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Executive Summary 

Business stability 

Purolite is an independently owned company, founded in 1981, focusing on resin 
technologies and serving a broad base of industries. Purolite has the commitment and 
financial resources to sustain a long-term engagement with biopharmaceutical 
manufacturers as demonstrated by executive management commitment, capital 
investment and R&D funding. 

Manufacturing 

The manufacturing facilities are at a high standard and should not pose concerns. There 
are redundant manufacturing lines in separate buildings. Protein A is manufactured by 
Repligen. The annual capacity is for 100,000 L p.a.  

Quality systems 

Overall, the quality systems at Purolite are robust and demonstrate good understanding 
of the needs of biopharmaceutical manufacturers. They have resources to support 
current manufacture and forensic investigations. They bring relevant experience to bear 
as they enter the biopurification market. 

Technical and regulatory support 

Purolite staff are well educated and have a solid understanding of their technology and 
have demonstrated innovative advances. They have the necessary understanding of the 
requirements and challenges of the biopharmaceutical market, and have the resources 
to support investigations. 

Security of Supply 

Purolite have substantial capacity in modern equipment, redundant production lines 
and distributed warehousing. A disaster recovery plan is in place. 

Conclusion 

Purolite are a viable and desirable alternative for purification of biopharmaceuticals in 
terms of technology, quality, and by no means least, economy. They have supporting 
capabilities for supply and risk reduction. I would strongly encourage their potential 
customers to give them their full consideration.  
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Introduction: market environment 

The biopharmaceutical industry continues to grow and is demanding new and improved 
processing technologies to reduce costs, increase efficiencies and improve pipelines (1). 
The global size for manufacturers is now over $250 billion.  Growth rates for both 
manufacturers and suppliers are consistent at 12-14%. Supplier segments and growth 
rates are listed as   

• Equipment and instrumentation  16.8% 
• Raw materials and consumables  13.3% 
• Services (CRO, CMO, consultants) 12.1% 

The 15th Annual Bioplan Study, ‘Top 15 Trends in Biopharmaceutical Manufacturing, 
2018’, identified the top manufacturing trend or operational areas as: 

1. Manufacturing Productivity/Efficiency 
2. Downstream: Processing advances 
3. Single Use systems: Implementation and integration 

Biosimilars/follow-on biologics represent a rapidly growing field, with 750 companies 
involved, although many (ca. 90%) are biogenerics not marketable in the US and EU and 
other GMP markets, due to inability to meet current standards.  

Most biogenerics are marketed in less strictly regulated jurisdictions. Given the strong 
growth, fiercely competitive nature of these markets and the need to meet a clearly 
defined launch date, the manufacturers of these products are likely to be more 
receptive to adopting new or alternative technologies that offer benefits of speed, 
productivity and cost. Over 40 currently marketed products come off patent in the US in 
the next five years. 

Titers have increased significantly, which, in combination with perfusion technology, has 
resulted in a decrease in bioreactor size (although volume requirements for media 
remain the same or greater) and an increase in use of single-use technology upstream. 
Processes become mass rather than volume driven, shifting the emphasis downstream 
more towards capacity than volumetric throughput. 

Downstream processing, and more specifically chromatography, is reported as 
responsible for most constraints, although few respondents (<10%) recognized those 
constraints as ‘severe’. There is significant interest in continuous processing as an 
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approach although this has only been implemented in a few unit processes. Continuous 
chromatography technology requires the use of multiple columns all of which must have 
virtually identical properties in terms of packing consistency, capacity and flow, since 
the process is cycles though multiple columns that need to be ‘in sync’ with each other. 
The jetted bead technology could prove advantageous for this application. 

Many newer modalities are appearing, notably cell and gene-based therapies. 
Nevertheless, monoclonal antibodies remain a significant sector, not least in terms of 
their potential value to manufacturers of purification technology 

 

Protein A resins form an important part of monoclonal antibody purification platforms 
because of their ability to provide significant purification in a single step, and because 
many of the conditions are pre-defined, simplifying development and making it ideal for 
platform use. However, many antibody producers are effectively single sourced, resin 
costs are high and the main supplier, GE, has a very strong market position. The barrier 
to entry for competition is high due to multiple factors: the high capacity achievable 
with GE resins, low non-specific binding and good stability to harsh cleaning conditions 
with NaOH, the long history of successful manufacture and the length of time to reach 
commercial scale by end-users. Nevertheless, the market is still very attractive and is 
predicted to grow from $510 M in 2017 to $900 M by 2024 (2). This growth has also 
stimulated continuous improvements in resin performance in terms of capacity, flow 
rate and stability to rigorous cleaning methods (3). Sales and sales projections of Protein 
A resins are less readily available, however Repligen sales of Protein A have grown at a 
CAGR of 21 + 2% between 1999 and 2014 (3), resin sales could be expected to grow at a 
similar/higher growth rate as more expensive variants of Protein A reach the market. 
Some lag can be expected between the time resin manufacturers build inventory for 
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anticipated demand and for when newly launched, expensive drugs fulfill all their 
expectations (i.e. multiple indications, reimbursement).  

Alternatives to GE have become available, based on various beads such as agarose, 
cellulose, controlled pore glass and poly(styrene-divinylbenzene), and predominantly 
recombinant variants of Protein A engineered to improve chemical stability. All of them 
are effective solutions for MAb purification, but they are not completely 
interchangeable since they vary in performance and in the way they clear Host Cell 
Proteins (HCP). The most closely similar are based on similar base chemistries (i.e. 
agarose for agarose). Manufacturers of biosimilars will find less expensive, but 
comparable, resins very attractive. 

Several factors come in to play which determine the extent to which an end-user is 
inclined to consider introducing a new resin into their manufacturing toolbox. These 
include (but may not be limited to) the following: 

a. Stage in development 
It is well known that once an end-user designs a resin into a process, as the 
molecule proceeds through development the harder it becomes to design-in an 
alternative. It is easiest in the early stages of development, but going after early 
stage molecules has the drawback that payback times can be very long. On the 
other hand, it is challenging to take a share for a commercial molecule since this 
may require a substantial refiling effort where the molecule is marketed in 
multiple jurisdictions. 
 

b. Adherence to platform 
Another consideration is in the adherence to platform. Larger end-users leverage 
platforms primarily to simplify and accelerate drug development; similar cell 
lines have similar HCP profiles, so process related impurities and their clearance 
are likely to be similar. Several of the larger biopharma companies have done 
extensive work on characterization of HCP and the challenge of them having a 
potentially negative impact has decreased, significantly so in some cases. 
Product related impurities may be different depending on the molecular 
construct chosen (although a lot can be/is done to engineer out undesirable 
molecule features). Viral clearance may also be a factor, but not everyone makes 
claims for the Protein A step. 
 
Not all development happens in-house, and where a molecule is licensed-in 
there may be significant differences between the licensor process and the 
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licensee platform. This can also work in the other direction where development 
is outsourced to a CRO/CMO, which again creates a potential window of 
opportunity. 
 

c. Biosimilars 
Biosimilars represent a special situation where the molecule in question has 
known target and performance indications. It is also special since the launch date 
is pre-determined to the day the original molecule goes off-patent, all 
competitors are working to the same goal and so time pressures can be extreme. 
Nevertheless, there is a desire to be able to compete on the basis of cost, quality 
is a given, and performance should be ‘similar’. How that plays out may depend 
on the strategy for a given molecule, but it could be a receptive market for 
‘biosimilar’ resins, given the mind-set of the manufacturer. However, the major 
cost savings for a manufacturer are less likely to be raw materials and more in 
improving utilization of existing facilities, or reshaping the manufacturing 
strategy to reduce capital overhead. 
 

d. Sourcing strategy 
There are several ways for a manufacturer to look at second/alternate sourcing. 
They can consider a raw material from different sources as interchangeable; they 
can use supplier A with molecule 1, 3, 5 and supplier B for molecule 2, 4, 6; or 
they can balance their use of materials across the same process, i.e. supplier A 
for step 1, supplier B for step 2, supplier C for step 3. The latter two approaches 
may give alternative suppliers a share of the business which keeps them as 
viable options, but it does not resolve the issue of a single point of failure. 
Suppliers have addressed this through redundant manufacturing capabilities, 
inventory management, warehousing at geographically separate sites and so on. 
The supplier will likely use an aggressive pricing structure to defend their market 
share.  
 

e. Supplier relationship 
Executive management at biopharma companies are generally very attentive to 
the relationship with their key suppliers. It is important for a new player like 
Purolite to capture some mind-share with management up to and including C-
suite staff by setting up meetings with them for their own senior management. 
This also has the benefit of improving Purolite’s insight into a key market 
segment. The best opportunity for a Purolite is in the event that the incumbent 
supplier ‘stumbles’ or just drives their customer into the arms of the 
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competition. This will be a lot easier if the customer has already established a 
level of credibility with Purolite. 

The precise combination of how these factors weigh against each other will likely be 
specific to a given end-user, and may not be equally held by all functions, parties or 
stakeholders. It is key to identify internal advocates who can champion your cause, 
understand their motivation and develop the best arguments to advance your case. 

The remaining chromatography steps are designed to remove process- and product-
related impurities, and to provide bioburden and viral clearance. Ion exchange steps are 
widely used and again, where agarose is preferred, an agarose alternative may require 
less optimization than a synthetic polymer bead; conversely, where a synthetic polymer 
resin is preferred the opposite will likely be true. 

 

Objectives 

Six areas were assessed: 

1. Corporate Structure as an indicator of culture, business stability and 
commitment to customers. 

2. Development History as an indicator of the substance behind the product. 
3. Manufacturing Technology as an indicator of capacity and technical 

capabilities, process and product robustness. 
4. Quality Systems from a technical rather than a compliance perspective were 

discussed. In-process controls and outputs were discussed as an opportunity 
for eData exchange, but not as part of a Quality Audit. 

5. Technical and Regulatory Support Capabilities as an indicator of CAPA 
investigation capabilities and fitness for purpose.  

6. Security of supply and disaster recovery to ensure business continuity. 
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Purolite 

1. Corporate Structure 

Purolite provide a very helpful and detailed Corporate Presentation, relevant 
observations are summarized below. 

Numbers 

• Established   1981 
• Total employees  1400 worldwide  
• Manufacturing Global network US, UK, Romania, China 

Purolite is an established, privately held company with a global network of facilities. 
Entry into the biopharmaceutical market is time consuming, with many years in trials 
required to reach regulatory approval, and multiple years thereafter to reach full 
commercial potential. Public companies often lack the patience for long-term returns, 
irrespective of profitability. 

Purolite has resources from its current business practices, and through their 
investments and ongoing commitment to R&D, are demonstrating a long-term 
commitment to be a viable first-line supplier. 

 

Business segments 

Purolite focus on beaded resin technology applied to a diverse set of industries. Resins 
are synthetic or natural polymers. 

• Technologies:  Polystyrene, acrylic, methacrylate and agarose resins 
 

• Industries:  Hydrometallurgy, metals plating, pharmaceutical, potable and 
groundwater, power, semi-conductor, sugar &sweetener, pulp &paper, oil & gas, 
petrochemical, food & beverage, life sciences. 

Purolite have leveraged their experience from the manufacture of synthetic resins to 
develop innovative methods for manufacture of agarose beads. 
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Life Sciences activities 

• Pharmaceuticals, food production, bioprocessing, fine chemicals, cosmetics, 
nutriceuticals and other markets 

Purolite are a diversified company with a broad business base, with insight into the 
requirements of pharmaceutical manufacturers. They have centralized resources to 
support forensic investigations 

 

Quality systems 

• Quality system based on ISO 9001, OHSAS 18001, ISO 14001 and FDA 21 CFR 210 
and 211 

• Q-Pulse quality system is compliant with FDA, EMA and MHRA standards 
• Controlled documentation, OOS procedures, computerized customer complaint 

procedures and resolution, supplier/raw material approval 
• Centralized resources (staff, equipment) available for advanced forensic 

investigations 

The quality systems supporting the agarose business at this stage are robust and 
ongoing. This program will take them to high levels of quality management and in-
process data gathering in a matter of months, which would be beneficial for deep data 
exchange. 

 

Personnel 

The agarose team is staffed by well educated, knowledgeable personnel with a culture 
of open communication. 

• Mix of scientists and chemical engineers 
• R&D core group have solid understanding and innovative capability, despite 

being relatively few in number 
• Have a field applications group 

Personnel have capabilities in appropriate disciplines to understand their processes and 
to innovate, introduce and support new technology. 
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Technology 

Conventional and innovative bead manufacture 

• Conventional/emulsification technology for standard media 
• Jetted technology for narrow particle size distribution 
• Resins washed on filters (vs aspiration/elutriation) 

Jetted resins offer potential advantages in resolution and packing consistency. 

 

Business continuity and supply chain management 

Purolite have given appropriate consideration to risk and apply an end-to-end approach 
to business continuity. They have taken a collaborative approach to their key suppliers 
and are establishing long-term relationships. 

 

Conclusions 

Purolite is an established, financially stable company with a global presence. It has a 
diversified business portfolio with a presence and relevant experience in the life 
sciences/healthcare segment. They are implementing appropriate Quality Systems, and 
innovative technology for resin manufacture, resulting in a highly credible alternative to 
GE resins, and those from other suppliers. They have made a significant investment in 
manufacturing capacity, demonstrating a long term commitment to the business. 
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2. Development History 

Purolite’s stated goal is to “Drive innovation to improve DSP performance & lower 
costs”. The aim is to accomplish this through 

• Reducing the costs for developing material for clinical trial  
• Providing a viable alternative to classical resins 
• Optimizing performance through innovative jetting technology 
• Improving economy through competitive pricing 

Praesto PrA resins are designed to perform as closely as possible to, or better than, MAb 
Select SuRe/LX resins to justify their choice as an alternative. Feedback from internal 
and external evaluations by end-users suggests this holds true across multiple 
antibodies, ultimately this should be verified for each molecule/process as it will depend 
on the specific construct and host cell line. 

A comprehensive evaluation by Pabst et al (4) provides similar conclusions. It should be 
noted that the authors conceded that the pressure flow studies were not fully 
representative of large scale columns, and the study did not include jetted beads.  

The data sets regarding product quality and removal of process and product related 
impurities were similar across all molecules tested and their further removal to 
acceptable levels would be well within the capabilities of subsequent downstream 
purification steps. The technical merits of Purolite technology are further discussed in 
the section on Manufacturing Technology. 

There is limited information on the design and manufacture of Protein A ligand(s). This is 
presumably available from Repligen, a known supplier of Protein A to other resin 
manufacturers, and is unlikely to be an issue in terms of product quality and supply.  

These results support selection of Purolite as a technically viable alternate source, with 
competitive performance at an attractive (~ 30% lower) price. 
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3. Manufacturing Technology 

Facilities and equipment 

Facilities are modern, the new agarose plant (Scale 2) is approaching completion as of 
December 2018. There are two separate areas for pilot (shared with R&D) and full scale 
manufacture 

• Scale 1  3500 L functionalized resin p.a. 
• Scale 2  100,000 L p.a. 
• Jetting  5000 L p.a. 

Finish is to a good standard, with a 100 L glass reactor in scale 1 and stainless steel 
reactors and filters in scale 2. The jetting process uses stainless steel.  

 

Manufacturing processes 

Raw materials are sourced from approved and qualified suppliers. A supplier 
management process is in place. A complete list of raw materials with CAS Registry 
number (with the exception of Protein A) is provided in the Regulatory Support File 
(RSF). Key raw materials have at least one alternative supplier; a long term supply 
agreement for Protein A is in place with Repligen. 

Materials are received into a controlled area and batches are verified and QA released 
prior to use. 

Emulsification  

The main/emulsification manufacturing process closely resembles the manufacture of 
GE resins, and consists of solubilization of agarose in hot water, emulsification into an 
immiscible solvent (toluene) followed by ethanol and water washes. The beads are then 
cross-linked under conditions to optimize the internal structure prior to cross-linking, 
followed by in-process screening, activation and then coupling of the ligand.  

R&D staff demonstrated a solid understanding of the manufacturing process, see below, 
and there are benefits from the washing procedures which probably permit a faster 
throughput than traditional washing relying on aspiration. A schematic of the process is 
provided below, a more detailed description of the process and key process parameters 
is available from Purolite. 
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The critical parameters for optimal bead attributes are a function of their composition 
and the parameters of the manufacturing process. 

Composition: agarose. This is a naturally occurring material and is widely used in 
bioprocessing. Agarose is extracted from seaweed harvested from different areas 
around the world (Spain, Portugal, Mexico, Morocco, Chile, Indonesia, Phillipines etc) 
from identified species. The collection and processing of seaweed is complex making 
agarose a key raw material. Purolite have a strategy for identifying an alternative 
supplier. 

Particle size, particle size distribution (dp): contributes to pressure/flow characteristics 
and resolution (chromatographic efficiency). Function of shear in the reactor, which 
itself is a function of reactor/impeller design, speed of the impeller, viscosity, duration 
of the process, rate of addition of agarose amongst other things. R&D staff have a good 
understanding of the process, and have conducted Computational Fluid Dynamic (CFD) 
studies to ensure consistency in scale-up/process transfer. Particle size distribution is 
controlled by repetitive in-process monitoring during emulsification.  This is somewhat 
‘clunky’ and should be possible to improve by moving to measurements within a defined 
window once additional experience/understanding has been gained. The dp is relatively 
broad, when making comparisons be further aware that the measurement is also 
method dependent. 

Pore size, pore size distribution: contributes to bead strength, porosity which in turn 
impacts available capacity. Mainly a function of agarose concentration, possibly cooling 
conditions? 
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Cross-linking: Contributes to bead strength, impacts hydrophobicity and availability of 
groups for derivatization (capacity). Function of agarose structure immediately prior to 
addition of cross-linker, controlled by solution conditions, and the cross-linking reaction 
itself. 

Derivatization: Contributes to capacity, ligand leakage and chemical stability to cleaning 
methods. Largely a function of the selected chemistry and attachment type (single vs 
multi-point). There was limited discussion of derivatization. 

Subsequent to packaging the finished resin is washed and transferred into shipping 
solution, typically a recognized anti-microbial agent (ethyl or benzyl alcohol). 

R&D staff have a strong grasp of the key parameters and are very open in sharing their 
understanding. This creates a high degree of confidence on the robustness of the 
process and that it can be further optimized in response to additional information. 

Jetting 

The jetting process is an innovative development by Purolite and offers particles with a 
significantly narrower particle size distribution than the emulsification process. This in 
turn offers advantages such as 

• Better bed permeability, homogeneity 
• Improved resolution (efficiency) 
• Better adherence to predicitive models that rely on average dp measurements 
• Better packing reproducibility 

The latter is important for continuous processing applications where multiple columns 
are used. It also has the potential to provide a better fit with models. 
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Particles are formed by passing an agarose solution through a vibrating ‘membrane can’ 
into an immiscible phase (oil), followed by cooling to harden the beads and collection in 
a collection vessel. The process can run continuously. 

Composition and pore size should be the same as for the emulsification process, particle 
size and particle size distribution are more controllable and will be a function of  

• Nozzle design 
• Flow velocity 
• Viscosity  
• Surface tension 
• Vibration frequency 

Subsequent process steps (cross-linking, derivatization) are similar to those for 
emulsified beads. 

This process is unique to Purolite and an innovation in the manufacture of agarose 
beads. There are significant opportunities to adjust the process to account for variability 
in incoming materials to ensure a highly consistent finished product with respect to dp. I 
would strongly recommend manufacturers evaluate these resins. 
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4. Quality Systems 

Quality systems were discussed from a technical rather than a compliance perspective. 
The quality systems supporting the agarose business at this stage are in place, however 
there is insufficient information from the Scale 2 facility to be able to make specific 
assessments of the performance of the larger scale facility. This will change once the 
facility comes on-line. 

The Quality system is based on ISO 9001, OHSAS 18001, ISO 14001 and FDA 21 CFR 210 
and 211. Documentation is controlled and there are procedures in place for change 
management, excursions, and reporting, tracking and resolution of customer 
complaints, supplier and raw material approval. The Quality Management System is a 
commercial electronic package, Q-Pulse (Ideagen) which is used in a number of highly 
regulated industries including healthcare and aviation. Q-Pulse is compliant with 
standards from the FDA, EMA and MHRA. 

Relevant in-process parameters (dp, porosity/Kav) are monitored and NC’s are 
investigated to establish root cause. Trending charts are shared with manufacturing 
staff, and could be relevant parameters for trending via eData exchange. This will be 
further enhanced as the Scale 2 facility comes on-line. 

There is a healthy quality culture which encourages all employees to take responsibility 
for quality and to report NC events as an opportunity to improve rather than to allocate 
blame. 
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5. Technical and Regulatory Support 

There are numerous examples comparing performance of Purolite resins with 
competing agarose (and non-agarose) resins, from both internal and external sources. 
These studies compare adsorption isotherms, binding capacity at various flow rates and 
loadings, pressure flow rate, yields, purity, Protein A leakage, NaOH stability, residual 
DNA and host cell proteins. These support the claim that Purolite resins are an 
attractively priced competitive alternative to market-leading resins. 

The Regulatory Support File to support Praesto AP was reviewed. The overall content 
provides information on 

• Product, and Product Safety 
• Manufacturing Information 
• Quality and Test Methods 
• Product Stability 
• Business Continuity 
• User Instructions 
• Regulatory Compliance 
• Company Information 

 

6. Security of Supply 

Purolite take a risk-based approach to supply management. Purolite has manufacturing 
facilities at 3 strategic global locations, however the Llantrisant facility is the only site 
producing agarose. Manufacturing can take place in two separate buildings on the site 
(Scale 1 and Scale 2 above). The total capacity is significant (100,000 L p.a.), with three 
separate production lines. 

Supply risk is managed end-to-end. Alternate sources of key raw materials have been 
identified. Purolite uses a global network of qualified suppliers and long-term supply 
agreements with periodic audits to ensure consistency and fit for purpose performance. 

Purolite adopts a ‘build to stock” strategy and holds reserve stocks of finished product 
at a separate EU site. A disaster recovery plan is in place for the jetted technology in the 
event of a major disruption which would restart and revalidate manufacturing within six 
months. 
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Conclusions 
 

Purolite are making an innovative contribution to the field of protein purification 
technology, along with a significant investment and tangible commitment to resin 
manufacture. They demonstrate solid technical capabilities in the design, development, 
manufacture and characterization of their resins. They have good technical skills in 
support of the product and a solid relationship with key sub-suppliers providing critical 
materials. Importantly, these capabilities are coupled with an attractive pricing strategy.  

They should be given serious consideration as an attractive and competitive alternative 
to other suppliers in bioprocess chromatography. There is no technical reason for not 
doing so, and there are compelling strategic and financial reasons that support an 
evaluation. Failure to do so will not change the current market dynamics. 
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