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Building Excellence in Pharma
Manufacturing Through Rigor

INTRODUCTION

In the life sciences industry, excellence is not optional—it’s imperative. The cost of non-compliance
is measured not only in dollars and delays but in patient safety and public trust. Yet too often, phar-
maceutical manufacturers rely on reactive processes and heroic efforts to meet startup deadlines or
recover from deviation crises. What’s needed instead is a rigorous, proactive approach that embeds
excellence into the systems and processes that power operations.

The principles of rigor—applied consistently across quality systems, operational workflows, and
workforce capability—can drive measurable improvements in compliance, efficiency, and long-term
success. Drawing from CAl's Operational Readiness (OR) Framework and best in class QRM method-
ology and the structured system-thinking around systemizing processes, we propose a path toward
sustainable excellence rooted in process, not personality.

THE ROLE OF RIGOR IN ENSURING COMPLIANCE

Compliance in pharmaceutical manufacturing is non-negotiable—but achieving it consistently
requires more than good intentions. Rigor means translating compliance expectations into embed-
ded behaviors, procedures, and systems that function predictably, even under stress.

At the core of CAl's OR Framework is cross-functional alignment: unifying every team, system, and
process around a common operational goal. Compliance becomes not a discrete milestone but the
natural output of well-integrated systems. ICH Q10 reinforces this mindset by positioning compli-
ance within a Pharmaceutical Quality System (PQS) designed to deliver sustained performance.

The use of QRM (ICH Q9) ensures that risks to product quality and patient safety are identified,
assessed, and controlled. System Risk Assessments (SRAs) enable organizations to trace Critical
Process Parameters (CPPs) back to Critical Quality Attributes (CQAs), and define the necessary con-
trols (CAs) and design elements (CDEs) to manage them. This risk-based approach mitigates defi-
ciencies before they occur, reducing audit findings and startup delays.



EMBEDDING RIGOR INTO QUALITY SYSTEMS

A rigorous quality system is one where every deviation, change, and
corrective action is part of a closed-loop, traceable process that supports
operational flow rather than disrupting it.

Actionable tactics include:
- Standardizing deviation and CAPA workflows for faster resolution
and root-cause alignment
- Integrating change control with project milestones to ensure traceability and minimize surprises
- Implementing phase-appropriate Quality Manuals and Policies, scaling as the site matures
« Aligning inspection readiness with daily operations through dashboards and readiness reviews

Keys to success: Designing quality systems that operate effectively regardless of who is on shift, using
SOP-to-role mapping, robust documentation, and role-based training to ensure consistency.

OPERATIONAL EFFICIENCY THROUGH RIGOR
Rigor is not the enemy of speed—it is the engine. Operational efficiency is maximized when every
activity is planned, every risk is controlled, and every outcome is predictable.

CAI’'s Execution Excellence pillar and the integrated C&Q model promote:

« Risk-driven scheduling and milestone management, embedding readiness into the project plan
« Mock runs and startup simulations, identifying integration gaps before production

« Go/No-Go criteria and cross-functional readiness reviews to drive decisive actions and flag
issues early in the project

- Integrated digital dashboards to monitor readiness in real time across functions

These are not extraordinary actions—they are ordinary actions done with extraordinary consistency.
The key is this. Systems empower the business; people execute the systems. When rigor is built into
the system, performance becomes reliable and scalable.



PROGRAMMATIC RIGOR FOR MULTI-PROJECT SUCCESS

For organizations managing multiple sites, tech transfers, or annual
shutdowns, rigor must scale. A one-time success is not enough—
what’s needed is a programmatic approach that delivers repeatable
excellence across the enterprise.

CAI's OR framework supports this through its five-phase Roadmap to
Readiness and a maturity model that benchmarks performance across
six pillars. By establishing a baseline, identifying gaps, and aligning
cross-site teams around shared tools and metrics, companies can:

. Standardize readiness practices across multiple projects,
reducing variability and effort duplication.

- Enable knowledge transfer via digital continuity tools,
structured playbooks, and site-to-site coaching.

- Build internal ownership and leadership capability,
reducing dependency on external intervention.

» Track progress across pillars using maturity models,
guiding investment where it drives the most impact.

Think of this as building the “fleet prototype” for manufacturing
readiness. Whether launching a new biologics line or navigating
an aggressive product portfolio, a programmatic approach
ensures that rigor scales with ambition.

ACTIONABLE STRATEGIES TO REDUCE RISK
AND ACCELERATE TIMELINES

1. USE QRM TO DESIGN FOR CONTROL, NOT JUST COMPLIANCE

At the heart of ICH Q9 is the principle of risk-based decision making. By identifying
Critical Quality Attributes (CQAs) and associated Critical Process Parameters (CPPs)
early—ideally during Stage 1 process development—teams can define what must be
controlled to protect patient safety.

The System Risk Assessment (SRA) technique described in ISPE Baseline Guide Vol 5 2nd
Edition operationalizes this by mapping CPPs to systems and identifying necessary risk
mitigations i.e. Critical Aspects (CAs) and Critical Design Elements (CDEs). These are then
embedded into the design, enabling Good Engineering Practices (GEPs) and the team to
focus on verifying controls that matter most.

Action Tip: Standardize the use of SRAs for all direct impact systems and proactively trace
each CDE back to the associated CPP and CQA in a live Traceability Matrix (TM). This TM
becomes your single source of truth and verification plan throughout the lifecycle. DQ
becomes your rosetta stone with QA acceptance of the plan.



2. DEFINE AND LEVERAGE THE MANUFACTURING
PROCESS CONTROL STRATEGY (MPCS)

ICH Q10 introduces the concept of a control strategy,
and we extend this into the MPCS—an integrated view of how
CPPs are monitored, alarmed, and maintained within specification.

By linking CDEs and procedural controls to the CQAs you are creating

the critical link of process to product and defining the MPCS. Process control

and variability results in product certainty. You’re not only ensuring the design and

follow on design review and verification are meaningful but also creating a feedback loop that
supports real-time operations and regulatory expectations.

Action Tip: Define your MPCS using product and process knowledge (CQAs and CPPs) linked to
your process design (CDEs and CAs). Integrate your digital strategy and data integrity and you
demonstrate control. This becomes your source of truth for future changes and new product
integration.

3. SHIFT FROM REACTIVE TESTING TO PROACTIVE VERIFICATION

Many project delays stem from an over-reliance on traditional IQ/OQ protocols performed too late.
Instead, CAl recommends a GEP-driven, integrated commissioning and qualification approach, where
verification begins at FAT and continues through SAT, IOV, and site integration.

This lifecycle-based verification dramatically reduces the burden of redundant testing and allows
right-first-time startup by focusing efforts where they matter—on CDEs, alarm configuration,
and data integrity.

Action Tip: Replace late-stage 10Qs with a C&Q Plan that integrates vendor documentation, GEP
commissioning, and focused testing of CDEs. Approve it early in the project with Quality involvement
to eliminate bottlenecks later.
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4. EMPOWER SYSTEM OWNERSHIP THROUGH CLEAR ROLE DEFINITION
AND DATA TRANSPARENCY

A key success factor is building businesses that run on systems, not people.
In life science and mission critical projects, this means clarifying roles and
empowering System Owners and Supervisors to act—not wait.

Operational dashboards that track readiness KPIs (e.g., training completion, deviation
closure, equipment qualification) provide visibility and reduce ambiguity. This builds
accountability and confidence in startup readiness.

Action Tip: Use CAl's Readiness Maturity Model to baseline your team’s alignment
and proactively coach System Owners using structured playbooks and decision
trees tied to data thresholds.

5. INSTITUTIONALIZE LEARNING ACROSS SITES AND PROGRAMS

For companies with multiple ongoing capital projects or tech transfers, isolated project
wins are not enough. A rigorous approach must be programmatic and repeatable.

Establish a Program Office or OR Center of Excellence that leverages CAl’s five-phase
roadmap and cross-site maturity tracking. This structure enables common processes,
shared tools, and faster mobilization—while capturing lessons learned to improve
each iteration.

Action Tip: Create a central library of SRAs, C&Q Plans, DQs, and Traceability Matrices.
Align these with site quality systems and apply a standard Engineering Quality Process
(EQP) to enable scalability across programs.
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LONG-TERM BENEFITS OF A RIGOROUS APPROACH

A rigorous approach doesn’t just deliver projects on time; it transforms how organizations operate:

- Faster Time to Market: Eliminate rework and delays by getting it right the first time

- Improved Compliance: Regulatory confidence grows when systems demonstrate
control and traceability

» Stronger Workforce: Role clarity and targeted training reduce variability and
empower decision-making

. Better Patient Outcomes: Products are delivered safely, consistently, and at the expected quality

Perhaps most importantly, rigor fosters resilience. Instead of firefighting, teams operate with
confidence, clarity, and control—delivering not just startup success, but sustainable excellence.

CONCLUSION

Building excellence in pharmaceutical manufacturing doesn’t require heroics. It requires rigor.
Rigor in systems. Rigor in execution. Rigor in mindset.

By embedding structured, risk-based methodologies into every facet of operations—from commis-
sioning and qualification to workforce readiness and quality systems—organizations can move
from reactive project management to proactive operational readiness. With alignment, owner-
ship, and execution built into the system, speed and compliance become not competing priori-
ties, but complementary outcomes.

The tools are available. The frameworks are proven. Now is the time to invest in a rigorous path
to readiness and deliver true excellence on Day One—and every day after.
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