as it 

offers the potential to treat diseases that, up 
until now, had no cure. Together, Adeno-
Associated viruses (AAVs) and Lentiviruses 
(LVVs) make up the vast majority of both 
marketed drugs and clinical candidates. 
Out of 489 known clinical trials covering 
both cell & gene therapies, a substantial  
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74% (364) are using either AAV (129) or 
LVVs (235) [1]. At the time of writing, 5 AAV 
(Luxturna® (Spark Therapeutics / Novartis), 
Zolgensma® (AveXis / Novartis), Roctavian® 
(BioMarin), Hemgenix® (CSL Behring), 
Upstaza® (PTC Therapeutics)) and 5 LVV 
therapies (Kymriah® (Novartis), Zynteglo® 
(Blubird Bio), Breyanzi® (Bristol Meyer 
Squibb), Abecma® (Bristol Meyer Squibb 
& Bluebird Bio) and Lipmeldy® (Orchard 
Therapeutics)), have been marketed. Growth 
forecasts for both vectors differ as a function 
of  assumptions used, but sources agree that 
an annual market growth ~15–20% can be 
expected at least until 2030 [2–6] which is 
in line with the expected doubling in gene 
therapy market approvals in the next few 
years [1].

The popularity of AAVs and LVVs can be 
explained by their efficacy at delivering genes. 
AAV’s low toxicity and the availability of 
several natural AAV serotypes offering broad 
tropism properties make them especially suit-
ed for in-vivo use. On the other hand, LVV’s 
ability to deliver larger payloads and target 
immune and stem cells make them especially 
suited to ex-vivo cell therapy [7]. To this day, 
marketed AAV therapies are for in-vivo use 
only whereas marketed LVV therapies are for 
ex-vivo uses only, although several in-vivo ap-
plications are currently in the clinical pipeline 
with the latter (e.g., [8–10]). 

PHYSICO-CHEMICAL  
PROPERTIES & SUPERNATANT 
EXPRESSION LEVEL DICTATES 
BIOPROCESSING CHOICES

AAVs and LVVs are fundamentally quite 
different from one another: AAVs are small 
(20–25  nm diameter), non-enveloped ssD-
NA viruses that carry a relatively small trans-
gene (~4.7  kb) [11]. There are 11 known 
naturally-occurring serotypes, which do not 
cause any known human diseases. The degree 
of extra-cellular viral release depends on the 
serotype, but cell lysis is most of the time re-
quired to recover the viral vectors. Although 

relatively stable compared to other viruses at 
room temperature and physiological pH, ac-
tive (full) AAVs are co-expressed during cell 
culture with non-functional AAV viral cap-
sids (partially filled or empty) which must be 
removed during downstream processing. 

Traditionally density gradient ultra-centrif-
ugation has been employed to remove empty 
capsids, which is costly, time-consuming, 
and not currently scalable using single-use 
technologies. More recently, chromatograph-
ic techniques have demonstrated capability 
to remove empty capsids [12]. Additionally, 
AAV particles tend to stick to cell debris and 
some plastic materials which further adds 
to the recovery challenge [13–15]. Finally, 
they must be concentrated several-fold for 
final formulation, making the removal of 
impurities a particular challenge as they can  
co-concentrate with the product [11].

LVVs, on the other hand, are much larger 
(80–100 nm diameter) enveloped ssRNA vi-
ruses carrying a larger transgene (up to 10 kb) 
[16] which naturally buds from cells into the 
supernatant upon maturing, which means 
that lysis is not required to recover them. 
Compared to AAVs, LVVs display poor sta-
bility: they degrade quickly at room tem-
perature and with exposure to shear forces, 
salt and pH gradients [7] which causes their 
downstream recovery yields to be typically in 
the range of 30% and lower. 

CURRENT TECHNOLOGY 
CHOICES CANNOT FULLY  
MEET DEMAND

By far the most common production meth-
od both for AAVs and LVVs is additive-based 
triple-transfection (mediated by lipid (e.g., 
Lipofectamine™) or polymers (e.g., polyeth-
yleneimine) complexes or simpler chemicals 
(calcium phosphate)) in HEK293 cell lines, 
although packaging (containing some of 
the required recombinant genetic material) 
or producer cell lines (containing all of the 
required recombinant genetic material) are 
being developed. The transfection process 



RESEARCH ARTICLE 

  689Cell & Gene Therapy Insights - ISSN: 2059-7800  

has drawbacks as Good Manufacturing Prac-
tice-grade plasmid DNA is very costly [17] 
and the process itself is delicate to execute and 
scale [18], but for the time being it is gener-
ally accepted as the most convenient solution 
available. For AAVs, production with baculo-
virus or herpes simplex virus (HSV) helpers 
is also possible but less exploited today [11]. 
The HEK293 cell line is originally adherent 
but growing it in this manner usually requires 
serum, which brings regulatory, supply and 
cost constraints. Furthermore, adherent cul-
ture requires scalable bioprocessing solutions 
for high demand applications. Manual ad-
herent technology such as multi-tray dishes 
are acceptable for very low production scales 
(e.g., Leber congenital amaurosis (LCA) or 
aromatic l-amino acid decarboxylase defi-
ciency (AADC)); yet developers are steadily 
moving to suspension processes using sus-
pension HEK293 cell lines and single-use 
stirred-tank bioreactors (SUBs), as these are 
perceived as a more suitable solution to reach 
higher throughputs and economies of scale. 
However, high-volume bioreactors alone are 
not sufficient to meet the demands of high 
dose or high prevalence diseases such as spi-
nal muscular atrophy (SMA), cystic fibrosis 
or hemophilia (Figure 1).

Though theoretical, this exercise uses re-
al-world data and highlights that unless in-
novation brings significant improvements 
to existing processes and technologies, some 
therapies are doomed to remain excessively 
expensive or even impossible to produce in 
sufficient quantities to treat the patients who 
need it. Some relatively recent examples il-
lustrate this: Kymriah (Novartis), a chimeric 
antigen receptor (CAR)-T autologous cell 
therapy against acute lymphoblastic lympho-
ma, was priced at $475,000 in the US and 
is estimated to have a cost of goods (CoG) 
per dose in the region of $100,000–$200,000 
[19], or Zolgensma (Novartis), an AAV-9 sys-
temic injection therapy against SMA, priced 
at $2.1 million (cost of goods unknown) [20]. 

One of the basic assumptions in calcula-
tions, such as the ones used to generate the 

data in Figure 1, is the achievable production 
titer and the downstream yields of the target 
vector. While improving the latter is helpful, 
some of the more impactful ways to achieve 
the required throughput cost effectively are 
to significantly increase the viral productiv-
ity per unit volume either by increasing the 
cell-specific productivity (the antibody in-
dustry did it 100–200-fold over 40 years) or 
by increasing the total number of cells per 
unit volume.

THE MOVE TO SUSPENSION 
ALLEVIATES SOME PAINS 
BUT CREATES OTHERS

For this purpose, SUBs provide large scale 
options which help reduce production costs 
with scale and automation and enable the 
removal of serum from the process thanks 
to suspension cells. However, having little 
evolved since their introduction several de-
cades ago, they also suffer from basic design 
limitations, detailed here below, which makes 
scale-up of the cell culture conditions, trans-
fection and other process steps, such as lysis 
for AAV, challenging especially at scales above 
200 L (Univercells Technologies’ observation 
from individual conversations with contract 
development and manufacturing organiza-
tions (CDMOs) and developers in North 
America, Europe and Asia as well as cell and-
gene therapy conference material in 2020–
2022). Indeed, it is difficult but important 
to maintain homogeneous conditions during 
the scale-up above 200  L while minimizing 
shear, especially for shear sensitive processes 
such as during the transfection step (because 
DNA/polymer polyplexes are highly shear 
sensitive) and when producing LVVs which 
quickly degrade when exposed to higher shear 
forces [7]. Another limitation is that increas-
ing the cell density is possible but requires an 
additional cell retention device, adding to cost 
and complexity. It is not currently possible to 
exceed cell concentrations above 2–4 million 
cells/mL without causing aggregation and 
therefore drops in cell-specific productivity, 
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which is why most transfections are done at 
densities ~1–2 million cells/mL [22,23]. Ad-
ditionally, STRs are not designed for easy 
media exchange and washing steps, which 
are desirable for transfection-based process-
es. STRs also generate one large bulk harvest 
volume that contains both the product and 

cell culture impurities, such as debris, DNA, 
Host Cell Proteins (HCPs), etc., especially 
for processes requiring in-situ lysis like most 
AAV serotypes. Consequently, downstream 
process unit operations must be sized accord-
ingly to handle the large bulk harvest volume  
produced by STRs.

 f FIGURE 1
Disease prevalence and dose size for selected (A) AAV- and (B) LVV-based therapies. In the bub-
ble plot, the bubble size is proportional to vector quantity requirement relative to the disease 
prevalence. The annual demand is computed by multiplying the dose size with an estimation of 
the yearly number of patients to receive the therapy (1 dose per patient). To estimate the size 
and number of batches required to meet the demand, the following is used: for LVV, an average 
titer of 1×108 TU/mL and 30% DSP yield is assumed. For AAV, an average titer of 5×1010 vg/
mL and 40% DSP is assumed. In both cases a cell density at transfection of 1×106 cells/mL is 
assumed. If available the yearly number of patients to receive therapy is used; elsewhere, it is 
estimated using the disease prevalence with a maximum of 10,000 patients per year. 

ALL: Acute lymphoblastic lymphoma; AADC: atic l-amino acid decarboxylase deficiency; LCA: Leber congenital 
amaurosis; SCID: Severe cross-linked combined immunodeficiency; LPLD: Lipoprotein lipase deficiency; SMA: 
Spinal muscular atrophy.
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CELL CULTURE NEEDS  
A PARADIGM SHIFT

As an alternative, single-use fixed-bed 
bioreactors embody a paradigm shift in 
bioprocessing by adapting the technology 
to the cells as opposed to the other way 
around. There are two types of fixed-bed 
bioreactors: the first generation packed (i.e., 
non-structured) bed bioreactors (PFBs), 
such as the iCELLis® from Pall, the BioBLU® 
with packed-bed Fibra-Cel® basket from 
Eppendorf and the TideXCell® from Cesco 
Bioengineering, and the novel second 
generation structured fixed-bed bioreactor 
(SFBs) such as the scale-X range. Originally 
developed to provide a scalable solution for 
adherent cells, PFB bioreactors have shown 
limitations probably due to the random (and 
variable) packing nature of the bed leading to 
inhomogeneities in cell and media distribution 
and resulting in difficulties in scale-up in 
dropping productivities at scale [24]. This 
scalability limitation is addressed with the 
structured fixed-bed, designed to provide a 
homogeneous environment for cell growth 
regardless of size, where cells and media are 
evenly distributed throughout the fixed-bed, 
leading to consistently higher productivity 
(up to ten-fold increases reported for LVV 
[25] compared to a packed bed, two-fold 
higher relative a SUB [26] , four-fold for AAV 
[27] compared to a packed-bed bioreactor, 
and three-fold compared to an SUB [28]. 

THE SCALE-X STRUCTURED 
FIXED-BED TECHNOLOGY 
IS A NOVEL SOLUTION FOR 
SUSPENSION & ADHERENT CELLS 

The scale-X range features several scales for 
development, clinical and commercial pro-
duction (scale-X hydro bioreactor is 2.4 m² 
of growth surface, scale-X carbo bioreactor 
is 10 or 30 m² and scale-X nitro bioreactor 
is 200 or 600 m²) and the larger bioreactor 
can grow at least as many cells as a 2,000 L 
bioreactor but at a fraction of the working 

volume (the scale-X nitro bioreactor ves-
sel is 60 L). An additional benefit of SFBs 
is their suitability to grow both adherent 
and suspension cell lines, which not only 
addresses the worries about reliance on se-
rum but also enables the simplification of 
adherence-dependent seed trains, which can 
be operationally burdensome at larger scale. 
Nonetheless, for adherent processes, tech-
nologies exist today (e.g., the scale-X™ cell 
collect module) that enable the recovery of 
cells from a smaller SFB to seed a larger one, 
thereby also simplifying the process. Finally, 
the scale-X range further reduces the process 
footprint by integrating in-line clarification 
and concentration, resulting in an automat-
ed platform that combines several process 
steps in one. 

For AAV production, where most process-
es require in-situ lysis, the combination of the 
low bioreactor volume and cell immobiliza-
tion means that wash steps can be introduced 
in the process, enabling the development of 
advanced harvest procedures that retain many 
cell impurities (debris, DNA, proteins) while 
collecting the AAV product. Additionally, the 
product can be recovered highly concentrated 
as it is released via lysis within a bioreactor 
vessel volume, thereby simplifying and reduc-
ing the footprint of downstream processing 
(DSP) operations. For LVV, a budding virus, 
biomass immobilization enables the develop-
ment of perfusion harvest protocol without 
the need of an external cell retention device 
and allows collection of the production frac-
tion at conditions which prevent product 
degradation (e.g., at 4°C). Going one step fur-
ther towards intensification, the NevoLine™ 
Upstream system integrates clarification and 
in-line concentration with the scale-X nitro 
bioreactor, in such a way that the harvest 
material containing the product can be clari-
fied and concentrated further in-line without 
needing additional processing equipment. 
The result is a highly concentrated harvest, a 
fraction of the volume generated by an equiv-
alent SUB process, and with less cell culture 
impurities such as HCP and DNA [29].
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COST OF GOODS MODELLING 
HELPS INFORMED DECISION 
MAKING FOR BIOPROCESSING 
TECHNOLOGY SELECTION

The following case study aims to explore the 
impact of technology choice between SUBs, 
PFBs and SFBs on the drug substance cost 
of goods (COG) per dose. Evaluating the 
impact of different technology options on 
the cost of goods requires decision-support 
tools capable of simulating the process eco-
nomics. The department of Biochemical 
Engineering at University College London 
has built decisional tools that offer valuable 
insights regarding the cost-competitiveness 
of different technologies, their cost drivers 
and process bottlenecks. They have been de-
veloped and used across a range of product 
modalities, from antibody-based biologics 
(e.g., [30]) to viral vectors (e.g., [17,31]), 
mesenchymal stem cells [32–35] , induced 
pluripotent stem cells [36], chimeric antigen 
receptor T cells [37] and bioartificial liver 
devices [38], but no study has yet compared 
the fixed-bed technology with traditional 
SUBs. The following details the method and 
assumptions used in the model and follows 
to demonstrate the impact of technology 
choice for the COG. 

MATERIAL & METHODS

Material: cost of goods  
modelling tool overview

To perform a COG analysis for the different 
viral vectors (AAVs & LVVs), a process eco-
nomics model developed in the Department 
of Biochemical Engineering, University Col-
lege London [17,31], was extended to incor-
porate the scale-X technology platform. The 
modelling tool integrates bioprocessing costs 
(upstream and downstream reagents buffers, 
labor, consumables, QC testing and indirect 
costs) but for this study does not include 
fill-finish; the information given in this pa-
per refers to drug substance. User inputs 

to the model are bioprocessing data (e.g., 
expression titers, downstream processing 
yields), equipment footprints and the cost of 
resources. A list of inputs and assumptions 
for the model is available in previously pub-
lished work [17,31].

The model was developed in Python™ 
(v3.6) and operated through Jupyter Note-
book (v5.2.2). A simulation started using the 
scenario inputs specified in Jupyter Notebook 
to perform the mass balance, equipment siz-
ing and resources consumption calculations 
and to determine the COG per dose for 
each viral vector. The results were stored in a  
Microsoft Excel spreadsheet for further anal-
ysis and visualization. Figure 2 represents a 
schematic illustration of the basic structure of 
the process economics model. 

Method: scenario 
analysis formulation

The main objective of this study was to 
compare the cost-effectiveness of different 
production platforms including a tradition-
al single-use stirred-tank bioreactor (batch-
mode operation), a first generation packed 
fixed-bed bioreactor and the combination of 
scale-X cell collect module with the Nevo-
Line Upstream platform for the manufac-
ture of viral vectors (batch mode for AAV, 
perfusion for LVV). Figure 3 shows the 
process flowsheets for LVVs and AAVs and 
across manufacturing platforms considered 
in this study. Additionally, key assumptions 
related to the manufacturing process in each 
different platform is summarized in Table 1.

The scenario analysis investigated a 
range of annual vector demands (driven 
by 500–10,000 patients per year) and dose 
sizes for both LVVs (108–1012  TU/dose) 
and AAVs (1011–1015  vg/dose). For each 
demand-dose permutation, a scale analysis 
was performed for each manufacturing 
platform to identify the one with the lowest 
COG/dose. Furthermore, the scales leading 
to the minimum COG/dose for the three 
manufacturing platforms were compared to 
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determine the most cost-effective platform 
for each demand-dose permutation. 

A key difference among the manufactur-
ing platforms that were considered in this 
study is the cell-specific productivity, where 
the base case is a two-fold increase in the 
scale-X SFB compared to both the PFB and 
the SUB. This is a reasonable and conserva-
tive assumption based on results referenced 
in the first section of this paper. Additional-
ly, to account for the cell retention achieved 
by design in the fixed-bed bioreactors (both 
the PFB and the SFB), a clarification filter 
capacity six times higher is assumed in both 
cases compared to the SUB. Finally, a sensi-
tivity analysis was performed to evaluate the 
cost-competitiveness of scale-X bioreactors 
and NevoLine Upstream platform across a 
range of cell specific productivities.

For all scenarios, the model is constrained 
to limit the number of parallel production 

lines to maximum 20, and over-produc-
tion (i.e., the difference between viral vec-
tor quantity per batch and the requirement 
established at any given permutation of de-
mand and dose size) to be lower than 30% 
in all cases. In the scenarios ‘NS’ is given as 
an output when no solution exists that meets 
the imposed batch number and over-pro-
duction constraints. 

RESULTS & DISCUSSION

Table 2 shows the outcome of the first sce-
nario analysis that demonstrates which scale 
produces the lowest COG/dose for each dose 
size and demand permutation. Dictated by 
economies of scale as demand and dose size 
increase, the scale leading to the lower COG/
dose increases as well. What is observed is 
that it is mostly the dose size, and not the 
demand, which drives the need for scale-up, 

 f FIGURE 2
Schematic illustration of the process economics model.

COG: Cost of goods; FCI: Fixed capital investment; QC: Quality control.
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which reflects the fact that dose sizes vary 
10,000-fold across therapeutic target, where-
as demand only varies 20-fold between high 
and low scenarios.  

Table 3 shows the relative savings in COG/
dose achieved if using the SFB compared to 
SUB and PFB for each dose/demand permu-
tation. Firstly, looking at the design space, 

 f FIGURE 3
AAV and LVV process flow diagram. In the model presented in this paper, production (cell culture, virus production) and har-
vest treatment (DNA digestion) take place inside the production bioreactor in all cases. For the SFB, mid-stream clarification 
is an additional step that takes place in-line inside the NevoLine platform and the inoculum for the production bioreactor is 
prepared in the scale-X cell collect modules

  f TABLE 1
Summary of the key process assumptions for the AAV and LVV products COG model.

AAV LVV
SUB PFB SFB

(scale-X™ nitro & 
NevoLine Upstream)

SUB PFB SFB
(scale-X™ nitro & 

NevoLine Upstream)
Transfection cell density 

(106 cells/mL for SUB or cm² for 
PFB/SFB )

1 0.35 0.35 1 0.35 0.35

Cell specific productivity 
(vg/cell or TU/cell)

10,000 10,000 20,000 10 10 20

Media consumption 
(mL/106 cells)

1 1 1 1 1 1

DNA concentration 
(μg/106 cells)

2 2 2 2 2 2

Depth filter capacity 
(L/m²)

50 300 300 50 300 300

AAV: Adeno-associated virus; COG: Cost of goods; LVV: Lentiviruses; PFB: packed (i.e., non-structured) bed bioreactors; SFB: structured fixed-
bed bioreactor; SUB: stirred-tank bioreactors.
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at low demand and dose size permutations 
the technologies selected here do not offer 
a solution (in the model the smallest scale 
considered for the scale-X technology is 
scale-X carbo 10 m² bioreactor), or in other 
words the bioreactor is simply too large and 

over-production exceeds 30%. In such cases, 
the more economical solution is likely a num-
ber of multi-tray dishes, as shown in Figure 1. 
Likewise, at the edges of high demand and 
high dose sizes, no feasible solution exists as 
the number of parallel production lines would 
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exceed 20 to deliver the required throughput. 
Nonetheless, the SFB addresses cost-effective-
ly some of the high demand and high dose 
combinations relative to both SUB and PFB. 
Additionally, and interestingly the SFB is the 
only technology that can actually achieve the 
demand in some of these extremities. At the 
lower end of doses and demand, this is thanks 
to the smaller scale of the SFB (10 or 30 m²) 
relative the smaller PFB available (66 m²). At 
the higher end, this is because the SFB is the 
only technology able to deliver the through-
put required. 

Secondly, looking at the extent of COG 
reduction, for AAV therapy, the SFB shows a 
COG/dose reduction ranging −25% to −52% 
relative to SUB and −20% to −46% relative 
to PFB. For LVV therapy, this ranges from 
−24% to −61% relative to SUB and −18% to 
−50% relative to PFB.  Looking in more detail, 
at low doses (1×1011–1×1012 vg/mL for AAV 
and 1×108–1×109  TU/mL for LVV) increas-
ing the demand has little to no impact on the 
COG/dose difference between technologies 
as, at this scale, all bioreactors have enough 
capacity to cover the demand. As the dose 
size increases, there starts to be a more signif-
icant impact of increasing demand on COG. 
The dip in COG/dose reduction observed at 
mid-dose sizes (1×1013–1×1014 vg/mL for AAV 
and 1×1010–1×1011 TU/mL for LVV) can be 
explained by the scale jump between the medi-
um capacity scale-X carbo bioreactor (30 m² in 
this case) and the production size scale-X nitro 
bioreactor (200 m² in this instance), which is a 
6.7-fold increase relative to the smaller gap be-
tween SUB sizes (maximum two-fold between 
sizes) and the PFB sizes (maximum 1.7-fold). 
While the SUB and PFBs offer smaller step 
increases in scale, the SFB still offers a signifi-
cant COG/dose reduction for all permutations 
while offering scales that cover a wide range of 
demands. Importantly too, the scale-X biore-
actor family is the only fixed-bed technology 
that offers production capacity at mid-scale 
with bioreactors in the 10–30 m² range.

Deep-diving into individual cost drivers for 
the COG, Figure 4 details the labor, materials 

and facility-related contributions as well as 
the facility utilization rate. Generally, it is ob-
served that at low dose and low demand, the 
facility-related costs drive the COG, followed 
by labor. As demand (and therefore through-
put) increases, the material cost contribution 
increases, too. The scale of production has 
a more significant impact on the ranking of 
COG contributor at high dose sizes, while at 
low dose sizes scaling-up would not change 
the ranking of the COG drivers. Converse-
ly and as a consequence of the scale-effect 
at high doses, a scale-up would change the 
ranking of COG drivers with materials now 
driving the cost followed by facility-related 
contributors. Finally, the facility utilization 
rate is expectedly low at low demand and in-
creases with the dose size, although it must be 
noted that increasing the dose size has a more 
significant impact on utilization rate. There is 
no significant difference in this trend across 
technologies, with marginal benefits for the 
SFB at high dose size and demand combina-
tion and at the largest scale. 

As a final step in this study, a sensitivi-
ty analysis was conducted to determine the 
relative impact of productivity on the COG 
differences between technologies. For this, 
two simulations were run where the pro-
ductivity assumptions for SFB (two-fold 
increase relative to other technologies–see 
material and methods) was either reduced 
to 1.5-fold increase or to no increase rela-
tive to the PFB and SUB. The key observa-
tion here is that even at reduced cell-specific 
productivity, the scale-X SFB remains the 
most cost-effective manufacturing plat-
form. As shown in Table 4, starting with the  
25% reduction in cell specific productivity 
(i.e., ×1.5), both the results and trends are 
similar to what has been observed in Table 3 
with a small reduction in the COG benefit 
across both vectors, which is expected (for 
AAV: −23% to −40% relative to SUB and 
−20% to −36% relative to PFB; for LVV: 
−25% to −51% relative to SUB and −19% 
to -36% relative to PFB). Dropping the pro-
ductivity by 50% (or if productivity is equal 
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 f FIGURE 4
Analysis of the COG/dose breakdown (in labour, material and facility related contributions) and 
facility utilization rate for the three production technologies, at low and high dose and demand 
combinations, all for both AAV and LVV products

across all platforms i.e., ×1), the COG re-
duction is still in the range of up to ~30% 
at a low dose and demand combination, 
but at the higher end of the spectrum, the 
differences are no longer significant across 
platforms. The conclusion from this sensi-
tivity study is that cell-specific productivity 
is a key differentiator across technologies, 
but that even at equivalent performances 
fixed-bed technology provides cost advan-
tages compared to SUB, although it must be 
considered that this will be sensitive to cell 
density at transfection as well as the ability 
to maintain titers during scale-up. 

 
TRANSLATIONAL INSIGHTS

Univercells Technologies has developed and 
commercialized the scale-X and NevoLine 
product range, which is an intensified and 
integrated cell culture and mid-stream pro-
cessing platform for the manufacture of viral 
products. The study presented in this paper 
focused on evaluating the cost-competitive-
ness of the scale-X bioreactor family and Nev-
oLine platform compared to other adherent 
(packed fixed-bed bioreactor) and suspension 
(single-use stirred-tank bioreactors) cell cul-
ture technologies across a range of dose sizes, 
annual demands and production scales for 
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  f TABLE 4
Sensitivity on cell specific productivity for the UTEC system. The ×1 and ×1.5 conditions refer to the relative increase in SFB cell−specific productivity relative 
to SUB or PFB. As for Table 3, NS means that no solution is available for the given conditions. SFB, SUB or PFB in a box means that the cited technology is 
the only one that can address the specific combination of dose and demand

SFB relative to SUB SFB relative to PFB
Dose size (vg)

1×1011 1×1012 1×1013 1×1014 1×1015 1×1011 1×1012 1×1013 1×1014 1×1015

Fold increase 
in SFB cell 

specific 
productivity 
relative to 
SUB & PFB

×1

Demand 
(doses/y)

500 NS −31% −29% −18% −13% NS −35% −30% −12% 4%

1000 SFB −31% −28% −17% −10% SFB −34% −26% −7% 1%

2000 SFB −31% −19% −13% −9% SFB −33% −17% −20% 2%

5000 −31% −29% −18% −13% NS −35% −30% −12% 4% NS

10000 −31% −28% −17% −10% NS −34% −26% −7% 1% NS

×1.5

500 NS −31% −32% −25% −40% NS −34% −33% −20% −28%

1000 NS −31% −32% −29% −35% NS −34% −30% −21% −27%

2000 NS −31% −23% −30% −38% NS −34% −21% −36% −30%

5000 −31% −31% −25% −40% SFB −35% −33% −20% −28% SFB

10000 −31% −32% −29% −35% NS −34% −30% −21% −27% NS

SFB relative to SUB SFB relative to PFB
Dose size (TU)

1×108 1×109 1×1010 1×1011 1×1012 1×108 1×109 1×1010 1×1011 1×1012

Fold increase 
in SFB cell 

specific 
productivity 
relative to 
SUB & PFB

×1

Demand 
(doses/y)

500 NS −26% −26% −25% −26% NS −31% −24% −11% −8%

1000 SFB −26% −18% −26% −26% SFB −30% −14% −7% −4%

2000 −26% −26% −19% −26% SUB SFB −28% −12% −4% PFB

5000 −26% −27% −25% −26% NS −35% −24% −11% −8% NS

10000 −25% −17% −26% −26% NS −32% −13% −8% −4% NS

×1.5

500 SFB −27% −30% −35% −48% SFB −31% −28% −23% −35%

1000 SFB −27% −29% −40% −51% SFB −31% −25% −24% −36%

2000 −27% −28% −25% −51% −51% SFB −30% −19% −37% −36%

5000 −26% −30% −34% −48% NS −36% −28% −23% −35% NS

10000 −26% −29% −40% −51% NS −33% −25% −24% −36% NS

PFB: packed (i.e., non-structured) bed bioreactors; SFB: structured fixed-bed bioreactor; SUB: stirred-tank bioreactors.
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both LVV and AAV viral vectors. The results 
demonstrate a competitive advantage for the 
Univercells Technologies platform over oth-
er technologies with cost of goods benefits of 
−18 to −61% depending on the demand/dose 
range, the scale of production and the viral 
vector. Additionally, as a result of its enhanced 
productivity, reduced footprint and reduced 
complexity, the Univercells Technologies plat-
form could offer greater facility operational 
flexibility and a better throughput compared 
to other adherent and suspension technologies. 

This is because reducing the number of batches 
needed per product could allow for a greater 
number of products to be accommodated in 
the same facility and thus a better utilization 
and distribution of the facility’s workforce and 
utilities. The affordability of cell and gene ther-
apies is a problem that reduces access of life 
saving drugs to patients, but technological in-
novation such as the scale-X bioreactor family 
and NevoLine platform can help address the 
challenge by improving process efficiency and  
manufacturing throughput.  
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