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Foreword

Across Europe and the UK,
life sciences organizations
are navigating a period of
structural change: a stricter
regulatory environment
(including the 2023 entry into
application of the EU Clinical
Trials Regulation and the 2023
effectiveness of the revised
EU GMP Annex 1), persistent
supply chain fragility,
accelerating digitization,

and mounting sustainability
expectations.

At the same time, the broader operating

context is shifting. The European Commission’s
pharmaceutical reform entered trilogue negotiations
in 2025, aiming to improve access, security

of supply and competitiveness. In the UK, the
government launched a Life Sciences Sector Plan
that commits multiyear public investment alongside
NHS data and clinical trials reforms, while industry
leaders warn that high UK medicine payment rates
(VPAG/statutory scheme) risk deterring investment.

Against this backdrop, leaders face a simple but
pressing question: how prepared are we compared
to our peers, and what should we prioritize next?

NSF commissioned leading market research
organisation Opinium to help answer this question,
by capturing the voices of industry leaders and
providing a clear snapshot of where the sector
stands today. It represents a ‘temperature check’

on the state of quality and resilience in European
pharma and biotech (across both EU member states
and the UK), and a look towards the trends shaping
the next five years.

For NSF, this work also reflects our role as a
partner. By listening closely to the industry and
sharing these insights openly, we strengthen our
ability to guide clients through complexity, not only
responding to today’s regulatory challenges but
preparing for what's coming next.

By reading this report, we hope you will benchmark
your progress against peers across Europe in areas
such as quality maturity, inspection readiness, and
data integrity. We also aim to help you anticipate
regulatory and market shifts likely to shape
compliance strategies in the near future, identify
opportunities for resilience in culture, technology,
and supply chain oversight, and learn from industry
leaders how to turn compliance pressure into
performance advantage.

We share this study with you at what we believe
is an inflection point for our industry. We hope

it informs your decision making, sparks new
conversations, and equips you with practical
ideas for strengthening resilience in your own
organization.



How prepared are
we compared to
our peers, and
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prioritize next?
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Executive Summary

The European life sciences
sector stands at a pivotal
moment. As regulatory
expectations intensify and
compliance requirements

are being revised, the

balance between resilience,
innovation, and quality culture
has never been more critical.
To understand how companies
are navigating this landscape,
NSF partnered with Opinium
to survey senior leaders
across pharmaceutical and
biotechnology organizations in
the UK and Europe.

The findings reveal both progress and risk:

e Supply chains remain the weak link.
The most critical vulnerability is raw material/
component sourcing and authentication (32%),

followed by data transparency/traceability (18%)

and outsourcing oversight (17%).

The most effective mitigations: enhanced
supplier audits (61%),

risk based qualification tiers (57 %)

and real time monitoring (52%)

e Data integrity challenges persist, a majority
highlight difficulties integrating information
across multiple systems, limiting transparency
and compliance confidence.

e Annex 1is driving transformation, many identify
it as their top compliance challenge, bringing new
development in new training, cross-functional
task forces, and QMS redesign.

e Sustainability is embedded into quality. Most
respondents now integrate environmental metrics
such as energy efficiency and carbon reduction
into inspection readiness frameworks.

¢ Quality system maturity is uneven, while over
half of organizations report advanced, risk-based
systems, a significant proportion still operate at
basic compliance levels, exposing themselves to
regulatory scrutiny.

¢ Digital transformation is accelerating, close to
half report greater investment in compliance-
related technology over the past three years,
with Al, advanced analytics, and loT leading the
charge.

Taken together, these findings highlight an industry
in transition, one where regulatory compliance is
no longer sufficient. The most robust organizations
concentrate on three essentials: a strong quality
culture, a skilled and adaptable workforce, and
intelligent use of technology to elevate compliance
into a strategic advantage.



About the Report

For more than 80 years,
NSF has worked alongside
industry, regulators, and
innovators to improve
human and planet health. As
expectations rise across life
sciences, companies must
havigate an environment

of greater complexity,
heightened regulatory
scrutiny, and fast-moving
technological change.

This study was conducted by Opinium Research
on behalf of NSF. The research captured the
perspectives of 100 senior quality and regulatory
leaders across a diverse range of pharmaceutical
and biotechnology organizations in the UK

and Europe.

e Respondent profile: included experienced
managers and directors, spanning organizations
of varying sizes and market presence from 9

different countries, a broad swathe of leadership

roles in Regulatory and Quality, as well as varied
age, gender and years of experience

e Approach: quantitative survey with both

structured questions and open-ended responses,

enabling robust statistical analysis and richer
qualitative insights.

e Respondents were asked to identify the most

critical issues in the sector. Because participants
could select multiple responses, the percentages

shown represent the proportion of respondents
who included each issue, rather than summing
to 100%. This approach reflects the multifaceted
nature of the challenges organizations face.

e Timing: fieldwork conducted in late August 2025.

I

The resulting dataset provides a credible
and balanced view of industry practices
and priorities, reflecting how decision
makers are addressing quality, compliance,
and resilience in an evolving regulatory
environment.
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Quality System Maturity

Pharmaceutical and biotechnology
organizations across Europe are
making clear strides toward more
sophisticated, risk-based quality
systems. 53% of respondents
report their organizations have
advanced or fully integrated
frameworks in place, reflecting the
sector's growing recognition that
compliance must extend beyond
box-ticking exercises.

Yet the findings also underscore a persistent
maturity gap: 23% of companies remain at basic
compliance levels, operating with quality systems
that may satisfy regulatory minimums but fall short
of building resilience. This uneven progress creates
risk in a region where regulators are intensifying
scrutiny of data integrity, contamination control, and
cultural drivers of quality.

What “Basic"” vs. "Advanced” Compliance Looks Like

Basic Compliance (early stage):

Systems designed to meet minimum
regulatory requirements.

®

Advanced Compliance (mature stage):

Reactive CAPA with limited root
cause analysis.

Risk-based QMS fully integrated into
operations and decision-making.

Siloed quality functions with little cross-
department engagement.

Proactive CAPA with trend analysis and
prevention focus.

Manual processes dominate; low
digital integration.

Cross-functional alignment (quality,
operations, regulatory).

Use of digital tools/analytics for real-time
monitoring and predictive insights.

Quality culture embedded across all levels
of the organization.

"Quality systems mature only when the people behind them
do. True progress isn't just new processes or technology. it's a
mindset shift toward ownership, curiosity, and accountability.”

Dr. Kay Hukin, Executive Director, Pharma Biotech, NSF



Aspects of quality systems showing the most
improvement in the past two years

Risk management

CAPA effectiveness

Quality metrics and KPIs
Change control

Deviation management
Documentation management
Supplier qualification
Internal audit programme
Management review process

0% 10% 20% 30% 40% 50% 60%

Areas of Advancement

e Risk management, increasingly
embedded into operations to
anticipate and mitigate issues
before they escalate.

e Corrective and Preventive Action
(CAPA) effectiveness, sharper
processes and governance,
enabling organizations to respond
more efficiently when
problems arise.

The Strategic Implication

The disparity in maturity levels carries
important lessons. For organizations

already operating at an advanced

stage, the priority will be sustaining
momentum and integrating new
regulatory, digital, and cultural
expectations.

e Cross-functional collaboration,
greater alignment between quality,
regulatory, and operational teams,
helping organizations to approach
compliance holistically.

Together, these areas illustrate how
organizations are beginning to move
from reactive compliance toward
proactive performance.

For those at earlier stages, however,
the message is clear: regulatory
compliance is no longer enough.
Without risk-based systems and
strong quality culture, companies
face heightened exposure to
observations, warning letters, and
reputational damage.
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Data Integrity and Quality Culture

The Integration Challenge

Data integrity remains one of the most pressing
compliance vulnerabilities across European

pharma and biotech. Leaders consistently point

to the challenge of managing data across multiple
systems, with integration cited as the single biggest
pain point. Fragmented platforms and siloed
processes create blind spots that complicate audit
readiness, slow down regulatory responses, and
erode confidence in reported outcomes.

This challenge is compounded as organizations
scale. Larger players often operate with legacy
infrastructures while smaller firms may lack the
resources to harmonize data across sites. In both
cases, the result is the same: data complexity
undermines compliance effectiveness.

Data integrity challenges

Integration of multiple
data systems

Keeping pace with
regulatory expectations

Legacy system limitations

Resource constraints
Training effectiveness
Oversight of outsourced activities

Organisational culture

0% 10% 20% 30% 40% 50% 60% 70%

“"Sustained compliance depends on behaviors embedded in day to
day decisions, especially as EU initiatives (e.g., pharmaceutical
reform and critical medicines supply proposals) push for resilience
and transparency at system level rather than point controls.”

Dr. Peter Gough, Vice President, Pharma Biotech, NSF



Culture Outperforms Controls

While technology investment is accelerating, the
research shows that quality culture initiatives deliver
the most sustainable compliance benefits. One in
three respondents report that cultural measures,
such as training, empowerment, and shared
accountability, outperform purely technical controls
like access restrictions or monitoring systems.

This insight reinforces a broader theme: technology
alone is insufficient. When people throughout the
organization understand, value, and uphold quality
principles, compliance becomes embedded rather
than enforced.

The Strategic Implication

Organizations that balance digital investment with
cultural reinforcement will be best positioned

for long-term resilience. Technical systems can
safeguard against errors, but only culture ensures
that integrity is maintained in the face of complexity,
pressure, or change.

"Our research shows 37% of leaders cite compliance to Annex 1as
their top challenge, and it's driving real change: more training, more
cross-functional task forces, and redesigned quality systems. This
is compliance pressure turning into performance advantage, and it's
reshaping how the industry thinks about risk and readiness.”

Dr. Kay Hukin, Executive Director, Pharma Biotech, NSF
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Supply Chain Vulnerabilities

Fragility Beneath the Surface

The study reveals that even as quality systems
mature, supply chains remain a critical point of
exposure. Leaders consistently identify raw material
and component sourcing as the most vulnerable
link, with authenticity and traceability flagged as
ongoing risks. This challenge has intensified in an
era of globalization, where supply networks are
increasingly complex and regulatory expectations
around transparency are higher than ever.

Supply chain integrity is not simply a logistics
issue; it is a quality and compliance imperative.
Breakdowns in supplier oversight can result in
contamination, shortages, or delays that directly
impact patient safety and regulatory standing.

Mitigation Strategies
Gaining Ground

e Supplier audits, more frequent and rigorous,
extending deeper into sub-tier networks.

¢ Qualification tiers, segment suppliers by
criticality and risk to focus oversight where it
matters most.

e Cross-functional risk assessments, align
quality, procurement, and regulatory teams in
supplier decision-making.

These measures reflect a sector-wide recognition
that resilience requires moving beyond transactional
supplier relationships toward proactive,

strategic oversight.

The Strategic Implication

Supply chain fragility is now one of the defining
risks for European life sciences. Regulatory bodies
have made clear that “out of sight” no longer means
"out of scope.” The most successful organizations
are those that combine rigorous oversight with a
holistic view of supplier risk, integrating quality,
sustainability, and compliance metrics into
procurement decisions.

By elevating supply chain management to a
board-level concern, companies not only reduce
regulatory exposure but also build trust with
regulators, partners, and ultimately, patients.



n

Inspection Readiness

Comp“ance as a These metrics highlight a sector-wide move Organizations that view readiness as a continuous

. toward quantifiable, evidence-based measures of capability, measured through clear and consistent

Continuous State readiness, enabling leaders to track progress and metrics, not only minimize the risk of observations
demonstrate compliance maturity to regulators. but also strengthen stakeholder confidence.

Inspection readiness remains a defining benchmark

of organizational quality. The research shows that The Strategic Implication This evolution underscores a broader truth

most leaders now favor a continuous compliance emerging across the study: compliance is becoming
model, embedding readiness into daily operations Inspection readiness is no longer about passing an inseparable from performance. Organizations that
rather than treating inspections as discrete events. event: it is about maintaining a state of operational treat readiness as a cultural norm, supported by data,
This shift reflects both regulatory expectation and excellence that regulators can observe at any time. governance, and empowered teams, will be best

the growing recognition that resilience cannot be positioned to navigate future regulatory landscapes.
staged, it must be sustained.

For many organizations, this means integrating
inspection preparation into quality management
routines, aligning teams across functions, and
creating governance structures that can respond
dynamically when regulators arrive.

Metrics that Matter

Approaches to maintaining inspection readiness

Continuous compliance model
Periodic mock inspections

Internal self-inspections

e Quality metrics trending (58%), using data

patterns to flag issues early. Regular regulatory intelligence
e Reduction in internal audit or mock inspection Rely on the output of regulatory

findings (55%), evidence of stronger systems

over time. Pre-inspection preparation
e Time to close regulatory commitments (49%), a Inspection readiness

signal of responsiveness and accountability.
Management review (use of)

Deadline inspection readiness

0% 5% 10% 15% 20% 25% 30%
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Sustainability Integration

From Compliance to Commitment

Sustainability has moved from the margins of
quality discussions to the center of compliance
frameworks. The research shows that the

vast majority of organizations now integrate
environmental considerations directly into their
quality management systems. This marks a
decisive shift: sustainability is no longer treated as
a parallel initiative but as an essential component of
inspection readiness and long-term resilience.

Embedding sustainability into QMS frameworks
reflects both regulatory trends and industry
recognition that environmental performance is
inseparable from operational excellence. Inspectors
are increasingly looking at how companies reduce
waste, conserve energy, and manage resources as
indicators of quality maturity.

Where the Focus Lies

These areas illustrate how environmental priorities
are being built into day-to-day compliance, not only
to satisfy regulators but also to meet patient, public,
and shareholder expectations.

The Strategic Implication

Sustainability has become a mainstream
compliance metric. Organizations that view
environmental integration as a strategic advantage,
rather than a regulatory burden, are positioning
themselves ahead of the curve. By linking quality
and sustainability, companies strengthen inspection
readiness, reduce operational risk, and reinforce
their social license to operate.

In practice, this means sustainability goals are no
longer “nice-to-have.” They are being translated
into measurable, auditable standards that determine
how regulators, partners, and patients perceive a
company'’s reliability and integrity.

Environmental compliance areas receiving the most attention in quality and compliance frameworks

56 %

Energy efficiency in GMP operations

39%

Supplier environmental qualification

50%

Carbon footprint reduction

34%

Wastewater management

48%

Packaging sustainability

32%

Solvent recovery/green chemistry
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Technology and Digital Transformation

Investment Accelerates,
Biotech Leads

The study highlights a clear acceleration in
technology adoption across quality and compliance
functions. Nearly half of respondents report
increased investment in compliance-related
technologies over the past three years, with
biotechnology firms leading this shift.

This wave of investment spans data management
systems, workflow automation, and predictive
tools, reflecting the sector’s recognition that
digital capabilities are now essential to regulatory
performance. Yet, the research also makes clear
that technology is not a replacement for people,
leaders consistently emphasize the need to
balance digital investment with human resource
development.

What's Driving Digital

e Artificial intelligence / machine learning (58%)

e Advanced analytics and predictive
modeling (55%)

e Internet of Things (IoT) and smart
monitoring (44%)

e Automation and robotics (37%)

e Integrated quality management platforms (36%)

The message is unmistakable: digital tools are no longer experimental. They are being deployed to
enhance traceability, improve risk detection, and streamline inspections, often in real time.

Changes in investment in compliance-related
technology and human resource in the last three years

40%
35%
30%
25%
20%
15%
10%

5%

0%

Significant Moderate No significant  Moderate shift = Significant shift

shift towards shift towards change toward people toward people
technology technology



Barriers to Progress

e Legacy systems, outdated infrastructures limit the

integration of new tools.

e Cost justification, leaders often struggle
to build the business case for digital
transformation, especially in organizations under
financial pressure.

These barriers can stall momentum, leaving
organizations caught between ambition and
execution.

The Strategic Implication

The path forward is not “digital only”, it is digital plus
human. Organizations that combine Al and analytics
with skilled, adaptable teams will be best positioned
to meet regulatory expectations and convert
compliance into performance advantage.

Technology must be framed not as an IT upgrade,
but as a core business strategy. Companies that
achieve this mindset shift will set the pace for the
sector, turning regulatory pressure into operational
excellence.

15

“Even as Al transforms
the regulatory landscape,
human oversight remains
non-negotiable. Those
who master both will lead
the industry.”

Dr. Peter Gough, Vice President,
Pharma Biotech, NSF
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Future Skills and Competencies

Preparing for What's Next

Even as digital tools and regulatory frameworks evolve, the sector’s long-term resilience will
depend on people. Leaders across pharma and biotech agree: the next five years will demand
a very different skill set from quality and compliance professionals. These competencies will

define how organizations keep pace with both regulation and innovation.

The Skills That Matter Most

These insights show that the “compliance professional of the future” must be equal parts
regulator, technologist, and strategist.

Essential skills for

quality and compliance

professionals in the
next five years

42%

Data science and
advanced analytics (42%),
applying quantitative
methods to predict,
prevent, and resolve
compliance issues.

Regulatory intelligence
across multiple markets
(57%), the ability to
57% interpret and adapt to
shifting requirements
across the EU, UK, and
global frameworks.

47 %

54%

Change management and
organizational adaptation
(47%), leading teams
through transformation
and embedding new ways
of working.

The Strategic Implication

Resilient organizations will be those that actively
close skills gaps today. This means investing in
upskilling, mentoring, and leadership development
alongside digital transformation. Workforce
readiness is no longer a support function, itis a
core driver of compliance maturity.

By combining strong regulatory expertise with data
fluency, risk intelligence, and change leadership,
the sector can ensure that talent evolves as quickly
as the technologies and regulations shaping it.

Advanced risk
management
methodologies (54 %),
embedding risk-based
thinking at every level
of decision making.

Technology validation
expertise (43%), ensuring
emerging tools, from

Al to automation, meet
compliance standards
before deployment.

42%
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Strategic Implications and NSF Commentary

Compliance Is No Longer Enough  Three Themes for the Future

The findings of this study paint a clear picture:

European pharma and biotech companies are
progressing, but at an uneven pace. Quality @ 6—_91
systems are becoming more risk-based, digital

investment is accelerating, and sustainability has

entered the mainstream of compliance. Yet gaps 1 Balance Culture 2 Embed Resilience into 3 Invest in Skills
remain in system maturity, data integration, supply and Technology the Supply Chain for Tomorrow

chain resilience, and workforce readiness.

e Technology enables e Supplier oversight and e The next generation of
The implication is unmistakable: regulatory traceability, integration, and qualification must move compliance professionals
compliance alone is no longer sufficient. predictive capability. beyond transactional must be fluent in both
Organizations must view quality not as a defensive « But only a strong culture audits. regulation and analytics,
posture but as a driver of resilience, reputation, of quality ensures these « Risk-based approaches, capablg of bridging human
and performance. systems are trusted, used combining quality, Al gl iansier malien.
effectively, and sustained sustainability, and e Closing today's skills gaps
under pressure. compliance, are essential is the best safeguard for
to protect patients and future resilience.

- .. maintain trust.
“The most resilient organizations are

those balancing human and digital
transformation, building quality
culture while strategically deploying
technology. This integrated approach

“"What we're seeing across Europe is a mindset shift. Regulation is no longer
the ceiling, it's now become the starting point. The companies that treat

is becoming essential as global regulatory guidelines as a framework for innovation, not as a limitation, will

regulatory expectations evolve
beyond basic compliance toward
sustained quality performance.”

be the ones to succeed. Blending technology, culture, and capability to
build systems that are not just audit-ready, but future-ready, will define the
next era of quality and resilience.”

Dr. Peter Gough, Vice President, Dr. Kay Hukin, Executive Director, Pharma Biotech, NSF

Pharma Biotech, NSF
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Looking at the Road Ahead

The findings from this study
make one thing very apparent:
compliance is ho longer a
sufficient endpoint. While 53%
of companies report advanced,
risk-based quality systems,
nearly a quarter (23%) remain at
basic compliance levels, creating
more exposure as regulators
intensify scrutiny.

At the same time, 58% cite data integration

across multiple systems as their biggest pain
point, hampering compliance effectiveness.
Nearly half (46%) report increasing investment in
compliance-related technology in the past three
years, while biotech firms are leading this digital
shift. Supply chain vulnerabilities remain acute,
with 32% identifying raw material and component
sourcing/authentication as the top risk. And while
sustainability is gaining traction (84% now embed it
into their QMS), skills gaps are still cited as a major
barrier to long-term resilience.

Strategic Imperatives for Industry Leaders

From these findings, three imperatives emerge:

1 Balance Culture
and Technology

With 33% of leaders saying
quality culture drives long-term
data integrity compared to

22% for technical controls,
organizations must invest in both
people and platforms.

Embed Resilience
into Supply Chains

2

Supplier audit enhancements
and risk-based qualification
tiers were the most effective risk
mitigation strategies.

©

Invest in
Future Skills

3

Human capital is being prioritized
equally with technology across
the sector, with emphasis

on digital fluency, regulatory
expertise, and adaptability.

Short term: Immediate
investments in culture and
people. Expand training and
mentoring programs.

Mid-to long-term: Build
integrated digital QMS
frameworks that reinforce
cultural behaviors.

Short term: Conduct vulnerability
mapping and supplier audits.

Mid-to long-term: Develop
multi-tiered qualification and
authentication protocols for
raw materials.

Short term: Address immediate
inspection readiness and audit
preparation skills.

Mid-to long-term: Build
regulatory + digital hybrid
skillsets through structured
training and partnerships.



How NSF Can Help

NSF is here to partner with you, not simply to help
you achieve compliance, but to turn it into long-term
competitive advantage.

Benchmark your maturity: Through tailored audits
and maturity assessments, we identify potential
gaps, mitigate risk, and provide a holistic view of
how your systems compare with industry leaders
worldwide.

Transform systems and culture: Our experts
support digital and cultural transformation, helping
you integrate QMS, strengthen inspection readiness,
and embed sustainability into everyday operations.

Develop future-ready talent: From open training
courses to bespoke corporate programs, we equip
your teams with the regulatory expertise, digital
fluency, and leadership skills needed for the future.

By combining insight, action, and capability building,
NSF ensures your organization not only meets today's
expectations but is prepared for tomorrow's challenges.

For more resources, training, and advisory support, visit
nsf.org, or contact us by email at lifesciences@nsf.org.
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