
Bioprocessing

44 Innovations in Pharmaceutical Technology   Issue 48

By Nicolas-Julian 
Hilbold and Fabien 
Rousset at Novasep

Continuous chromatography is rising to prominence  
in biopharmaceutical processing, thanks to innovation  
both within the industry and further afield

Continuous Progress

Similar to the petroleum, food and 

pharmaceutical industries several 

decades ago, the biopharmaceutical 

industry is currently considering 

a wider implementation of 

continuous processing. Continuous 

processing is already well accepted 

on the upstream processing side, 

since perfusion mode culture 

has been in use for decades at an 

industrial scale. Justifications for 

switching from batch to continuous 

chromatography are numerous. 

Today, these are well known and 

include reduced production 

costs through optimising buffer 

consumption, optimal use of 

stationary phase capacity, footprint 

reduction, better operational 

flexibility and productivity, and 

labour cost reduction. Typically, the 

productivity of a continuous process 

is between four and five times 

greater, and costs are 50-70 per cent 

less, compared to batch mode.

This article will review how 

continuous chromatography has 

evolved, and explain technical 

differences between several 

technologies that have been 

developed. It will focus on 

the driving forces behind its 

implementation in the pharma and 

biopharma industries, and provide 

examples of how 

continuous processing 

is being used across 

different industries.

Process Progress
Biopharmaceutical 

producers initially 

focused on the 

quest for better 

production titers. 

As a result, the productivity 

bottleneck shifted from upstream 

to downstream processing. With 

the support of the US Food and 

Drug Administration (FDA) and 

other regulatory bodies, industrial 

players are now looking for  

more integrated approaches 

to develop high-performance 

processes in a competitive and 

pressurised environment. A 

particular driver for more cost-

effective processes is biosimilar 

and biobetter production.

Chromatography remains the 

workhorse of modern biologics 

purification processes, with 

typically at least two orthogonal 

chromatography steps allowing 

purity (of greater than 99 per cent)  

to be reached. Depending on 

the product (small molecules 

or large biologics) and process 

characteristics, the technology can 

be operated under low or high 

pressure with chiral, reverse-phase, 

affinity or ion exchange media.

Continuous chromatography 

usually derives from simulated 

moving bed (SMB) technology. This 

is characterised by the connection 

of several columns and a simulated 

counter-current between liquid 

and solid phases, allowing the 

separation process to be continuous. 

It enables either purification 

(selective extraction of one target 

compound from a complex mixture) 

or separation (of two optical isomers 

of chiral compounds). 

The question of implementing the 

technology is usually presented by 

large-scale operations and when 

very costly stationary phases are 

required. The use of protein A resin 

to capture monoclonal antibodies 

(mAbs) is one good example of this.

From Petrochemicals to Food
The petroleum industry originally 

developed the SMB in the late  

1950s to separate p-xylene from  

its isomers (1). The switch to this  

new continuous technology was 

Figure 1: Applexion® continuous 
chromatography unit for bioindustrial applications
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Today, it is a powerful, robust and 

competitive purification solution, 

fully compliant with regulatory 

guidelines and constraints. 

Furthermore, the competitiveness 

and cost-effectiveness of 

chromatography are evidenced  

by the increasing number of  

generic drugs producers using  

the technology. 

Continuous Chromatography
Implementing continuous 

chromatography for pharmaceutical 

applications took off in the mid-

1980s with the convergence of 

several factors: 

 SMB-based technologies were 

broadly adopted on an industrial 

scale in many non-pharma 

industries, as described above 

 Simulation software 

developments allowed SMB-

based process performance  

and cost to be predicted at  

an early stage 

 Automated evaporation 

technologies allowed solvents 

to be recycled almost entirely, 

preserving the environment  

and drastically reducing 

associated costs 

 Most importantly, the FDA had 

a strong influence driven by 

its interest in rationalising the 

production of stereoisomeric 

drugs

The development of chiral 

compound synthesis for therapeutic 

applications led the FDA to establish 

a framework aimed at improving 

product safety and quality, while 

promoting innovation and 

competition. 

In that context, implementation 

of continuous chromatography 

imposed itself as a strategic choice. It 

responded to concerns of economy 

and productivity, optimising chiral 

stationary phase use and reducing 

solvent consumption. The use of 

chiral stationary phases was (and 

remains) the most straightforward 

way to recover high-quality, 

enantiopure compounds.

Drug Development
Initially, an SMB technology (Licosep) 

developed by Novasep was adapted 

to pharmaceutical environments  

and to high-pressure operations.  

UCB pioneered the technology 

with its anti-epileptic active 

mainly motivated by the need to 

produce a large volume (hundreds  

of thousands of tonnes per year) of 

low-value chemicals at high purity 

(above 99 per cent) in a highly 

competitive context.

In the 1970s, the sugar industry 

applied SMB technology to cane and 

beet molasses separation (see Box 1). 

The food market is characterised by 

large-scale production of products 

at low (commodity ingredients) or 

moderate (functional ingredients) 

prices. Therefore, change to a 

continuous technology was also 

motivated by reducing production 

costs in an ultra-competitive 

globalised market. 

Due to the nature of food products 

and resins, SMB technology was 

designed to be operated under 

low pressure and with water as its 

main eluent. From the 1980s, SMB 

technology became standard in the 

sugar industry, progressively being 

replaced by second-generation 

continuous or pseudo-continuous 

processes (2). Backed by experience 

acquired with traditional SMB-based 

processes, innovation was driven by 

the need to reduce the number of 

columns. Second-generation SMB 

processes are standard for food and 

bioindustry applications at industrial 

scales, such as the production of high 

fructose corn syrup or bio-based 

organic acids (see Figure 1).

First Pharmaceutical Batches
The 1970s also saw the rise of high 

performance liquid chromatography 

(HPLC). The development of better 

stationary phases provided excellent 

resolutions and mechanical stability, 

enabling the development of 

process-scale HPLC. At that time, 

the technology was perceived as 

expensive, polluting, complicated 

and poorly scalable. Since then, 

through further technological 

improvements, it has been 

demonstrated that HPLC is highly 

applicable in pharmaceutical 

environments at industrial scales. 

Box 1: Principles of SMB Technology

The mixture is continuously eluted along a series of columns packed with a stationary phase and connected as a loop.  
The series of columns is, in theory, divided into four zones: elution of slow species (Zone 1), accumulation of slow species 
(Zone 2), accumulation of fast species (Zone 3) and elution of fast species (Zone 4). The less-retained compound (raffinate, 
deep blue) is collected at the front of the separation profile (or chromatogram). The more-retained compound (extract, green) 
is collected at the rear of the separation profile. The portion that has not been separated (cyan) is recycled in the loop, while fresh 
feed is injected in the middle of the recirculating profile. The inlet and outlet valves are shifted in a synchronous way (from left to 
right) according to the elution rate, allowing them to inject and extract separated fractions continuously (3).
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while improving 

productivity by 

15-30 per cent.

Varicol technology 

remains the 

industrial standard 

for the resolution of 

racemic compounds 

and purification 

of advanced 

intermediates at a 

multiton scale of 

pure enantiomers, 

with purity above  

99 per cent. Nowadays, a number of 

APIs are produced at magnitudes 

of up to hundreds of tonnes per 

year using SMB- and Varicol-based 

technologies, including UCB’s 

Keppra, Lundbeck’s Cipralex/ 

Lexapro, Pfizer’s Zoloft and more.  

The technology is also routinely 

used for producing clinical phase 

compounds. New applications in  

the pharma and nutraceutical 

industries include the purification  

of omega-3 at very large scales  

and the production of several 

generic compounds.

New Molecules,  
New Challenges
Nowadays, the implementation of 

continuous chromatography remains 

a hot topic in the drug industry, with 

an increasing number of biologics on 

the market. While many blockbusters 

and generics are purified using HPLC 

(including insulin, EPO, tacrolimus 

and cyclosporine), most biologics 

are characterised by a higher 

complexity and a larger size, making 

them more sensitive to degradation. 

These molecules require adapted 

stationary phases, operated under 

low pressure and with water-based 

eluents, such as protein A media for 

mAbs and ion-exchange resins.

Following a similar trend to the SMB 

and Varicol processes, Novasep 

developed BioSC®, a sequential 

multi-column chromatography 

system (SMCC) for industrial-scale 

purification of biologics (see Figure 3). 

The principles of BioSC in affinity 

chromatography for the capture of 

mAbs are explained in Box 2.

SMCC technology allows the 

chromatography process to be 

streamlined, increasing productivity 

by up to six times while reducing 

operational costs by as much as  

75 per cent.

Quality and Compliance
Continuous chromatography 

is especially interesting for 

biopharmaceutical manufacturing 

as it establishes a robust and well-

controlled steady state process 

which is able to absorb expectable 

variations. In that respect, the FDA 

remains a major driving force by 

promoting process knowledge 

and control with spearheads such 

as Process Analytical Technology 

(PAT), Quality by Design and more 

generally risk-based approaches 

to process validation (4). In this 

respect, SMCC technology helps 

build quality directly into the 

process by monitoring critical quality 

attributes through PAT-compliant 

solutions such as online sampling 

technologies, traceability tools and 

automatic process control (5).

In addition to this regulatory 

viewpoint, the notion of the 

steady state process – intrinsic to 

SMCC – makes particular sense for 

biopharmaceutical processing when 

considering fragile molecules such 

as enzymes or blood fractions. The 

reduction of holding and residence 

times enables major stability hurdles 

to be overcome.

Finally, with the development of 

long-standing perfusion culture 

modes, the establishment of a  

long-term uninterrupted stream 

from upstream to downstream 

processing is even more relevant.

Compliance with International 

Conference on Harmonisation 

of Technical Requirements for 

Registration of Pharmaceuticals 

pharmaceutical ingredient (API) 

Keppra® in the mid-1990s. This 

was shortly followed by Lundbeck 

with its antidepressant Cipralex/

Lexapro, which became the 

first enantiomerically pure drug 

produced at a commercial scale  

with SMB technology to be  

FDA-inspected.

The Varicol® process was 

developed and implemented at  

an industrial scale at the turn of 

the millennium (see Figure 2).  

The main difference between 

this and SMB is the asynchronous 

shifting of the inlet and outlet 

valves from one position to 

another, resulting in a non-

constant number of columns per 

zone – a figure which remains 

constant for SMB (see Box 1,  

page 45). This substantially 

reduces the required amount of 

chiral stationary phases and the 

number of columns (generally 

from eight to six or from six to five) 

Figure 2: Varicol  
unit – an alternative 
to SMB technology

Figure 3: BioSC 
– developed for 
industrial-scale 
purification of 
biologics
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industry for the purification of 

small molecule APIs demonstrated 

the importance of technological 

expertise and mastery of regulatory 

aspects. As a result, several 

commercial processes using SMB 

technologies have been approved 

and the technology remains an 

industrial standard. Biopharma 

is about to experience the same 

evolution. To succeed, proven 

understanding and experience 

in implementing continuous 

chromatography at an industrial 

scale will be key factors. 
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for Human Use and FDA 

recommendations is facilitated 

by the development and use 

of simulation tools in order to 

assess critical parameters and 

process robustness. It also helps 

confirm proven acceptable 

ranges of critical parameters. 

Around 20 years ago, it was still 

challenging to compare batch 

and continuous chromatography. 

But today, researchers have access 

to trustable process parameters 

directly applicable to continuous 

chromatography. The main 

challenges to process validation, 

which are currently being addressed, 

are the capacity to understand and 

validate the industrial-scale process, 

including cleaning validation. In 

biopharmaceutical applications 

more than in other industries, 

building on experience with 

continuous chromatography will be 

a determinant for developing and 

accepting the technology.

Without any doubt, continuous 

chromatography will be one of 

the major future steps in the 

biopharma industry’s maturation 

process. Further innovations will 

probably come from collaborations 

between equipment providers 

and final users. Moreover, having 

a track record of both providing 

and using the technology will 

certainly be a significant enabler 

for implementing industrial and 

approved continuous bioprocesses.

Conclusion
Continuous processing is gaining 

interest in biopharma due to 

traditional justifications (such as 

higher productivity and lower 

costs) as well as its ability to address 

biopharmaceutical specificities. 

Continuous chromatography has 

been in use since the 1960s and 

has progressed across industries 

by capitalising on its previous 

applications, leading each time to 

major innovations. The successful 

implementation of continuous 

chromatography in the pharma 
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Box 2: SMCC Principles

The BioSC is composed of two to six columns, depending on process conditions. The feed is injected into the first column (t0). 
The leakage phenomenon is automatically detected and followed by appropriate probes. Contrary to batch design, the leaking 
product is not lost but loaded into the second column, while the first column becomes saturated (t0+ t). When saturation is 
reached, it is washed (t0+2 t) to push any unbound valuable product into the next column (and thus maximise its recovery 
yield). The saturated column is then automatically disconnected from the feed stream and it undergoes the elution step,  
as in the case of classical batch processes (t0+3 t), while the other columns remain online to continue the capture process.  
Once equilibrated, the first column is put back at the end of the loading zone, allowing another saturated column to undergo 
elution when saturated (t0+4 t). The cyclic repetition of these steps establishes a steady state and a quasi-continuous 
chromatography process.
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