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Trends in Bioprocess Automation:

Quality Control and Process Analytical
Technology in High Demand

By Kathleen Estes and Eric S. Langer

Introduction

utomation in bioprocessing was a keynote

topic at the ISBioTech 4th Annual Fall Meeting

(December 12-14, 2016) in Virginia Beach, VA.

Automation is becoming increasingly critical
as biomanufacturers seek to improve their production
efficiency and critical risk analysis, and reduce errors. But
despite recent improvements and innovations, the actual
integration of devices, software, sensors, and production
equipment remains a challenge.

In BioPlan Associates’ recent analysis of capacity and
production™, we found that nearly 20 % of the biopharma
industry sees increasing productivity and efficiency as the
#1 critical issue the industry needs to focus on today. And
over two-thirds expect better control of their processes.
An obvious way to achieve these goals is through automa-
tion. In addition, among the 15 top aspects of improving
biomanufacturing performance, automation and new
quality programs figure prominently (see Figure 1).

As the biopharmaceutical industry continues to evolve,
manufacturers are demanding improved technologies to
reduce costs, improve weak developmental pipelines,
and increase efficiencies. With the increased focus on
biopharmaceuticals vs. small-molecule drugs by large
biopharmaceutical/pharmaceutical companies, many of
these companies are now spending 50% or more of their
R&D costs on biopharmaceuticals. Incremental innovation
in improved productivity, which facilitates the trend toward
biopharmaceuticals, speeds discovery, drives down cost,
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and improves productivity. New technologies, particularly
new avenues of automation, are pushing the industry.

The commitment to new technologies by the industry’s
suppliers and innovators is apparent in their investments
in new technologies, including automation. Indeed, new
product development areas of interest identified by study
respondents included automation software (indicated by
25.6 % of vendors in 2016), and single-use monitoring
systems (14 % of vendors).

These results describe the ongoing trends in biopharma-
ceuticals around automation: more monitoring and process
control, more efficient bioprocessing, more continuous
processing, and more bioprocess modeling." All of these
innovations feed into the advance of automation within
the industry.

The 2016 Fall ISBioTech event mirrored these findings,
as presenters defined areas being improved upon through
automation. Among the areas discussed were product
quality attributes (PQAs), process analytical technology
(PAT), buffer in-line dilution improvements, and strate-
gies for improving process automation and minimizing
utility costs.

Product Quality Attributes

Quality management is becoming an increasingly crit-
ical area for avoiding bioproduction problems. Regulators
are expecting product applications to include exten-
sive studies covering optimization of product quality.

How much have these factors improved biomanufacturing performance
over the past 12 months? (Survey answer compiled from years 2010-2015.)
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FIGURE 1. Select factors creating “some” or “significant” improvements.
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Continued improvements and increasing automation of
sensors, probes, and analytical equipment are facilitating
higher product quality and PAT. As automation improves,
along with new chemical and physical detection methods,
the resulting data can be used for mathematical modeling
and risk analysis, feeding into a loop of further automation.

One example of this is the automated sampling/anal-
ysis type of tool. According to Clint Pepper of Capsugel,
manufacturers need to achieve target quality attributesina
consistent manner. This requires measuring and controlling
the PQAs. This, in turn, requires “the ability to automati-
cally sample from the bioreactor and automatically initiate
analytical testing of the sample.”

Discussing the capabilities of the MAST™ system,
Dr. Pepper described the automation now available to
ensure the PQAs required in today’s industry, noting
how automated sampling and analysis tools now allow
processes with PQA control capability.

In addition, Dr. Pepper highlighted some of the many
advantages that automation is providing. Autosampling
for routine assays frees up resources to work on higher
priority projects. Autosampling the cell removal and
sample processing allows for integrated PQA control. These
can reduce costs by unburdening labor pools, or even
decreasing the total amount of staff required. Automation
also improves efficiencies and reduces errors.

Difficult-to-document, anecdotal evidence from industry
indicates that the FDA is increasingly more cautious with
pending applications and is taking more time for product
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approvals. This type of process automation addresses these
concerns. Comprehensive information is increasingly being
required or expected as biological assays and chemical
analytical technologies proliferate and improve. In addi-
tion to more clinical trials data, regulators are requiring
levels of detail about process design and optimization
while requesting processing and product quality-related
assays and analytical testing.

As more product quality data is required for FDA
approval, increasing automation and the additional data
collected during highly automated bioprocessing may also
help move the approval process forward.

Process Analytical Technology

PAT is defined by the FDA as “a system for designing,
analyzing, and controlling manufacturing through timely
measurements (i.e.,, during processing) of critical quality
and performance attributes of raw and in-process mate-
rials and processes with the goal of ensuring final product
quality.” Although PAT is nothing new, it, along with
other process measurement-based quality programs,
helps provide a framework to improve modeling and
quantification of the manufacturing process. Incorporating
automation into as many areas of PAT as possible will
improve efficiencies, reduce errors, and reduce costs.

In BioPlan’s Annual Report, respondents were asked how
they would implement their general quality initiatives over
the next 12 months. PAT was the top answer at 20.3 %, as
it has mostly been since 2009 (Figure 2).

Which of the following quality initiatives are you planning to pursue in the
next 12 months? (Survey answers compiled from years 2009-2016.)
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FIGURE 2. General quality initiatives taking hold in bioproduction processes.
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Despite the industry’s general interest in PAT, its imple-
mentation has been slow over the past ten years since the
FDA published its landmark guidance. The success of PAT
in biopharmaceuticals will depend on better analytics,
which will allow manufacturers to show the business-side
advantages of maximizing yields, obtaining purer prod-
ucts, and minimizing quality defects. A key, ongoing
factor identified in BioPlan’s report as an obstacle to PAT
implementation is the lack of suitable, real-time assays and
related technologies.

Marissa Nasshan outlined Ovizio’s technology and
solution to issues in PAT implementation. At the ISBioTech
conference, Nasshan noted that PAT provides “product
quality with low variability, prevents rejects and repro-
cessing, has real-time release, and facilitates time and cost
reduction,” but that a critical step in implementing PAT is
automation. Ovizio's automatic cell counting and viability
technology is one example where process performance
can be improved by direct adaptation of elements such
as culture parameters. According to Nasshan, PAT can be
easier to implement with solutions that simplify measure-
ments, automate analysis, and facilitate electronic batch
recording.

The adoption of PAT is voluntary, and a large portion
of the industry has not yet formally adopted it for several
reasons including the cost, additional equipment and staff
dedicated to PAT, and revisions required of their manu-
facturing processes. So while it makes sense to apply PAT
to new processes, it is more difficult regulatory-wise to
redesign and modify biopharmaceutical manufacturing
once a process has been approved by the FDA. However,
automation through continued improvements in sensors,
probes, and analytical equipment are facilitating the
adoption of PAT. Between increasing technology-driven
process monitoring data, the need to put these data to
good use, and the continuing adoption of PAT in the years
ahead will become routine. Regulators will expect PAT or
equivalent technologies in commercial biopharmaceutical
manufacturing. In short, implementing PAT will pick up
once it has been widely accepted that it saves money in
the long-term.

New and Improved
Technologies in Automation

Many bioprocessing suppliers are developing technol-
ogies that address automation challenges, ranging from
software development and integration, sampling and
sensors, to continuous process adoption. For example,
Dr. Mary Jo Wojtusik of LEWA Bioprocess Technologies
highlighted how automation can be facilitated using buffer
in-line dilution systems, and how it can be integrated with
other technologies. Buffer in-line dilution brings multiple
liquid streams together in an automated and controlled
manner to deliver diluted solutions. Wojtusik outlined how
digital pumps can reduce pumping variation, and provide
“a wide control range, extremely precise and accurate

flow rates, flexible and accurate flow for chromatographic
gradient formation, and lowers operating costs.”

Benefits of this type of automation include reduced
buffer storage space and expense, reduced manual buffer
prep labor, and improved consistency. These improved
efficiencies, cost reductions, and higher quality are the
sort of innovations biomanufacturers are expecting from
increased automation.

Putting it all Together:
Implementing Automation

The biopharmaceutical industry has been slower to
adopt automation than other major industries. Some in
the industry view complex monitoring and automation as
a potential complication that could result from the collec-
tion of data that may reveal new process-related problems
that don't or have not overtly affected product quality.
Many industry professionals’ experience has been that
automation needs to be minimal if the process is robust,
well-designed, and thoroughly tested and validated. Others
within the industry embrace it, seeing automation as abso-
lutely essential in reducing errors, costs, and improving the
process and quality.

In BioPlan’s 2013 Annual Report!, respondents were
asked questions regarding automation:

The three technologies most frequently cited as “already
implemented” include:

1. Automated batch control systems for bioreactors (67.2%
in 2013 vs. 63.2% in 2012)

2. Data integration software (49.2 % vs. 38.2 %)
3. Database archiving/retrieval (49.2% vs. 42.6 %)

The three most frequently slated initiatives for implemen-
tation “within twelve months” are:

1. Data archiving/retrieval (19.7 % in 2013 vs. 25% in 2012)
2. Data integration software (18.0% vs. 20.6 %)
3. Statistical process control (16.4% vs. 22.1 %)

The top automation technologies for implementa-
tion, including data archiving and data integration, must
ultimately lead to derivation of human-understandable
information. Automation and PAT can be used by biopro-
cessing professionals to understand process-related
information, and utilized for decision-making. The goal is to
derive high value, actionable information that can improve
efficiency and reduce risks, not just collect raw data. The
storage of data from sensors and process control equip-
ment for further analysis can be a source of high-value
information. For example, it can be used for continued
process verification and other analyses to find areas for
improvement. Without the human review of data analysis,
however, automation is only real-time control, rather than
providing high-value process improvements.

Automation is becoming more widely adopted in the
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biomanufacturing industry. The sooner commercial manu-
facturers take steps toward more automation and quality
control programs, the sooner they will be incorporated
industry-wide. This is likely to pay off in the near future in
quality initiatives that will avoid bioprocessing and product
quality problems, as opposed to dealing with them after

the fact. Automation within the bioprocessing industry,
particularly with regard to quality initiatives, shows the
maturity of the industry. Continued efforts to decrease
costs and increase productivity highlight the important role
automation will play in advancing further improvements
within the biomanufacturing industry in the next few years.
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