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Abstract

Traditional Computer System Validation (CSV) in the pharmaceutical
industry relies on a "test-everything" approach, creating excessive
appraisal costs and resource bottlenecks. This study applies the Lean
Six Sigma DMAIC framework to transition the validation lifecycle to
an optimized, risk-based auditing method aligned with FDA Computer
Software Assurance (CSA) and ISPE GAMP 5 R2 guidelines. A
retrospective baseline of 11 historical protocols showed an inefficient
processing footprint of 336.0 total hours, requiring 8.20 hours per issue.
A back-testing simulation on a 2025 dataset demonstrated that a risk-
prioritized framework reduced the time to 103.7 hours (a 28%
reduction), saving $2,015 per project cycle, while maintaining a 100%
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Discussion

Current 1industry validation practices routinely rely on outdated,
compliance-based '"test-everything" approaches that mandate equal
testing rigor for every system function regardless of actual risk. This
"one-size-fits-all" strategy creates excessive "Appraisal Costs®, defined
by J.M. Juran as resources spent inspecting and auditing systems to
ensure conformance, which severely inflates project budgets and
extends timelines without increasing critical defect detection. This
study addresses this operational crisis by engineering a risk-based
validation framework that concentrates testing effort on high-risk data
integrity functions while eliminating non-value-added over-processing
waste 1n low-risk layers.
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Reducing Appraisal Costs in Computer System Validation (CSV): A Risk-Based Auditing Approach Using DMAIC Methodologies

Conclusions

Applying a DMAIC framework to the CSV lifecycle successfully

bridges theoretical quality management with rigid regulatory standards.

Root cause analysis proves documentation errors are process-driven

and preventable. Quality must be designed early into Prevention phases

rather than inspected at the final stage.

Study Limitations

* Limited to a sample size of 11 validation protocols from a single-
site 2025 dataset.

* Underlying DMAIC logic 1s universally replicable across alternative
automated manufacturing lines.

* [Exact 28% resource and financial compression scales may vary
based on legacy baselines and localized engineering labor rates.

detection rate for all 28 critical defects. A paired t-test (p < 0.05) o

statistically confirmed these efficiency gains. F“ture WO l‘k
Methodology

The immediate next step for the manufacturing facility 1s to fully
integrate this risk-based model into the current site’s Standard
Operating Procedures (SOPs). This procedural update will mandate a
formal, matrixed risk assessment prior to protocol creation, ensuring
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Introduction

The pharmaceutical industry operates in one of the most strictly
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matrix evaluation

The theoretical framework of this study builds upon the traditional risk compression

"Cost of Quality" (CoQ) model popularized by J.M. Juran, which
divides operational quality expenditures into the categories of
Prevention, Appraisal, Internal Failure, and External Failure. In
software validation environments, excessive capital and time are
routinely spent on Appraisal activities, such as repetitive manual
inspection, witnessing, and document auditing, rather than on
Prevention practices like robust system design. This creates an
industry-wide over-processing crisis where organizations frequently
underestimate the hidden administrative costs buried directly within
their operational validation budgets.

Modern software risk is fundamentally non-uniform, as different
automation components carry completely distinct failure probabilities
and data integrity impact severities. Historical tendencies toward a risk-
averse, "one-size-fits-all" verification strategy have generated massive
documentation volumes and extended project timelines without a
corresponding increase 1n actual defect detection. Shifting resources
away from late-stage exhaustive checking and toward early-stage risk
analysis allows validation teams to concentrate engineering rigor where
1t matters most.

While Lean Six Sigma (LSS) and the structured DMAIC lifecycle are
traditionally associated with physical manufacturing lines, recent
literature heavily supports their application to administrative, service,
and Quality Assurance workflows. By analyzing validation as a
continuous, repetitive process rather than an 1solated compliance
hurdle, engineering teams can systematically uncover operational
waste, clear document execution bottlenecks, and decrease inflated
cycle times. This process-optimized strategy directly operationalizes
modern regulatory guide updates, including ISPE GAMP 5 R2 and the
FDA’s guidance on Computer Software Assurance (CSA), both of
which champion a "least burdensome" model that scales testing rigor
based strictly on system complexity and product risk.
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Hypothesis Validation (a = 0.05):

* Null Hypothesis (Hy): Urraditional < Krisk—based (Framework fails to
reduce appraisal hours).

* Alternative Hypothesis (Hq): Urraditional = Hrisk—baseqd (Framework
significantly reduces hours).

* Statistical Output: T-Value = 14.69, P-Value = 0.000.

* Conclusion: Reject Hy. The 95% Lower Bound of 3.211 hours
confirms consistent, repeatable lifecycle time savings.

Identified
Operational
process diagnosis

* Chronic over-processing waste




	Slide 1

