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T  he world around us is rapidly changing. 
From modern medicine breakthroughs 
to a worldwide health crisis response, life 
sciences manufacturers must turn their 

focus to speed and reliability. One way they are do-
ing this is by employing advanced single-use sys-
tems (SUSs) in connected facilities. It is well known 
that single-use equipment can help manufacturers 
increase efficiency and profitability by simplifying 
production and reducing the need for clean-in-place 
operations. But when many think of single-use tech-
nologies (SUTs), they often think of low automation; 
when in truth, the next generation of SUTs is high-
ly advanced and offers a wide range of flexibility 
manufacturers need. These advances in SUSs help 
manufacturers add equipment that allows them to 
complete faster changeovers, provide flexibility in 
recipe management, and improve uptime. Technical 
advances are helping manufacturers get their phar-
maceutical products to market faster while providing 

opportunities for increased automation. When the 
project goals are to maximize flexibility and data 
capture, while laying the foundation for digital trans-
formation, early automation design collaboration is 
key to successfully starting up or adding intelligent 
technologies to a single-use facility. 

Stage gates can create barriers to advances
For decades, the industry norm has been to take a 
linear approach to facility design and planning. An 
end-user would come to an engineering company, ex-
press their requirements for the facility, and much of 
the design and planning would be done with limited 
input from automation suppliers. This could lead to 
equipment not using automation, leveraging obso-
lete technologies or designs, and a lack of standards 
between equipment vendors. When it is discovered 
that an area could benefit from a modern automa-
tion solution (during detailed design, commission-
ing, or while in operation), significant rework may be 

From Design to Qualification: 
Creating the Most Efficient  
Single-Use Facilities

Ryan Campbell ,
is the technical consultant 

manager for Rockwell Automation.
Kevin Schreier is the director 
of process engineering for IPS-

Integrated Project Services, LLC.
Through collaboration and transparency, engineering and  
automation companies can achieve great efficiencies and success  
for their customer by integrating intelligent design into a facility.
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Your products improve lives every day. We help leading biopharmaceutical 
and pharmaceutical teams accelerate new facility builds with trailblazing 
speed and efficiency.   

Certainty 
      is Our Commitment.

Visit us online: gconbio.com

Contact the G-CON team at sales@gconbio.com 
to support your next cleanroom project. 

G-CON, the original innovator of POD cleanrooms and industry leader in 
pre-fabricated modular cGMP cleanroom environments, has the 

experience and products for delivering your  clinical and commercial scale 
facility projects, from design through qualification. 

https://www.gconbio.com
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needed. In addition, it is likely that the technology or 
infrastructure needed is not in place for this automa-
tion solution to be implemented, which can lead to 
even more work for the engineering and automation 
companies—and additional costs for the end-user. 
This rework and potential downtime for the machin-
ery required while changes are made can also com-
promise data and operational integrity. Thus, when a 
gap in technology or automation efficiency is noticed, 
it requires immediate attention. 

Bringing back the engineering company, original 
equipment manufacturers, software vendors, and 
end-user stakeholders to consult on the project is not 
only greatly inefficient but costly. What if the project 
took a different approach? The selected engineering 
and automation companies should collaborate from 
the planning and design stages of a project all the 
way through to the commissioning and qualification 
phases. This approach results in a more efficient, re-
liable, and modern design that is developed far faster 
than the traditional method.

The right people in the room
Some of the most successful companies in starting up 
or maintaining single-use facilities often share a com-
mon first step—getting the right people in the room 
early. At the beginning of a project, it is crucial that 
a representative from the end-user define the vision 
for the facility in its entirety. From engineering to 
manufacturing startups, this vision will help outline 
expectations, requirements, and a strategy for future 
development. The vision may involve management 
of inventory in bag bins, active control of automated 
pinch valves, or preventative maintenance analytics, 
but it always requires multiple team members with 
different skills to realize this vision. The right rep-
resentatives from an engineering, procurement, and 
construction (EPC) company and an automation sup-
plier also need to be involved early to allow for better 
knowledge sharing between the parties to positively 
influence the facility’s strategy and build the best 
solution for the end-user. 

Early discussions are used by an engineering team 
to translate the end-user’s vision into a design basis 
that describes the functionality, device selection, 
map of the operational footprint, and how the pro-
cess is being controlled. This effort usually requires 
a system integrator to be engaged who must work in 
parallel with the engineer to define control method-
ologies, document system requirements, code, define 
testing plans, support installation efforts, interact 
with software vendors, and so on. When these steps 
are not performed in parallel, delays or rework are 
common results. In addition, multiple vendors are 
commonly involved with different unit operations in 
biotech facilities, which means navigating competing 

priorities. The sooner the collaboration can begin, the 
better chance that standardization is realized across 
the project. Standardization is especially vital to better 
support employees who work with and maintain the 
equipment and technology day in and day out. Stan-
dardization is also important for facility-wide system 
integration between the equipment and higher-level 
manufacturing systems. Without it, data can be ren-
dered unusable if it is incompatible with other infor-
mation being collected or it cannot be synchronized to 
offer visibility and insights into full operations. Stron-
ger and earlier collaboration leads to the adoption of 
standards and, in turn, more useful data. 

Keeping data integrity and extensibility in mind
Even if the right people are in the room to begin the 
single-use facility project, tight deadlines and multi-
ple stakeholders can make it hard to manage priorities 
and make sure the facility design will meet expecta-
tions and pass the qualification process. As planning 
starts, there are two important considerations to keep 
in mind: data integrity and extensibility. 

Perhaps one of the most important facets of data 
integrity when collaborating with multiple vendors, 
complex equipment, and critical data is cybersecu-
rity. Typically, the more data that are generated, the 
more security is needed. In the early stages of plan-
ning, vendors may come in offering a new way to 
monitor reactors, but they might not consider that the 
camera they are suggesting would generate massive 
amounts of data that need to be stored efficiently and 

More on single-use systems
Visit BioPharmInternational.com to read more on  
single-use technologies including the following:

• Specialty Polymers Add Value  
to Single-use Technologies for 
Biopharmaceutical Processing 
www.BioPharminternational.com/view/
specialty-polymers-add-value-to-single-use-
technologies-for-biopharmaceutical-processing

• Addressing the Training Gap  
for Single-Use Technologies 
www.BioPharminternational.com/ 
view/addressing-the-training-gap-for 
-single-use-technologies

• Large-Scale Single-Use Bioreactors  
Can Maximize Long-Term Scale Up 
www.BioPharminternational.com/view/large-
scale-single-use-bioreactors-can-maximize-
long-term-scale-up

https://www.biopharminternational.com/view/specialty-polymers-add-value-to-single-use-technologies-for-biopharmaceutical-processing
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https://www.biopharminternational.com/view/specialty-polymers-add-value-to-single-use-technologies-for-biopharmaceutical-processing
https://www.biopharminternational.com/view/specialty-polymers-add-value-to-single-use-technologies-for-biopharmaceutical-processing
https://www.biopharminternational.com/view/specialty-polymers-add-value-to-single-use-technologies-for-biopharmaceutical-processing
https://www.biopharminternational.com/view/addressing-the-training-gap-for-single-use-technologies
https://www.biopharminternational.com/view/addressing-the-training-gap-for-single-use-technologies
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https://www.biopharminternational.com/view/addressing-the-training-gap-for-single-use-technologies
https://www.biopharminternational.com/view/large-scale-single-use-bioreactors-can-maximize-long-term-scale-up
https://www.biopharminternational.com/view/large-scale-single-use-bioreactors-can-maximize-long-term-scale-up
https://www.biopharminternational.com/view/large-scale-single-use-bioreactors-can-maximize-long-term-scale-up
https://www.biopharminternational.com/view/large-scale-single-use-bioreactors-can-maximize-long-term-scale-up
https://www.biopharminternational.com/view/large-scale-single-use-bioreactors-can-maximize-long-term-scale-up


www.biopharminternational.com Manufacturing and Facilities 2022 eBook BioPharm International®     7

A
u

to
m

A
tio

n

securely. Much too often, technology and automation 
solutions are planned or even get implemented that 
do not meet strict cybersecurity standards that life 
science manufacturers must maintain and become a 
liability that must be corrected. Workstreams must 
be kicked off to determine methods for secure storage 
of the data, and a retention policy must be developed. 
Keeping cybersecurity and data integrity a priority 
during early design collaboration will help achieve a 
more secure outcome for the critical data being gen-
erated and stored.

The other important consideration for an early au-
tomation design conversation is extensibility. If plan-
ning for any advancement in the future, how the facil-
ity is set up today could greatly impact the outcome. 
An attempt to automate or digitize a process later 
without the infrastructure to do so will be costly or 
could even become a lost cause. Being cognizant of the 
technical requirements for future automation or dig-
itization plans helps to prevent this from happening. 
That is why engineering and automation staff working 
together as a team early in the project can enable the 
facility to extend and grow as technology permits. 

Collaboration as a team can also help confirm the 
right developments are being made to support the dig-
ital transformation journey and increase operational 
value. Answers to the following questions can help 
guide decision-making so that the right steps are being 
taken at the right time for a business:

• What benefits will be received (i.e., useable data, 
process improvements, etc.)?

• What level of automation can help improve qual-
ity or reduce safety concerns?

• Does it save money?
Without this input, it is possible to add technology 

where it is not needed or when it does not provide sig-
nificant cost or efficiency savings.

The earlier these conversations happen, the bet-
ter the chance exists of receiving buy-ins from other 
key decision-makers and making the right deci-
sion sooner. Early buy-ins usually result in savings 
for the design, as technology and equipment can be  
carefully planned for, the proper resources allo-
cated, and major infrastructure changes in the future 
avoided. Considering the data integrity and extensibil-
ity of the platform early in the lifecycle of the project 
can help maximize production at the facility and en-
sure there are no surprises or roadblocks when it comes 
to advancements in the future. 

The collaboration should not stop 
After the successful commissioning and startup of a 
facility, when the right people are involved early and 
all design and automation requirements are taken 
into consideration, maintaining strong relationships 
can offer even greater benefits. To ensure the facility 

is evolving to meet industry demands, a collabora-
tion between EPCs, automation vendors, and original 
equipment manufacturers during the project should 
not stop after startup. Keeping the communication 
lines open for the implementation of new ideas and 
sharing of solutions allows for more efficient tech-
nology adoption when the time is right to implement 
a new feature or install a new component. Staying 
aligned also means that standards can be regularly 
reviewed, and adjustments made to verify they are 
meeting current needs and are prepared to meet fu-
ture business objectives. This will ensure that effort is 
not being spent to support something that is no longer 
relevant—further saving time and money.

With the life sciences industry changing rapidly 
and increasing pressures for efficiency, manufacturers 
need to view the automation design process as a con-
tinuous collaboration for the entire lifecycle of their 
equipment and facility. 

Why now?
As in many industries, the life sciences industry is en-
tering a new era of digital transformation. Every new 
single-use facility is being built to be more advanced 
than the last, with the implementation of new equip-
ment, components, and devices with higher levels of 
automation and the generation of more process data. 
These new smart facilities are creating a push for older 
facilities to quickly adopt the latest technologies and 
automation to increase their operational value. 

As mentioned previously, single-use advancements 
are migrating away from their former manual state and 
can now be highly automated to optimize production 
and generate a wealth of insightful data. These new au-
tomation advancements need to be a key consideration 
at the start of the project and strategically planned for 
the future implementation into the facility to more ef-
ficiently realize a facility’s potential. From design to 
qualification, a close automation design collaboration 
between EPCs and automation suppliers leads to bet-
ter informed and data-driven decision-making for the 
launch of intelligent single-use facilities.

Whether introducing automation into existing  
operations to further advance a digital transformation 
journey or embarking on a new single-use facility 
project, it is recommended to involve an integrated 
engineering and automation team who are ready  
to help identify strategies to achieve the business 
needs. Maximize the facility’s potential by involving 
your EPC and automation supplier early in your proj-
ect discussions and by continuing this collaboration 
after the facility launch. By promoting collaboration 
during the planning and design phase of a single-use 
facility project, engineering and automation com-
panies can achieve greater quality, operational, and  
financial efficiencies for their clients. ■
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A s pharmaceutical manufacturing grows in 
pace and complexity, companies are in-
creasingly looking to Pharma 4.0 as a solu-
tion, with its promise of simplified work-

flows, shortened timelines, and more cost-effective 
routes to market. But while Pharma 4.0 offers many 
opportunities, the route to achieving Pharma 4.0 is 
challenging. Prioritizing the wrong technologies ear-
ly in the transformation process can have severe and 
long-lasting impacts, and at every step of the journey 
pharmaceutical companies are faced with stumbling 
blocks that can halt progress. 

The current Pharma 4.0 landscape:  
little progress, big disconnects
Fully realized, Pharma 4.0 is a holistic system connect-
ing all aspects of the pharmaceutical value chain: man-
ual processes are fully automated; human input is min-
imized; and data from inputs, processes, and outputs 
are easily accessible and seamlessly fed into advanced 

analytics technologies for continuous improvement. 
The result is a self-learning system with greater cost 
and time efficiencies, reduced errors, and better-quality 
therapeutic products. 

In pursuit of this, pharmaceutical enterprises are 
rebalancing their technology portfolios and increas-
ing investments in innovative solutions that support 
Pharma 4.0. However, while this investment and priori-
tization is crucial for Pharma 4.0, effectively implement-
ing Pharma 4.0 principles continues to challenge the 
sector. Organizations are therefore taking routes that 
are often inefficient and short sighted. Some companies, 
for example, are jumping ahead prematurely, aspiring to 
lofty goals such as real-time release, or they are looking 
to implement the most advanced and sophisticated tech-
nologies as quickly as possible. Although these goals are 
important, and the technologies capable of driving some 
level of improvement, this approach leaves manufactur-
ing plants with small, disconnected pockets of automa-
tion and advanced capabilities.

Smoothing the  
Path to Pharma 4.0:  
Challenges and Solutions

Nicola Gardner
is senior product 

marketing manager at 
Thermo Fisher Scientific. 

By taking a digital maturity-first approach to Pharma 4.0, 
manufacturers can optimally position themselves for success.
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In such disconnected facilities, pulling, reviewing, 
and analyzing data requires manual, error-prone tran-
scription between systems, and software used to store 
data may not be properly connected and integrated 
across sites and facilities. As a result, even once data 
are transcribed into digital systems, they may not be 
accessible or legible to those who need them. 

Cumbersome, logistically complex data manage-
ment makes critical tasks such as ensuring regulatory 
compliance more taxing. Trending and analysing data 
can also become so resource-intensive that identifying 
opportunities for process improvement may no longer 
be cost effective. Most importantly, though, without 
flowing, high quality data, the full potential of the 
technologies that define Pharma 4.0 can’t be fully un-
locked. Unfortunately, these difficulties multiply as 
companies scale up and the volume and complexity of 
data increases.

Setting up strong: putting digital maturity first
Facing the challenges of a disconnected lab, the phar-
maceutical sector is realizing the importance of a digi-
tal maturity-first approach to Pharma 4.0. Digital ma-
turity describes how much of a company’s data are in 
digital systems, the level of connectivity between those 
systems, and how easy it is to retrieve that data. When 
fully digitally mature, manufacturing plants have all 
their data digitally stored, available, and accessible to 
all sites and stakeholders.

Seeking digital maturity first offers several benefits 
for pharmaceutical manufacturers. First, it helps orga-
nizations more easily extract and analyze their existing 
data. Not only does this streamline regulatory compli-
ance and reduce workload, but it also means manufac-
turers can better capitalize on their data—for example, 
by evaluating the health of their systems in real-time, 

more clearly identifying process bottle necks, and an-
ticipating issues for preventative action.

As well as offering near-immediate benefits, prior-
itizing digital maturity early can optimally position 
companies for adding, and getting the most out of, more 
sophisticated control, automation, and analytics tech-
nologies in future. For example, with comprehensive, 
high-quality data flowing seamlessly between systems, 
more accurate and valuable insights can be generated 
from machine learning and AI-powered analytics.

The modern, flexible LIMS:  
a cornerstone of digital maturity
Advanced laboratory information management systems 
(LIMS) play a critical role in enabling digital maturity, 
acting as the digital backbone of the entire pharmaceuti-
cal value chain. For pharmaceutical manufacturing spe-
cifically, LIMS can help digitalize the full quality assur-
ance (QA) and quality control (QC) workflow (Figure 1), 
with capabilities for stability testing and environmental 
monitoring management, as well as media management 
for biopharmaceutical applications. 

By integrating with and connecting other systems 
and equipment in the manufacturing process, mod-
ern LIMS help to bring data together, at scale, and in a 
meaningful, organized, and secure way. And, by act-
ing as a single point of access across systems and sites, 
LIMS make data retrieval and sharing simpler and 
faster. LIMS also enhance and maintain data integrity 
by eliminating manual processes across data collection, 
sharing, and analysis, and by ensuring data are accessi-
ble only to authorized users.

To ensure LIMS that are deployed today continue to 
serve the digital maturity needs of the future, some pro-
viders are putting flexibility and scalability at the core 
of LIMS design. For example, the most advanced LIMS 

FIGURE 1. Advanced laboratory information management systems (LIMS) help 
digitalize operations across the entire pharma manufacturing quality assurance/
quality control (QA/QC) workflow.
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can flexibly connect with new equipment, instruments, 
and software as they are deployed in an organization, 
and some LIMS feature cloud connectivity. Data that 
are easily transferable and securely hosted in the cloud 
are unrestricted by physical IT infrastructure, and thus 
manufacturers can more easily expand capabilities and 
capacity as technologies and requirements change.

Toppling common barriers to Pharma 4.0 progress
Despite the benefits of modern LIMS, organizations 
looking to deploy such infrastructure and attain Pharma 
4.0 face several roadblocks. One of the most important 
is that advanced informatics solutions and Pharma 4.0 
transformation can require significant upfront invest-
ment. In addition, digital transformation progress can 
be stymied by cultural inertia within organizations. In-
deed, up to 70% of change programs fail due to employee 
resistance and lack of adequate team support (1). All of 
this is complicated by the fact that every organization 
is different, and thus there is no standardized, one-size-
fits-all process for ensuring success. 

Manufacturers can take several steps to simplify 
the Pharma 4.0 journey and sidestep some of the most 
common challenges. 

Understand and clearly communicate the risks of no/late 
adoption. Many of the challenges noted above, espe-
cially the cost of up-front investment, are less paralyz-

ing once digital transformation is understood within 
its proper context: that the pharmaceutical sector is 
moving quickly, and manufacturers that don’t adapt 
may fall behind. By failing to innovate, organiza-
tions risk being outperformed on quality and speed, 
and can become less attractive to skilled prospective 
employees. These organizations might also find it in-
creasingly difficult to accommodate the manufacture 
of novel and more complex therapeutic modalities. 

While not adapting at all can be detrimental for or-
ganizational and product success, late adoption can be 
equally unfavorable. As Pharma 4.0 is realized by more 
manufacturers, new technologies and processes will be 
designed and tailored to this paradigm. Companies may 
thus have no choice but to transform eventually—this 
time in a more reactive, time-intensive way as they look 
to catch up with the competition.

Adopt a multi-segment change-management  
approach. To overcome the cultural resistance 
that can stifle the journey to Pharma 4.0, orga-
nizations must prioritize people in their change 
management plans. In practice, this means orga-
nizations should engage and consult with leaders 
and employees across all levels and job functions 
during planning and decision-making. Then, not 
only can companies increase trust and visibility, 
but they can also get a clearer picture of the  
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Drug Digest: Sterilization’s Horizon:  
Improving Automation, Single-Use Technologies, and Annex 1

Drug Digest is a tech talk video series with the editors of Pharmaceutical Technology, BioPharm International’s sister 
publication, who interview industry experts to discuss the emerging opportunities, obstacles, and advances in the 
pharmaceutical and biopharmaceutical industry for the research, development, formulation, analysis, upstream and 
downstream processing, manufacturing, supply chain, and packaging of drug products.

In this exclusive Drug Digest video interview, Meg Rivers and Felicity Thomas, Pharmaceutical Technology editors, 
interview experts in sterilization and aseptic processing. Alex Van Hagen of Watson-Marlow Fluid Technology Solutions 
discusses how to approach selecting sterilization methods, installation of aseptic machinery, how single-use technology 
factors into aseptic processing, and areas for improved automation. In a quick-fire interview, Hamish Hogg of Cherwell 
Laboratories talks about the eagerly anticipated publication of the revised EU GMP Annex 1 guidance, potentially 
problematic aspects of the revised guidance, and tips and tricks for companies to ensure compliance.

Dr. Alex Van Hagen is a molecular biologist by training and the current North UK life sciences sector specialist for 
Watson-Marlow Fluid Technology Solutions. In this position, Alex provides experience-based consultation to the life 
sciences sector, taking each project from cradle to gate. Hamish Hogg has been the microbiology product specialist at 
Cherwell Laboratories since January 2019. He has a background as a biomedical scientist for the NHS in microbiology.
 
 

Visit PharmTech.com/drug-digest  
for more videos on a variety 
of  bio/pharmaceutical 
manufacturing topics.
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requirements for tools, processes, and infrastruc-
ture—including from those who will be using the 
technology daily. 

A change-management plan that minimizes em-
ployee resistance should also prioritize employee 
training. Creating digitalization upskilling ses-
sions, communities of practice, and building digita-
lization into employee development plans can help 
build confidence and reduce the anxiety that can 
derail many transformation programs. 

Consider working with experienced transformation  
partners. Because no transformation journey is 
the same, and manufacturers vary so widely in 
both their structures and the products they cre-
ate, the risk of unexpected issues on the route to 
Pharma 4.0 is high. This being the case, seeking 
out knowledgeable partners at the earliest stages 
of the Pharma 4.0 journey can be beneficial. Part-
ners with a proven track record of transformation 
success can not only help reduce the frequency of 
unexpected challenges, but they also have the ex-
pertise and network of resources to help companies 
resolve them as quickly as possible. And, that same 
expertise and experience helps companies better 
anticipate future skills and technology needs, en-
suring adequate f lexibility can be built into the 
first steps of the transformation. 

Perhaps most importantly, though, knowledge-
able partners can help break up the daunting 
pharma 4.0 journey into increments, structuring 
a roadmap around achievable short-term goals. 
Proceeding in this way means companies won’t be 
chasing moving targets, which can hamper prog-
ress and waste resources.

An innovation-fueled future
The pharmaceutical sector is rapidly changing, 
and manufacturers face growing demands and 
fierce competition as a result. But Pharma 4.0 
offers an attractive route through this dynamic 
landscape, unlocking unprecedented efficiency, 
cost-effectiveness, and product quality. To get the 
most out of the transformational technologies of 
Pharma 4.0, though, organizations must put robust, 
f lexible informatics infrastructure at the heart of 
their transformation. With a clear understanding 
of the risks of failing to adapt, a robust change 
management plan in place, and the right industry 
expertise onboard to support, organizations will be 
best prepared to begin their journey toward digital 
maturity and Pharma 4.0.

Reference
1. B. Ewenstein, W. Smith, and A. Sologar, “Changing 

Change Management,” McKinsey, July 1, 2015. ■

CALL FOR PAPERS

BioPharm International accepts four types of peer-review papers 
that are considered: standard data-driven, novel research; topical 
literature or patent review; technical case studies/technical 
application notes; and science-based opinion papers.

Manuscripts for peer-review papers are accepted on an ongoing 
basis. Publication priority is given to papers in the order they are 
accepted for publication. 

Submitted papers are initially screened by the editors, then 
submitted for formal review by a member of the editorial advisory 
board, who will review the article for technical interest and content 
in a double-blind review process. Article acceptance is conditioned 
on the reviewer’s approval. Once accepted for publication, a paper 
typically is published within three to five months. 

Peer-review papers are published in the print and  digital editions 
of BioPharm International, and on www.BioPharmInternational.com.  
Links to the online versions of peer-review papers also are featured 
in e-newsletters distributed to the publication’s audience.

To learn more about the peer-review submission process, click the 
Submission Guidelines link on www.BioPharmInternational.com.
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https://www.biopharminternational.com/view/biopharm-international-submission-guidelines-and-editorial-calendars
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T oday’s work environment presents unique 
challenges, ranging from managing huge 
quantities of data to recruiting and main-
taining employees with the critical skills 

needed for manufacturing operations. Through 
these challenges, how can companies ensure that a 
business maintains regulatory compliance, ensures 
quality, retains process knowledge, and safeguards 
business continuity? This can be done by leveraging 
machine learning and data analysis from original 
equipment manufacturers (OEMs) with the expertise 
to provide system operational feedback. 

Effective use of data represents one way that man-
ufacturers can address these issues.  Through the 
examination of an example, the authors of this ar-
ticle will show how the use of machine learning, ar-
tificial intelligence (AI), and subject matter experts 
(SMEs) enabled one major pharmaceutical customer 
to better manage their water systems. Digitalization 
empowered SMEs from the equipment supplier to use 

operational history, process acumen, troubleshoot-
ing knowledge, key performance indicator (KPI) 
analysis, and data transparency for critical insights 
into every facet of system operation. This also pro-
vided financial benefits to the end user by managing  
production cycles, capital circumvention, quality 
assurance, increased reliability, alarm avoidance, 
decreased labor cost for troubleshooting, and many 
more. The use of data management can also drive in-
creased automation so that plant labor can focus on 
more high-value activities with the confidence their 
water systems are running optimally.

Machine learning and data management
Machine learning is a subsection of AI that focuses 
on leveraging data and algorithms to mimic the way 
humans learn based on historical data trends. Mark 
Rober, a YouTube creator and former NASA engineer, 
applied machine learning in one of his videos investi-
gating baseball signaling and stealing to explain how 

Machine Learning and Data 
Analysis for Optimal Productivity 
of Pharmaceutical Water Systems

Chris Robinson  
and Jason Robes

are technical support 
engineers for Evoqua 

Water Technologies. Leveraging smart technology and SMEs for  
significant operational and financial benefits.
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Intensified continuous 
bioprocessing supports 
industry trends 

New times bring new challenges.
First, a need for agile responses to changing 
market needs and global health threats, such 
as COVID-19 and bioterrorism. Second, the 
development of potent, targeted therapies 
for small patient populations required by 
precision medicine. Both have increased the 
demand for more flexible, manufacturing 
platforms and facilities with wider dynamic 
operating ranges.

In contrast to traditional, large-scale 
biomanufacturing facilities housing stainless 
steel bioreactors, or single-use facilities 
housing mid-scale bioreactors operated 
in  fed-batch mode, Just –Evotec Biologics’ 
cGMP biomanufacturing approach is based 
on a well-proven, continuous bioprocessing 
platform located in a facility consisting of 
Grade B and Grade C cleanroom modules 
(PODs) within a Grade D “ballroom” 
environment. 

platform integrates intensified, high-
performance, perfusion cell culture with 
a series of fully connected downstream 
processing unit operations. Scientists at 
Just – Evotec Biologics have optimized 
the compositions of the media and feeds 
used in the perfusion cell culture process 
to achieve outstanding performance of 
several commercial CHO lines as well as the 
company’s proprietary cell lines, resulting in 
industry-leading product titers and overall 
process productivity.

Intensified, perfusion processes typically 
outperform traditional fed-batch process 
yields by 5 to 15-fold, due to higher cell 
densities and the possibility of extending 
culture duration from 15 to 30 days or  
even longer. For instance, Just – Evotec 
Biologics’ cGMP perfusion cell cultures 
typically generate 2–4 g of product/L/day  
for monoclonal antibodies. This translates 
into drug substance batches of 4–8 kg for a  
15 day  500 L bioreactor scale process or  
25–45 kg for a 25 day  1000 L scale process.

Our proven continuous processing platform  
can be operated in hybrid or fully continuous 
mode. Hybrid processes are perfectly suited  
to the manufacturing of clinical products 
that may initially require a few kilograms 
of material but where the mass demand 
may substantially increase during clinical 
development as well as low volume 
commercial products, which may require 
tens to hundreds of kilograms of material. 
In contrast, fully end-to-end continuous 
bioprocessing is capable of very high mass 
outputs (metric tons) which can support 
a large market commercial supply at a 
relatively low cost of goods. 

Continuous bioprocessing supports a 
flexible manufacturing strategy 
One of the key advantages of a strategy  
based on continuous bioprocessing is that  
if larger quantities of product are needed, 
for example as the product progresses to 
late phase clinical development or if the 
market demand for the commercial product 
increases, the manufacturing process can 
be very easily scaled up. The continuous 
process can be adapted to provide the 

required amount of drug substance by 
simply adjusting the process duration, 
without needing to increase the size of the 
bioreactor or the purification columns. 
As noted previously, the amounts of drug 
substance generated from a single process 
are very substantial; however, if necessary, 
the process can also be ‘scaled out’ by 
multiplexing the entire process at the same 
scale. This avoids the significant technical 
risks associated with traditional scale up 
strategies and potential logistical risks 
associated with having to move to a different, 
larger facility. In addition, the process can be 
replicated at other J.POD facilities, providing 
a flexible manufacturing strategy based on 
location.

In summary, the intensified, continuous 
manufacturing approach developed by  
Just – Evotec Biologics is at the forefront 
of the paradigm shift towards continuous 
bioprocessing. It isn’t only advantageous in 
terms of cost efficiency but can also reduce 
the risks associated with traditional process 
scale up. This flexible and highly efficient 
manufacturing strategy can support drug 
substance supply at all stages of clinical 
development through to commercial launch 
of biologic drugs.

J.POD is a registered trademark of Just – Evotec Biologics, Inc.
All rights reserved, including graphics and images.
Copyright © 2022 by Just – Evotec Biologics, US

The optimized design of this “next-
generation” facility reduces the overall 
plant footprint, environmental impact, and 
construction time and cost. In combination 
with J.Design, the continuous bioprocessing 
platform, this facilitates relatively low-cost, 
flexible and fully scalable manufacturing 
strategies, representing a paradigm shift in 
how to provide effective responses to current 
and future market needs.

Intensified, perfusion cell culture for 
increased productivity
Just - Evotec Biologics’ new J.POD® cGMP 
manufacturing facility, located in Redmond, 
WA, houses 500 L and 1000 L single-use 
bioreactors. The continuous bioprocessing 

For more information
info@evotec.com
just-evotecbiologics.com

ADVERTORIAL

https://just-evotecbiologics.com
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machine learning works and how it can be demon-
strated in simpler terms (1). 

In this video, Rober has a guest who discusses 
a hypothetical kid named Timmy who has prefer-
ences on toys that are large and complex rather than 
small and simple. One can then provide the size and  
complexity of the toy along with Timmy’s deci-
sion to the software, and it will accurately depict if 
Timmy will like a certain toy. The same approach 
was then applied to baseball signaling in an attempt 
to “crack the code” on when a runner will steal a base  
or not. For this to be accomplished, one must provide 
the software inputs and outcomes until the soft-
ware has enough training data to identify patterns  
and begin predicting the result. Rober found that 
sometimes in as little as three signals, the AI was 
able to accurately identify if the runner was going 
to steal or not (1). 

How can these same principles of machine learn-
ing be applied to provide knowledge management to 
companies with operating equipment? Essentially, 
one can provide the software inputs and outputs 
based on operating parameters until there is enough 
data to begin predicting if the system is operating 
at peak performance or has begun to deviate. This 
is accomplished by creating models that monitor 
certain transmitter inputs against the desired KPI 
to understand if those operational changes predict 
a process anomaly. After analyzing the training 
data, the model can predict a change in the KPI and 
alter its expected value and alert range. One such 
example in a water system is conductivity, as shown 
below in Figure 1, of a pharmaceutical water gener-
ation system in commercial operation.

Figure 1 presents a model that is analyzing prod-
uct conductivity while using a multitude of different 

transmitter inputs to model the expected value. The 
blue trend (dark blue line) is the actual operating 
data. The numerous inputs fed into the model lead 
to fluctuations in the expected value (red line) and 
alert (light blue region). This model is monitoring 
all the system’s inputs and predicts the KPI while 
comparing it to the live data. The model has been 
trained on historical data to understand the trends 
and standard operating nature of the system. This 
training data allows the software to learn from its 
previous performance and begin building a baseline 
to understand process anomalies. This is only one of 
many models that can be monitored to understand 
system operations and process anomalies to provide 
feedback to the customer and store historical knowl-
edge of the system.

Models can be built using cloud-based machine 
learning platforms that remotely communicate with 
water purification equipment on the end-user’s pro-
duction line. Data is sent to the cloud to update the 
models in real time.

However, leveraging only the data and machine 
learning isn’t enough when it comes to a complex 
piece of equipment. Machine learning models can 
predict known process anomalies only if their train-
ing data includes that anomaly. Much like a person, 
the models can only learn from experiences and data 
that are available to them. When the model produces 
an anomaly it has never seen before, it will send an 
alert that something is wrong, and an SME is needed 
to interpret the results.

SME involvement for anomaly and alarm triage
One story from a software company, which declined 
to be named along with its customer, provides some 
clarity on the need for experienced personnel to 

FIGURE 1. Reverse osmosis product conductivity model.
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leverage machine learning data. The software com-
pany had a client who hired a team of data scien-
tists to solve a complex problem. This problem con-
cluded with a plant-wide shutdown and halting of  
production. The plant employed a team of data sci-
entists to find the root cause of the issue and provide 
a way that the plant could avoid the shutdown event. 
But after months of analysis, all the data scientists 
engaged by the plant could report was that, if the 
speed of the conveyor increased, then its overall 
production increased. This offered no resolution 
for solving the plant shutdowns. Lacking the expe-
rience and understanding of the plant’s operations 
and systems hindered the data scientists from being 
able to deduce the problem.

Machine learning helps provide insight into a 
plant’s operations; but without experienced person-
nel, the data cannot provide solutions for improve-
ment. The same plant provided its OEM’s SME with 
the same data and received a viable solution to the 
problem. The SME found system operational data 
and KPIs that indicated an impending shutdown. 
This information was then used to adjust plant op-
erations momentarily, pushing through the failure 
event to avoid a plant shutdown. The plant could 
then resume its normal production schedule. 

By outsourcing the knowledge management of 
equipment, a company can begin to leverage the 
data and expertise of the OEM’s SMEs with a mul-
titude of operational and financial benefits. Col-
laboration with the OEM guarantees that process 
knowledge and expertise will always be avail-
able. End-users can suffer when one of a select few  
process experts leaves their position. However, 
OEMs have several layers of process experts who 

can step into the SME role. The knowledge within 
the OEM is institutionalized by the development 
of standard operating procedures, standardized 
engineering designs, training programs, and doc-
umentation. Project managers, design engineers, 
technical suppor t engineers, and others who 
have a hand in the design, startup, and support  
provide the foundation of process expertise within 
the OEM. As such, the process knowledge and ex-
pertise are not so easily diminished.

Technical benefits of data analytics
A major benefit of a company with long-time em-
ployees is its knowledge of the equipment, includ-
ing the issues and resolutions experienced during 
the tenure of its employees. This builds familiar-
ity with the equipment and a deep understanding 
of the operational history and issue management. 
This type of knowledge is built into the machine 
learning software, allowing access to operational 
history and equipment issues for all employees, 
regardless of their experience or longevity. As a 
result, documentation of issues and resolutions 
can be accessed at any time, building the opera-
tional knowledge of the operator without the need 
for a long tenure at the company. This function is  
displayed in Figure 2, which presents an example of 
issue management software.

Figure 2 shows an example of an issue manage-
ment list maintained for a generation, storage, dis-
tribution, and ozonation system used to produce 
and maintain US Pharmacopeia purified water. It 
allows for every issue to be documented in detail. 
This helps to centralize each problem the site has ex-
perienced and provides another facet of knowledge  

FIGURE 2. List of issue history with the resolution, description, status,  
and monetary impact.
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management that can be maintained outside of the 
plant for employees to understand the process bet-
ter—along with providing a resolution. When an 
issue persists, engineering design can be altered from 
root cause analysis for avoidance while also provid-
ing a documented triaged solution to be presented in 
order to avoid long unplanned shutdowns. 

The employee also has access to all previous op-
erational data while being able to manipulate the 
graphical representations for system analysis. One 
such example, shown in Figure 3, is being able to an-
alyze multiple different points in time to understand 
process issues or compare KPIs for quality assurance.

Figure 3 presents the product tank level in the 
upper portion of the graph, the pump discharge 
ozone concentration in the middle portion of the 
graph, and the inlet heat exchanger temperature 
in the bottom portion. The left side of the graph  
shows data right after a troubleshooting and tuning 
visit to stabilize performance and the right side is  
current operations.

From the chart, there is tighter control on every 
variable on the left-hand side and erratic control 
on the right-hand side. This led the team to sug-
gest operational changes to maintain smoother 
control of the system for increased reliability. This 
type of analysis, when presented on every facet 
of system operation and made available to onsite  
operators, helps develop process acumen and the 
changes necessary to smooth out system control. 
When this information is paired with statistical 
analysis, it can begin to depict major shifts in perfor-
mance before a model alert is produced and forecast 
consumable lives.

Figure 4 presents conductivity from two consecu-
tive months along with consumption rates by month. 
The statistical distribution of conductivity presents 

a major shift and—when paired with consumption 
rates and utilization—predicts issues that could be a 
problem if system operations are not adjusted.

Figure 4 presents the statistical analysis of Decem-
ber 2021 on the left, January 2022 in the middle, and 
the monthly consumption rates on the right. There is 
a dip in consumption at the end of the year, and the 
rapid effect on reverse osmosis product conductivity 
from value distribution, shifting from roughly 6–9 
micro siemens (μS) to approximately 11–14 μS when 
comparing the percentage of value distribution on 
the graphs. This major shift led the SME to present al-
ternate modes of operation during low consumption 
periods to preserve membrane life and increase the 
operational life of the downstream equipment while 
bringing the expected conductivity back down after 
the system alterations.

Another function of the software is monitoring all 
alarms and providing data analysis to know if the 
alarm is a nuisance or a true alarm that requires res-
olution. This allows the OEM SME to understand if an 
alarm appeared temporarily because of a process ir-
regularity or if it has continued and needs resolution 
or root cause identification. When troubleshooting 
efforts are required on site from alarms or anomalies, 
the SME is available to walk operators and techni-
cians through the efforts needed to address the issue 
and is well versed in all equipment used within the 
system. This provides value in assisting the customer 
with troubleshooting efforts while also teaching op-
erators about the equipment and arming them with 
troubleshooting deduction processes. 

This information is also used for alarm setpoint 
analysis and understanding of transmitter recalibra-
tion efforts that are needed if an alarm is consistent. 
The alarm information arms the SME with data to do 
deeper dives to eliminate nuisance alarms, provides 
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feedback for alarm setpoint alterations, and helps 
keep the customer informed of needed calibrations.

These are some of the functions of a data analytics 
and machine-learning platform that are being lever-
aged for use with the end-user. These functions en-
able the SME to view all operations of the equipment 
to provide operational history, process acumen, KPI 
analysis, troubleshooting knowledge, and data trans-
parency. When these types of operational changes 
are enacted, the end-user benefits financially. 

Financial benefits from data analytics
With these technical analyses, it can be shown that 
having a machine-learning solution monitored by an 
OEM’s SME can provide significant operational ben-
efits, training, and knowledge management, which 
results in financial benefits to the end-user. These 
benefits can be capital circumvention, quality as-
surance, alarm avoidance, decreased labor cost for  
troubleshooting, and reliability. 

The OEM’s SME can work very closely with the end-us-
er’s customer to provide alarm resolution of nuisance 
alarms and fix operational issues. This decrease in 
alarms results in the financial benefits of less trouble-
shooting time for operators and more uptime for produc-
tion along with increased operator capabilities. 

For example, one end-user experienced nearly 250 
notifications in two and a half months. After one 
field service trip, the OEM’s SME was able to decrease 
the number of notifications to 27 over the next five 
months. This was immensely beneficial due to the 
increase in system uptime and reduced workload 
of the operators in triaging and resolving the noti-
fications. Financial benefits were also realized in 
decreased labor costs and emergency field callouts, 
with the added benefit of training opportunities for 
the customer’s personnel.

Conclusion
The experience highlighted in this real-world ap-
plication of machine learning, AI, and outsourcing 
SME support is the beginning of a new age in phar-
maceutical water service that will shape the future of 
service. Water systems can be monitored 24/7 using 
machine learning models, anomalies can be detected 
in real-time, and automated alerts can lead to a timely 
adjustment to prevent downtime. With this type of 
support, manufacturers can significantly reduce the 
time and energy devoted to their water systems. 

It is difficult in today’s market environment to find 
and retain skilled employees who understand how to 
operate and maintain a pharmaceutical water system. 
The case described here demonstrates how a small 
team made up of one SME and on-site technicians can 
utilize online models to investigate issues and prevent 
system downtime. As the model matures, machine 
learning and AI will adapt to the history and perfor-
mance of the equipment on site, providing knowledge 
and expertise that would be similar to an experienced 
technician. New deviations are logged (allowing them 
to be predicted in the future), KPI baselines are up-
dated, and system optimizations can be personalized 
to meet a specific organization’s needs.

When all of these factors are considered, a manu-
facturer can maintain optimized operations while fo-
cusing on more value-added opportunities knowing 
that the SME can be the steward of their water needs 
and provide immense technical and financial bene-
fits while promoting knowledge management within 
their organization.

Reference
1. M. Rober, “Stealing Baseball Signs with a Phone 

(Machine Learning),” https://youtu.be/PmlRbfSavbI 
(June 30, 2019). ■
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T he European life sciences industry is red 
hot. The DACH (Germany, Austria, and 
Switzerland) region alone, attracted near-
ly 20% of Europe’s biggest life sciences 

investments last year (1). With this influx of cash 
comes the potential for commercial success and for 
a new generation of advanced, life-saving thera-
pies. To unlock that potential, though, life science 
innovators need more—more manufacturing ca-
pacity, more flexibility, and more expertise to get 
their products to market faster. 

The key to ‘more’ is sometimes ‘less’: less wasted 
effort, more value for the project owner; less frag-
mentation between teams, more shared expertise. 
These subtle shifts are the key to delivering com-
plex, high-value facilities faster and more cost-ef-
fectively. The shifts are not easy to embrace, but 
they will pay off a hundredfold for teams who suc-
cessfully make the transition. That means adopting 

a lean culture and using it to power an integrated 
project delivery approach (2). 

The terminology of integrated project delivery
A vocabulary has been developed that turns the idea 
of integrated project delivery into a concrete, phase-
by-phase practice, helping the benefits of the ap-
proach be leveraged in the conference room, at the 
jobsite, and inside the working facility (Table I). Em-
bracing this vocabulary is the first step in making 
the cultural shift from traditional delivery methods 
that can no longer withstand today’s pressures to 
a method that’s much more capable of supporting 
fast-track delivery.    

Shifting from the left side of Table I to the right 
can feel uncomfortable. This discomfort may be par-
ticularly true in the European market, where project 
owners have a long tradition of compartmentalizing 
tasks and distributing them to different localized 

How Integrated Project 
Delivery Enables Speed:  
A Phase-By-Phase Guide

Christian Goesker,  
is managing director,  

Thomas Lederer,  
is office lead, director 

EPCM Projects, and  
Mike Barrett,  

is vice president,  
Project Delivery Services,  

all at CRB Group. 

By eliminating the waste involved in traditional approaches to project 
set-up and execution, integrated project delivery helps innovators in  
the European life sciences market meet their fast-track delivery targets. 
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vendors in a highly regimented and fragmented sys-
tem. Procurement teams are comfortable with the 
control implied by this approach, but an increasing 
number of companies, under constant pressure to 
move at warp speed, are recognizing its deficiencies.

That discomfort was revealed when CRB asked 
more than 500 life sciences leaders to rank their 
preferred project delivery method, and then to dis-
close their level of satisfaction with that method. 
The results, which are included in the 2021 Hori-
zons: Life Sciences report (3), show that traditional 
project delivery ranks near the top in terms of  
preference, while integrated project delivery sits 
in last place. The reverse is true when it comes to  
overall satisfaction, which respondents judged 
based on quality, speed, and cost: integrated project 
delivery shoots up the rankings, while traditional 
methods fall dead last.  

Although the survey focused on the North Amer-
ican life sciences market, this trend is playing out 
on a global scale. Companies are looking for alterna-
tives to the approach they’ve always known to get re-
sults they’ve never seen before. But what does it look 
like to leave well-established but under-performing 
delivery methods behind, and embrace integrated 
project delivery?  

The business case alignment phase 
During this phase, the project team collaborates 
with the owner to understand the project’s over-
arching ‘why’. What are the business drivers be-
hind this project? What does the owner hope to  
achieve? What value does the owner expect to get 
for their investment?  

The project team can then pressure-test this vi-
sion within the project’s cost and scheduling bench-
marks. Experts from the owner’s side work with 
their design and construction partner to evolve, re-
vise, and sharpen that vision until they’re certain 

that it’s achievable within those constraints. That 
early certainty becomes a commitment, which will 
shape all future decision-making on the project.  

This phase diverges from the early stages of a 
more traditional project in one important way: in-
stead of immediately developing solutions, the team 
starts by developing a shared understanding of the 
problem they’re trying to solve.  

Rather than costing more time, this approach 
actually accelerates the overall project timeline  
by creating an opportunity for the client to share 
their knowledge, project requirements, specifica-
tions, and other variables up front. This early dis-
closure of critical information positions the project 
team for a more streamlined downstream process—
no stalling while the team waits for important de-
tails, and no confusion over the project’s target 
scope, cost, or schedule.

The chartering phase 
The lean principle of ‘respect for people’ plays an 
important role across the whole integrated proj-
ect delivery lifecycle, but its greatest impact is felt 
during this phase, which has one goal: to establish 
a fully integrated project team, united by a shared 
commitment to the project’s target value.  

The first step in this phase is to onboard selected 
trade partners and invite them to the table along-
side the project owner and manufacturing service 
provider. This step looks very different from more  
traditional approaches, in which trade partners have 
no influence over early decision-making, despite 
their specialized expertise. The chartering phase 
corrects this missed opportunity by soliciting that 
expertise from day one.  

This early integration of upstream and down-
stream stakeholders creates a cohesive, end-to-end 
project team, and it invites that team to collabora-
tively define the project’s conditions of satisfaction. 

TABLE I. The terminology of integrated project delivery.

Traditional delivery methods Integrated project delivery approach

Concept design, basic design, detailed design, 
procurement, construction, etc.

Behind these terms lies the assumption that successful delivery 
depends on a system of stage gates, in which tasks are handed 

over from one fixed group of individuals to another and each task 
must be fully complete before the next can begin. 

A culture of checks and balances

Originally developed to manage risk, this cultural approach 
encourages team members to deflect problems and protect  

their own interests, even if those interests conflict with  
overall project success. 

Business case, alignment phase, chartering phase,  
execution phase, turnover phase

These terms indicate a shift from gated tasks to a more flexible 
approach. Rather than focus on a rigid set of deliverables, these 
phases encourage teams to focus on the project’s value, and to 

make shared commitments which support that value. 

A lean culture

A lean culture is grounded in four principles: respect for people, 
customer value, continuous improvement, and a commitment 
to optimizing the whole, not just parts. These values drive lean 

behaviors across the team. 
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Team members are empowered to identify which 
deliverables will play a role in meeting those condi-
tions and generating value. If a particular deliver-
able isn’t mission-critical, it’s cut from the process—
even if that’s “how we’ve always done it”. Using this 
approach, team members can stay focused on the 
project’s target value without wasting effort on ex-
traneous activities.  

Early team integration has another key benefit: 
thanks to the cross-pollination of expert ideas and 
solutions from day one, the chartering phase en-
ables early cost and scheduling certainty and max-
imizes the impact of lean tools like target value 
delivery (4). As a result, all team members are in a 
position to make a firm commitment to the same 
objective, with the understanding that all team 
members share the project’s risks—and its rewards.  

The chartering phase drives early cost certainty
Some project teams focus on a chartering document. 
That’s a good first step, but we find that prioritizing 
on the process of chartering—rather than its deliv-
erable—is the key to early cost certainty (Table II). 

The execution phase
The benefits of integrated project delivery multiply 
as projects evolve. By this phase, they’re abundant. 
The challenges that snarl progress and drive costs 
higher during typical downstream delivery—chal-
lenges like design clashes, frequent requests for in-
formation, or supplier delays—are reduced or elim-
inated, thanks to the early integration and input of 
the cross-functional project team.    

Removing these challenges is just one advantage 
of integrated project delivery. What this approach 

adds to the delivery lifecycle matters just as much. 
Take long-lead equipment, for example. Because 
the integrated project team is able to reach design 
certainty much earlier, they can manipulate the 
sequence of deliverables based on supply chain 
timelines and other constraints. This adds even 
more speed and f lexibility to the project, help-
ing to ensure on-time delivery. It also adds to the 
project’s quality and safety profiles, because proj-
ect teams have more opportunities to shift certain 
construction activities from the unpredictable  
environment of a jobsite to the controlled conditions 
of an offsite manufacturer (5).  

The turnover phase
When discussing the critical role of bringing ex-
perts from across the delivery lifecycle to the table 
as early as possible, the indication is to bring in all 
experts—including the commissioning, qualifica-
tion, and validation (CQV) team. Their input during 
early decision-making pays off here, during the 
turnover phase, when the integrated team is close 
to realizing the project’s target value but still faces 
the hurdle of transferring substantial knowledge, 
documentation, and responsibilities to the owner. 

Because of the CQV team’s early input and con-
sistent participation in the project’s evolution, this 
process happens smoothly and quickly under an 
integrated project delivery approach. Rather than 
waiting for the building’s physical completion, the 
CQV team is able to proactively maintain accurate  
as-built drawings, systems manuals, and other 
critical documents throughout the delivery lifecy-
cle. This approach dramatically reduces the back- 
and-forth that’s typically necessary to organize and 

TABLE II. Chartering process.

Project Cost certainty results
(Delta to Target)

Cost certainty point
% Project schedule  

used to achieve
% of TIC spent 

to archieve
Industry benchmark metrics 

(2016 McKinsey Report) +10% to > 20% +15% to > 50% 2% to > 10%

CRB ONEsolution  
Benchmark Metrics (2021) < 0% < 15% < 2%

Project # 1 Benchmark (2018) - 14% 23% 7%

Project # 2 Benchmark (2018) - 11% 25% 6%

Project # 3 Benchmark (2019) - 10% 35% 3%

Project # 4 Benchmark (2019) - 13% 28% 18%

Project # 5 Benchmark (2020) - 7% 25% 7%

Project # 6 Benchmark (2020)* - 6% 5% 1%

Project # 7 Benchmark (2020)* - 1.2% 13% 1.8%
 
* Chartering phase/process developed and used in lieu of chartering event/document.
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share building information with the facility’s oper-
ations and maintenance team, and it helps owners 
unlock the full value of their new asset from the 
very first day of operation.

Get on board with integrated project delivery
On its own, integrated project delivery is not a  
silver bullet. For it to generate and maximize value 
for project owners, it needs the support of a lean  
delivery team that’s fully committed to shifting 
away from the traditional mindset and towards a 
new, improved way of working. That’s where the 
power of integration comes to life—and it’s where 
tomorrow’s life sciences leaders will f ind the  
resilience, flexibility, and speed they need to survive 
today’s pressures.   
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Drug Solutions Podcast: Processing Equipment Trends

Pharmaceutical Technology, sister publication to BioPharm International, presents the Drug Solutions pod-
cast, where editors chat with industry experts from across the pharmaceutical and biopharmaceutical 
supply chain. Experts share insights in the technologies, strategies, and regulations that are related to the 
development and manufacture of drug products.

For the latest installment of the Drug Solutions podcast, Alivia Leon, BioPharm International’s assistant 
editor, interviews Christian Dunne, director of global corporate business development at Chargepoint 
Technology, about current and future processing equipment trends. In the episode, Dunne shares his 
expertise on trends imapcting processing equipment, such as automation, cost, and sustainability.

A key area touched upon in the interview is the prevalence of single-use technology within the industry. 
As industry adopts more of the disposible solutions, such as transfers and connections, processes are 
becoming neater and more advantageous for the end-user. Modularization and automation are also 
highlighted in the interview as aspects that are improving processes and becoming more standardized.

“Best practices for any piece of process equipment in the design of it is the collaboration with the end 
users. Having close links with drug development allows the process equipment providers to provide some 
innovative solutions, to solve some of these processing problems,” Dunne said in the interview.

Visit PharmTech.com/drug-solutions-podcast to hear more from Dunne on trends impacting processing 
equipment within the bio/pharmaceutical industry.

Processing Equipment Trends
November 1, 2022
PharmTech.com/drug-solutions-podcast

https://www.pharmtech.com/view/drug-solutions-podcast-processing-equipment-trends
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T he pharmaceutical industry continues to 
exponentially increase as new methods and 
technology become a launchpad for inno-
vations, especially within the cell and gene 

therapy industry. According to a Pharmaceutical 
Research and Manufacturers of America (PhRMA) 
report (1), it takes, on average, 10–15 years and costs 
roughly $2.6 billion for a new drug to go from dis-
covery to market. PhRMA also reported that 74% of 
clinical development are new approaches to treating 
disease across what is currently in the pipeline. Addi-
tionally, scientists and researchers are leaning toward 
a tailored approach to personalized medicine. FDA 
has predicted that by 2025 they will approve between 
10–20 cell and gene therapy products per year (2). 

Traditional ways of looking at the discovery and 
development of pharmaceutical and biopharmaceuti-
cal products, therapies, and treatments are not meet-
ing the industry’s demand. As new approaches are 
being researched, conventional wisdom has forced 

biopharma companies to choose between two op-
tions in developing products: either build their own 
facilities, which can take years and cost millions, or 
outsource to contract manufacturing organizations 
(CMOs)/contract development and manufacturing or-
ganizations (CDMOs), which, especially in the wake 
of COVID-19, are facing years of backlogs.

To solve this manufacturer’s dilemma, compa-
nies are considering an innovative way to acceler-
ate the development of pharmaceuticals and bio-
therapeutics—cleanroom licensing. Cleanroom 
licensing is a hybrid approach between do-it-your-
self (DIY) and outsourcing to a CMO/CDMO that 
gives early phase or startup bio/pharma companies 
the opportunity to achieve their goals in a shorter 
timeframe than anticipated. This article will ex-
plore the benefits and challenges that companies, 
especially early startups, face in manufacturing 
and how cleanroom licensing puts them on the 
path from discovery to delivery.

Threading the Needle 
Between DIY and CDMO 

Ravi Samavedam
is chief innovation 

officer at Azzur Group. 

In the all-too-common debate over building lab facilities versus 
outsourcing, the best strategy may be the middle ground: licensing.
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First option—CMOs/CDMOs
CMOs/CDMOs are a viable solution for manufacturing 
needs and capabilities that can suit various industry 
sectors/niches within the bio/pharmaceutical indus-
try. CMO/CDMOs provide companies with drug devel-
opment and drug manufacturing services based on a 
contractual agreement and relationship.

Before partnering with a CMO/CDMO, drug devel-
opment organizations must ensure they have the right 
partner to move their molecule forward. A recent report 
from Bourne Partners revealed that CDMOs are waitlis-
ting organizations for 16 to 24 months (3). In addition to 
the waiting time for a manufacturing slot, a significant 
technology transfer has to occur prior to the onset of 
manufacturing operations at the partner CMO/CDMO 
site, which adds to the wait time for the product to be 
manufactured. These tech transfers also have a potential 
for failures, resulting in further delays. 

Once partnered, a significant benefit is that CMO/
CDMOs take on the entire manufacturing burden, 
including operators, equipment, and facility manage-
ment. Several drawbacks come with this path, however, 
most notably a lack of control and flexibility. Addi-
tional challenges, such as coordinating and schedul-
ing times, maintaining intellectual property security, 
working with complex tech transfer plans, and losing 
the flexibility to change the process as needed, accom-
pany this path.

Second option—DIY
The second option—and one favored by mid- to large-size 
companies—is building one’s own cleanroom facility. 
Companies that decide to go in this direction have full 
control over the intellectual property and have the abil-
ity to make necessary changes to their process as needs 
arise. Additionally, by building their own facility, compa-
nies can build custom-tailored facilities to meet specific 
manufacturing needs while maintaining quality control.

However, building a new facility or expanding an ex-
isting facility to make commercial quantities of medi-
cines requires substantial planning and resources; this 
can cost up to $2 billion and can take 5 - 10 years to meet 
FDA standards for production (4). Expanding existing 
facilities, transferring a single product to a new man-
ufacturing site, or retrofitting an existing facility for a 
new product can also take several years.

While a desired pathway for some, this path takes a 
considerable amount of time and is a costly option that 
some companies, such as early-stage start-ups and small-
size companies, don’t have the capital budget or time 
to pursue. Building timelines may also be pushed out 
and placed on hold due to availability within the supply 
chain, which has become increasingly commonplace 
since COVID-19 (5). Additionally, the facility must be val-
idated by the owner and comply with regulations that 
can take further time to approve.

Third option—cleanroom licensing
Rather than building their own facility or partnering 
with a CMO/CDMO, companies of all sizes are turning 
to a new hybrid model for manufacturing needs—clean-
room licensing. This option allows companies to lease 
and customize cleanrooms for their specific manufac-
turing needs. In addition to the cleanroom space, the 
licensing includes support services and removes the 
burden of facility ownership and maintenance, allow-
ing companies to focus on their expertise—science. This 
route also enables companies to have full control over 
their intellectual property, with the flexibility required 
for product development and commercialization.

It is also important to note that a cleanroom licensing 
organization offers early-stage companies added ser-
vices. Because many start-up organizations originated 
in academia or research settings, these companies often 
lack depth in the operational aspects of manufacturing 
treatments and therapies at scale. Some of these ser-
vices include materials management, storage and dis-
tribution, facility current good manufacturing practice 
compliance, asset management, project management, 
quality control, and more.

 Additionally, cleanroom licensing has become a fa-
vorable option for companies building their own facility 
and needing a bridge facility or companies needing ad-
ditional capacity due to changes in development plans.  
In any scenario, the cleanroom licensing option trumps 
the traditional options of DIY or CDMO/CMO in terms of 
speed to manufacturing.

As the market for new therapies, treatments, and 
medicines exponentially increases, so will the manu-
facturing demands and needs within the industry. With 
a rise in tailored approaches to development within the 
pipeline, such as cell and gene therapies, cleanroom li-
censing will thread the needle between the traditional 
options of manufacturing—DIY or CDMO. 
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A udit trail review (ATR) is a mechanism to 
detect potential critical changes to data/
system security settings and to ensure 
the quality and integrity of reported data. 

The authors have defined a risk-based approach to 
ATR where ATR is only required for high impact GxP 
(good manufacturing practices [GMP] and good labo-
ratory practices [GLP] for the purposes of this paper) 
analytical data and possible system security chang-
es. This approach requires a fully documented risk 
assessment that encompasses the technical controls 
and identification of data impact. Note that while an-
alytical data are the focus of this paper, the principles 
outlined may be applied to other activities.

Regulatory expectations
Data integrity, particularly electronic data integrity, 
has become an area of increased regulatory focus. 
Per FDA, “For purposes of this guidance, audit trail 
means a secure, computer-generated, time-stamped 

electronic record that allows for reconstruction of the 
course of events relating to the creation, modification, 
or deletion of an electronic record” (1).

In 2018, the United Kingdom’s Medicines & 
Healthcare products Regulatory Agency (MHRA) 
and the US FDA issued guidance documents on the 
topic. MHRA’s ‘GXP’ Data Integrity Guidance and  
Definitions was issued in March 2018. FDA’s Data In-
tegrity and Compliance with Drug CGMP—Questions 
and Answers was issued in December 2018. These 
documents join guidance issued by the World Health 
Organization (Guideline on Data Integrity) and the Phar-
maceutical Inspection Convention Pharmaceutical In-
spection Co-operation Scheme (PIC/S, Good Practices 
for Data Management and Integrity in Regulated GMP/
GDP Environments) (1–4).

The publication of these guidance documents is as-
sociated with enforcement actions with an emphasis 
on data integrity that stem from a failure to follow cur-
rent good manufacturing practices (CGMPs) predicate 

A Harmonized Approach to 
Performing a Risk-Based  
Audit Trail Review
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risk-based approach to audit trail review, where 
it is only required for high impact GxP data.
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rules and existing regulations in 21 Code of Federal  
Regulations (CFR) 211 for electronic systems (5).

PIC/S Good Practices For Data Management And Integ-
rity In Regulated GMP/GDP Environments—July 2021 (6)—
gives an indication of the key elements to consider 
for an effective risk-based approach: “Data criticality 
(impact to decision making and product quality) and 
data risk (opportunity for data alteration and deletion, 
and likelihood of detection/visibility of changes by the 
manufacturer’s routine review processes).” 

Therefore, regulatory expectations for audit trail 
review have become an established part of the GxP 
data lifecycle.

Scope and intended use
This article introduces a harmonized approach to per-
forming a risk-based ATR developed by a working group 
of the International Consortium for Innovation and 
Quality in Pharmaceutical Development (IQ).  

It should be noted that the scope of this article in-
cludes electronic instrument analytical data where 
raw data are stored in non-volatile memory (i.e., can be 
recalled later).  Both enterprise and standalone data ac-
quisition systems are in scope.  

Systems that do not generate data are out of scope.
The following terms are defined (5):

• technical control—computerized features like 
audit trail, backup mechanism, user management 
and security, electronic signatures and/or digital 
signatures to assist or enforce administrative and 
procedural controls

• procedural control—standard operating proce-
dures (SOPs) and work instructions for operation 
and administration, system user controls, com-
puter system validation, calibration, network qual-
ification, awareness training, etc.

• system controls—combination of procedural and 
technical controls for a system.

Risk-based approach
Recent regulatory guidance such as those from FDA 
and MHRA emphasize the implementation of risk-
based approaches to ensuring data integrity. The FDA 
guidance reminds us that, “CGMP regulations and 
guidance allow for flexible and risk-based strategies 
to prevent and detect data integrity issues” (1). 

Similarly, the MHRA guidance describes “a risk-
based approach to data management that includes 
data risk, criticality and lifecycle” (2).

The concept of performing a data integrity risk as-
sessment specific to a particular data acquisition and 
processing system is laid out in the MHRA guidance: 

“An example of a suitable approach is to perform a 
data integrity risk assessment (DIRA) where the pro-
cesses that produce data or where data are obtained 
are mapped out and each of the formats and their con-

trols are identified and the data criticality and inher-
ent risks documented” (2). 

The data integrity risk assessment is seen as a 
driver of compliance and prioritization of any neces-
sary remediation activities. While audit trail review 
is often considered an essential part of ensuring data 
integrity, the same guidance clarifies that routine 
data review should include a documented audit trail 
review where this is determined by a risk assessment  
(emphasis added) (2). 

The appropriateness of any mitigation of a data in-
tegrity risk should be assessed in the context of the 
criticality of the gap. MHRA defines critical risks as 
those that impact the potential of data or metadata 
“to be deleted, amended, or excluded without autho-
rization.”  FDA states that, “Data integrity is critical 
throughout the CGMP data lifecycle, including in the 
creation, modification, processing, maintenance, ar-
chival, retrieval, transmission, and disposition of data 
after the record’s retention period ends” (1).

It should be noted that archival and retrieval are out 
of scope for this paper on ATR.  

A decision tree has been developed (Figure 1) 
where data types were categorized and the need for 
audit trail review considered. This serves as a risk 
assessment that can be used to determine the need 
for procedural controls, and the controls should be 
documented within the qualification package for 
new equipment or in change management system for 
equipment updates. A risk assessment, for instance 
the one described in Assessing Data Integrity Risks in 
an R&D Environment (7), may be used to define data 
integrity elements for a system where audit trail re-
view is the chosen mitigation. Figure 1 is specific to 
ATR and does not include data review. For GLP, data 
review and ATR need to happen at the same time, 
for GMP there may be opportunity to separate and 
streamline some activities with a documented risk-
based approach.

Determining the need for and frequency of ATR
Data risk. ATR should be considered for electronic 
GxP relevant data when a technical control does not 
remove the need to review the audit trail. A risk-based 
approach should be applied to ATR, and this general 
approach is described in Figure 2. Tools such as the 
risk filtering tool in International Council for Harmon-
isation (ICH) Q9 (8) may be used.  

When possible, there is a preference to implement 
technical controls to reduce/eliminate the need for ATR. 
It is preferred to prevent an undesirable action from oc-
curring if this is technically feasible. In cases where pre-
vention is not possible, detection of the undesirable ac-
tion through data review (including ATR) is required. In 
rare (limited) cases where an action may be neither pre-
vented nor detected, discuss with additional business/
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IT/quality assurance (QA) support to risk assess whether 
the system may be used for GxP work or if alternate con-
trols need to be put in place such as a procedural control.

It is preferred that a technical control be employed to 
prevent data deletion. If deletion cannot be prevented, 

the ATR process should be designed to detect that spe-
cific activity. It should be noted that, in many cases, ATR 
is most logically performed concurrent with other data 
review activities. The severity of any residual risk should 
be assessed. The frequency for ATR should be commen-

 
 

GxP Data

Document that 
critical parameters are locked, data cannot 

be changed, reviewing the displayed/
printed parameters is all that is necessary, 
no additional audit trail review is needed.

CAT#2

Yes

Are electronic 
records 

generated?
No

No Audit Trail available to review; there is 
no electronic data.

CAT#1

No

Are changes 
tracked in a 

reviewable audit 
trail?

No

Document the 
parameters that 

require review and the 
process to look for 
these changes each 

time, and state that no 
additional audit trail 
review is necessary.

CAT#5

Yes

STOP and discuss with 
additional business/IT/QA 

support to risk assess 
whether system may be 
used for GxP work or if 

alternate controls need to 
be put in place.

No
Can these parameters 

be checked by a 2nd 
person prior to 

acquisition/processing 
and locked?

Are changes 
inherently 

reviewed in the 
process?

Document that 
parameters are 

checked on entry, 
critical parameters are 
locked, data cannot be 
changed, no audit trail 

review is needed.
CAT#6

Identify specific 
changes that can be 

made.

Review audit trail for 
these specific changes

Develop a list of items 
to be checked?

CAT#4

No

Yes

Can changes in 
the parameters 

affect the 
results /data?

Document those changes that can be made 
and although changes can be made, these 

changes don’t have an impact on the 
results/data. 

CAT#3

No

Yes

Can 
parameters / 

data / metadata 
be modified?

Yes

High Impact 
data?

See Fig 2  

Yes

Yes

Note: Ensure processes / practices for managing paper records 
are ALCOA+ compliant.

Note: Includes parameters and metadata both during and after a 
run such as:
• Time
• Date
• Who

• Acquisition parameters
• Processing parameters
• Methods

Note: If the business process already includes a review of the 
parameters and metadata there may not be a need for an 
additional electronic audit trail review.

 
 

Categories 1, 2 and 3 are preferred, the acceptability of categories 4, 5 and 6 are 
dependent on the risk tolerance of a company as well as the availability of alternative 
compliant instruments 

 

FIGURE 1. Risk assessment tool for determining audit trail review requirements. 
Where ALCOA+ is attributable, legible, contemporaneous, original, and accurate, 
plus the data needs to be complete, consistent, enduring, and available.

Categories 1, 2 and 3 are preferred, xthe acceptability of categories 4, 5 and 6 are dependent on the risk tolerance of 
a company as well as the availability of alternative compliant instruments (1).
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surate with the probability of the risk occurrence. The 
frequency may be adjusted based on documented his-
torical performance.

Intended use of the data. The intended use of the 
data should also have an impact on the need for and 
frequency of ATR. The data’s potential risk impact 
on patient safety and product quality should be con-
sidered, and GxP-relevant data are determined by  
regulatory requirements.

High risk impact data are defined as data with po-
tential for direct impact to product quality and patient 
safety. Individual companies may identify other activ-
ities as high impact but at a minimum would include 
release, clinical stability, and cleaning verification.

While it is acknowledged that companies may as-
sign slightly different levels of impact to the same data 
types, some useful guidance may be obtained from an 
informal poll conducted of IQ member companies. Data 
arising from activities such as GLP studies, cleaning ver-
ification, clinical product release, and stability were con-
sidered greater impact and may trigger ATR. Activities 
such as method validation may have an indirect effect 
on product quality and patient safety and may be less 
impactful and have a medium/low impact dependent 
on a company’s risk considerations.

Defining appropriate ATR effort/frequency. To-
gether, the assessments of the system characteristics 
and limitations and the impact of the data’s intended 
use will facilitate identification of records, steps, and 
changes, and enable risk classification (low to high) and 
a tiered audit trail review effort. 

Performing data ATR
A decision tree describing the performance of ATR is 
provided in Figure 1. Additional explanatory comments 
about the decision tree are given as follows. 

Where it is possible for changes to be made to the 
experimental conditions, metadata, or other param-
eters that have the potential to affect the results/data, 
one control strategy to ensure detection is to perform 
ATR. In these cases, the following should be considered 
as critical changes (and potentially included in a list of 
elements to be checked):

• changes to test parameters
• changes to data processing parameters  

(analytical method)
• deletion of data
• repeated analysis or reprocessing  

without justification
• change history of finished product test results
• changes to sample sequences
• changes to sample identification
• changes to critical process parameters. 
The requirements for ATR (and data verification 

in general) should be proceduralized and should de-
fine requirements on a software-by-software basis 
dependent on the assessed data risk and impact. The 
frequency and responsibility for ATR should be de-
fined in the procedure. Evidence of audit trail review 
should be documented, in most cases by defining the 
meaning of the overall review signature. 

System level ATR
The purpose of a system level ATR is to ensure key 
configurations and settings have not been changed 
(either intentionally or unintentionally). It is recom-
mended that the system audit trail (which contains, 
for example, system administrator actions such as 
deletion of data or changes to system security set-
tings) also be reviewed at least periodically. This pe-
riodic review will ensure the system has remained 
configured as it was during validation/qualification. 
Based on the type of the system and corresponding 
data, the following items might be considered:

• system policies
• deactivation of audit trail
• changes to data paths or folder structure
• changes to reports or calculations
• data security management (lifecycle including ar-

chival, restoration, etc.)
• audit trail review may be used to verify appro-

priate access privileges have been used. Other 
processes may be employed to satisfy this re-
quirement such as user access reviews (including 
admin privileges)

• configuration files
• library files (where applicable) where the technical 

controls of the library would drive the need and fre-
quency for review. 

A decision tree has been developed (Figure 3) for sys-
tem-level ATR where data types were categorized with 
examples and the need for audit trail review considered. 

 

 

Figure 2: Determining the rigor of audit trail review (ATR) as a function of data 
risk and data impact. 
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LEVEL  AUDIT TRAIL REVIEW EFFORT LEVELS 

1 No ATR is required, as supported by a documented risk assessment.  
ATR is performed on a “for cause” basis only.   

2 ATR may be performed on an ad-hoc basis or periodically at a pre-
defined interval. 

3 ATR must be performed as part of the broader data review prior to the 
release of the data. 

 
 

 
 
 
 
 

 
  

FIGURE 2. Determining the rigor of 
audit trail review (ATR) as a function 
of data risk and data impact.
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Appropriate audit trail comments
Manually entered audit trail comments should be suit-
able for an auditor/inspector to read and should include 
the scientific rationale for why the change was made. 
GAMP 5 (9) provides audit trail requirements for an audit 
trail entry. Note: There may be character limitations, so 
it may be necessary to document justification outside 
of the electronic system and include a cross-reference. 
Manually entered comments will also require review and 
should be contemporaneous (within a reasonable exper-
iment/review time frame). If time has elapsed, then the 
time gap should be supported with a justification.

Conclusion 
ATR is a mechanism to detect potential critical changes 
to data and one means to ensure the quality and integ-
rity of reported data. The authors have defined a prag-
matic risk-based approach to ATR where ATR is only 
needed for high impact GxP data and that ATR can be 
targeted to focus specifically on critical changes that 
may be possible. This approach requires a fully doc-
umented data risk assessment that encompasses the 
technical controls, identification of relevant high-risk 
impact data, which may vary on a per-organization 
basis. The preferred approach is to utilize technical 
controls wherever possible.  

ATR inherently remains a manual process that is 
resource intensive, and opportunities for automated 

data transfer/digitalization removes opportunity for 
critical changes negating the need for ATR where uti-
lized. In addition, when a system has been configured 
to provide visual flags for undesirable actions/states, 
or when the audit trail provides filtering or search-
ing capabilities, these abilities may be leveraged to 
streamline ATR.
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Evaluation of the need for 
system level audit trail 

review

Mitigate high-risk system/data security 
elements by conducting audit trail review.

Can system/data 
security elements be 

locked down from 
modification?

System and Data security elements include:

Data Security
• Audit Trail security settings (such 

as deactivation
• Ability to modify data paths/

folder structures
• Ability to modify data back-up 

location/structure

System Security
• Create/modify user accounts/

roles including admin privileges
• System configuration settings/

files
• System policies

Lock down system/data security elements 
from modification.

No system audit trail review necessary.
Yes

Identify the system/data 
security elements that are 

not locked down from 
modification.

No

Evaluate these system/
data security elements 

based on risk assessment7.  

7J. Lippke, et. al., Assessing Data Integrity Risks in an R&D Environment, PharmTech 44(8), pp. 51-53, 2020.

Document risk assessment 
for each of these system/

data security elements

 

FIGURE 3. Decision tree for determining minimum system level audit  
trail review requirements.

(7) J. Lippke, et. al., “Assessing Data Integrity Risks in an R&D Environment,” Pharm. Technol. 44 (8) 51–53 (2020).
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B iopharmaceuticals are revolutionizing the 
way the industry prevents and treats a broad 
spectrum of diseases. Therapeutic recombi-
nant proteins, including monoclonal anti-

bodies (mAbs), bispecifics, and biosimilar molecules, 
are among the most common biologics developed for 
therapeutic applications (1). Although versatile and 
powerful, the living organisms required for the pro-
duction of therapeutic proteins can be more difficult 
to control and optimize in a manufacturing setting 
than chemical compounds.

First, a lead candidate is identified, and, once this 
happens, an appropriate production cell line is de-
veloped before upstream and downstream processes 
are established and optimized. Although under con-
stant pressure, it is critical that biotherapeutic de-
velopers spend time and resources getting the cell 
line development process right. Without a robust 
production cell line that yields sufficient titers of 
a high-quality product, the facility will eventually 

reach a point where scalability becomes limiting, 
and commercialization is untenable. Cell line de-
velopment also offers the opportunity to perform a 
number of physicochemical analyses and functional 
assays directly on the therapeutic protein, which 
will help improve the chances of clinical- and com-
mercial-phase success. 

Since cell line development is such a critical part 
of the drug development process, biomanufactur-
ers should leverage a wide range of solutions to fill 
the gaps in their internal capacities and capabil-
ities. It is possible to reap new benefits by partner-
ing with experienced cell-line development vendors  
using optimized protein expression platforms that 
include the host Chinese hamster ovary (CHO) pro-
duction cell line, optimized gene expression vectors, 
cell culture medium, and feed formulations. How-
ever, manufacturers may not realize the extent of 
their options when it comes to developing clonal pro-
duction cell lines. This article discusses key factors 

Exploring Options for Optimizing 
Cell Line Development Jason Martin

is regional product 
manager of Cell 

Line, Media & Testing 
Solutions at Sartorius.

Biopharmaceutical manufacturers must consider a  
surprisingly wide range of factors when deciding  
where to turn for assistance with cell line development.
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to consider when planning how to accomplish this 
bioprocessing step.

Outsourcing cell-line development activities
To develop and maintain cell lines at scale through-
out a product’s life cycle, manufacturers need to 
invest in a significant amount of expansion, in-
cluding increasing facility footprint, equipment, 
instruments, and personnel hiring and training. 
Companies must determine whether they have the 
necessary skills, capacity, and resources to complete 
cell line development from start to finish or whether 
they need to outsource some, or all of, the process to 
save time and costs.

As part of this decision, biopharmaceutical develop-
ers also need to consider how many molecules they in-
tend to have in production and carry out a cost/benefit 
analysis. For a large manufacturer planning to create 
a multi-product facility, it may be worthwhile to build 
in-house capabilities as a long-term investment. On 
the other hand, virtual, small, and mid-sized compa-
nies with one or more molecules in their pipeline may 
lack the necessary cell-line development expertise and 
internal resources and choose to outsource these ac-
tivities to an experienced vendor. Nonetheless, some 
large biopharmaceutical companies still choose to out-
source cell-line development requirements based on 
internal capacity and business objectives. Even after 
cell line development is complete, companies have the 
option to scale up and accomplish manufacturing with 
the help of a contract manufacturing organization 
(CMO) or other third parties. 

Top priorities when selecting a  
cell line development partner
Success in the biopharmaceutical industry always in-
volves achieving a balance between factors, such as 
speed, cost, technological advancement, and scale. 
Whether a developer is outsourcing just a few steps or 
the entire cell-line development process, it is essential 
to know which factors to weigh most heavily when 
comparing options for products and services.

Scientific expertise. Cell line development is a 
lengthy and complex multi-step process. To produce 
high-quality molecules on the most efficient time-
lines, the manufacturer or vendor that performs  
cell line development needs to gather a team with 
deep and broad scientific bioprocess expertise. Many 
stages along the path to produce a new production 
cell line often require subject matter expertise, in-
cluding the final transfer step that will bring the cell 
lines from an external vendor to the intended manu-
facturing facilities.

Time to clinic is a central concern for all biophar-
maceutical developers. To achieve production goals 
as quickly as possible, scientific operations teams 

must be intimately familiar with workflows that 
are both efficient and error-free. This often means 
avoiding the use of outdated, cumbersome processes 
(i.e., limited dilution cloning) and eliminating un-
necessary stages, such as pool generation. Eliminat-
ing pool generation from the cell-line development 
workflow allows a much shorter timeline from DNA 
to research cell bank (RCB) generation, often by four 
to five weeks. 

Manufacturers also need an analytical team capa-
ble of accurately characterizing the protein product 
during cell line development stages, particularly at 
the clone selection stage. Achieving high titers is 
pointless if the new production cell line produces a 
deficient molecule incapable of achieving its desired 
function or mechanism of action. Discovering that 
the molecule has a sub-par quality target product 
profile (QTPP) after the cell line has been developed 
is costly and will cause significant delays in getting 
the molecule to the clinic. To prevent these risks, 
the cell-line development operations team must 
measure certain key characteristics of the protein, 
beginning with functionality, in a biological assay 
or binding assay (depending on the protein’s mecha-
nism of action) that determines purity, aggregation 
potential, product related impurities, and the pro-
tein’s likely glycosylation profile. The team must be 
familiar with high-resolution analytical methods 
using ultra-high-performance liquid chromatog-
raphy (UHPLC), liquid chromatography-mass spec-
trometry (LC-MS), capillary electrophoresis, and 
other methods, all of which should be incorporated 
into the cell-line development workflow. With this 
knowledge, teams can select clones that produce a 
molecule that achieves the desired product quality 
attributes. Picking the right clones upfront removes 
the need to optimize the critical quality attributes 
post-cell line development.

Regulatory expertise. Because many biologics 
are relatively new modalities, regulatory agencies 
demand rigorous quality control. Deviations from 
biosafety standards can put developers at risk of 
denied regulatory applications or significant delays 
resulting from directives to generate new data, which 
can be laborious. 

Scientific and regulatory expertise often overlap be-
cause regulatory requirements inform scientific work-
flows. For example, one dimension unique to biophar-
maceutical manufacturing is a manufacturer’s ability 
to prove that a protein-based biologic was derived from 
a single clone. Strategies to demonstrate and assure 
monoclonality could include isolating single clones 
and capturing photographic images as the cells di-
vides. Tracing the direct path from clone to the final 
product is essential to cell line development, along 
with rigorous quality control and risk management.
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Four components for a successful  
cell line development project
Host cell line. Cell line development begins with 
choosing the right host cell line. Unsuitable cells 
can produce low titers or a low-quality product,  
ultimately causing delays and inefficiencies. CHO 
cell lines are most frequently used as hosts because 
they have an established, decades-long track record, 
are easy to grow in suspension at large scales (2000+ 
L), and possess the cellular machinery required to 
carry out appropriate post-translational modifi-
cations, which can be critical to the function and  
quality profile of the protein.

Biopharmaceutical developers should look for a 
vendor whose starting cell lines employ a metabolic 
selection system (2) rather than a system that involves 
toxic selection agents, such as methotrexate (MTX) 
and antibiotics. Such metabolic selection-based sys-
tems allow for improved robustness in cell growth and 
viability properties, reduced risk of genetic instability, 
and ability to enable high titer production. 

Expression vector. After choosing the appropriate 
host cell line, a good vendor should provide an opti-
mized expression vector capable of expressing high 
product titers after transfection. Developers need op-
timized expression vectors to ensure stable expression 
with minimal secondary effects on the otherwise op-
timized host cells. Ideally, a single expression vector 
should show utility for any type of molecule: mAbs, 
bispecifics, and biosimilars, among others.

Media. A cell line development partner should be 
able to provide cell culture media and feed that is 
highly compatible with the host cell line. A secure sup-
ply of that same media and feed supplements should 
be readily commercially available to purchase and use 
for any further process optimization and development 
and for good manufacturing practice (GMP) require-
ments. It is also important to consider the future avail-
ability of the cell culture media because assurance of 
supply is critical as production is scaled up.  

Process design. The facility and operations must 
be configured to enable efficient and easy scale-up 
of the new production cell line. Streamlined process 
design involves implementing intelligent, scalable 
technologies and software to monitor, control, and 
analyze critical process parameters and product qual-
ity attributes. End-to-end solutions with integrated 
sensors and analytical software can reveal new pro-
cess insights that can be used to gather information 
about host cell performance and optimize the cell 
line development process.

Flexibility and control
Living organisms, fluctuating supply chains, and shift-
ing consumer markets all add variability to the produc-
tion of biologics. As a result, maintaining flexibility is 

even more critical to biopharmaceutical experts than 
to manufacturers in other industries. 

In-house manufacturing gives the highest amount of 
control and oversight for end-to-end bioprocesses, but 
some vendors offer options that allow for significant 
freedom while still providing technical assistance. For 
example, developers often have the flexibility to choose 
which CMO to work with for production after complet-
ing cell line development and optimization and further 
GMP cell banking (for master and working cell bank 
production). Some vendors also present multiple op-
tions for how each project can be accomplished, which 
adds transparency and gives developers more control 
over which strategies and technologies are applied.

Selected vendors also offer technology licensing 
options to create a middle ground between outsourc-
ing and in-house processes. Through technology li-
censing, biopharmaceutical organizations can access 
expert-designed protocols, advanced technology plat-
forms, and optimized materials from a vendor for use 
within their own facilities with their own team.

It is important to note that some vendors charge 
licensing fees or milestone payments for using their 
cell-line development technology. These fees are often 
based on the molecule’s success as it progresses through 
the various clinical phases. Other licensing agreements 
may include royalty fees in which the vendor receives a 
percentage of the molecule’s annual revenues. Biophar-
maceutical developers should consider reliable vendors 
that operate on a simple fee-for-service model to max-
imize cost efficiency and retain complete control and 
ownership of their molecule.

Better cell lines for better therapies
Optimizing bioprocesses at every step, including cell 
line development, is key to delivering life-saving med-
icines to patients with maximum speed and quality 
at an accessible cost. Biopharmaceutical companies 
should answer questions about their bioprocess devel-
opment plans as early as possible, including how they 
will generate their new production cell lines, rather 
than devising sub-optimal strategies to solve problems 
that will undoubtedly arise as a result of poor plan-
ning. By dedicating time to taking stock of their own 
internal capabilities, exploring options for outsourc-
ing, and weighing the right priorities, biopharmaceu-
tical developers can give their therapeutic molecules 
the best chance of remaining viable through every 
phase of development process, manufacturing stages, 
regulatory approval, and commercialization.

References
1. R.M. Lu, et al., Journal of Biomedical Science  

7, 1–30 (2020). 
2. B. Tihanyi and L. Nyitray, Drug Discovery Today: 

Technologies 38, 25–34 (2020). ■



www.biopharminternational.com Manufacturing and Facilities 2022 eBook BioPharm International®     33

I n the past 20 years, the contract development 
and manufacturing organization (CDMO) sector 
has grown strongly—initially in chemical man-
ufacturing (outsourcing capacity for special-

ized manufacturing chemistries) and more recently 
for biopharmaceutical manufacturing, as parts of 
this sector have matured (e.g., monoclonal antibody 
therapeutics [mAbs]) (1).

Choosing a CDMO
When (or whether) to work with a CDMO for all or 
part of bioprocessing development needs, or whether 
to keep these activities in-house, has been the sub-
ject of many articles, reviews, and discussions (2–9). 
These reviews, principally in the trade media, have 
dealt extensively with thematics such as scope, ex-
pertise, capacity, quality systems, and risks when 
evaluating whether to develop and/or manufacture 
biotherapeutics in-house or outsource these activities 
to an external partner.

Among many of these factors that could be con-
sidered (2–9), this decision comes down to some key 
considerations (see also Figure 1):

• Expertise. Determine whether the necessary 
expertise/capabilities exist in-house. This can 
include at a minimum scientific and technolog-
ical expertise but can also extend to associated 
expertise, such as the ability to translate the 
manufacturing and analytical technology into  
current good manufacturing practice (CGMP) 
mode, scale it up, or support regulatory activi-
ties (e.g., dossier submission).

• Capacity and technology. Is the analytical and 
manufacturing technology at the necessary 
scale and standard to develop and/or produce 
the product at the required volumes? Is this 
capacity available now, or is it being built and 
will only come online in a couple of years’ time?

• Economics. Is the product pipeline sufficiently 
developed to utilize internal capacity (based on 

Choosing the Right  
CDMO for CGT Programs Brian Mullan 

is the chief technical 
officer of Yposkesi, an SK 

Pharmteco company. Whether biologic manufacturers decide to outsource or  
develop products internally, the quality of a CDMO partnership  
is critical to success, especially for cell and gene therapy products.
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current or future anticipated capacity needs)? 
What is the financial capacity? Is it sufficient 
to carry idle manufacturing capacity until the 
pipeline matures to fill this capacity? Is there 
enough activity to maintain a workforce en-
gaged and in a sufficiently-trained state? Are 
the process and analytical technology used 
rapidly evolving and requiring frequently up-
dated equipment, methods, training, etc.? An 
organization must also determine whether 
there is a budget to maintain state-of-the-art 
manufacturing technology.

If the decision is to partially or fully outsource the 
activity based on the assessment of these various fac-
tors, the choice then becomes what CDMO to work with. 
In many sectors of bioprocessing technology, there 
are usually many contract service providers to choose 
from, and some larger CDMOs offer services across a 
disparate range of technologies and platforms.

Cell and gene therapies
The area of cell and gene therapies (CGTs) is an in-
teresting case to consider for “make versus buy” de-
cisions. The field is immature but evolving rapidly. 
While products have been developed since 2000,  
approvals have only started in earnest since 2017. 
Even with six product approvals in 2021 (10), the peak 
of such approvals is yet to come (10, 11). The under-
standing of how the products work is currently weak 
(e.g., dosing as well as the adeno-associated virus 
empty/full capsids issue [10]), which manifests in a 
general sentiment around chemistry, manufactur-
ing, and control (CMC) challenges for these programs. 
As this continues to rapidly evolve, it will have a  
profound effect on the choice of manufacturing 
and analytical technology (10). This complexity and  
state of product understanding also put a premium 

on the quality of any partnership with a CDMO (i.e., 
capability, experience, and reliability).

Costs and control
Concerns about perceived high costs of CGT manufac-
turing and the level of control over the CMC program 
are frequently evoked, as many programs are currently 
outsourced to CDMOs as developers build up their own 
internal capabilities. There is also a strong sentiment 
around the lack of available capacity, which is more spe-
cifically related to slot availability and turnaround time. 
For example, a requested turnaround time of six to nine 
months from an order to batch completion, as opposed 
to a proposed 12- to 18-month turnaround time, which 
may not be coherent with overall program timelines.

The costs of working with a CDMO in the CGT 
area can sometimes appear to be high but may, in 
fact, not be so different from the comparative costs 
of doing this internally. In general, even for large 
pharmaceutical companies using a sufficiently plat-
formed process and operating in an efficient man-
ner, the cost for manufacturing biopharmaceutical 
drug substance batches (e.g., mAbs) is often in the  
millions of euros per batch, and approximately 50–70% 
of this cost is for the associated drug product batch. 
The key drivers for these costs are facility utilization 
(asset costs and depreciation, utilities, etc.), people, 
and raw materials. The economic efficiency of the 
process can be quoted as X$ per Z gram of DS (or X$/
DP vial), with the process deemed to be more efficient 
with higher yields, and the X$/Zg or vial can be bench-
marked across similar drug categories (e.g., for mAbs). 
This approach is typically applied more rigorously for 
commercial supply of biopharmaceuticals, whereas in 
the clinical supply phase costs are more typically on a 
per-batch basis with sometimes no guarantee of fixed 
yields as the process may be under development and 

Figure 1. Key decision criteria for make vs buy (perform internally or outsource) in biopharmaceutical product
development.

• Large and promising product pipeline
• Financial capacity
• In-house CMC (Dev, Mfg, Reg) expertise

• Smaller / focused product pipeline
• More limited financial capacity
• Lack of in-house expertise

• Short/medium term capacity issues
• Need for additional expertise
• Retain specific / key products internally 

“Make”
(develop and manufacture internally)

“Buy”
(outsource)

Hybrid
(selective / focused outsourcing)

Key questions:
• Expertise: 
o Do you have the necessary expertise / 

capabilities in-house? 
o Can you translate the technology to GMP 

mode, scale it up, and support regulatory 
activities?

• Capacity and technology: 
o Do you have the technology and the 

necessary scale to develop and produce 
the product at the required volumes? 

o Is this capacity available now, or in a 
couple of years’ time?

• Economics: 
o Is your product pipeline well-developed? 
o Do you have the financial capacity to carry idle capacity 

until your pipeline matures?
o Do you have enough activity to maintain in a trained state? 
o Is the technology you work with rapidly evolving? 

Points to consider:

FIGURE 1. Key decision criteria for “make versus buy” (performing internally or 
outsource) in biopharmaceutical product development.
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its performance continuously evolving. As a drug de-
veloper, these costs may seem elevated—especially if 
associated with no commitment to final yield—when 
presented with them for the first time by a contract ser-
vice provider. But in many cases, these costs are similar 
to or lower than the developer would otherwise expe-
rience doing everything in-house.

When considering perceptions around control, it 
is often a point of frustration for product developers 
that issues arise at contract service providers that cre-
ate problems for their programs. It is true that such  
setbacks can have a serious impact on the overall prod-
uct development timeline and even the financial via-
bility of the company. This may lead to the belief that 
CGT CMC activities are better performed in-house, as 
this enables more direct control and—as such—more 
reliable outcomes. 

This may not always be true. It is unlikely that qual-
ity standards or reliability are significantly lower at 
CDMOs than for comparative internal performance. 
For larger pharmaceutical companies, whether in new 
product platforms or on more mature product classes, 
everything doesn’t always work perfectly all the time. 
Sometimes, mistakes are made. It is important to con-
sider how issues arising externally at CDMOs would 
be viewed if they occurred internally. As such, the bar 
may be set higher for a CDMO in relation to what would 
be accepted in-house. 

Deciding whether to outsource or insource
Let’s break this down and examine working with 
CDMOs from the perspective of a large organization 
as well as from the perspective of small biotech com-
panies. For a large company with the financial means 
and a deep and promising product pipeline, it might 
make more sense to insource if a company has the 
financial capital to construct, buy, or reconvert the 

necessary facilities (manufacturing and testing) and 
recruit, train, and develop the different supporting 
teams. Depending on how companies with scale and 
financial means see their pipeline developing in the 
coming years, perhaps the “make” decision is the best 
one. But with all of this (facilities, trained personnel, 
etc.), large companies must be ready on time for their 
product pipeline and also consider their competitors’ 
products (and their anticipated arrival to market). If 
the timing is not coherent with the product mile-
stones, maybe a medium-term partnership with a 
contract service provider can be a prudent choice (a 
“hybrid” model). This could allow a company to con-
tinue to develop a product internally in alignment 
with their chosen platform (manufacturing and ana-
lytical) while supplying clinical material via a CDMO. 
CDMOs are generally quite flexible in this regard and 
can adapt to different platforms.

On the other end, many younger and/or smaller 
biotech companies may not have the relevant skill 
set or experience to guide their own CMC activities. 
In some cases, the team is focused on the direct prod-
uct aspects (clinical evaluation, fundraising, etc.) and 
does not have the capacity or experience to develop 
and drive the CMC program. An experienced CMC 
professional can be brought on board to enable the 
company to develop the CMC program, but they may 
not have experience in all relevant areas. As such, 
working with a CDMO may be the prudent choice here. 
A key consideration for these companies may be man-
ufacturing and analytical portability, as the company 
or its product assets may be acquired in the future by 
another company that already has internal CMC ca-
pabilities or is working with a different preferred pro-
vider, and the transfer to another provider should not 
be a blocking point for a potential deal (between the 
biotech company and the acquiring company).

Drug Solutions Podcast: Outsourcing vs. Insourcing in Biopharma:  
Determining the Best Strategy: Part 1

BioPharm International’s sister publication, Pharmaceutical Technology, presents the Drug Solutions podcast, where 
experts share insights into the technologies, strategies, and regulations related to the development and manufacture of 
drug products.

In what instances should organizations outsource vs. insource? Determining the right outsourcing strategy is key 
to limit unnecessary costs, maintain output and turnaround times, and enable continued flexibility. In, “Outsourcing 
vs. Insourcing in Biopharma: Determining the Best Strategy: Part 1,” John Koleng, VP of product development and 
manufacturing for TFF Pharmaceuticals, shares outsourcing strategies in biopharma. 
 

Outsourcing vs. Insourcing in Biopharma:  
Determining the Best Strategy: Part 1
PharmTech.com/drug-solutions-podcast

https://www.pharmtech.com/view/outsourcing-vs-insourcing-in-biopharma-determining-the-best-strategy
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Many product developers today are looking to enter 
into a partnership with a CDMO, and not just a trans-
actional relationship. There is a profound difference 
between these two approaches: fee for service versus a 
partnership based on trust, understanding, and shared 
view that is intended to run over a longer term (whether 
for one product or several products based on similar 
technology). The outcomes of these two models are not 
always the same for companies who work with large or 
complex products (such as gene therapies), as serious 
issues can result in a need to change the manufacturing 
site, which is a costly endeavor that can create signifi-
cant delays to overall product development programs. 
As such, many product developers assess potential 
CDMOs over a longer-term horizon, even though the 
initial phase of work may only entail early process de-
velopment or the generation of material for pre-clinical 
evaluation. Oftentimes, the evaluation process, even 
for early phase activities, can include an assessment 
of how the program can evolve over different stages of  
development, three to five years into the future. 

The following questions are often raised to CDMOs 
for early-stage programs (and lead to long-term success 
for product development): 

• How do you approach process characterization 
and process validation? 

• Can you support us with regulatory dossier  
writing? 

• What prior experience do you have in doing this? 
Lastly, one key advantage of working with CDMOs 

that merits highlighting is that they have generally 
gained a lot of experience across multiple different 
projects. In many cases, they have seen and learned 
things in previous projects that can be of benefit to 
your project (while maintaining client confidential-
ity and respecting IP). It’s the type of experience that 
other companies may not yet have gained in-house, 
but it may be key to the success of a program. This 
usually has many benefits when evaluating concerns 
around control and costs, which are both related to 
experience and capabilities.

In summary, choosing whether to internally develop 
and manufacture biopharmaceutical products or to out-
source these activities is a complex and high-stakes de-
cision, which can have a profound impact on the success 
of a product development program. Many factors should 
be considered in such an evaluation; but in many cases, 
this comes down to key considerations around exper-
tise, capacity/technology, and economics. CGT products 
raise additional dilemmas. Different situations, such as 
internal capacities and capabilities, may direct compa-
nies toward different choices, either in the short or long 
term. If the decision is to outsource, a quality-focused, 
partnership-based approach is critical to future success 
given the complexity of the products and the technolog-
ical and regulatory evolution of the CGT sector.
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