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Get to Clinic Faster:
Navigating Complex Biologics through 
Development and Manufacturing

An Executive 
Summary

It’s a very exciting time to be in biologics development and manufacturing. Biopharmaceuticals 
comprise an increasing percentage of overall pharma sales, with the global biopharmaceutical 
market valued at more than $200 billion and growing 15% annually.1 More than 5,000 biologics 

are currently in the pipeline, including 600 biosimilars and 500 biobetters.
Biologics development is not easy, however. It is fraught with risks throughout the develop-

ment process. Even before a product is proven effective in clinical trials, several decisions 
must be made.

• Older open-source off-patent technology versus a higher yield  
expression proprietary system?
If you use an off-patent technology, you often must balance the cost of goods in the short 
term with the cost of goods over the long term, as well as the effect of off-patent technology 
on the timeline. For example, if you use an open-source technology, are the expression levels 
high enough to make the development process worthwhile? If you use a proprietary system, 
what are its benefits? How might the choice of a proprietary system affect the timeline and 
the cost of goods?

• Royalty-free versus royalty-bearing systems?
If your system has a royalty, what are its effects on the cost of goods? How easy is it to license 
the proprietary system? Will that shackle you to a single provider? If you use a royalty-bearing 
system, what is the ease of partnering your product with Big Pharma?

• Single-use versus fixed stainless-steel bioprocessing systems?
If you have a single-use system, you may be limited to smaller batch sizes because the 
maximum volumes for single-use systems are 2,000–3,000 liters. A large patient population 
may warrant a stainless-steel system, but these systems increase the risk for cross contamina-
tion; the risk is lower with single-use systems. The bags and tubing used in single-use systems 
require the determination of extractables and leachables in the product; it is not required with 
stainless steel systems.

Market Conditions
The market climate requires increasing speed to move the product to the next phase of 
development. Some issues affecting market conditions are:
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•	 Strong competition is increasing the need 
to move products quickly through the 
development process. Development success 
is crucial to fuel the next phase of funding.

•	 Increasingly complex proteins (e.g., fusion 
proteins, subunit vaccines, antibody drug 
conjugates, enzymes, and functional proteins) 
complicate development parameters.

•	 Quality by design is needed to produce safe, effective, 
high-quality drugs that meet or exceed guidelines.

The key is to align the market drivers and business strategy 
with the manufacturing strategy.

Manufacturing Trends
There has been a shift to smaller and more diverse markets, 
which can be seen by the following trends:

•	 Increased focus on orphan drugs, fast-track 
drugs, and personalized medicine.

•	 A move away from full-length naked monoclonal 
antibodies to alternative formats such as fusion 
proteins, single-chain antibodies, diabodies, and 
antibody drug conjugates. These products are often 
more potent and require smaller doses, potentially 
changing the demand for manufacturing capacity.

•	 Advances in manufacturing technologies have led to 
more than a 10-fold increase in productivity, which 
may have a negative effect on product quality.

•	 Movement toward continuous manufacturing, which 
offers flexibility. 

In addition, contract organizations continue to expand their 
service offerings as Big Pharma shifts to large molecules. 
Disposable technologies and continuous processing methods 
are increasingly used. Future commercial manufacturing 
requirements for more than 50% of the products in develop-
ment today can be met with a 5,000-liter or smaller bioreactor, 
per product. All of these changes accelerate turnaround time 
and increase the speed to the clinic.

Single-Use Systems Facilitate Rapid Timelines
The obvious advantages of single-use systems include:

•	 Reduced contamination risk and shorter product 
changeover time. This is important if you’re using a 
CDMO that works with multiple products and has 
multiple uses of equipment. The great advantage, of 
course, is minimizing the need for cleaning validation.

•	 Single-use systems also simplify facility design 
and eliminate the need for clean-in-place, 
steam-in-place, and extensive piping that go 
along with stainless steel systems. These are 
replaced with disposal bags and tubing.

•	 Single-use systems lend themselves to a 
flexible facility design, which allows for an 
efficient use of equipment and personnel.

•	 Because single-use systems are housed on 
wheels, space can be redirected to create more 
efficient personnel, material, and product flows.

•	 Single-use systems are easily adapted to meet 
stainless-steel processes, but without the inflexibility 
of stainless steel. For example, gas exchanges, 
sampling ports, and probes are easily customized.

•	 Disposable flow paths on process skids 
reduce the risk of cross-contamination and 
improve process efficiency and flexibility.

These advantages will benefit the development process and 
lead to program advantages.

State-of-the-Art Single-Use Facilities
An example of a state-of-the-art biologic single-use facility 
is Catalent Biologics’ Madison, Wisconsin location. This 
advanced biologics development and manufacturing 
facility was purpose-built for single-use technology and it is 
dedicated to using single-use technologies throughout the 
manufacturing process, from thawing cells to bulk filling.

The Madison facility recently invested another $34-million 
extension to its state-of-the-art biologics manufacturing facility. 
When completed, the additional 22,000 square feet of space 
will accommodate a new 2 x 2,000 liter single-use bioreactor 
system, allowing the company to support late-phase clinical 
and commercial production of up to 4,000 liter batches. The 
team in Madison has extensive experience developing bio-
logics with more than 500 antibodies and other recombinant 
proteins developed to various stages. Currently, 14 cell lines 
are available for biosimilar development, and partners using 
these cell lines have developed seven biosimilars that are 
marketed worldwide. These cell lines were developed using 
Catalent’s GPEx®*** protein-expression technology.

Trends in Manufacturing Technologies
While many key manufacturing trends have surfaced in the 
past few years, one major change has been improved pro-
ductivity. Cell line development has seen a 10-fold increase 
in productivity. It is now possible to produce in a 2,000-liter 
bioreactor the same quantity that previously required a 
20,000-liter vessel. This change has affected the development 
process in numerous ways:

•	 Significant reduction in necessary scale for biologics 
manufacturing facilities and associated capital expense;

•	 The development of single-use bioreactors and 
single-use systems not only for clinical production, 
but also for commercial manufacturing; and

•	 Pressure shifted to downstream processing. 
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With increased productivity, the cells cannot keep up 
with protein processing. This can lead to degraded product 
quality—which demands that analytics be applied to the 
process earlier—and also can lead to an increased risk of 
failure in the development process.

Negative Impact of Increased Productivity
This loss of product quality and product consistency may 
well be the most significant impact of increased productivity. 
High productivity stresses cells and can create incomplete or 
malformed proteins. As discussed earlier, the market is moving 
toward developing more complex proteins. For example, bio-
specifics or proteins dependent on glycosylation for biologic 
activity are especially sensitive to the effects of higher produc-
tivities. For biosimilars, this may lead to an inability to achieve 
biosimilarity and impede the development process.

High productivity also has a direct negative effect on 
the downstream process because it can lead to difficulties 
in separating intact and partial molecules. This will add to 
process development costs, extend the process develop-
ment timeline, and may lead to a more complex purification 
process with the need to add steps to separate the intact 
and partial molecules.

This is really a domino effect, whereby high productivity 
may extend time to clinic and also increase development cost.

The Solution
One solution places an early emphasis on the lead candidate, 
cell line, and process selection. This balances the expression 
and the product quality from the beginning of the develop-
ment process. This shift is especially critical for biosimilars 
where early focus on matching protein quality attributes to the 
innovator product is extremely important.

Another benefit is de-risking 
later, more expensive develop-
ment activities by minimizing 
the need for restart. This will 
have a direct effect on the 
timeline and the cost of goods.

Finally, there is the poten-
tial for a simpler process 
i f product contaminants—
aggregates and partial mol-
ecules—are eliminated or kept 
at a low percentage relative to 
the desired product.

The bottom line is that early 
lead candidates, cell line, and 
process selection save time 
and resources.

A Multiplex Approach to Improving and  
De-Risking Lead Selection
The goals here are enhanced data and better decision making 
in a shorter period of time. Product developers need a fast, 
efficient, and effective way to multiplex screen candidates 
using a variety of parenteral cell lines and culture conditions 
in parallel.

Parallel screening of multiple protein/mAb variants using 
transient expression or high-performance, proprietary pro-
duction platforms will enable this process. Combining the 
multiple examination of the multiple variants with the use 
of the Sartorius ambr®* micro-bioreactor system and high-
throughput analytics allows screening for optimum expression 
and product quality. An example of this approach is to multi-
plex with Catalent’s GPEx protein-expression systems. This 
enables the rapid and efficient generation of stable cell pools 
expressing the therapeutic lead candidates in the ultimate 
GMP production platform.

Either transient production or stable, proprietary systems, 
such as Catalent’s GPEx system, may be used. Figure 1 
highlights the advantages of stable systems versus transient 
expression systems. Using a stable system, product quality 
is consistent with future clinical candidates and that is not the 
case with transient expression systems.

In addition, a stable system like the GPEx system reduces 
the time to the clinic and lowers development costs. The GPEx 
system also enables design of experiments and quality-by-
design for difficult-to-express proteins. In addition, the GPEx 
system allows for rapid and reproducible scalability for proof-
of-concept work. When compared with transient systems, 
gram levels of productivity are possible, which provides suf-
ficient protein for analytical activities and in vivo experiments. 
Finally, manufacturability is improved because you’re starting 

Power  of  Stable  Pools  Using  GPEx®  vs.  Transient  Production

GPEx®

Technology
Transient HEK 

293
Transient CHO

Rapid generation of mg quantities 
of protein

üü üüü ü
(CHO not always 

amenable to 
transient)

Product quality consistent with 
future clinical candidate

üü ü

GPEx® most reliable stability üüü

Starting point for cGMP Production 
Cell Line

üüü

Reduces time to clinic / Lowers 
development costs

üüüü

Enables DOE and QBD for difficult to 
express proteins

üü ü ü

Rapid, reproducible scalability for 
POC work

üüü ü

Productivity levels in grams/liter üü

Manufacturability ü
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Figure 1: Power of stable pools using GPEx® vs. Transient Production
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with the same cell line and the same cell pool that will eventu-
ally be developed for the manufacturing process.

Integrated Analytics and Upstream 
Process Development
We need to combine the stable production cell pool with 
the analytical approach and upstream process development 
approach to achieve the best product quality balanced with 
the best expression. By combining analytics and upstream 
process development, we have the information necessary to 
make intelligent decisions on the lead clone. We combine 
cell culture conditions using the Sartorius ambr® system with 
analytics in the clone selection process, leading to a good 
balance between expression and product quality. Now, we 
can directly correlate analytics with functionality or the critical 
quality attributes.

Examples of analytics that could be used in early lead selec-
tion are:

•	 Size-exclusion chromatography and high-performance 
liquid chromatography to examine aggregation;

•	 Capillary isoelectric focusing to look at charge variants;
•	 Glycoprofiling, which is critical for 

biosimilar development;
•	 Protein-binding activity using the Octet®** 

system for specific binding; and
•	 ELISA binding for potency.

The benefit of integrating analytics and upstream process 
development introduces automation, which improves data 
consistency and allows staff to spend more time on actual 
science. The other benefit of this integration is high throughput. 
Many experiments can be done in parallel.

Why Use a CDMO?
Using a contract organization offers several key advantages 
in the development process:

•	 Access to proprietary advanced technologies. 
There is pressure on contract organizations 
to implement single-use systems.

•	 Access to specialized technical and operational 
expertise. Biologics development is very 
difficult and can often result in disasters.

•	 De-risk the front-end and clinical side of the 
process. On the front-end, you gain access to 
the contract organization’s supply chain, which 
ensures a smooth production process. On the 
drug production side, a contract organization 
can improve and de-risk the process by adding 
a second vendor to the supply chain.

•	 Integrate and provide a flexible supply chain, achieving 
cost efficiencies and gaining speed to market.

•	 Provide additional capacity.
•	 Access to different capabilities, such as expression 

systems, antibody drug conjugate technologies, 
and other state-of-the-art technologies.

•	 Establish a secondary supply that 
reduces the entire process’s risks.

•	 Integrated offerings and access to 
unique technical capabilities.

In conclusion, working with a contract organization leads to 
improvements in efficiencies, reduces cost, and results in an 
exceptional value in the supply chain.

*�ambr is a registered trademark of The Automation 
Partnership (Cambridge) Ltd.

**Octet is a registered trademark of Pall Fortebio Corp. 
***GPEx® is a registered trademark of Catalent Pharma Solutions.
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