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Leveraging Strategic Partnerships to Enhance Flexibility
in Facility Design and Bioprocesses

Flexibility is an operational imperative in today’s
fast-evolving biopharmaceutical industry. Contract
development and manufacturing organisations (CDMOs),
as integrated end-to-end service providers, need to pivot
with agility by accommodating shifting product demands,
modularising facilities, and continuously improving
processes to be more versatile. Achieving this level of
flexibility requires a strategic approach rooted in data, and
that data is most effectively acquired through sustained,
strategic partnerships with global pharmaceutical and
biotechnology companies.

Flexibility for CDMOs can be defined as a data-driven,
strategic operation. It develops incrementally as CDMOs
diligently locate, analyse and apply data generated during
projects for continuous improvement in operations. The data
that underpins flexibility goes beyond information on batch
yields or assay results. It includes project execution experience,
product specifications, such as the size and configuration
of bioreactors and the number of equipment and piping
arrangements required for different molecules, and process
know-how developed through years of hands-on problem-
solving. This kind of knowledge is built in the day-to-day
execution of collaborative projects between CDMOs and their
biopharmaceutical partners.

Through these collaborations, CDMOs develop an
understanding of numerous production requirements and
challenges. Data derived from a diverse range of manufacturing
processes is leveraged to continuously enhance process designs
and strategies with every project. Over time, this body of data
becomes the foundation for designing flexible facilities and
implementing tailored bioprocesses, capabilities that enable
timely adaptation to new client needs, emerging modalities
and operational hurdles.

Facility Design: The Architectural Backbone of Flexibility

As process and product data accumulate, CDMOs can
leverage these insights to address the most fundamental
aspect of manufacturing flexibility, facility design. A CDMO
facility is @ dynamic architecture built to evolve. Electronic
manufacturing batch records (eMBR) and manufacturing
execution systems (MES) establish the digital backbone
of such facilities, enabling standardised yet adjustable
documentation, real-time process monitoring and traceability
across batches.

Armed with detailed operational data, facility designers can
determine the optimal target range, the bell curve of likely
process types and scales, and design for the most probable
scenarios while avoiding costly over-engineering for outliers.
This data-driven facility design allows CDMOs to strike a balance
between readiness and efficiency.

One tangible outcome of this balance is a reduction in
product changeover times. For large-scale CDMOs that rely on
fixed equipment rather than single-use systems, modifying
installed infrastructure can be onerous. Designing a facility
that either accommodates a wide range of processes or can be
readily adapted, therefore, delivers efficiency and productivity.

At the facility level, this balance is achieved through layouts
that integrate hybrid stainless steel and single-use systems to
combine long-term capacity with agile changeover readiness.
Modular cleanrooms can be reconfigured as needs evolve,
while utility backup systems provide the capability to swap
equipment or adjust layouts without halting operations. A
bioprocess facility designed using data and built on experience
creates an environment in which flexible upstream and
downstream processes can operate.

Upstream Processing: Turning Experience into Flexible
Practice

The upstream phase of biologics manufacturing, most notably
cell culture, offers some of the richest opportunities to apply
data gleaned from client partnerships. Every project adds to
a growing library of recipes: process analytical technology
(PAT), dual-feeding methods and centrifugation strategies. By
collecting and analysing these variables in a structured way,
CDMOs can identify what works best for particular process
profiles and promptly retrieve that knowledge when a similar
need arises.

1. Process Analytical Technology

The first mechanism reinforcing flexibility in upstream processes
is the application of PAT, which drives integral cell culture
systems, such as biocapacitance and Raman probe systems. In
the latter case, Raman spectroscopy uses laser-based vibration
energy to detect a molecule’s chemical composition, enabling
qualitative and quantitative analysis of multiple components
through a single probe. Unlike conventional methods that
require offline sampling, PAT enables in situ real-time
measurements inside the bioreactor.

This multivariate data analysis tool strengthens flexibility
in several ways. By reducing the required sampling cadence,
PAT enables the rapid detection of contamination risks and
reduces the need for human intervention. Real-time data
streams provide actionable insights into parameters, such as
nutrient concentrations and cellular metabolism, which can
then be fed into automated control systems to promptly adjust
cell culture strategies.

2. Dual-feeding Methods

Another mechanism that reinforces upstream flexibility is
dual feeding. By combining bolus and continuous feeding
methods, CDMOs can accommodate a diverse category of
biologics with different nutrient uptake profiles. Bolus feeding
drives high-density growth phases, while continuous feeding
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maintains steady-state conditions for more sensitive cell
cultures. Having both options readily available eliminates
the need for process redesign when switching products.
Implementing this approach effectively requires validating both
feeding modes across cell lines, maintaining modular feeding
hardware and customising feeding methods in real time.

Flexibility becomes tangible when dual-feeding methods
are applied to large-scale manufacturing. For instance, in
N-stage bioreactor operations with multiple harvest trains,
the capability to route bioreactor output to any available train
maximises scheduling flexibility and reduces bottlenecks.
Similarly, media-hold vessels originally allocated to an N-1
stage perfusion setup can be reconfigured to supplement
N-stage production runs when capacity constraints arise. In
another case, large-stock media preparation can be retooled
from vessel-to-vessel transfer into bag-based filtration,
ensuring rapid turnaround for high-volume batches. Each case
demonstrates how upstream operations built on dual-feeding
methods create a portfolio of issue-response scenarios,
enabling CDMOs to resolve client challenges quickly.

3. Centrifugation Strategies

The third mechanism that enhances flexibility in upstream
processing is continuous centrifugation, achieved through the
interchangeable use of bowls tailored to product specifications.
The two main bowls are CSI and CFI. CSl, or self-cleaning bowls,
eject solids periodically, while CFl, or continuous-discharge
bowls, remove impurities continuously, an advantage for
high-cell-density cultures. The capability of selecting between
two bowl designs based on product characteristics optimises
yield, reduces product loss and enables stable long-term
operations.

These upstream mechanisms convert cumulative project
experience and data into flexible operational strategies while
also informing post-project technical reviews. After each stage
of a project is complete, CDMOs should log process variables
in centralised knowledge systems and apply data analytics
to pinpoint the parameters most critical to yield and quality.
When these conversion steps are carried out consistently and
carefully, flexibility in upstream processing becomes not only
a concept but also a tangible capability.

Downstream Processing: Enhancing Flexibility With
Versatile Systems

1. Multi-train Systems

In manufacturing complex biologics, such as multispecific
antibodies and antibody-drug conjugates (ADCs), downstream
processing often determines whether a production timeline
can stay on track. For these modalities, multiple downstream
process (DSP) trains provide the flexibility to ensure stable,
high-quality products and to conserve resources, especially
resins.

A DSP train is an integrated purification line consisting of
chromatography columns and skids, filtration systems, buffer
preparation tanks and in-line analytical monitoring tools. With
a single train, operational constraints can quickly pile up. When
manufacturing bispecific or trispecific antibodies, the parental
antibody purification may need to be run independently or,

in some cases, simultaneously to maintain product quality. A
single-train setup limits these options, introducing scheduling
conflicts and forcing compromises on hold times, product
stability and throughput.

A multi-train configuration, on the other hand, allows CDMOs
to develop purification strategies that account for product
stability, batch size and regulatory timelines. If a product’s
hold time is short or stability is low, one train can handle its
purification immediately while another processes the parental
antibody or a different molecule in parallel. This parallelism
facilitates rapid adjustments to production timelines, whether
to meet changing client demands, accommodate regulatory
filing deadlines or recover lost time from upstream delays.

From a productivity standpoint, multiple trains minimise
downtime during product changeovers or routine maintenance,
helping CDMOs manage assets for full utilisation. With
multi-train systems, CDMOs can also fine-tune project schedules
to align with diverse client project milestones, an advantage
that can be decisive in competitive outsourcing scenarios.

Despite these benefits, establishing multi-train systems
presents some practical limitations and dilemmas. Installing an
additional DSP train requires significant capital expenditure, not
just for the purification line itself, but also for the corresponding
upstream capacity, such as multiple harvest systems and
additional bioreactor trains. Without sustained demand,
these assets risk being underutilised, undermining the return
on investment. Maintenance costs, depreciation and staffing
requirements all compound these financial challenges.

For many CDMOs, especially those operating in uncertain
market conditions or with variable order pipelines, a blanket
multi-train implementation is not economically viable. As
a result, these systems are installed selectively, targeting
facilities where throughput needs, client demands and modality
focus create a compelling business case.

2. Adaptable Purification Columns

While multi-train systems enhance capacity and scheduling
flexibility, adaptable purification columns provide precision
and scalability within individual purification processes. In
downstream processing, this adaptability means less reliance
on a single universal design and more on a facility's capability
to deploy columns of varying sizes and specifications to match
each client process.

The choice of column size depends on upstream titre, resin
type, resin load capacity and the stability of the product.
If a client’s process yields a large volume of product with
relatively low stability, a larger column is required to complete
purification quickly, minimising hold times and preserving
quality. Conversely, for smaller batches or more stable products,
a smaller column may be deployed to optimise resin usage and
processing efficiency.

This range of options is a key driver of success in complex
molecule manufacturing. Multispecific antibodies, ADCs and
other advanced biologics require different conjugation ratios,
batch sizes and purification chemistries. Without the capability
to match column size and configuration to these variables,
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CDMOs risk either overburdening processes, leading to longer
purification times, or underutilising equipment.

The opposite of an adaptable setup is a rigid column
inventory: fixed sizes, limited resin types and a one-size-fits-
all approach. This rigidity can preclude accommodating a client
process without significant reconfiguration or new capital
investment, both of which slow down project initiation. From a
flexibility perspective, investing in a wide range of purification
column sizes and compatible hardware allows CDMOs to
integrate client processes efficiently, without forcing either
party to undertake costly modifications.

Adaptable purification capabilities are also directly tied to
quality and stability outcomes. For complex molecules, small
variations in purification conditions can affect the potency,
safety and shelf life of products. By selecting the optimal
column configuration for each run and closely monitoring
critical parameters, such as chromatograms and process trends
inreal time, CDMOs can maintain product quality while adapting
to varying process demands.

An adaptable purification column portfolio builds client
trust. A CDMO equipped with adaptable columns can execute
client processes with the right equipment, at the right scale,
without unnecessary delays or compromise. In an industry
where complex molecules are rapidly taking market share, such
capabilities are a competitive imperative.

Implementing Flexible, Data-driven Operations

On Digital Systems

eMBR and MES platforms drive operational flexibility across
facility design, upstream and downstream bioprocessing. eMBRs
replace paper-based records, ensuring real-time, standardised
batch documentation while reducing transcription errors, delays
and compliance risks. MES integration connects production
floor systems, quality management and laboratory information
management systems, creating a reliable digital infrastructure.

By collecting data in real time and automating workflow
execution, these systems enable proactive process control,
faster batch release and robust traceability. Upstream feeding
strategies, PAT measurements and centrifugation data are
integrated for responsive control, while downstream purification
timelines are shortened because of automated adjustments. The
outcome is a harmonised, agile environment where knowledge,
experience and digital capabilities converge to enhance
operational flexibility.

Flexibility As An Ongoing Discipline

Flexibility in biomanufacturing is not achieved through a
single design choice or technology upgrade. It is the product
of ongoing discipline, engaging deeply with clients to gather
diverse operational experiences, capturing those experiences
as structured data and applying that data systematically to
facility design and process execution.

Strategic partnerships serve as the catalyst for this process,
enabling CDMOs to look beyond their own operations and
integrate best practices and insights from across the industry. In
doing so, they enhance their flexibility and, in turn, strengthen
their ability to achieve client satisfaction.

Flexibility is not only about being prepared for what comes
next. It is also about establishing an infrastructure and culture
in which CDMOs and their biopharmaceutical partners continue
to thrive as one team, now and in the future.
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