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Turning Process Data into Process Understanding

In pharmaceutical and biotech manufacturing, data is
generated every day across development, validation,
manufacturing and quality. Yet more data does not
automatically create better decisions.

When teams cannot clearly distinguish routine variation

from meaningful change, they often face slower
investigations, inconsistent monitoring, weaker validation
decisions and missed opportunities to improve performance.
Process knowledge gaps can affect startup, day-to-day
operations and long-term optimization.

At CAI, we help life sciences organizations turn process
data into practical process understanding. We combine
statistical thinking with deep experience in regulated
environments so clients can make better decisions,

strengthen control and improve performance
across the lifecycle.
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WHY IT MATTERS

Organizations need more than reports and trend charts. They need a clearer way to interpret process behavior, understand
variability and connect data to quality and operational performance.

That need is growing as teams face increasing pressure to accelerate decisions, improve performance and sustain quality in
more complex technical and regulatory environments. Common challenges include large volumes of data with limited actionable
insight, inconsistent interpretation of trends, slow investigations and improvement efforts that rely too heavily on trial and error
rather than structured understanding.

These issues affect multiple stakeholders at once. Engineering leaders need stronger technical insight into process behavior.
Quality and validation leaders need defensible, data-driven decisions. Site leaders need better visibility into risk, performance
and where intervention will have the greatest impact.

OUR APPROACH

At CAl, we help make process data more useful, more actionable and more connected to day-to-day operations. Our work
is grounded in real GMP environments where the goal is not statistical complexity for its own sake, but better decisions and

better outcomes.

We work side-by-side with clients to help them understand whether a process is stable or beginning to drift, distinguish common
variation from meaningful signals, strengthen process monitoring and Continued Process Verification, improve troubleshooting
and root cause analysis and support stronger validation, tech transfer and lifecycle decisions.

This reflects how we work across Operational Readiness and Operational Excellence: as a hands-on partner focused on
measurable progress, practical implementation and outcomes that last.

KEY OFFERINGS

Statistical process monitoring

We help teams design and
strengthen process monitoring
strategies so performance is easier
to interpret over time. This includes
practical use of control charts and
trend analysis to detect emerging
shifts, support Continued Process
Verification and reduce overreaction
to routine variation.

Validation and lifecycle support

We help connect statistical analysis
to process validation and ongoing
lifecycle management. That supports
stronger evidence for qualification,
validation, continued monitoring and
long-term process control.

Process capability and

robustness analysis

A process may appear stable without
being truly capable. We help clients
assess whether processes can
consistently perform within expected
limits and where variability may be
affecting reliability, yield, throughput
or quality.

Design of Experiments support

When clients need deeper
understanding earlier in the lifecycle,
we can apply Design of Experiments
to identify critical variables, evaluate
interactions and support more
robust development, scale-up and
optimization decisions.

Investigation and troubleshooting
support

When deviations recur or process
behavior changes unexpectedly, we
help teams analyze the underlying
data with greater rigor. That supports
faster insight, stronger root cause
understanding and more effective
corrective action.

Capability-building support

We can also help build internal
capability so engineering, validation
and quality teams are better equipped
to interpret process data, apply the
right methods and sustain stronger
decision-making over time.
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FROM LAUNCH TO LONG-TERM
PERFORMANCE

Process knowledge creates value at two important stages of the client journey. It supports Day One launch readiness when
teams are preparing for startup, transfer or ramp-up, and it supports continuing excellence and optimization once the process
is live and teams are focused on long-term performance.

This is where Operational Readiness and Operational Excellence connect in a practical way. Operational Readiness is
about being prepared to launch successfully and operate in control from the start. Operational Excellence is about building
on that foundation to improve, optimize and sustain performance over time.

SUPPORTING DAY ONE
LAUNCH READINESS

Building confidence before startup

For organizations preparing for startup, transfer or ramp-up, process knowledge supports readiness for Day One launch.
At this stage, teams need confidence that the process will perform as expected from the start and that they can monitor it
effectively once operations begin.

A process is not truly ready if teams do not understand what normal variation looks like, how to detect early signals of
drift or how to respond with confidence during launch and early operations. Stronger process understanding helps reduce
uncertainty at a time when mistakes can be costly.

B

Common challenges we help solve Outcomes for Day One readiness

We support clients facing readiness challenges such as: With stronger process knowledge before and during launch,

clients are better positioned to:
« Limited confidence in how to monitor the process P

on Day One - Start up with greater confidence in process control

« Uncertainty around whether startup variation is - Strengthen monitoring discipline from Day One

routine or a signal of a larger issue
9 9 - Make faster, better-informed decisions during launch

- Gaps in process understanding during tech transfer, and ramp-up

validation or early commercial manufacturin
y 9 « Reduce misinterpretation of startup variability

- Continued Process Verification planning that is

. . . Support safer, more efficient startup and more
incomplete or not yet actionable

sustainable control after launch
- Early ramp-up troubleshooting where teams need

This aligns closely with Operational Readiness as a designed
faster, more reliable interpretation of the data 9 y P 9

condition that supports safe, efficient startup, design
These are practical readiness issues tied to launch throughput and sustainable control.

performance, early control and the ability to move into

operations with confidence.
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SUPPORTING CONTINUING
EXCELLENCE AND OPTIMIZATION

Improving performance after launch

Once a process is live, the focus shifts from launch readiness to continuing excellence and optimization. At this stage, process
knowledge helps teams improve performance, reduce variability and make better decisions every day.

This is where data should become a practical tool for learning and improvement. Rather than using trend data only for
retrospective review, teams can use process knowledge to better understand what is changing, why it matters and where

improvement efforts should focus.

CONCLUSION

Common challenges we help solve

We support clients facing ongoing operational challenges
such as:

« Recurring deviations and slow investigations

- Unstable process performance or inconsistent
cycle times

- Weak use of data in day-to-day decision-making

- Limited visibility into where variability is affecting
quality or throughput

- Improvement efforts that are not clearly guided by
evidence

- Teams that need a stronger foundation for optimization
and continuous improvement

These are the kinds of issues that affect consistency,
quality, efficiency and long-term operational confidence.

Outcomes for continuing excellence

With stronger process knowledge in steady-state operations,
clients are better positioned to:

- Improve visibility into variation, drift and stability
. Strengthen root cause analysis and investigation quality
- Improve the speed and quality of decision-making

«  Reduce avoidable rework, uncertainty and
reactive responses

- Support more consistent manufacturing performance

« Advance a more data-driven culture of continuous
improvement

This is how process knowledge helps turn everyday
monitoring into insight that supports continuing excellence
and smarter optimization over time.
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WHY CAl
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Our expertise

We bring deep experience across engineering, quality,
validation, manufacturing and lifecycle support in regulated
life sciences environments. That cross-functional perspective
helps us connect process understanding work to the realities
clients face at startup and in ongoing operations.

Ll

Rigor

We apply statistical methods in a practical, disciplined way
that supports real GMP decision-making. Our focus is not
academic analysis alone. It is using the right level of rigor to
improve clarity, strengthen confidence and support better
outcomes.

Start the conversation

14
Tir
A customized approach

Every site, process and team starts from a different point. We
tailor our support to the current challenge, the available data
and the client’s operational priorities, whether the need is
monitoring design, capability analysis, investigation support
or broader lifecycle process understanding.
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A strategic partner

At CAl, we work side-by-side with clients to solve immediate
challenges while helping build stronger long-term capability.
We support readiness for launch, stronger execution after
launch and a more durable foundation for continuous
improvement across operations.

If your team is generating process data but still struggling to turn it into clear action, we can help. Process Knowledge Services
for Life Sciences helps strengthen process understanding, support better decisions and improve performance from startup

through long-term operations.

The next step is a focused conversation about your process monitoring challenges, data environment and operational priorities.
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CAl is here to be your trusted partner to accelerate operational
readiness and excellence through technology-driven solutions
tailored to your business needs.

Let’s get started. Contact us today to schedule an Operational
Readiness workshop or strategy session tailored to your facility.

Call us at (317) 271-6082 or contact us online.

Are you ready?




