From Fragmented Data to

Predictive Quality: Integrating  reoiea
Internal and External Signals e
to Predict Supply Chain Risk

Pharmaceutical supply chains generate vast amounts of quality and regulatory data, but most organizations manage it in silos.
Audit observations live in one system. FDA inspection outcomes live in another. Recall history, adverse event reports, and on-
time delivery performance each occupy their own island. The result: quality teams spend 80% of their time gathering data and
only 20% acting on it. This case study documents a predictive risk intelligence framework applied across a 20-site CMO and
API portfolio. By integrating external regulatory signals with internal quality data through a five-pillar composite risk model, the
framework enables quality teams to move from reactive firefighting to proactive, data-driven supplier oversight, identifying
convergent risk before it reaches patients.
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The Challenge Industry

. . o , , Pharmaceuticals & Biotechnology
A global life sciences organization managing a diverse CMO and API

portfolio faces a challenge common across the industry: critical risk

signals exist in abundance, but live in fragmented systems that never Solution
speak to each other. Redica Site Intelligence Cloud
. Siloed Systems: Audits, deviations, inspections, and recalls are Use Cases.
managed in separate tools with no unified view of site risk. . CMO and API supplier oversight
- Reactive Posture: Quality events are discovered after disruptions, - Supplier and site risk benchmarking
not before. No early warning capability. . Multi-dimensional compliance monitoring
. Manual Reviews: Weeks of effort to compile a single supplier risk . Internal and external data integration
profile. No capacity for continuous monitoring. . Leading indicator and early warning
. Blind Spots: Data gaps go undetected. A supplier could have detection
excellent internal scores but active recall history.
Value Summary

« 80% of quality team time reclaimed from
manual data gathering

« ~750 health authority risk events
captured across 10 global regulators

« 4 high-risk sites identified for immediate

Quality teams spend 80% of their time intervention

gathering data and 20% acting on it. . Convergent risk detected across 5
independent signal dimensions at one
CMO

. Data gaps surfaced across all 20 sites,
turning blind spots into action items

Redica.com



A New Paradigm: Quality as a Strategic Driver

Mastering quality requires a shift in mindset and operational practice. True transformation happens when organizations
move from compliance as a destination to risk intelligence as a continuous capability built on three principles.
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Proactive, Not Reactive System-Level Thinking Predictive Analytics
Shift from firefighting to Integrate signals across quality, Use data-driven models to surface
continuous monitoring and early regulatory, manufacturing, and leading indicators before
warning systems. Move from postmarket domains. Connect internal disruptions occur. ldentify
retrospective reviews to real-time quality events with external regulatory convergent risk patterns that
risk surveillance. intelligence. predict future quality events.

Building the Data Foundation
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Separate predictive signals [ins pection gaps, patterm convergence, disruptive enforcement] — nat included in compasite scare butt critical far proactive deciion-making.

Five Steps Translate Raw Data into a Traceable Risk Score for Each Site:

1. Entity Resolution: Match sites across naming variations (26+ address aliases per site on average).
Redica IDs create a golden record.

2. Data Ingestion: Internal and external data fed into a common schema.

3. Attribute Scoring: Each event scored by severity attributes: inspection outcome, deviation class,
recall classification, and similar factors.

4. Aggregation: Event scores roll up to Risk Area scores, then to a weighted Composite Score per site
(0-100 scale).

5. Signal Detection: Leading indicators surfaced from pattern analysis of recurring findings, data
gaps, and convergent risk signals.
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Integrating External and Internal Risk Signals

The framework draws on two distinct categories of data. External publicly available regulatory data
provides broad portfolio coverage but cannot see inside the quality system. Internal private data
reveals what auditors and quality teams observe directly but has no visibility into regulatory
enforcement patterns or recall history. Neither is sufficient alone.

EXTERNAL — Publicly Available Data INTERMAL — Private Data

o Health Authority Key Patterns o Quality Events

= Repeat 4835 at multiple CMOs
lM?ISO 10 20/20 « Class | recalls at fill/finish sites 450-'- 1’200-" 350+
= For-cause <3 recall correlation
= PM data ~50% of sites
= HSE data ~40% of sites

Risk Events Regulatory Agencies Sites With HA Data [100%) Audit Observations Deviations CAPAs Tracked

o Postmarket + HSE o‘ Manufacturing / Supply (OTIF)

35+ 450+ ~20 800+ 58-93%

FDA Recalls Quality-Related AE Reports HSE Events Shipment Records (8 Sites) OTIF Range

The Integration Insight: Critical audit findings in aseptic manufacturing were invisible in external data. Class | recalls were invisible in internal data. Only by integrating all signals does the full

risk picture emerge.

What Integration Reveals

e External Data Alone o Internal Data Alone o Integrated View

Seas inspection outcomes and recalls but misses internal quality Sees audit findings & deviations but misses regulatory enforcement Reveals convergent risk, validates internal findings against regulatory
system failures, audit findimgs, and supply chain pressure, patterns, recall history, and quality related adverse events. outcomes, and identifies blind spots where data is missing.

The integration insight is this: critical audit findings in aseptic manufacturing were invisible in external
regulatory data. Class | recalls were invisible in internal quality data. Only by integrating all five signals

does the full risk picture emerge. No single data source is sufficient, and no blind spot is acceptable.
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Internal Audits & FDA Inspections Reveal Complementary, Non-Overlapping Risk

Cross-referencing internal audit findings with subsequent FDA inspection outcomes at the same
facility revealed both validated risks cited by audit and FDA, and undetected risks, meaning audit-only
findings not yet cited by FDA. At one illustrative CMO, auditors flagged Data Integrity gaps and
Deviation Management weaknesses, neither of which appeared in the most recent 483. Given current
FDA enforcement priorities in data integrity, these audit-only findings represent Leading Risk
Indicators: the next FDA inspection is statistically more likely to surface them.

INTERNAL AUDIT FDA INSPECTION (3 MONTHS LATER)
=

Environmental Manitoring ~ Major EM program does not adequately cover all Microbiological Contamination  Major Enwvironmental monitaring data shows
classified areas during aseptic production Control [21 CFR 211.113(b)] recurring excursions not adequately

Aseptic Process Simulation  Critical Meadia fill program does not simulate all investigated
production ine configurations Precess Validation Major Aseptic process simulation does not include

Data Integrity Major Electronic records lack adequate audit trail [21 CFR 211.110(a)] all equipment used in routine production
controls

: . 00 ) - Records & Reparts Major Batch production records lack complete

Eviprnent Qualiication Major 12/ F d.mumenralmn gaps for critical [21 CFR 211.188] documentation of critical process parameters
Process equipment

Deviation Management Major Roat cause investigations lack rigor; repeat

deviations not linked

Cross-Analysis: Overlap, Gaps & Predictive Signals

[ validated Risk [Both Found) s Undetected by FOA [Audit Only) @ Predictive Signal

Ervwircamental monitoring gaps and aseplic process simulation Data int egrity gaps and deviation :r|.,||~.|5|_-|r|L-|1l weaknesies The audit™s Mu|;;-: flrlrll'l; in emvronmental manitoring directly
deficiencies flagged by both audit and FDW. Corrobarated risk — cited by auditors but NOT in the 483. Leading indic foreshadows the 483" ditation of 21 CFR 211.113{b} for
these quality systems require immediate CAPA may target these next, especially given current DI e recurring EM excursions not adequately investigated. if the
trands. audit had triggered a CAPA earlier, the 483 observation could
have been prevented.

Data Completeness Is a Risk Signal, Not a Technical Footnote

Average data completeness across the portfolio was 62%. Six sites fell below 50% completeness. Health
Authority data was available for all 20 sites (100%), but Manufacturing/OTIF data existed for only 8 sites
(40%). The framework treated completeness as a first-class risk indicator: a high composite score with low
completeness is not reassuring, because it reflects only what is visible. One site scored 89.3 but had only 45%
completeness, masking entire risk dimensions entirely. The lowest-scoring site (59.8) had 92% completeness,
making its score highly reliable and actionable. Six sites below 50% completeness carry low confidence scores
and should not be used to prioritize resources without caveats.

Data Availability Across Risk Dimensions

0% 50% 100%

Health Authority 100%
Quality Events

Post-Market

Manufacturing 40%

HSE 40%

Health Authority data provides the broadest signal, but Manufacturing, HSE, and Postmarket are major blind spots. A supplier could have excellent
Health Authority scores but face serious supply disruptions, OSHA violations, or recall patterns that are simply not visible in the current data.
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Leading Risk Indicators: Forward-Looking Signals

Beyond the composite score, the framework surfaced six categories of predictive signals called
Leading Risk Indicators (LRIs). These are not retrospective scores. They are predictive signals derived
from real-time inspection and quality intelligence that identify sites trending toward disruption before

a composite score would reflect it.

FDA investigators with OAl/warning letter issuance rates of 15% or higher assigned
to recent portfolio inspections. This is a critical predictive signal.

FDA sending 5 or more investigators to a single inspection signals the agency has
pre-flagged a site for intensive review.

The same quality system cited across consecutive Form 483s is among the strongest
predictors of warning letter escalation.

Gaps of 3 to 4 years between consecutive inspections by any health authority
indicate elevated for-cause inspection risk.

Proprietary cumulative scoring of historical inspection patterns surfaces sites with
elevated warning letter probability before issuance.

Sites inspected within 12 months of a Class | recall face substantially elevated for-
cause inspection risk in subsequent cycles.

Additional Predictive Signals Identified in This Portfolio

The framework surfaced five additional signals beyond the primary six LRIs, each pointing to risk
dimensions that a composite score alone would not capture.
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Audit-to-483 Gap

Major audit findings in Data Integrity
were not cited in the most recent
FDA 483 at the same facility. This

represents potential undetected risk
FDA may specifically target in the

next inspection, given current
enforcement priorities.

Cross-Site Compliance
An affiliated site within the same

parent organization recently received a

critical Form 483. This organizational
risk signal extends beyond the

individual site score and should inform

how the entire organization's sites are
weighted during oversight planning.

FAERS Concentration

250+ quality-related adverse event
reports were concentrated at a
single CMO, combined with Class |
recall history at that same site. This
pattern signals a systemic product
quality concern that extends beyond
individual inspection outcomes.

O

Data Gaps

50% of portfolio sites have no

postmarket data. 60% have no
OTIF data. Several sites have no

quality events recorded at all.
Where data is absent entirely, the

risk is not zero; the risk is

unknown.
Supply Continuity Risk

The lowest-OTIF site in the portfolio,
at 58% on-time delivery, carries a
strong quality score. This
combination suggests supply chain
pressure rather than quality system
failure — a distinction that changes
the intervention strategy entirely.




The Predictive Engine: Cross-Referencing Internal and External Signals

Scoring tells you where you are. Prediction tells you where you're going. By cross-referencing what
auditors find internally with what health authorities find externally, and overlaying regional
enforcement trends and product-type risk profiles, quality teams can anticipate disruptive events
before they occur.

o Audit-to-Inspection Correlation

Cross-reference internal audit findings with historical 483 observations at the same facility.
Identify where auditors and regulators agree (validated risk) and where they diverge
(undetected risk or emerging concerns). A critical audit finding in aseptic processing that was
not cited in the last FDA inspection may indicate FDA has not seen it yet.

FDA Enforcement Trend Overlay

What is FDA currently prioritizing? Data integrity, CGMP compliance for sterile products,
contamination control strategies. Cross-reference these enforcement themes against each site's
audit and inspection history. A site with internal audit findings in areas FDA is actively
targeting faces elevated inspection risk in the next cycle.

Site Type and Product Risk Profiling

Sterile injectable CMOs face fundamentally different risk profiles than solid oral dose or API
manufacturers. Risk models weight quality system categories by product type. An
environmental monitoring excursion at a sterile injectable fill/finish CMO carries far more
weight than the same excursion at a solid oral dose manufacturer.

Temporal Pattern Detection

Track how risk signals evolve over time. Are 483 observation counts increasing? Are audit
findings recurring in the same quality systems? |s the time between inspections growing?
Decay functions capture recency, but trend direction captures trajectory.

No single data source predicts a disruptive event. The convergence of multiple signals creates the
predictive power: declining inspection outcomes, recurring audit findings, FDA enforcement trends, and
product-type risk together produce a signal that is actionable before the disruption occurs.



What the Data Demands of Your Organization

Supplier risk does not wait for the next audit cycle. It accumulates across inspection histories, quality event records,
postmarket signals, and supply performance data that most organizations have never connected in a single view. The cost
of that fragmentation is measurable: resources spent gathering rather than acting, high-risk sites that go undetected until a
regulator finds them, and disruptions that were predictable if the right signals had been visible at the right time.

The Site Intelligence Cloud Composite Risk Scoring Framework is a working methodology that integrates risk dimensions
into a single traceable score and surfaces leading indicators before scores would reflect them. This allows quality teams to
shift from retrospective reporting to predictive intervention, from managing compliance to driving strategic quality
decisions across an entire supplier network.

For quality and supply chain leaders, the priority is clear: Close the data gaps. Connect the signals. Get ahead of the risk
with Site Intelligence Cloud.

About Redica

Redica is the Intelligence Cloud for life sciences, transforming regulatory complexity into connected, proactive intelligence.
Our platform helps the world’s leading pharmaceutical and medical device companies stay inspection-ready, manage
supplier risk, and keep pace with evolving global regulations. Built on the Redica Catalyst Platform and powered by Redica
ID, we unify the industry’s most complete regulatory and inspection datasets, sourced from hundreds of global health
authorities, into trusted intelligence for quality and regulatory teams. The Redica Intelligence Cloud brings data together to
anticipate risk, accelerate compliance, and enable smarter, faster decisions across the enterprise.

Experience Predictive Site Intelligence with Redica.
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