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ABSTRACT RESULTS

To meet the escalating demands of biotherapeutics for the cell and gene

DISCUSSION

therapy space, innovation in process technologies has become imperative. In FED-BATCH PROCESS GROWTH PROFILES VS DAYS Figure 1. For the first set of RM bag _ _
recent years, continuous bioprocess technologies have gained popularity in part 30 100 experiments, three terminal fed-batch (FB) Fed-Batch (FB) versus Perfusion Process Growth Profiles:
to greater productivity gained per facility footprint, while reducing time and | YO S 98 cultures (RM1-3) and two typical fed-batch = In the fed-batch process, the exponential phase is limited to 2-3 days, with
cost of facility construction. Most importantly, the continuous removal of waste § 25 - -\‘\\i{o" =< NS B B 9% mg production processes (RM4-5) were run. a Peak VCD around 10-11E06 VC/ML [Figure 1]. The waste metabolites
metabolites and replacement of fresh media helps maintain a stable cellular S TSR T e l 91 = Typical growth profiles for HEK293 cell line accumulated in the bag maybe the reason for the reduced cell growth rate
microenvironment, resulting in more consistent product quality profiles. In Eg 20 Te-------- * @ were seen. All fed-batch cultures showed and cell viability after the cells reach stationary phase [Figure 6].
some cases, product degradation may be minimized by continuous product a9 15 M1 RI\M/\EW 90 2 similgr growth rates during the first 2-3 = During the perfusion process, the exponential phase is extended to a
removal from the bioreactor culture environment. =3 — o~ RM2  gg & daysin exponential phase, followed by 3-6 longer period of up to 12 days, and could be further prolonged, when cell
. . . SE 10 - ’ “\\ o =  days of stationary phase, then followed by bleed is implemented, as shown in Figure 2. Since the waste metabolites
This study evaluated the production of an enveloped vector derived from = = the death phase typically between day 6-7 _ : df the b 4 th It _ ‘1
HEK293T cells in a bench-scale Sartorius rocker system equipped with a single- = 5 e 84 32 th ltured iod. For the fed-batch are cor?tlnuous y TEIMOvEY TTOm iz Dag and tie CUUTE SHvITorment 15
_ _ _ _ ~ - of the cultured period. ror the fed-batc maintained at a lower toxic level [Figure 6], a favorable and stable
use Flexsafe@ RM perfusion bag with an integrated 1.2 Hm filter rr?embrane. production  process, —experiments were environment could be maintained for a longer period of vector production.
Parameters such as pH, DO, and temperature, cell culture weight, rocking speed, 0 80 terminated within 3-4 days to harvest
and angle were controlled via a Biostat B2 Twin CC RM Rocker 50/50 platform. 0 ! ° > * > ° ’ 0 vector at peak titer, while maintaining a
An external pump was used to feed fresh media into the perfusion culture, CULTURED PERIOD (DAYS) high cell viability of 95% or greater. Vector Production Profiles:
while a peristaltic pump on the control tower was used to remove cell-free = Fed-batch process: The vector is typically harvested between day 2-3,
product and spent media from the perfusion culture. when the cell viability is greater than 90%, therefore limiting the viable
. cell density to between 8-12E6 VC/ML and forcing a one-time harvest that
Our results demonstrate a perfusion process that extends the cell culture PERFUSION PROCESS GROWTH PROFILES VS DAYS can significantly limit vector productivity when compared to a perfusion
growth perlo.d l?eyond tradltlonal. batch and feq bziltch pl.‘oductlon. m.c?des. 100 Figure 2. Several bench-scale perfusion mode of operation [Figure 3]
Notably, our findings reveal that this approach maintains a high cell viability > runs (RM1-3) were performed utilizing the
95% and achieves viable cell densities > 80E06 VC/ML, resulting in a significant 90 RM bags. While a typical stirred-tank
increase in vector production. These results also demonstrate the simplicity £ - (STR) fed-batch (FB) vector production run = Perfusion process: The perfusion mode allows for continuous and
and capability of the Sartorius Flexsafe@ RM perfusion membrane bags as a % —_ = lasts 2-3 days for the most optimal vector immediate harvest of the vector for up to 12 days in the RM bag [Figure 3],
perfusion platform for HEK293-based vector production. = E 80 = harvest period; all bench-scale perfusion where the vector infectivity in the permeate is preserved during
- g 5 cultures were able to extend cell culture for continuous collection of the product to a container that can be held at
- 70 | = additional growth phase up to 11-12 days, lower temperatures to preserve the infectivity [Figure 4]. The
INTRODUCTION = a | E and maintained above 95% viability, when accumulative titer from continuous harvest achieves a greater fold
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Enhancing bioproduction through a perfusion mode of production has = S Perfusion runs also demonstrated the batch runs [Figure 5].

revolutionized process development of biologics, enabling higher cell densities options for either continuous product

through the removal of spent media and toxic waste metabolites, while in 01 2 3 4 5 6 7 8 9 10 11 12 >0 collection through the permeate, or final _ _ _ :

parallel, providing continuous replacement of fresh media and vital nutrients to T P [ product harvest accumulated in the Infectious and Accumulative Titer Profiles:

maintain cell proliferation. The synergy between higher cell densities and retentate at a high cell density. = Preserving the infectious titer of the vector during the upstream

uninterrupted nutrient supply can lead to substantial increases in volumetric —e— RM1-VCD —e— RM2-VCD —a— RM3-VCD —s— 3L STRVCD —o— FB STR@Scale production is of major importance, however, it can also be very

productivity. B T B . T challenging due to possible filter blockage from cell debris or particulates.
. . = Figure 4 represents the challenge of harvesting all the vector produced.

Additional benefits include: | | N VECTOR PRODUCTION PROFILES IN Figure 3. Vector production in the retentate After the internal filter blockage, the amount of the vector collected in the
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lqwer capital 1nvestment.; smaller bioreactor and. facility foQtprlnts; reduced 90 correlation between vector titer production infectious vector is retained in the RM bioreactor instead of being
bioreactor turnaround time; shortened production downtime and boosted N — and the cell viable density (VCD) in the RM bag harvested in the permeate.
flexibility for a diverse portfolio of products. 80 Mz RET /7. RM2-PERM for the first 6-7 days. The vector permeated . . . .

* Process and Product: improvement in product quality consistency via a 9 s RM3-RET /7 RM3-PERM through the internal membrane and the vector " Ideally, the optimal collection period can be prolonged to 7 days, resulting
pseudo steady state cell culture macroenvironment; maintenance of high cell = 70 mmSLSTRRET /3L STRPERM titer in the permeate was equivalent to that in in a higher folder increase than what the fed-batch process would be able
viabilities; reduction of process impurities; and continuous harvest of labile e S the retentate. In the RM2 run the vector to produce [Figure 5].
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E S 3 membrane was seen for up to 12 days, while

Technical challenges remain including: <38 N A = the vector titer in the permeate was lower

e Optimization of the perfusion cell retention device to minimize the impact on = = 40 " ‘ - than that in the retentate, due to possible C O N C LUS I O N
enveloped vectors due to their fragile nature; < " - ,, = partial blockage of the membrane [2,3].

 Real-time analytical technologies for robust maintenance of optimal = ‘ '. Perfusion mode of operation allows for the
perfusion conditions; 20 !/ g cells in the exponential growth phase to reach The results from the study show that a continuous perfusion culture with a

e Adaption of current perfusion technologies, such as alternative tangential /i’/! AN a particular harvest target or maintain at an high cell density c.an be .ach.ie\./ed over .a IF)rllger period than a compal.rative f.ed-
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Therapy applications. o 1 2 3 4 5 6 7 8 9 10 11 12 harvest (green bar), the perfusion culture _ _ _ _ _
allowed for continuous vector harvest for up to The longer per.fusmn production period allows for multiple ha.rvests in qne
In our previous report, stirred tank bioreactors are coupled with TFDF CULTURED PERIOD (DAYS) 12-day period. run versus a one-time harvest for one fed-batch process. Meanwhile, removing
filters for production of enveloped vectors [1]. While the perfusion process can toxic metabolites that may hinder cell growth and continuously harvesting the
be extended to 6-8 days using the external filter, the operation had to be product to preserve its infectivity can reduce the residence time of a product
terminated due to a low viability in the stirred bioreactor. The aim of this study within a bioreactor, which can lead to more desirable product quality.

INFECTIOUS TITER PROFILE IN RETENTATE AND PERMEATE

is to assess the feasibility of using Sartorius Flexsafe@ RM perfusion membrane
bags with an integrated 1.2 um perfusion membrane (PES) as an alternative of
stirred tank bioreactors (STR) + TFDF to continuously harvest enveloped WRM-RET %RM1-PERM ®RM2-RET #RM2-PERM ®RM3-RET  ~RM3-PERM  M3LSTR-RET  # 3L STR-PERM
vectors. The membrane is fixed to the bottom of the bag. The membrane forms a
barrier to retain cells inside the bag. The wave action of the cell culture fluid
created by rocking allows flushing the membrane with every rocking motion.
The permeate penetrating through the membrane is collected from the
compartment below the membrane. In this study, cell growth, viability, and viral
vector productivity were evaluated, and the functionality of the membrane bag
was tested.

The advantage of perfusion manufacturing is the capability of continuous
harvest and accumulative higher levels of productivity over fed-batch systems,
thereby reducing production costs and offers a quicker timeline to manufacturing
campaigns.

The RM bag with an internal membrane filter is easily implementable for
initial perfusion process development. The RM bags are equipped with optical pH
and DO sensors that are similar to stirred-tank bioreactors. However, the filter
fouling is challenging to monitor without pressure sensors in the RM bag and
generally means careful monitoring of rocker culture weight.

METHODOLOGY

HEK?293T suspension cells were expanded in shake flasks prior to inoculation
into the RM basic standard bag for the fed-batch (FB) process and Flexsafe@ RM
bags for the perfusion process, and for the stirred tank bioreactors (STR at scale l}l
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VECTOR INFECTIVITY UNITS
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4E06 VC/ML , and the vessel volume exchanged each day (VVD) was shqwn In infectivity units in the permeate was less than infectivity units in the retentate, which was consistent with the
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1.0 kg during the perfusion process. The rocking angle and speed were
manipulated as the cell density increased (Table 1). A cell bleed was implemented AC KN OWL E D G E M E N TS
to control the cell density from day 4 -10 and it was terminated for day 10 - 12.

Table 1. Experimental details for the perfusion processes.
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