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Value-adding perfusion-
based biomanufacturing
CONTINUOUS BIOPROCESSING The current driver in cell culture-based manufacturing of biopharmaceu-
ticals – increasing product yield and reducing cost – challenges the fed-batch paradigm. Because contin-
uous processes can be conducted today in fl exible single-use facilities, and because new robust and scal-
able cell retention devices have been developed, rational decision criteria have to be applied to choose 
the optimal process with respect to product quality attributes, economics and effi ciency.

› by Prof. Dr. Roland Wagner, Rentschler Biotechnologie GmbH, Laupheim, Germany

the fi rst generation of biopharmaceu-
ticals expired, increased interest was 
aroused for participating in the market 
with a respective product copy. Howev-
er, modern Chinese hamster ovary cell-
based processes are characterised by 
a substantially higher effi ciency, com-
pared to the original process 20 years 
ago, and can therefore result in an al-
tered product composition and quality. 
The high regulatory demands for these 
biosimilars being produced at a quality 
closest as possible to the original prod-
uct, has forced manufacturers to re-dig 
into their knowledge about continuous 
bioprocessing. At this stage continuous-
ly perfused processes were limited to a 
small niche of highly complex glycopro-
teins, which could only be produced un-
der quasi steady-state conditions at a 
constant quality. 

New cell retention solutions

Although a handful of different cell re-
tention devices are available, only the 
gravity settler was considered as ro-
bust enough for being scaled-up for 
market production. The advantage of 
a near-faultless operation is loaded 
by a high retention time and an incom-
plete cell fi ltration resulting in a cell-
containing harvest. The development 
of new robust cell retention devices 
combining separation and filtration 

Advanced fed-batch cell culture proc-
esses enable manufacturers to pro-
duce monoclonal antibodies (mAbs) in 
10 gram per liter quantities within 14 
days of cultivation. Using a sophisticat-
ed feeding strategy, cell concentrations 
above 2×107 mL-1 are routinely reached 
even in 10 m3 culture volumes. Until the 
millennium, these high cell concentra-
tions were the exclusive fi eld of contin-
uously perfused cultivation concepts. 
Here cells were concentrated within 
the bioreactor by a cell retention device, 
and continuously supplied with as many 

nutrients as necessary for an optimal 
cell growth. However, the substantial 
higher risk for failure during the long-
term cultivation over weeks displaced a 
continuous operation mode from being 
evaluated by biopharmaceutical manu-
facturing companies. This process was 
also supported by the dominant focus 
on mAbs that can be robustly produced 
under fed-batch conditions with an ac-
ceptable quality. Today more than 70% 
of all biopharmaceutical proteins pro-
duced with cell culture processes are 
mAbs. When the patent protection for 

Fig. 1: The 5-boxes guidance provides a decision diagram for easy evaluation of a 
fed-batch versus a continuous production process.
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revealed a microfiltration module that 
prevents membrane clogging by an al-
ternating tangential flow (ATF). It has 
been shown as robust and scalable in 
several processes up to 1,000 L proc-
ess volume even in single use biore-
actor concepts, which is one pillar of 
Rentschler’s manufacturing capabil-
ity (Fig. 2). 

Evaluating fed-batch versus  
continuous perfusion processes

Today, the availability of approved cell 
retention systems offers manufactur-
ers the possibility to evaluate alternative 
process technologies with respect to 
economy and efficiency. Figure 1 shows 
a clear 5-boxes guidance which simpli-
fies the decision process. An inevitable 
prerequisite for a continuous process is 
a long-term stability of the cell line (first 
box). Degradation of the protein prod-
uct – e.g. by proteolytic activities (sec-
ond box) during extended exposure in a 
fed-batch process – can be prevented 
by a continuously perfused operation. 
Cells can secrete inhibitors, which accu-
mulate in batch processes, or feed me-
dium components can reach inhibitory 
concentrations which affect cell growth 
and productivity such that a fed-bath 
process is unsuitable (third box). When 

a process is characterised by robust-
ness with a high cellular growth rate 
and high productivity, a fed-batch proc-
ess can be performed in a comparably 
short time period (fourth box). The last 
box refers to the product quality. When 
a suitable quality can only be obtained 
under constant environmental produc-
tion conditions, a continuous process is 
without any alternative.

In conclusion, there is no fundamen-
tal philosophy but an imperative neces-
sity that put pressure on manufacturers 
to decide on a continuously perfused 
production process. The far-reaching 
evaluation should be based on a ration-
al decision strategy covering aspects of 
product quality and process economy as 
well as sustainability. Although various 
cell retention systems using centrifu-
gation, filtration, settling, acoustic, hy-
drodynamics as well as entrapment and 
immurement techniques are available, 
tangential flow filtration is increasingly 
accepted when processes touch the pro-
duction scale. 

The product costs per gram are in 
the same range when comparing a 14-
day 10,000 L fed-batch process with 
23 batches over the year with a 40-day 
1,000 L continuously perfused cultivation 
comprising 30 harvests and eight yearly 
batches. 	 L

Fig. 2: The 1,000 L continuously perfused single-use production bioreactor system 
can be connected to an alternating tangential flow filtration cell separation device.

Next-gen capsules
Sartorius The Göttingen-based pro-
vider of cutting-edge bioprocess prod-
ucts and services has redesigned its 
Sartobind membrane adsorber cap-
sules to offer higher binding capaci-
ties, reduced void volumes, less buff-
er consumption and lower operational 
costs. 

“Traditionally, membrane adsorbers 
have been using available filter hous-
ings, often ignoring chromatograph-
ic process parameters, such as back-
mixing effects and elution volumes. 
The next generation membrane ad-
sorber capsules takes these specific 
requirements into account and reflects 
substantial progress for bind and elute 

applications,” commented Dr. Fischer-
Frühholz, membrane chromatography 
expert at Sartorius. 

Furthermore, Sartorius Stedim Bi-
otech has added new 400 ml and 800 
ml Sartobind Q, S and Phenyl capsules 
with an 8 mm bed height to its portfo-
lio. The optimised capsules increase 
dynamic binding capacity up to 48% 
when compared to adsorbers installed 
in filter housings.
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Sartobind® membrane adsorbers: the 
new design of capsules enables higher 
binding capacities and reduced void 
volumes


