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CDMO Talking Point

Terumo Pharmaceutical Solutions
on Integrated CDMO Services

International Pharmaceutical Industry
Journal speaks with Michele Guasti,
Global Product Manager at Terumo
Pharmaceutical Solutions Division. The
discussion explores Terumo's approach to
integrated CDMO services and the evolving
needs of the sterile injectable market.

Can you start by introducing Terumo
Pharmaceutical Solutions and the CDMO
services the company provides?

Terumo is a global medical technology
company that was founded more than 100
years ago in Japan and is now present in more
than 160 countries and regions. The company
provides a broad portfolio of products and
services for healthcare professionals and the
pharmaceutical industry.

Within Terumo, the Pharmaceutical
Solutions division supports pharmaceutical
companies through a business-to-business
model. The division combines expertise in
CDMO services, primary containment and
injection devices for parenteral products.
This integrated model brings together
polymer pre-filled syringe manufacturing and
traditional CDMO services, such as fill-finish,
through a single partner. As a result, we can
support pharmaceutical companies in the
development and manufacture of tailored
solutions for sterile injectable products.

How is Terumo positioning its CDMO business
within the increasingly competitive sterile
injectable market?

The traditional CDMO model is to provide
fill-finish services across a broad range of
container types and materials. At Terumo,
we take a more focused approach by
processing our own proprietary primary
packaging solutions. This is what we define
as integrated CDMO services: the combination
of primary packaging manufacturing (polymer
PFS), aseptic filling, device assembly, such as
autoinjectors, and final packaging within one
coordinated offering. This model enables our
partners to deliver drug substance to our
facility and receive a finished product ready
for market.

What are the benefits of combining primary
container manufacturing, fill-finish services
and device assembly within a single
organisation?

The most immediate benefit is the reduction
of supply chain complexity. Customers can
work with a single point of contact instead of
coordinating multiple suppliers, project teams,
timelines and meetings. This simplifies project
management, improves communication and
can help reduce both costs and development
timelines. This is particularly important in
pharmaceutical development, where each
stage is connected and delays in one area
can affect the overall path to market. By
integrating primary container manufacturing,
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fill-finish services and device assembly
within one organisation, customers can
reduce handovers, align technical decisions
earlier and avoid unnecessary waiting times
between development steps. Shorter and
more predictable timelines are especially
valuable for products with competitive
launch windows, such as biosimilars, and
for innovative therapies where patients,
healthcare systems and pharmaceutical
companies all benefit from faster access to
reliable treatment options.

What factors influenced the decision to invest
in manufacturing facilities in both Japanand
Germany, and what advantages do these
locations provide for customers?

Our priority is to support pharmaceutical
companies as effectively as possible.
Customers increasingly want manufacturing
partners located close to their own
operations, not only to help reduce shipping
costs and carbon footprint, but also to
minimise supply chain risk.

Establishing facilities in both Japan and
Germany allows us to be closer to key markets
and customer locations. This proximity
was an important factor in our investment
decisions, as it strengthens collaboration,
improves responsiveness and supports the
development of long-term partnerships.

Who is the ideal customer for you to work
with?Is it a particular phase of development,
manufacturing or specialism?

Our ideal customers are biopharma and
biosimilar companies developing injectable
therapies, particularly those progressing
through Phase | to Phase Il clinical
development. We are especially interested
in programmes intended for delivery via pre-
filled syringes, whether for self-administration
using autoinjectors or for use by healthcare
professionals with safety devices. Many
of these products involve challenges
such as silicone sensitivity, high-viscosity
formulations or large-volume injections.
In these cases, selecting the right primary
packaging and delivery system becomes
particularly important. Our proprietary
container and needle technologies are
designed to help address these challenges
while supporting both patient comfort and
healthcare professional requirements.
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What are the most significant changes
currently taking place in the sterile injectable
market, and how is Terumo responding to
them?

One of the most significant trends in the
sterile injectable market is the continued
growth of biologics and biosimilars. In the
biosimilar segment in particular, speed to
market is a critical success factor, especially
once originator product patents expire and
several competitors target the same launch
window. At the same time, quality, regulatory
and technical expectations continue to
increase, making it essential to accelerate
development without compromising
standards. This is where an integrated partner
such as Terumo can play a meaningful role by
helping customers reduce timelines, manage
complexity and maintain robust quality
performance.

Another important trend is the growing
relevance of combination products.
Pharmaceutical companies are becoming
more cautious when selecting development
partners and solutions, particularly where
technical risk or uncertainty may affect project

CDMO Talking Point

TERUMO
Integrated
CDMO

Packaging

timelines. If suitable primary packaging, fill-
finish capabilities or device solutions are not
readily available, companies may be reluctant
to move forward with new programmes. To
address this, Terumo is investing proactively
in technologies and integrated solutions
ahead of customer demand, helping to reduce
risk and avoid unnecessary delays.

As the market continues to evolve, what
do you believe pharmaceutical and
biotechnology companies will be looking
for most from their CDMO partners?

While manufacturing capabilities, capacity
and flexibility remain important, | believe
pharmaceutical companies are increasingly
looking for trusted long-term partners rather
than transactional suppliers. Many CDMOs
focus discussions on facility expansions,
production capabilities and technical
expertise. These factors are essential, but
successful collaborations also depend on
clear communication, long-term commitment
and mutual trust.

Looking ahead, | believe companies will
place greater value on CDMO partners that
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combine technical excellence with genuine
collaboration and long-term strategic
support.
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We provide sterile injectable contract development and
manufacturing (CDMO) services from initial combination device
design and formulation development to commercial manufacturing,
supporting better patient outcomes around the world.
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Insider Tips for a Right-the-First-Time Tech Transfer

What's at Risk If Tech Transfer Goes Wrong
Every tech transfer is unique in some way, and
the consequences of getting details wrong
can be significant. The greatest risk would be
the inability to produce a safe, high-quality
product-something no sponsor or CDMO could
accept as an outcome. On the path to ensuring
safety, quality, and compliance, ineffective or
inefficient tech transfers involve additional
risks such as repeated development work,
regulatory scrutiny, added time and expense,
and increased stress on resources. All of the
above can delay a programme’s next steps or
even postpone a product launch. Getting tech
transfer right matters in the long run.

Knowledge Transfer

Tech transfer is not simply moving a product
from one organisation to another. It is
transferring the full depth of knowledge
that underpins how that product is made.
This is where the real challenge lies. Batch
records, methods, material specifications,
and equipment lists are essential, but they
don't necessarily capture everything that
is needed.

Just asimportant as formal documentation
is the sponsor’s tribal knowledge—critical
information and know-how that is essential
for successful process and product transfer.
Tribal knowledge is based on a combination
of experience, intuition, and practical insights
from individuals who have worked extensively
with the product. This knowledge fills gaps
that official documents sometimes do not
cover. How were parameters chosen? Which
risks were explored or ruled out? What had
to be adjusted during development? These

details explain how the process evolved. Too
often, formal documentation is solely relied
upon, and the new CDMO must rediscover
details on their own.

The Information Sweet-Spot

With documentation, there is also an
information “sweet spot” for the receiving
CDMO. Too little information forces the
receiving team to make assumptions or do
duplicate work. Conversely, too much detail,
especially if it is not well-organised, leads to
time lost sifting through documents to find
the proverbial ‘needle in the haystack It can
also force reviewers who are less familiar with
the programme to judge the relevance of vital
details versus extraneous information.

Essential elements, which sponsors are
sometimes surprised to find out are needed,
are a target product profile (TPP) and the
product’s critical quality attributes (CQAS).
To transfer a product, a CDMO needs to
complete risk assessments based on this
information. For example, risks can be very
different when comparing something like
acceptable particulate levels in a product that
is administered via subcutaneous injection
vs. an ophthalmic treatment that is injected
into the eye.

Scale-Up Surprises

Often, the reason for a tech transfer is to
scale up output in anticipation of a significant
programme milestone. The optimism that
sponsors begin with can shift to surprise once
the realities of the required process steps

come to light. Moving from bench scale to
commercial scale is rarely as simple as ‘bigger
tanks and more product.

Clinical & Commercial Alignment

One of the most impactful predictors of
a smooth transfer is early collaboration
between a sponsor’s clinical and commercial
teams. Typically, clinical teams prioritise speed
and trial supply continuity, while commercial
teams focus on long-term efficiency and cost
of goods. Unfortunately, these goals can be at
odds when it comes to process development
and scale-up.

Since the Phase 3 process is typically
carried forward into commercialisation,
optimisation should occur at or before Phase
3. 0Once a process is locked in and regulatory
filings are complete, changes become costly
and difficult. For example, a clinical team
included a specific brand and model of
equipment in their regulatory submission.
When the project reached commercial stage,
that specific model was not appropriate for
the scaled-up batch size. What they should
have done is include details on functionality
instead of calling out a specific make and
model. That allows the commercial team to,
if needed, move to different equipment that
is appropriate for the batch size but maintains
the same technical functionality.

Budget Blind Spots and Material
Constraints

Early programmes frequently arrive with
limited budgets and minimal supply of raw
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material, along with the hope that fewer
pilot runs will be sufficient. But robust
development requires multiple batches to
explore the design space and stress-test
processes. Inefficiencies can occur if there's
a lack of sufficient resources for thorough
development work, including challenging
the process repeatedly. In addition,
understanding lot-to-lot variability enables
the determination of raw material impact on
the final product CQA.

Timelines Rarely Behave as Expected
Sponsors often underestimate the scope
of work required to scale. Early-phase
programmes move quickly, but later phases
introduce layers of qualification, validation,
equipment integration, and troubleshooting.
Often, these steps are linear and a delay in
one area affects others. Even with best-case
planning, aggressive timelines leave little
room for learning, iteration, or remediation.
Programmes move faster and more reliably
when they include a bit of breathing room for
contingency plans.

Equipment - Not Always ‘Plug and Play’
Early in tech transfer discussions, sponsors
and CDMOs must determine what equipment
is available, what can be transferred, and
what must be acquired. An experienced
CDMO brings the perspective of numerous
past transfers - insights that can be especially
valuable to sponsor teams navigating their
first programme or those unfamiliar with
equipment transfer between facilities.

These early assessments shape every-
thing that follows. They help determine
whether equipment needs to be ordered
well in advance, or whether existing assets
will suffice through later programme phases.
Thoughtful planning can prevent issues such as
attempting to scale clinical-phase equipment
beyond its designed capacity, which can lead
to inefficiencies, repeated deviations, or
late-stage equipment failures.

Factors for Consideration

Seemingly simple decisions - batch frequency,
anticipated demand, and longevity of the
process - can drastically change equipment
needs.

The demand on equipment running three
times a day will be very different from a
campaign approach with batches every
six months.

Early manual or semi-manual operations
may have worked for clinical needs,
but later stages often require greater

automation to ensure data integrity,
reliability, throughput, and operator
safety.

A well-defined manufacturing strategy
also guides the CDMO's planning for facility
space, utilities, environmental controls,
and cleanroom requirements. These
considerations can represent significant
behind-the-scenes work and are foundational
to integrating equipment successfully.

New Operational Environments

Once equipment arrives at the CDMO, the
process may have to begin again. The first
question is not whether the equipment
worked elsewhere - it is whether it works
as intended within its new location. Before
manufacturing can begin, the equipment must
undergo installation qualification (IQ) and
operational qualification (0Q). These steps
verify that it performs reliably across its full
operating range in the new environment.

After confirming operational performance,
focus shifts to safety and compatibility.
Equipment must integrate seamlessly with
the facility’s cleaning, sterilisation, and
containment practices and operate safely
with all materials it will encounter. Only after
these fundamentals are understood can
the equipment be woven into the broader
manufacturing workflow.

Equipment Documentation

Every piece of equipment must support
well-defined, repeatable processes. Even
a single batch can generate hundreds
of pages of SOPs covering operation,
cleaning, and maintenance. This may seem
exhaustive, but it ensures that when the
process is executed again - whether months
or years later - it can be done with the same
level of control. Going through these steps
also helps guard against unknowns. It is
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common for a CDMO to bring in equipment,
read the previous instructions, and have
something go wrong because of unwritten
rules that the previous manufacturer “just
knew.” Plus, regulators will expect detailed
evidence that equipment is capable,
consistent, and appropriate for its intended
use.

Keeping In-Transit Testing Methods Intact
Analytical method transfer is the formal
proof that a receiving laboratory can run
a method reliably, reproducibly, and in
alignment with the originating site. Method
maturity directly determines how quickly a
CDMO can scale, validate, and manufacture
a GMP product. Analytical readiness is not
optional; it dictates whether timelines hold,
change controls multiply, or redevelopment
emerges mid-programme. The earlier
data, reports, and historical context are
shared, the more smoothly the transfer
proceeds.

COQAs First, or Everything Slows

Analytical methods define how a product is
measured, controlled, and released. They
establish how CQAs are assessed, how
impurities are tracked, and how degradation
and stability are interpreted. When CQAs are
unclear or still evolving, methods tend to
evolve alongside them, stretching timelines.
While CDMOs bring execution expertise,
sponsors remain the authority on what truly
matters about their product.

What Transfer-Ready Actually Means

Transfer-ready methods are not perfect; they
are clear, stable, and supported by sufficient
historical data. Sponsors should be prepared
to provide SOPs, development reports,
validation or qualification documentation,
representative chromatograms, forced
degradation data, and records of trends or
deviations. Together, these materials allow
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assessment of method maturity and the
appropriate transfer strategy.

A frequent pitfall is the assumption that
a specification implies a standard method.
In practice, many specifications mask non-
compendial or heavily modified methods that
emerge only after transfer begins. When the
complete method surfaces later, project scope,
cost, and timing may need to be reevaluated.
Reviewing raw data - not just summary reports
- often reveals issues that paper assessment
alone fails to expose.

Analytics Drive Process, Not the Other Way
Around

Analytical readiness directly shapes process
transfer and scale-up. CQAs inform mixing
strategies, hold times, filtration, and filling
decisions. Methods such as assay, impurities,
and viscosity provide critical feedback during
engineering runs. If analytical precision is
inadequate, process understanding inevitably
suffers.

Process capability depends on method
variability relative to specifications. Narrow
limits combined with noisy methods
increase the risk of ambiguous results. Early

4’ Subsection: CDMO

evaluation of variability helps determine
appropriate testing strategies and whether a
method requires refinement. Strong control
strategies link CQAs, process parameters,
and analytical performance into a coherent
whole.

How A CDMO Can Help

It is important to select a CDMO that
understands how to transfer a project
smoothly across different stages of
development. They should work with the
sponsor to ensure that everyone is aligned
on the process, the product, and the long-
term goals. Oftentimes, that involves sharing
honest, initial assessments of programme
risks and potential impacts to schedules. For
sponsors, having eyes wide open to important
tech transfer considerations as well as
trusting their CDMQ's specific feedback can
get everyone’s expectations aligned before
moving forward.
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After GLP-1:

4’ Subsection: CDMO

Can the Industry Keep Up with the Peptide Pipeline?

The immediate consequence has been
the need to rapidly expand manufacturing
capacity, not only within innovator
companies but also throughout the wider
CDMO ecosystem. And this is where the story
has become much more interesting and
nuanced in the last few years, as coupled with
the unprecedented volumes of production
needed to support the blockbuster drugs,
we also have an expanding drug pipeline
that has been encouraged by the low risk,
tolerance and massive potential rewards of
this drug class. So, dig below the surface
of the GLP-1 drugs, and this is creating a
great deal of bottlenecks in terms of access
to contract services, and it's no surprise
you have seen many CDMOs invest in this
opportunity.

The other complication is that much
of the largest capacity expansions from
CDMOs have been in direct response to
the success of Ozempic, Wegovy, Mounjaro
and Saxenda. Meaning, essentially, much
of the large-scale capacity and interest
in working with innovators has centred
around securing massive contracts for
already commercialised drugs. Therefore,
we still have a shortage of capacity, and
especially suitable capacity, to support the
rapidly expanding pipeline of new peptide
drugs coming through, which obviously
need greater support, lower volumes and
more contractual flexibility. Our strategy is
to get in early with these partners and work
with them on undertaking thorough process

development - and remember, these firms
are 90% venture-backed - and | think we
are unusual in also specialising in helping
partners like these earlier with medicinal
chemistry work.

In fact, setting aside GLP-1drugs, peptides
have been quietly gaining traction over the
past 10 years, with a growing number of
targets entering the discovery pipeline. This
trend has accelerated rapidly following recent
successes, and investors are now far more
willing to advance these targets. As a result,
the pipeline today is much larger than it was
even a few years ago.

For example, a decade ago there were
fewer than 100 peptides in various phases
of development, and yet this year that has
now jumped dramatically to more than
350+ (and there are more than 500+ trials
underway - 80+ of which are for oncological
peptides) - with approximately ~10 approved
or approaching approval and about 50 in
Phase III.

Not surprisingly, of the 50 in Phase Ill or
later, a majority are for various metabolic
indications [i.e. like the famed GLP-1s]. Yet
when we go to Phase Il, where there are
around 150 targets, the story hecomes much
more mixed, and metabolic drugs account
for only around half, with many peptides
for indications like CNS, cardiovascular and
oncology. Then in Phase I, where there are
approximately a further 200 targets, we see
a notably larger number of peptide drug
conjugates - a class of drug we have yet to
see any approval for, but one that is likely
to be built on the last 20 years of successes
seen with ADCs [antibody-drug conjugates].
The conclusion is, of course, that the next
10 years of peptide approvals will be for
a much wider range of indications, with
oncology likely to be the biggest category
in the medium term.

Yet this widening of therapeutic scope is
precisely where the manufacturing narrative
begins to diverge from the GLP-1 story.
Blockbuster metabolic peptides benefit from
repetition, process standardisation and the
economic efficiencies of enormous volume.
The next generation of assets - particularly in
oncology, CNS and peptide-drug conjugates

- look very different. They are often longer,
structurally more complex, produced in far
smaller batches and still evolving chemically
as clinical data emerges. In other words, they
require development agility rather than
industrial repetition.

At the heart of this challenge is a
deceptively simple question: how should
the peptide be made? Solid-phase peptide
synthesis (SPPS) remains the workhorse of
the industry and is generally preferred for
sequences longer than ten amino acids due to
automation, efficient resin-based purification
and its ability to deliver high purity for
complex chains. However, as sequences
extend beyond 30-40 residues, cumulative
coupling inefficiencies, aggregation and yield
loss become significant constraints. Liquid-
phase peptide synthesis (LPPS), by contrast,
can offer cost and scalability advantages for
short sequences but becomes purification-
intensive and operationally cumbersome as
chains lengthen.

For many early-stage oncology peptides
and emerging conjugated formats, neither
approach alone is ideal. Hybrid strategies
- synthesising protected fragments via
SPPS before coupling them in solution -
are increasingly necessary to balance yield,
purity and scalability. Selecting the correct
pathway is therefore a strategic development
decision that must also be reassessed as a
molecule progresses. This requires modelling
fragment strategies early, piloting at small
scale, and understanding how impurity
profiles and aggregation risks will behave at
larger volumes. Facilities configured primarily
for repetitive commercial campaigns are not
always optimised for this level of iterative
process design.

Scale-up introduces another layer
of complexity. Peptide yields decline
disproportionately with length because errors
accumulate at each coupling step, meaning
gram-scale success does not automatically
translate to multi-kilogram robustness.
Purification intensifies dramatically, with
solvent use in traditional SPPS reaching
double-digit litres per gram and process
mass intensity far exceeding that of small
molecules. So these are not yet the most
efficient processes. At commercial scale,
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mixing dynamics, temperature gradients
and resin swelling characteristics change
materially, often requiring significant re-
optimisation. What appears straightforward
in development can become a months-
long engineering exercise without the right
experience.

Supply chain considerations further
complicate the picture. Protected amino
acids and specialist resins can represent
the majority of cost of goods, and the
surge in demand driven by commercial
GLP-1 production has tightened availability
for certain building blocks. Lead times of
several months for critical raw materials are
not uncommon during peak demand cycles.
Managing this risk requires dual sourcing
strategies, long-term supplier partnerships
and, in some cases, the capability to custom-
manufacture key intermediates in-house to
ensure both quality and continuity. And it's
here that API-focused CDMOs have an obvious
advantage.

Overlaying all of this is a growing
sustainability imperative. Traditional SPPS
is solvent-intensive and heavily reliant on
DMF or NMP. Advanced peptide manufacturers
are now implementing continuous-flow
systems, wash-minimised protocols, greener
solvent substitution and fragment ligation
approaches that materially reduce solvent
consumption and overall process mass
intensity. Embedding these efficiencies
during early development not only improves
environmental performance but can
meaningfully lower long-term commercial
costs.

Finally, many of the pipeline’s most
promising peptides are no longer simple linear
chains. Cyclisation, backbone modification,
lipidation for albumin binding, PEGylation and
peptide-drug conjugation are increasingly
being introduced to enhance bioavailability
and half-life. These modifications add
further synthetic and analytical complexity,
often bringing chemistry and formulation
considerations together much earlier in
development. Supporting such molecules
demands integrated expertise that spans
synthesis, purification, conjugation and
stability assessment.

Taken together, this explains the
structural tension emerging within the
peptide CDMO market. While substantial
capacity has been added to support
high-volume commercial products, the
bottleneck for the broader pipeline lies
elsewhere: in specialised development

capability, flexible infrastructure and deep
technical experience across diverse peptide
architectures. As innovation expands
beyond metabolic disease into oncology
and other complex indications, the defining
differentiator will not simply be scale, but
the ability to guide molecules from early,
uncertain chemistry through to robust,
scalable manufacture.

That said, and not wishing to contradict
myself, the sheer volumes needed for the
GLP-1s have also necessitated that even
large pharma reevaluate how they work -
meaning more partners and more redundancy
in their supply chains. So there are still very
significant secondary, tertiary, regional
and even component/fragment supply
opportunities as well.

Subsection: CDMO 4’
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Designing Quality into the Process:
Integrating QbD and PAT for Modern Drug Delivery

Pharmaceutical quality is built on
the principle that medicines are
manufactured to be consistent and
released in accordance with defined
specifications. And while that principle
remains true today, what is changing is
how manufacturers create evidence that
this quality is present.

Traditional quality control has relied
heavily on testing at defined points in the
process, including final product testing before
release. This approach remains essential, but it
can leave manufacturers with limited visibility
into what happened during production. By
the time an issue is detected, the batch may
already have consumed valuable materials,
equipment time and capacity. In high-value
or high-volume manufacturing, that delay
can have significant operational and supply
implications.

Process Analytical Technology (PAT) and
Quality by Design (QbD) offer a more proactive
model. Together, they help manufacturers
understand the relationship between process
inputs, process conditions and product quality
before routine production begins. Instead of
treating quality as something confirmed at
the end, they design it into the process from
the start.

This shift is especially relevant for contract
development and manufacturing organisations
(CDMOs), which are often responsible for
transferring processes developed elsewhere
into a new site or operating model. Applying a
QbD framework during this stage helps define
what needs to be controlled and how those
controls will be monitored as the process
moves into routine manufacturing.

Moving from Reactive Testing to Proactive
Control

The value of PAT and QbD begins with
knowing what has the greatest effect on
product quality.

+  Quality by Design (QbD) provides the
structured methodology for identifying
critical quality attributes (CQAs), critical
process parameters (CPPs)and acceptable
operating ranges.

«  Process Analytical Technology (PAT)
provides tools and data streams that
can support real-time or near-real-time
understanding of whether the process is
operating as intended.

Using QbD and PAT together matters
because data is only useful when it is linked
to a defined quality objective.

In practical terms, that means the most
important work often happens before a
batch is manufactured. During technology
transfer, the sponsor and CDMO need to
align on the product’s CQAs, the process
parameters that influence them and the
site-specific considerations that may affect
performance.

This early alignment can help move
quality control upstream. Rather than
discovering a deviation after the fact, teams
can use the control strategy to understand
whether the process is trending toward an
issue before it becomes a release problem.
This strengthens quality systems by giving
the organisation better information at the
point where decisions can still protect the
batch.

Applying QbD During Technology Transfer
In an ideal development pathway, QbD
principles would be embedded long before a
product reaches a commercial manufacturing
partner. However, CDMOs often receive
processes under compressed timelines. A
sponsor may be working toward a regulatory
commitment, clinical milestone or supply
deadline that leaves little room for additional
development work.

This is one of the most common barriers
to implementing QbD. The scientific rationale
may be clear, but the project environment
can make it difficult to pause and complete
the activities needed to define the control
strategy in detail. The role of the CDMO is
therefore to make QbD practical by showing
where the approach improves outcomes
without creating unnecessary delays!

However, this requires a pragmatic
balance, since not every parameter needs
the same level of monitoring, and not every
process justifies significant automation. The

4’ Subsection: CDMO

goal should be to focus time and investment
where the connection to product quality,
process robustness and supply reliability is
strongest.

For a CDMO, this begins with a technology
transfer protocol that provides a structured
mechanism for capturing product knowledge,
defining the manufacturing control strategy
and identifying any gaps that must be closed
before routine production.

When this is done well, QbD becomes a
practical tool that helps the sponsor and
CDMO agree on which controls matter most,
which data will be reviewed, and which
decisions can be made during the process
rather than after it.

Extending QbD Beyond the Facility

A QbD approach should also account for
variability that enters the process before
manufacturing begins. Raw materials,
components and supplier performance can all
influence process outcomes.? For parenteral
products, this can include components
where small defects or variations may have
significant implications for manufacturability
and product quality.

While incoming testing remains essential,
it should not be the only line of defence. A
stronger approach involves working closely
with key suppliers, establishing meaningful
quality agreements and creating visibility
into ongoing supplier capability. This
allows the manufacturer to understand
whether suppliers can consistently deliver
components that meet defined require-
ments.

Making PAT Data Actionable
Pharmaceutical manufacturers now have
access to increasingly sophisticated data
collection and automation capabilities. These
tools are most useful when each data stream
is linked to a specific process parameter or
quality attribute. The information also needs
to be available in a format that quality and
manufacturing teams can interpret during
the process.

This is why CQAs and CPPs must be
clearly defined during technology transfer,
with acceptable ranges that reflect the
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transferred process and the receiving
site’s capabilities. A range that worked
in one facility may need to be evaluated
against a different equipment train or
operating environment. The underlying
quality objective may be the same, but the
way it is achieved and monitored must be
appropriate for the site.

PAT data is only actionable when the
organisation knows how it will respond to
the information. If a parameter moves toward
the edge of its acceptable range, the team
needs to understand what that signal means
and what action should follow. This response
framework integrates monitoring into the
control strategy.

Where Real-Time Monitoring Makes the
Greatest Difference

The case for real-time PAT monitoring
depends on the product, the process and
the consequences of delayed detection.
Traditional batch testing may remain
appropriate for some products, while real-
time monitoring can add greater value when
process complexity or manufacturing volume
increases the impact of an issue.

High-volume manufacturing is one area
where the case can be especially compelling.
When a product runs across multiple shifts or
at significant scale, small process shifts can
create meaningful quality costs. Automated
monitoring of selected CPPs can help confirm
that the process remains within the validated
control space throughout production.

In higher-volume settings, stronger
process data can also support longer-
term discussions about more efficient
release strategies. Where the process is
well understood and the control strategy is
robust, manufacturers may be able to reduce
reliance on retrospective testing without
compromising safety, identity, strength, purity
or quality (SISPQ) of the drug product.

The ultimate question for CDMOs here
is whether real-time insight will improve
control, reduce quality-related cost or protect
patient supply.

Aligning Innovation with Regulatory
Expectations

Regulators have encouraged science-based,
risk-based approaches to pharmaceutical
development and manufacturing for many
years. PAT and QbD fit naturally within this
approach, provided they are implemented
within a strong quality management system
(Qms).

Subsection: CDMO

This approach also aligns with the
International Council for Harmonisation
(ICH) quality guidelines, which encourage
manufacturers to understand how the process
affects product quality and to manage risk
systematically across the product lifecycle.2*
For global manufacturers, that means the
technology transfer process, control strategy
and supporting evidence must show that the
process can be controlled consistently across
different regulatory environments.

A strong QbD framework can support
more productive dialogue with regulators
by giving the organisation a clear rationale
for its control strategy. It helps explain why
specific parameters are critical, how they are
monitored and how those controls protect
product quality.

Building the Right Foundation

for Long-Term Value

Implementing PAT and QbD requires upfront
investment, including time, cross-functional
engagement and a willingness to define
the process in more detail before routine
manufacturing begins. This can be challenging
in a compressed project environment, but the
long-term value can be significant.

When CQAs and CPPs are well-defined,
ranges are appropriate and selected
parameters are monitored effectively, the
manufacturing organisation gains stronger
assurance of continuous product release.
These improvements can reduce deviations
and batch failures, while also supporting a
more reliable process, faster investigations,
more effective use of manufacturing capacity
and greater confidence in supply continuity.

For patients: A well-understood process
is better positioned to deliver reliable
product quality.

«  For sponsors: The advantage lies in
reducing avoidable quality risk and
creating a manufacturing strategy that
can support the product as demand
grows.

«  For CDMOs: The value is in building a
more resilient operating model that
supports both compliance and customer
outcomes.

Quality as a Design Outcome

PAT and QbD provide a practical framework
for controlling complex manufacturing
processes. For CDMOs, success depends
on defining the control strategy during
technology transfer and applying monitoring
where it adds value.

When done correctly, this approach
supports consistent supply, gives regulators
clear confidence in how product quality is
achieved and allows manufacturers to reliably
demonstrate control with evidence.
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Global Approaches to Oral Drug Administration
Using Enteral Feeding Tubes:

A Review of FDA and EMA Guidance

Enteral feeding tubes (EFTs) are essential
to use in cases where patients are unable
to swallow oral dosage forms due to
conditions such as dysphagia, neurological
disorders, or critical illness. While
this practice is common, it introduces
significant formulation challenges that
impact safety, efficacy, and outcomes
in both adult and children patient
populations.

An article published last year in Advanced
Drug Delivery Reviews noted that medicines
administered via EFTs to children, in particular,
are often not licensed for use via EFTs and
therefore subject to manipulation, such as
crushing tablets or opening capsules, to
administer? This leads to a greater risk of
dosing errors, tube blockage, altered bio-
availability, and safety issues due to age-
specific physiological differences and narrow
therapeutic windows. A lack of harmonised
global regulatory guidance specific to pae-
diatric EFT administration was also noted.

Pharma and biotech sponsors increasingly
need early, data-driven in vitro testing to
support EFT administration and avoid off-label
use, making formulation design and testing
strategy critical upstream activities. Draft
guidance issued in 2021 from the US Food
and Drug Administration (FDA) provided a
framework for addressing these challenges,
emphasising the importance of systematic
testing and clear labelling1 The FDA guidance
was the first regulator-led attempt to formalise
expectations for demonstrating whether oral
drug products can be administered via EFTs
using in vitro testing.

While it laid a foundation, the FDA
guidance has left much to interpretation.
More recently, the European Medicines
Agency (EMA) have elaborated on
requirements for studies that should be
performed to demonstrate feasibility of
EFT administration.? The January 2026
guidance embeds EFT administration within
broader quality and lifecycle management
expectations. The EMA’s guidance is less
exploratory and more operational, signalling
that regulators will increasingly expect EFT
feasibility to be designed in early drug

development and clinical testing, instead
of retrofitted later.

As regulations evolve, thoughtful drug
product formulation design, excipient choice,
and dose flexibility must be built in early
and supported by data that demonstrates
real-world tube compatibility. In this article,
we look at factors involved in properly
administering drug products through EFTs,
including factors such as:

+  Chemical compatibility and integrity

+ Interaction with enteral feeding tube
materials
Physical stability and enteral feeding
tube patency
Labelling and instructions for use

Drug Product Chemical Compatibility and
Integrity

The administration of drug products can
result in interactions with EFTs that lead
to possible precipitation or degradation of
the drug. To mitigate this, testing across a
range of dispersion media, such as water or
other vehicles, and pH conditions to confirm
chemical stability is required. In addition, the
number of flushes and volumes of fluid are
also determined to ensure successful delivery
of the oral drug product.

For modified release formulations,
dissolution assessments may be necessary
to ensure the release profile of the drug is as
expected. Drug products requiring extended
hold times once mixed in dispersion media
prior to administration should have microbial
assessments to support the intended shelf
life; this is crucial in cases when products are
held at room temperature for over four hours
or refrigerated over 24 hours.

Drug Product Interactions with Enteral
Feeding Tube Materials

Adsorption of lipids or active ingredients to
tube surfaces can reduce delivered dose.
To mitigate this, EFTs are typically made
from materials such as polyurethane (for
nasogastric use) and silicone (for gastrostomy).
These materials are highly resistant to reaction,
degradation, and adhesion.

Appropriate testing is performed to
confirm the potency, impurity profile and

delivered dose of the drug product. It is
critical that these tests confirm the absence
of interaction with EFT materials to ensure
accurate dosing and prevents under-delivery
of critical medications.

Quotient Sciences can formulate drug
products including solutions, suspensions,
minitablets, and sprinkles while considering
the requirements to administer via EFTs. We
support clients in selecting appropriate EFTs
and developing a clear dosing regime for
administration in adult, paediatric, or elderly
patient populations.

Physical Stability and Enteral Feeding Tube
Patency

EFT clogging remains one of the most frequent
complications in enteral drug administration.
High-viscosity formulations, poorly dispersed
particles, or incomplete reconstitution can
obstruct narrow tubes.

In vitro testing to evaluate dispersion
of the drug product and flowability under
“worst-case” conditions, such as small tube
diameters across various tube materials,
must be conducted. This ensures that oral
drug products, when manipulated for enteral
administration, maintain physical integrity and
do not compromise EFT patency.

Labelling and Instructions for Use

An important aspect of the FDA guidance is
its emphasis on labelling. The EMA's latest
guidance treats EFT administration as a
routine quality consideration, with even
clearer expectations for data generation,
documentation, and labelling.

Clear, evidence-based instructions for
preparation, dispersion, and administration
via enteral feeding tubes must be included
in product labelling. This reduces reliance
on off-label practices and enhances patient
safety. Instructions should cover the tube type
and size compatibility, the required dilution
or dispersion steps, and flushing protocols
before and administration.

At Quotient Science, we adopt a risk-based
approach, selecting relevant conditions that
reflect clinical practice. Through in vitro
experiments, we assess potency and impurity
profiles, determine preparation steps, dilution
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requirements, and any incompatibilities to
prevent adverse interactions.

Conclusions

Oral drug product delivery via EFTs involves
physical, chemical, and microbiological
considerations. A regulatory convergence
toward proactive, data-driven support
of enteral feeding tube administration is
happening. While the 2021 FDA guidance
remains influential, the EMA has now set a
more explicit benchmark, signalling where
global regulatory expectations are heading.

Mitigating risks of EFT administration can
be accomplished through rigorous in-vitro
testing, transparent drug product labelling,
and instructions for administration ensures
the successful dosing of oral products via
EFTs to patients. Sponsors that address
challenges proactively, with support of a
CDMO that is familiar in best practices in
this area, are better positioned to reduce
off-label use, improve patient safety, and
strengthen regulatory and clinical acceptance
of paediatric medicines.

Choosing a CDMO with expertise in
risk-based in vitro testing, age-appropriate
formulation strategies, and device-formulation
co-development is critical. Quotient Sciences’
approach de-risks development and supports
regulatory submissions, understanding that
drug products that are supported by robust
data enable clearer and differentiated
labelling, strengthen our clients’ regulatory
and commercial position, and ensure patient
safety.
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Quotient Sciences

How does Quotient Sciences support
early-phase drug development when
medicines may need to be given through
EFT?

Quotient Sciences is a CRDMO integrating
drug product formulation, manufacturing,
and early clinical testing. We support
EFT administration by designing suitable
formulations, evaluating tube compatibility
and dose clearance, and generating clinical
data to meet regulatory expectations. Above
all, we work with our customers to understand
the goals for their programme, including the
target age groups (paediatrics/neonates),
dose volumes and the types of EFTs intended
to be used in clinical practice, so that we can
design relevant in vitro studies with the
proposed EFTs to assure safe, effective dosing
when oral administration is not feasible.

What makes enteral administration
particularly challenging froma formulation
development perspective?

Enteral administration is challenging because
formulations must remain stable and safe
when delivered via feeding tubes, avoiding
clogging, dose loss, or altered absorption.
Variability in tube types, patient physiology,
and preparation methods further complicates
achieving consistent, reliable drug delivery
and regulatory compliance.

What advantages does an integrated
CRO/CDMO model offer when developing
medicines intended for enteral admini-
stration?

An integrated CRO/CDMO model enables
seamless coordination between formulation,
manufacturing, and early clinical studies. This
allows us to greatly reduce risk and timelines
for our clients.

In practice, what types of in vitro data are
most valuable when assessing suitability
for enteral administration?

It is important to ensure that the in vitro data
collected demonstrates the suitability of a
formulation to be adequately administered
via EFTs. As such critical in vitro data includes
confirming the potency of the drug being
administered, determining the required number
of flushes to deliver the full dose and ensure no
blockages, and ensuring compatibility with the
EFT from a drug chemical perspective.

Where do you typically see gaps between
in vitro testing outcomes and real-world
administration performance?

There are many variables between in vitro
testing outcomes and real-world administration
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performance which can lead to a sub optimal
dosing procedure. Many formulations that are
tablets require crushing prior to being used
in conjunction with EFTs, and insufficient
crushing may lead to blockages or clogging
during administration. Changes in the syringe
size and void volumes in the syringe tip can
affect the accuracy of the dosing procedure,
and unfortunately the risk of medication
error is significantly higher in patients with
EFTs compared to patients without, due to
inadequate flushing of the tubes.

In addition, there may be a need to dose
certain formulations with vehicles other than
water which may not have been assessed as
part of the stability and dose clearance in vitro
studies.

How are evolving FDA and EMA expec-
tations changing the way companies
approach enteral administration studies?

Recently, we see that evolving FDA and
EMA expectations are driving more rigorous,
clinically relevant enteral administration
studies. We expect to see other regulatory
bodies follow suit in the years to come.
Sponsors must now generate robust data
earlier to demonstrate safe, reliable delivery
through feeding tubes. This includes more
attention being paid to in vitro compatibility,
dose recovery, and in vivo performance.

What formulation characteristics are most
difficult to optimise for administration via
enteral feeding tubes?

Key challenges include maintaining
solubility and physical stability, preventing
tube blockage, ensuring accurate dose
recovery, and controlling particle size and
viscosity. Formulations must also withstand
preparation and administration steps without
altering bioavailability, making it difficult to
balance performance, safety, and consistency
for enteral delivery.

Lookingahead, how doyou see approaches
to enteral administration evolving within
early-phase drug development?

The FDA has already signalled a major
shift with its draft guidance on “Oral Drug
Products Administered via Enteral Feeding
tubes”, which emphasises consistent testing

methodologies to demonstrate drug product
and bioequivalence after tube administration.
Going forward harmonisation between the
FDA and EMA and the testing requirements
is likely.

Drug labels rarely mention tube material to
be used or pharmacokinetic impact, therefore
going forward risk-based frameworks are likely
to be developed that take into account drug
physicochemical properties, tube material
and geometry, and clinical use scenarios. This
would make the in vitro testing more efficient,
targeted and clinically meaningful.

Finally, what do you think sponsors
most value about working with Quotient
Sciences?

We often hear that our clients value our
ability to integrate formulation development,
manufacturing, and early clinical testing
within a single programme through our
Translational Pharmaceutics® platform. We've
applied Translational Pharmaceutics® across
more than 500 programmes for nearly 20
years now, as a proven approach integrating
activities that a sponsor would traditionally
do through working with separate CDMO and
CRO partners.

With Translational Pharmaceutics®,
sponsors benefit from the ability to generate
clinically-relevant data early that helps
them make decisions about a programme
with greater confidence. That's particularly
important for complex delivery routes and
dosage forms, like enteral administration but
also modified-release dosage forms and oral
peptides, which we've often seen.

Generally, though, we are looking to
understand and meet a customer wherever
they are in development. We bring extensive
expertise in drug product formulation,
process development, scale-up, and GMP
manufacturing as the client progresses into
later clinical and commercial development,

too. As a molecule progresses from the clinic
to commercial, our focus always remains
phase-appropriate and on what the customer
needs to successfully achieve their next
milestone.
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Analytical Development and Quality
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CAPABILITIES

Integrated supply for DS, DP
and QC testing

Single use, Stainless steel or
Customized configuration

Cold chain management from
-80°C to Room Temperature
BIOCONJUGATES

Batch size from 10 mg to 15 Kg

Liposomes, LNP, Micelle,

Nano emulsions

Small molecules, nRNA,
Small and Large molecules siRNA, Oligonucleotides,

Liquid and Lyo vials LPIDIC Synthetic Peptides
CYTO & BULK

Isotechnology configurations NON CYTO
(up to Oeb 6) SOLUTIONS

in full containment Extrusion, Microfluidics,
for both categories Mixing Technologies

Batch size from 1.000 to
250.000 vials

Explosion Proof Equipment

HEADQUARTER and
MANUFACTURING PLANT
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