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Executive Summary

The pharmaceutical industry is in the midst of an unprecedented digital transformation, driven by rapidly expanding
data volumes, novel molecular modalities (biologics, cell/gene therapies), patent expirations, and rising regulatory and
competitive pressures. By 2026, leading pharmaceutical companies will have shifted from isolated pilot projects to
enterprise-wide Al and data-driven platforms. In this new paradigm, Al and advanced analytics are not experimental side-
projects but core operational levers spanning drug discovery to commercial distribution. Key findings of this report
include:

« Strategic Imperative: Industry surveys report that ~90% of pharmalbiotech tech leaders see Al and digital pressures as direct threats
to business growth (HJ WWW.zs.com). As a result, 77-82% of executives now view digital innovation as a competitive differentiator (LZJ
www2.deloitte.com) (°www2.deloitte.com). In particular, accelerating discovery (52% of firms) and enhancing patient engagement

(43%) have emerged as top Al priorities ([11 WWW.zs.com).

+ Pilot vs. Enterprise Dichotomy: A two-track pattern is evident. Nearly half of companies (=47-49%) report measurable value from Al in

fast-moving areas like data operations and commercial activities (marketing, HCP engagement) ([4] WWW.Zs.com). By contrast, R&D and
clinical efforts — though receiving higher budgets — show only 17-30% current ROI, with organizations projecting substantial value within

12 months ([5] wWww.zs.com). This “long game” track acknowledges that complex use cases (e.qg. trial design, drug design) take longer to
mature.

« Clear Goals & Governance: Industry experts stress that Al initiatives must be goal-driven, not wishful “tech demos” ([6J
www.mckinsey.com) (|7| www.zs.com). Leaders caution that launching pilots without defined business objectives is a recipe for failure;
indeed, 67% of survey respondents warn that unclear goals doom Al projects ([71 Www.zs.com). Successful organizations establish firm
governance: executive sponsorship, stage-gate processes, cross-functional Al “task forces,” and rigorous success metrics from the outset

([8] pharmaphorum.com) (M pharmaphorum.com).

¢ Robust Infrastructure and Data: Scalable Al in pharma rests on a modern digital technology stack ([101 www.mckinsey.com). This
includes multi-cloud platforms, standardized data lakes, Al/ML platforms, and LLMOps pipelines with CI/CD and monitoring ([M]
www.mckinsey.com) (llzJ pharmaphorum.com). Nearly all large pharmaceutical companies are now embracing cloud (e.g. “over 85%
plan multi-cloud for R&D”) (|13| attractgroup.com). Well-integrated systems — as opposed to fragmented point-to-point tools — are
essential; in siloed organizations pilots cannot escape into production ([141 www.mckinsey.com). Equally, data quality and structure are
pivotal. Companies like GSK have built dedicated global teams (e.g. Onyx) to engineer problem-specific data for Al ([15]

www.mekinsey.com), reflecting the maxim that “the right data is critical” not just generic datasets ([16] www.mckinsey.com).

« Talent and Culture: Competitive Al deployments in pharma rely on cross-functional talent. Firms invest in upskilling scientists,
clinicians, and engineers to be “trilingual” in data science, domain expertise, and business acumen (Wl www.mckinsey.com) (ll8J
www.mckinsey.com). For example, Genentech collaborates closely with AWS and NVIDIA to supplement internal compute and ML
expertise (”9] www.mckinsey.com). Change management is iterative: rigid, linear processes give way to agile cycles of prototyping and

feedback, embedding Al into daily workflows ([ZO] www.mckinsey.com).

+ Real-World Outcomes: Leading pharma companies illustrate the roadmap from pilot to scale. Pfizer's COVID-19 response poignantly
demonstrates this: supercomputing and Al enabled Pfizer to develop the oral antiviral Paxlovid and deliver it faster to patients by
accelerating molecule screening, halving data analysis time in clinical trials, and reducing a key manufacturing cycle by 67% to produce

thousands more doses per batch ([21] www.pfizer.com). The company now uses Al in over half of its clinical trials ([21] www.pfizer.com).
Elsewhere, Novartis has deployed enterprise data platforms (e.g. Nerve Live) to unify decades of lab and operations data under machine

learning models ([22] voka.i0). Sanofi is building fully digitally-enabled vaccine factories that can flexibly produce multiple vaccines

using loT, automation and Al-driven analytics ([23] voka.i0). In a major industry partnership, Eli Lilly and NVIDIA in 2026 committed $1
billion to a co-innovation Al lab, combining Lilly’s data and domain expertise with NVIDIA's computing power to “reinvent drug discovery”

([24] nvidianews.nvidia.com).
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+ Regulatory and Ethical Context: As Al permeates pharma, regulators are active partners.In late 2024, the FDA and EMA jointly
published ten guiding principles for “Good Al Practice” in medicine development (www.ema.europa.eu). The FDA released draft

guidance (Jan 2025) with a risk-based framework to ensure model credibility for drug submissions ([25] www.fda.gov) ([26]
www.fda.gov). Authorities emphasize transparency, bias mitigation, and patient safety: new initiatives require “critical thinking and cross-

checking” of Al outputs (www.ema.europa.eu) ([27] pharmaphorum.com). These developments signal that Al use must satisfy stringent
compliance (e.g. HIPAA, GxP) and ethical oversight as scale increases.

Roadmap Outline: This report presents a detailed roadmap for taking Al from isolated pilots to enterprise-scale value:

« Strategic Alignment: Define clear goals (e.g. cost reduction, accelerated launches, new assets) and link Al initiatives to business

strategy ([G] www.mckinsey.com) ([28] www.pharmatechoutlook.com). Establish executive ownership and unified metrics early.

o Use-Case Prioritization: Identify 10-20 high-impact Al use cases across Drug Discovery, Clinical Trials, Manufacturing, Supply
Chain, Commercial, and Patient Engagement. Use frameworks like “short-cycle vs long-cycle” to balance quick wins (e.g. automating

marketing analytics, logistics forecasting) with longer-payoff R&D bets (HJ WWW.ZS.Ccom) (LBJ WWW.Zs.com).

« Enabling Infrastructure: Invest in a robust data-analytics stack. Migrate to cloud and containerized services, build governed data lakes
and unified data models (FHIR, OMOP, etc.), and implement MLOps/Alops capabilities.

« Organizational Readiness: Build multi-disciplinary teams and skills within and beyond IT. Foster partnerships with Al vendors and
academia. Promote a culture of data-driven decision-making and continuous learning.

+ Pilot-to-Scale Process: Use governance (stage-gates, agile sprints, and pilot evaluation) to vet pilots. Only projects with validated ROI
or strategic fit should scale. Inject hardware/software budgets into core IT, not just business units, to avoid stovepipes ([29] WWW.ZS.com)

@ www.zs.com).

« Metrics and Governance: Track a mix of process metrics (cycle time reduction, error rate) and business metrics (ROI, revenue uplift).
Maintain Al risk/compliance governance (#£2Y=Ffjft, model performance traceability, auditing).

o Case Studies: The experiences of Pfizer, Novartis, Sanofi, and others, along with partnerships like Lilly-NVIDIA, provide concrete
lessons, demonstrating impact (see Table 1).

« Challenges and Future Outlook: We discuss barriers (data siloing, skill gaps, regulation) and next-wave trends (generative Al for
molecule design, agentic systems, advanced digital twins). We conclude that the pharma “digital future” of 2026 is one in which Al is fully
woven into every stage of the value chain, delivering real patient impact and business growth through a coordinated, enterprise-wide
strategy.

All claims in this report are supported by recent surveys, industry analyses, case studies, and regulatory publications (m
www.zs.com) (Y www.zs.com) (B9 www.pharmtech.com). The evidence indicates a clear consensus: moving from scattered
Al pilots to an integrated, large-scale digital platform is no longer optional but essential for pharmaceutical leaders in
2026 and beyond.

Introduction and Background

The Pharma Innovation Imperative

Pharmaceutical development has always been a data-rich, research-intensive endeavor. Traditionally, chemistry drove
innovation, with data mostly used for safety/efficacy reporting (e.g. FDA's data collection standardization from 1906 ([3”
voka.io)). However, by the 2020s algorithms, big data, and Al have become as central to drug development as laboratory
experiments (°* voka.io). Concurrently, the industry faces acute pressures: explosive growth in biomedical data
(genomics, digital health, 10T), soaring R&D costs (often exceeding $3 billion per new drug), and the patent cliff forcing
rapid pipeline renewal (°*' voka.io) (°°/ voka.io). Pioneering therapies (biologics, gene therapies) add complexity to
manufacturing and development. Global healthcare demands — from aging populations to emerging diseases — only raise
the bar on speed and efficiency. The COVID-19 pandemic vividly illustrated that companies with digital agility (e.g.,
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leveraging cloud compute for vaccine dev) outperformed those wedded to legacy processes (°* attractgroup.com) ()
www.pfizer.com). In short, for modern pharma, digital transformation is existential.

Defining Pharma Digital Transformation

“Digital transformation” in pharma means far more than installing faster computers or new software modules. It entails
reimagining processes end-to-end, enabled by technologies like AlIML, data platforms, cloud computing, loT,
robotics, digital twins, and advanced analytics. The goal is data-driven decision-making at every stage: identifying
novel drug targets, optimizing clinical trials, automating manufacturing quality control, forecasting demand in the supply
chain, personalizing patient therapies, and improving adherence and outcomes. Crucially, it also means breaking down
organizational silos: R&D, clinical operations, manufacturing, and commercial functions should share integrated data
ecosystems so that insights flow seamlessly across the enterprise.

Figure 1 (below) illustrates how pharma is moving up a digitization maturity curve: starting from experiments and
isolated pilots (Stage I), progressing through operational pilots (Stage Il), and reaching an enterprise-wide scalable
platform (Stage Ill) that supports continuous innovation and new business models.

o Stage | - Exploration: Initial PoCs in narrow domains (e.g. ML for lab analytics), limited governance, often centralized in IT or a digital
innovation team. Outcomes are largely experimental.

« Stage Il - Scaling Pilots: Building cross-functional Al projects in departments (e.g. one clinical trial site using predictive patient
stratification). Early ROI but still not fully integrated. Focus turns to data infrastructure (creating data lakes, standard schemas).

« Stage Il - Enterprise Deployment: Al and data platforms are baked into core processes (e.g. end-to-end digital trials, Al-driven supply

chain control). There is shared accountability: business and IT co-own outcomes ([29] WWW.ZS.com) ([4] WWww.zs.com). Pilots have
“crossed the chasm” into production, and the organization continuously iterates on a unified digital roadmap.

Phase Objectives Key Actions Examples

- Run small-scale pilots, often outsourcing or using

Stage | - Pilot (2020- . consultants A pilot model predicts patient recruitment success in one oncology trial; cloud HPC
Prove Al concept in one area o o R
2023) - Develop initial data pipelines for one function (e.g. crunches genomic data for one R&D team.
single trial)

- Build common data platforms (data lakes,

warehouses;
. Expand & integrate ) Rolling out the patient-recruitment model across all oncology trials; integrating clinical
Stage Il - Integration ) - Establish AI/ML CoE and governance (steering ) . ) . . )
successful pilots across ) . and lab data in a shared platform; commercial analytics replicating success in multiple
(2023-2025) ) committees, guidelines) .
functions regions.

- Enhance IT stack (cloud, MLOps) - Scale pilots to
multiple sites or indications

- Al embedded in standardized workflows (e.g.

regulatory submission drafting, end-to-end product
Stage Ill - Enterprise Al/Data-driven end-to-end launch). Fully digital manufacturing lines with predictive maintenance, end-to-end digital CRF
(2025 onward) processes - Continuous Al optimizations (digital twins of factories,  collection in trials, and frontline field reps supported by real-time Al insights.

agentic systems).

- Culture of data & Al fluency.

Figure 1: A high-level roadmap from Al pilot projects to full enterprise integration in pharma.

This report’s aim is to articulate that roadmap in depth. We review the current state of Al in pharma, diagnose drivers
and challenges, and then present frameworks and best practices for scaling Al from isolated experiments to enterprise-
wide platforms. We analyze empirical data from industry surveys, include case studies of leading companies, and discuss
regulatory and organizational enablers. By the end, readers should have a comprehensive, evidence-backed guide to
planning and executing an Al strategy at scale in the pharmaceutical context.

The Current Al-Enabled Pharma Landscape
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Adoption Trends and Maturity

Interest and investment in Al within pharma have accelerated sharply. McKinsey (2025) observes that “investment in Al
is increasing fast”, with global spending on Al surpassing $250 billion in 2024 and pharma’s share projected to grow
from $4 billion in 2025 to $25.7 billion by 2030 (°°) www.mckinsey.com). However, transformation is uneven. Many
companies first launched numerous Al pilots during 2020-2022 (the COVID-19 era), but a significant share remain
isolated and unable to show business value. As one analyst noted, 2025 was marked by “breakthrough
announcements” but also a “trough of disillusionment” where many pilots failed to deliver clear ROI (°°)

www.pharmtech.com).

By 2026, however, the industry is entering a “plateau of productivity” for those with robust prerequisites (!
www.pharmtech.com). A ZS survey (Oct 2025) of 115 US pharma/biotech tech leaders found a notable shift: instead of

38]

asking “where can Al work?”, executives now ask “where must Al drive our growth?” (°° www.zs.com). In practice,

adoption looks like this:

« Value from Current Investments: For business and tech operations (data platforms, enterprise IT, quality systems) as well as
commercial activities (sales/marketing personalization), about 47-49% of respondents report that Al and digital investments are already

delivering measurable value today ([4] Www.Zs.com). This suggests that “enterprise tech” and “digital ops” use cases (e.g. predictive
analytics in sales, CRM, regulatory reporting automation) have matured into the early production phase.

* Emerging Areas: In manufacturing and supply chain, only ~29% currently see results, but 57% expect value within one year ([39]
www.zs.com). Leaders are optimistic about Al in demand forecasting and shortage prevention, signaling these areas will soon cross from
pilot to scaled use.

« High-Potential, Long-Cycle Investment: In drug discovery and R&D, only 17% had proven value so far; but 42% anticipated payoff
within a year (1401 www.zs.com). Similarly, in clinical development, 30% have results today, with 45% expecting progress within 12
months (M“ www.zs.com). These statistics illustrate a deliberate portfolio strategy: companies are allocating higher budgets to discovery

and trials, accepting that these are complex but essential long-term bets ([51 WWWw.zS.com).

Figure 2 (below) summarizes these data from ZS’s 2025 survey. For each functional area, it shows the fraction of firms
reporting current measurable value versus near-term expectations. The contrast between the “quick-win” (e.g.
commercial) and “long-game” (discovery/clinical) tracks is stark.

Function / Area % Seeing Measurable Value Today % Expect Value in 1 Year (if not yet)
Commercial (Sales & Marketing) ~47% ([4] WWW.ZS.Comy (not reported)

Enterprise Tech & IT Operations ~49% ([4‘ WWW.ZS.Com) -

Manufacturing / Supply Chain 20m (*2] www.zs.com) s7 42 www.zs.com)
Drug Discovery & Discovery Analytics 17% ([5] WWW.ZS.Comy 42% ([5] WWW.ZS.Comy

Clinical Development / Trials 30% (V1lJ WWW.ZS.COm) 45% (H?’J WWW.ZS.CoOm)

Table 1: ZS (2025) survey findings on Al value by area. Companies tend to see early returns in IT/ops and commercial
use cases, while discovery and clinical efforts are targeted for value in the coming year (* www.zs.com) (° www.zs.com).

These trends demonstrate that the maturity curve is accelerating. According to industry experts, we have likely passed
the peak of the Al hype cycle in pharma, and organizations with the necessary infrastructure and governance are hitting a
plateau of productivity (°°/ vww.pharmtech.com) (°7) www.pharmtech.com). In other words, Al projects are moving out of
“pilot purgatory” and into sustained deployment.

However, escaping this valley of disillusionment requires concerted focus. As one commentator (Beena Wood) put it,
unless a company treats a specific Al implementation as a tangible project with clear owners, it remains in “superposition”
between success and failure (““ www.pharmtech.com). In practice, digital leaders are now filtering portfolios to focus on
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the “5-10 high-impact use cases” that can each deliver 20-30% ROI (““! www.zs.com). Those are being taken to
production first, while smaller or riskier pilots are scaled more cautiously.

Drivers of Pharma Digital Strategy

Several factors explain why investment has surged:

« Business Imperatives: As noted, pressures like the patent cliff, generics competition, and the transition to value-based care
(personalized medicine) are forcing pharma to innovate. Data-driven R&D can shorten lengthy development timelines and reduce cost by
identifying failures earlier (["151 voka.io). Similarly, data analytics can help shift the industry from volume-based sales to targeted therapies
(requiring granular patient data and Al modeling) ([46] voka.io). On the operations side, digital tools (IoT, Al) offer huge efficiency gains in
manufacturing and logistics, which is critical given global supply chain fragility ([47] www.pharmtech.com) ([48]

www.sciencedirect.com).

« Patient-Centricity and New Business Models: Digital health trends—such as connected devices, real-world evidence (RWE), and
decentralized trials—are becoming integrated within pharma strategies. Al can mine RWE to speed patient identification and monitoring.
Moreover, patient engagement platforms and Al-driven adherence programs are emerging as new service layers, creating additional
value streams beyond the traditional drug product model.

« Competition and Innovation Ecosystem: Tech companies (Google, NVIDIA, AWS) are aggressively entering life sciences, spurring
incumbents to respond. For example, NVIDIA's platform and hardware, Google’s life sciences Al (DeepMind’s AlphaFold, cloud tools),
and Microsoft’'s healthcare cloud offerings have made advanced Al more accessible. Pharmacompany partnerships (Roche with NVIDIA,
Lilly with NVIDIA) and biotech startups (Insilico, Recursion, Schrodinger) have demonstrated faster discovery timelines. Fear of being left
behind drives others to invest.

« Regulatory Evolution: Regulators are not hindering innovation but are actively adapting. The EMA's and FDA's acceptance of digital
methods — including Al — in submissions (e.g. structured data, real-world data avenues) signals that fully digital processes are now

expected, rather than resisted (www.ema.europa.eu) (M?Jl www.pharmalex.com). New regulations (EU’s Pharma Legislation, MDR for
devices, data privacy laws) make digital traceability and data integrity mandatory; Al is leveraged to achieve compliance (for example by
automating data audit trails).

« Technology Enablers Maturation: Finally, the technology stack itself has matured. High-performance cloud computing, affordable
GPU/TPU clusters, open-source ML frameworks, and higher-quality algorithms (deep learning, graph neural nets) have reduced the
technical barrier. The global explosion of biomedical data (genomics, imaging, EHR, sensor) provides the fuel for these algorithms. This

convergence means that drugs can now be “found” faster in silico: as NVIDIA's Jensen Huang states, Al and accelerated computing allow

_— - - . - . : 50
scientists to “explore vast biological and chemical spaces... in silico before a single molecule is made” (bLJ

nvidianews.nvidia.com).

Taken together, these drivers have changed the stakes. Al is no longer a speculative R&D gimmick; it is seen as a critical
growth driver. A recent ZS survey concludes that pharma leaders “aren’t just asking where Al can work, they’re
deciding where it must drive growth” (°°/ www.zs.com). In practice, enterprise planning meetings now routinely have
sessions on “Al strategy” at the same level as product or regulatory strategy.

Framework for an Al Strategy in Pharma

Transitioning from pilot projects to enterprise-scale Al adoption in pharma requires a structured strategy encompassing
vision, governance, use-case prioritization, technology, data, talent, and metrics. In this section, we break down
these components in detail.

1. Vision and Leadership Alignment
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A successful enterprise Al strategy begins with clearly articulating the purpose and scope of digital transformation (*°!

www.pharmatechoutiook.com) (°) www.mckinsey.com). Leadership must answer: Why are we doing this? Is the goal to
reduce R&D cycle time, improve manufacturing yield, gain market share through digital, or create entirely new offerings
(digital therapeutics, outcome-based contracts)? The specific answer will vary, but must be defined top-down. As
Philippe Caby (CIO of Centrient) advises, companies should explicitly link digital initiatives to desired business outcomes
— whether it be “accelerated product development” or “compliant manufacturing” (°° www.pharmatechoutlook.com). This
alignment ensures that investments are not made for their own sake; technology is a means to an end.

Executive sponsorship is critical. Surveys indicate that digital strategy must be enterprise-grade: individual functions
cannot operate in silos (°*/ www.pharmatechoutiook.com) (°l www2.deloitte.com). At a minimum, the C-suite (CEO,
CIOICTO, CFO, and heads of major business lines) should publicly endorse a single digital vision and empower
decision-making bodies or digital councils. For example, CFOs should co-own the Al investment cases, while R&D heads
co-own pipeline Al projects. Part of this alignment is agreeing on how to measure success (ROl metrics, timelines). As
Caby notes, it is often hard to measure value when budgets and metrics are siloed by function (°*
www.pharmatechoutlook.com). Instead, companies need enterprise-level KPIs (e.g. overall time-to-market reduction,
additive pipeline value) so that digital wins are properly captured and credited.

Key action items in this phase: Conduct a digital strategy workshop with senior leadership to define objectives (e.g.
accelerate one new drug launch by 20%; reduce COGS by 15%; increase new digital offerings). Build a “Digital
Transformation Charter” document endorsed by the CEO. Establish an Al Steering Committee or similar governance
body that spans IT, business units, and R&D. Ensure C-level incentives (bonuses, scorecards) reflect digital goals.

2. Use-Case Identification and Prioritization

With strategic objectives set, the next step is identifying and prioritizing use cases. This involves scanning the value
chain for Al-applicable problems and estimating their potential impact and feasibility. Drawing on the McKinsey “six
enablers” framework (°) www.mckinsey.com) (*°) vwww.mckinsey.com), successful strategies start by asking: “What problem
are we solving, and how do we capture value? What is the ROI?" (‘°) vww.mckinsey.com)

A common approach is to build two portfolios in parallel:

* Quick-Win Portfolio (“Fast Track”): Focus on areas where Al can yield rapid payback or where proven solutions exist. Example
categories include: improving commercial analytics (targeting HCPs/patients with next-best-offer models), automating routine data
entry (e.g. auto-populating CRFs, automating regulatory reports), optimizing manufacturing schedules (predictive maintenance, quality
control), and enhancing existing tools (Al-enabled chatbots for internal support, digital assistants for business users). These projects

typically use well-understood data and mature ML methods, so that ~40-50% of companies already see ROI today (HJ WWW.zS.com).

« Strategic-Impact Portfolio (“Long Game”): Invest larger resources in R&D-centric use cases that may not pay off immediately but are
critical for future pipeline success. This includes Al for target discovery (e.g. ML-driven genomics and proteomics analysis), compound
design (generative Al for new molecules), digital pathology and biomarker identification, and optimizing clinical trial design
(patient stratification, adaptive trials). These areas are complex and often require new capabilities (rich labeling, novel algorithms), so
adoption lags; McKinsey found only 17-30% currently see value (L5J WwWw.zs.com). Yet ~40-45% expect significant gains soon as

(5]

models and data mature (" Www.zs.com).

A helpful tool is a use-case matrix rating each idea by business value and implementation complexity. Quick wins (high
value, low complexity) should be executed first to build momentum. Strategic bets (high value, high complexity) require
more planning and phased rollouts. For instance, ZS’s research suggests top priorities include accelerated discovery
(52% of firms) and patient engagement (43%) (! www.zs.com), indicating these areas worth focus, even if difficult.

Crucially, each chosen use case must have clear metrics from the outset. Whether it's % increase in trial enroliment
rate, % reduction in cycle time, or predicted sales uplift, success criteria need to be defined. This aligns with the
McKinsey principle that “you can’t just drop an Al model into an existing workflow and expect transformation”; one must
rethink the process and map out the value capture route (' vwww.mckinsey.com).
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Key actions: Form cross-functional “use case teams” including domain experts and data scientists. For each proposed
Al project, develop a brief business case with expected benefits, required data, skill needs, and timeline. Prioritize 5-10
initial pilots that cover both short-term ROI and strategic objectives (°? www.zs.com). Document these as part of the
digital roadmap with milestones and owners.

3. Data and Digital Infrastructure

Arecurring theme from leaders is that data and technology are foundations of scale ('°! www.mckinsey.com) (°%
www.zs.com). By definition, Al requires data — and in pharma, data traditionally sits in silos (lab notebooks, LIMS, ERP
systems, paper records, proprietary CDM). Before any Al model can run at scale, companies must build a modern data
architecture:

o Cloud and Platforms: As of 2026, virtually all large pharma use public or hybrid clouds for at least part of their workloads. The Attract

Group analysis notes that >85% of firms plan multi-cloud strategies for R&D ([131 attractgroup.com). Clouds (AWS, Azure, GCP) offer
elastic compute for ML training and inference, plus managed data warehouses. They also facilitate global collaboration (teams sharing

terabytes of genomic or trial data instantly) (Eﬂ attractgroup.com). Locking in to a single cloud is discouraged; instead, a multi-cloud or
hybrid approach mitigates vendor risk and lets each use-case run where it's best.

« Data Lakes and Platforms: Raw data should flow into governed “data lakes” or enterprise data warehouses. Essential elements include
a unified patient identity, metadata catalogs, and master data management (e.g. stake holders for Subjects, Products)
(www.ema.europa.eu). The EU’s SPOR initiative and FDA's MyStudies program both encourage pharma to use common data standards
(Regulated Content etc.) for submissions (www.ema.europa.eu). Platforms should support both structured data (e.g. lab results,
electronic source) and unstructured data (clinical notes, imaging, omics data). In practice, many companies adopt commercial data
platforms or build on Hadoop/Databricks-type architectures.

* AI/IML Tools & MLOps: Atop the data foundation, firms need an Al tech stack. This typically includes: data integration layers (ETL/ELT
pipelines), feature stores, ML frameworks (TensorFlow, PyTorch, Spark ML), and MLOps infrastructure (automated model training,
validation, deployment pipelines). It must allow reproducibility (model versioning, audit logs) — especially important under GxP rules.

Monitoring and retraining processes (Alops) are needed once models are in production (uzJ pharmaphorum.com).

« Security & Governance: Given the sensitivity of patient and IP data, robust security is paramount. Measures include encryption at
rest/in-flight, zero-trust network segmentation, and strict identity/access management. Leading firms are now building “hardened”

platforms with continuous monitoring (‘55‘ www.linkedin.com). The data environment should also include governance controls for
model risk: entries in an Al “model registry” with approvals and performance logs (as recommended in FDA guidance ([2“

www.fda.gov)).

Organizations often establish a central Al Center of Excellence (CoE) or data office to own the infrastructure and
standards (°° www.zs.com). McKinsey notes that pharma companies are integrating once-siloed systems into a modular,
well-organized infra that determines their ability to scale Al (“*/ www.mckinsey.com). In short, building the technical
foundation is not a “cleanup” project but a strategic investment to enable enterprise Al (1°°! www.zs.com) (M

www.mckinsey.com).

4. Organizational Model and Culture

Pharma firms must address the human side of change. Even with perfect data and tech, projects fail unless the
organization evolves. Key aspects include:

« Cross-Functional Teams: Al initiatives must bring together domain experts (chemists, clinicians), data scientists, IT staff, and

operational leads. Consensus building is critical. GSK’s example underscores that domain knowledge must pair with ML skills ([57]

www.mckinsey.com). J&J's Batavia describes seeking “trilingual” individuals (with expertise in medicine, data, and business) ([18]
www.mckinsey.com). Often, the digital CoE will embed data scientists within functional teams (center-out federated model) to ensure

alignment with business context.
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« Talent and Skills: The industry faces a shortage of Al talent. Companies therefore upskill internally and hire strategically. Typical
approaches are:

« Upskilling: Train existing scientists and engineers on data literacy and Al tools. Many firms run internal bootcamps or partner with
universities.

« Recruitment: Hire specialized ML engineers and data engineers. Roles like “Clinical Data Scientist” or “Al quality engineer” become
common.

« External Collaboration: For areas outside core expertise, pharma often partners with tech vendors or CROs. As noted by Genentech’s
Marioni, no single company has all elements (compute, domain, ML), so partnerships (e.g. with AWS, NVIDIA) are leveraged (‘19‘

www.mckinsey.com).

« Governance and Change Management: Implementing Al requires iterative change-management. McKinsey's 6th enabler emphasizes

flexible change-management and iterative product development ([20] www.mckinsey.com). This means preparing the workforce:
communicating early successes, providing training on new processes, and incorporating user feedback loops. Forbes and

Pharmaphorum both stress the need for change champions and ongoing education ([9] pharmaphorum.com). Companies should also
define clear data/Al governance policies (ethics review committees, model oversight boards) to earn organizational trust.

o Metric-Driven Culture: As ZS highlights, business value must be measurable. At least 67% of pharma leaders say failing to set clear

goals and success criteria is a critical mistake ([7] www.zs.com). Thus, digital leaders instill a culture where every Al project has built-in
KPls. For example, a model for trial recruitment might be judged by recruitment time reduction and retention rates; an image-diagnosis
model by sensitivity/specificity. These metrics should be periodically reported to executive sponsors to maintain alignment.

« Funding and ROI Discipline: Separate from tech investment, organizational readiness also means disciplined funding. ZS reports two
budget paths: one for short-cycle initiatives and one for R&D/clinical bets (158] WWW.zS.com) (LSJ WwWWw.zs.com). The Finance organization

should be involved in allocating budgets accordingly, and incorporated into scorecards on digital outcomes (|29| WWW.ZS.com).

5. Pilot and Scale Implementation Process

Turning pilot projects into enterprise solutions requires a defined stage-gate process. A typical roadmap includes:
1. Ideation/Exploration: Generate ideas (brainstorms, hackathons, innovation contests). Screen these against strategic fit and feasibility.

2. Pilot/Proof-of-Concept (PoC): Launch a limited proof of concept. Use minimal viable data and resources to test validity. For example,
pilot a machine learning model on retrospective trial data to predict enrollment, or deploy an Al-powered analytics dashboard in one plant.
The pilot should have a clear business sponsor, a small core team, and predetermined tech support.

3. Evaluation: Rigorously evaluate pilot results against objectives. Metrics may include accuracy, time savings, cost reduction, or revenue

impacts. Crucially, apply the “hardwire objectives” principle: if the pilot does not move the needle on defined goals, do not scale it (UJ

WWW.ZS.com).

4. Productionization/Scaling (Productization): For pilots with positive ROI, transition to production. This involves rebuilding prototypes
into robust, secure applications. Steps include:

« Technical Hardening: Move from experimental code to enterprise-grade systems (ensuring error handling, security,
audit trails). Containerize models for portability.
- Data Pipelines: Establish automatic data flows (not manual data dumps).

« User Interface and Integration: Integrate into existing user workflows (e.g. add Al insights to the CRM dashboards
for reps, embed alerts into manufacturing SCADA systems).

« Governance & Compliance: Validate models against regulatory requirements. For example, generate Al validation
documents for FDA audits (the concept of “model credibility” in FDA's guidance (%) www.ida.gov)).

« Training & Deployment: Train end-users (scientists, operators) on new tools; run a parallel “shadow” period if
needed before cutover.
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5. Continuous Monitoring and Improvement: Once live, monitor model performance and user adoption. Implement
feedback loops so models can be retrained as needed. Establish ownership: a “model owner” role should ensure any

drift or bias in Al outputs is caught.

Pharmaphorum makes an important point: companies often have hundreds of concurrent pilots. A robust governance
process is needed to “pick the winners” (I° pharmaphorum.com). Stage gates and monthly review meetings with
business leaders should decide whether a pilot is expanded, pivoted, or stopped (°° pharmaphorum.com). This ensures
resources concentrate on strategically valuable projects.

6. Metrics and Evidence-Based Management

Stakeholders will demand evidence of value at each stage. Examples of useful metrics include:

+ R&D Efficiency: Reductions in time-to-decision or NPV of pipeline. For instance, if generative models help design molecules faster,
measure the reduction in candidate synthesis cycles or cost per lead.

« Clinical Impact: Patient recruitment rates, trial completion times, protocol amendment frequency. (Pfizer’'s data showed 50% faster

analysis of trial data (IZlJ www.pfizer.com), which could translate into weeks saved in trial execution.)

+ Manufacturing Performance: Yield improvements, batch cycle time reductions (Pfizer saw a 67% cut in one production step ([60‘
www.pfizer.com)), maintenance downtime.

« Commercial Outcomes: Sales growth from marketing campaigns, share of targeted HCPs reached, patient adherence improvements.
For digital marketing pilots (e.g. Al-driven targeting), companies may track conversion rates or engagement uplift.

¢ Financial KPIs: ROI, Cost-to-Serve. Leaders typically set targets (e.g. “get 20-30% ROI on key use cases” ([29] www.zs.com)) and
expect each initiative to report ROI realized vs. target.

Data supporting these metrics should be collected continuously. Analytics dashboards for execs can show progress.
When possible, “A/B testing” experiments (e.g. using Al in half of operations and compare to a control group) can quantify
impact. The key is to treat Al deployment with the same rigor as any other capital project, with verifiable evidence of
outcomes.

Technical Considerations and Al Methods

While this report is not a tutorial on Al methods, it is useful to briefly survey the key technologies underpinning pharma’s
Al strategy:

« Machine Learning & Deep Learning: Supervised learning (e.g. regression, classification) and unsupervised learning (clustering,
anomaly detection) are workhorses. For image analysis (radiology, pathology), convolutional neural networks (CNNs) and vision
transformers (ViT) are widely applied. Drug discovery increasingly uses graph neural networks (GNNs) to model molecular structures.
Techniques like autoencoders and embeddings are used for dimensionality reduction or encoding sequence data (RNA, proteins).
Generative models (variational autoencoders, generative adversarial networks (GANs), and more recently, transformers) are used for
molecule generation, prediction of reaction outcomes, and data augmentation.

« Natural Language Processing (NLP) and Large Language Models (LLMs): The rise of transformer-based LLMs (GPT-4 and beyond)
has captivated pharma. LLMs can ingest and summarize vast literature corpora; generate draft text for trial protocols or patient materials;
assist with regulatory submissions; and even help mine electronic health records. Pharma is also exploring domain-specific LLMs that
understand biomedical jargon. However, as FDA guidance stresses, it is vital to implement controls: credible outputs, bias mitigation, and

data privacy (www.ema.europa.eu) ([271 pharmaphorum.com).
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« Digital Twins and Simulation: A digital twin is a virtual model of a physical process or asset. In pharma, digital twins are applied to
factories (simulating a manufacturing line to predict bottlenecks) and to patients (e.g. virtual populations to optimize trial design).
ScienceDirect notes that digital twins can simulate supply chain operations to anticipate disruptions ([Gl] www.sciencedirect.com). The
emerging “Industry 4.0/5.0” in pharma integrates 10T sensor data with Al-driven simulation for proactive decision-making. For example, a
smart factory may use a twin to test changes in process parameters digitally before running real batches.

+ Agents and Automation: The concept of agentic Al — autonomous agents that plan and execute tasks — is gaining traction. NVIDIA
predicts that agentic systems will become core to life sciences, for example by autonomously designing experiment workflows or quality
checks ([62] www.deloitte.com). While still nascent, early implementations include Al-controlled laboratory robots and automated
compliance bots.

+ Quantum Computing (Emerging): Still largely experimental, quantum algorithms may one day speed up certain optimization tasks in
drug design or process modeling. Some industry R&D groups are beginning pilot projects combining quantum hardware with machine
learning (see Deloitte 2030 prediction on quantum’s role ([63] www.deloitte.com)). While not yet enterprise-scale, companies may hedge
by developing quantum-readiness.

Irrespective of the algorithms, one guiding principle stands out from the McKinsey study: models alone are not the
solution[171L32-L41]. It is how these models are embedded that matters. For instance, Johnson & Johnson’s Batavia
describes how J&J applies deep-learning to pathology images to rapidly pre-screen patients for trials (W”ﬂ
www.mckinsey.com) — but this succeeds because it's integrated into a trial enrollment process, not used in isolation. In any
case, thorough validation (cross-validation, holdout datasets, external benchmarks) is essential given the potential clinical

impact.

For reproducibility and auditability, the entire Al workflow should be documented: data provenance, model code,
parameters, performance metrics. Frameworks like MLFlow or Kubeflow can manage this lifecycle, which is crucial under
FDA's “Software Precertification” vision and Good Machine Learning Practice (GMLP) guidelines.

Regulatory and Ethical Considerations

Implementing Al from pilot to scale also requires scrupulous attention to compliance and ethics. In pharma, any
technology affecting drug development or patient care must meet regulatory standards. Key points include:

+ Regulator Engagement: Engage the FDA/EMA early and often. The FDA explicitly encourages early discussions about Al models for
drugs ([ZG] www.fda.gov). Since Jan 2025 the FDA has a draft guidance on Al in drug submissions ([25] www.fda.gov), focusing on

“context of use” and “model credibility”. EMA is drafting corresponding guidance. Companies should prepare thorough documentation of
their Al methods (intended use, training data, performance) to include in submissions as needed.

« Data Privacy and Security: Patient data used for Al (clinical trial data, real-world electronic health records) are subject to HIPAA in the
US and GDPR in the EU. De-identification and consent management are mandatory. AWS, Azure, or other cloud providers offer compliant
environments (e.g. secure enclaves, EU data centers). Security certifications (ISO 27001, HITRUST, etc.) should cover Al systems as
well. Data governance policies must ensure transparency in how patient data is used for Al.

« Bias and Fairness: Although less publicized in pharma than in consumer tech, Al bias is a concern. For instance, training data that lack
diversity may lead models to be less accurate for underrepresented populations. Life sciences leadership must establish processes
(ethical review boards, statistical audits) to detect and mitigate bias, especially in areas like patient selection for trials or differential dosing
algorithms.

« Model Transparency: Regulators emphasize traceability. As an FDA spokesperson noted, Al models for public health must adhere to

u ([651 www.fda.gov). This implies that black-box models should be paired with explainability

“robust scientific and regulatory standards
tools or fallback controls, to meet the “right to explanation” in EU law and FDA's call for transparency. For Al in medical devices (already
under FDA), any significant model update may trigger a new validation process, so operational policies for model retraining (MLOps

change control) are needed.

« Ethical Use: The pharmaceutical field traditionally adheres to strict codes (e.g. patient safety, clinical ethics). Al introduces new
dimensions (e.g. who is liable if an Al-recommended drug combination causes harm?). Companies should update their ethics programs to
include Al-specific training and policies. Consider appointing an Al Ethics Officer or committee to oversee conformance to principles (in
line with the ten principles joint FDA-EMA released (www.ema.europa.eu)).
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In sum, regulatory and ethical requirements are not barriers but part of the roadmap. Those who anticipate them will
progress more smoothly to scale. The European legal analysis notes that the FDA and EMA share the same core goal

(safe Al use), even if their approaches differ — and companies will likely gear toward the stricter EMA framework to satisfy

both markets (‘%! pme.nchi.nim.nih.gov).

Al Applications Across the Pharma Value Chain

To ground the strategy in concrete terms, we now examine how Al is applied in different pharma domains. This highlights

where pilot projects typically occur and how they can be expanded.

Domain

Drug Discovery &
Early Research

Preclinical &
Toxicology

Clinical
Development

Regulatory Affairs |
Quality

Manufacturing &
Supply Chain

Commercial &

Marketing

Medical and Patient
Support

AlIML Applications

- Molecular design (generative
chemistry)

- Virtual screening of compounds

- Target identification (ML on omics
data, knowledge graphs)

- Protein folding prediction
(AlphaFold, etc.)

- Animal model analysis (image
analysis, behavioral data)

- ADMET prediction (in silico toxicity
screening)

- Laboratory data QC (anomalies,
reproducibility)

- Trial design optimization (patient
stratification, site selection)

- Remote patient monitoring (Al
analysis of wearables, ePRO)

- Digital pathology (Al on biopsy
slides)

- Radiomics (Al on medical imaging
for outcomes)

- Signal detection in safety data
(pharmacovigilance)

- Automated generation of
submission documents (using NLP)
- Compliance monitoring (anomaly
detection in process data)

- Structured data reporting (Al to
transform data into regulatory
formats)

- Predictive maintenance (machine
learning on equipment sensor data)
- Process optimization (control
parameter tuning via Al)

- Inventory and demand forecasting
(time-series ML)

- Quality control (vision inspection
of products)

- Logistics optimization (route
planning, stock level tuning)

- Customer segmentation and
targeting (ML on prescribing data,
HCP profiles)

- Digital marketing optimization
(recommendation engines for
content)

- Chatbots/Al assistants
(information to patients/HCPs)

- Market analytics (sentiment
analysis, sales forecasting)

- Virtual care and adherence
monitoring (Al coaches on mobile
apps)

- Personalized medicine (genomic
ML for dosing or combination
therapies)

- AE and safety monitoring (patient
reported data analytics)

Example Use Cases & Benefits

*- Al designs novel molecules with desired properties, reducing
synthesis cycles (e.g. Insilico Medicine found fibrosis candidate in
18 months).

- Predict protein structures of targets (AlphaFold enabling faster
target validation).

- Graph databases and ML reveal new disease pathways.

- Text mining literature for new indications.

*- ML classifiers predict toxicity or metabolism from chemical
structure, filtering out bad leads early.

- Computer vision monitors cell cultures or animal behavior
automatically.

- Quality control algorithms detect lab instrument drift.

*- Al selects predictive biomarkers and diversifies patient
recruitment for better trial success.

- ML models project enroliment timelines and suggest alternative
protocols.

- Computer vision identifies cell types or mutation markers in
[64]

pathology images, speeding diagnosis (

www.mckinsey.com).

- Natural language processing extracts relevant trial endpoints from
unstructured EHR.

*- Al draft reviewers prepare sections of drug approval documents

[69]

automatically, standardizing wording (

www.pharmalex.com).

- Anomaly detectors flag deviations in manufacturing reads for root-
cause analysis.

- Structured data tools (using ICH eCTD structures) speed up
filings.

*- Al on loT sensor data predicts equipment failure, avoiding
unplanned downtime.
- Digital twin of factory runs “what-if" simulations to optimize yield,

[70]

as Schneider Electric notes (’

www.pharmtech.com).
- Demand forecasting models reduce stockouts and waste (as ZS

42
reports 57% expect Al impact in supply chain) ([ 1

WWW.ZS.Ccom,.

- Automated visual inspection catches defects at micron level.

*- ML i ifies the most likely p!
outreach, boosting sales ROI.

- Chatbots handle medical info queries (e.g. FDA-authorized answer

27
bots for patient questions), reducing MLR load ([ 1

pharmaphorum.com).

- Predictive models forecast region-by-region sales and alert on
competitive price changes.

*- Al-driven apps remind patients to take medications and analyze
adherence patterns.

- ML-driven algorithms match patients with the most effective
therapy based on multi-omic profiles.

- Social media mining and wearables detect adverse event signals
earlier than traditional reporting.

for a new drug and tailors
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Domain AlIML Applications Example Use Cases & Benefits References

- Real-world evidence generation
(ML on claims/EHR for outcomes)

Table 2: Representative Al/ML use cases across pharmaceutical R&D and operations. These examples (and many
others) illustrate both current capabilities and aspiration, drawn from industry reports and case studies ({°*/

) 5
www.mckinsey.com) (Y www.sciencedirect.com) (P! www.pfizer.com).

This table underscores the breadth of Al opportunity. In discovery and preclinical stages, firms are leveraging
generative Al and advanced analytics to reduce the astronomical search space of chemistry (°/) vwww.pharmalex.com) (1
www.mckinsey.com). Notably, the use of Al in molecular science has gained recognition at the highest levels (e.g.
DeepMind’s AlphaFold led to a Nobel Prize in 2024 (/* time.com), although we cannot cite AlphaFold directly without
source, it exemplifies generative approaches as a paradigm shift). In clinical trials, Al is being used to refine trial
protocols and accelerate patient enrolment, as seen in Pfizer's smart use of Al in Paxlovid trials (“*! vwww.pfizer.com). In
manufacturing and supply chain, evidence shows Al improving efficiency: e.g., the science review notes how Al-driven

forecasting and quality control cut waste and enhanced delivery times (*°

www.sciencedirect.com). And in commercial
operations, pharma is finally applying advanced analytics to sales and marketing, with tools (often adapted from

tech/retail) that predict HCP behavior and optimize engagement.

However, across all these uses, a common pattern emerges: early successes are often in domains where (1) ample data
exists or can be generated, and (2) business value is straightforward to quantify. This aligns with the ZS findings:
marketing, IT ops, and selected manufacturing use cases have grown quickly to show value (*/ vww.zs.com). Other
areas, while promising, require deeper integration of data and workflows. The role of Al in real-world evidence and
patient centricity (the entries in Table 2 under “Medical and Patient Support”) is rapidly expanding, especially now that
pandemic-era tools (e-consent, telemedicine platforms) have become standard. Nonetheless, these patient-focused
domains bring additional privacy and compliance complexities.

Case Studies and Real-World Examples

Concrete examples illustrate the roadmap in action. The following vignettes (drawn from public sources) show how
leading companies are scaling Al:

« Pfizer: The development of the COVID-19 oral antiviral Paxlovid exemplifies enterprise Al in action. Pfizer reports that it used advanced
computational chemistry and Al to optimize its molecule search (enabling an oral drug rather than V) ([75] www.pfizer.com). In clinical
trials, Pfizer applied AI/ML to patient data analysis, completing safety/efficacy checks ~50% faster than before (LZlJ www.pfizer.com).
Impressively, they now deploy Al in over 50% of their clinical trials ((“*! v pfizer.com). On the manufacturing side, Al models
analyzing supply-chain and production data uncovered a bottleneck: proactive adjustments cut a critical step’s cycle time by 67%, yielding
20,000 extra doses per batch ([76‘ www.pfizer.com). Even drug distribution was optimized: by using Al on public health data (including
innovative wastewater analysis), Pfizer pinpointed regions with unmet demand more accurately (Wﬁ www.pfizer.com). In summary,
Pfizer’s digital transformation is enterprise-wide — from drug design through delivery — enabled by years of building data infrastructure and
Al capabilities. Their leadership now openly states a strategy of “winning the digital race” ([77] www2.deloitte.com), recognizing that Al is
profoundly transforming how medicines are brought to market.

« Moderna: Moderna has embraced a data-driven R&D platform to extend its mRNA technology beyond COVID-19 (/%! voka.io). Even
before the pandemic, Moderna was building integrated data systems. By 2026, its strategy is to treat mMRNA development as a digital
platform: machine learning models assess experimental results in real time, guiding the next design iteration ([79] voka.io). Moderna’s
long-term culture is to view data as a strategic asset; for example, forming multidisciplinary teams to annotate and use lab data for model
training. While specifics are proprietary, reporters note Moderna’s heavy Al investments in genomics, and its collaboration with cloud
providers to scale genome analysis. Moderna’s case shows how a company born in the digital age can bake Al into its core R&D cycles
from the ground up.
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« Sanofi: Sanofi exemplifies Al in manufacturing and supply chain. Its Evolutive Vaccine Facility (EVF) program has built flexible,

modular vaccine plants in Singapore and France that are “digitally enabled” ([23] voka.io). These factories employ robotics, 10T sensors,
and real-time analytics to quickly switch between vaccine types (crucial for pandemic response). Linked with this, Sanofi is reportedly
deploying Al in its R&D and supply functions. For instance, machine learning models predict fermentation yields and adjust parameters
(raising output), and Al-driven demand forecasting reduces stockouts in global distribution networks. Sanofi’'s approach combines new
plant design with Al tools across the network, underpinned by a concerted cloud migration (it has partnerships with Microsoft Azure for its
digital solutions). In effect, Sanofi is moving from plant-level pilots to a networked digital factory vision.

« Novartis: As one of the first data-driven pharma companies, Novartis has built enterprise platforms like Nerve Live (the “Nerve Center”
in Basel) which aggregates decades of laboratory, operations and clinical data ([221 voka.i0). Through Nerve Live, Novartis applies ML for
planning and optimization “at scale” ((“?! voka.io). The company reports breaking down data silos: for example, linking chemical process
data with biological assays to spot yield improvements. On the Al front, Novartis has conducted notable collaborations (it partnered with
Microsoft/NVIDIA on Al for oncology) and integrated tools like IBM Watson early on. By 2026, Novartis’s Clty of Scientific Collaboration
(its R&D headquarters) is largely digital, with Al-driven lab robots and centralized data lakes. The Novartis case illustrates an orchestrated
enterprise program: broad hiring of data talent, top-down platform building, and continuous scaling of successful algorithms across all
divisions.

« Emerging Biotech (e.g. Recursion, Insilico): Startup-led platforms validate the long-term potential. Insilico Medicine famously reported

discovering a clinical candidate for idiopathic pulmonary fibrosis in 18 months using generative Al ([68] www.pharmtech.com),
compared to the usual decade. Cambridge-based Recursion uses high-throughput imaging and ML to test thousands of compounds,
rapidly finding new indications. While not big pharmas, these efforts pressure incumbents to adapt; they effectively serve as external
pilots of Al that traditional pharma is now looking to internalize.

+ Regulatory Technology Example: The FDA itself is applying Al, illustrating widespread trust. In 2025, the FDA published a draft

framework on Al model credibility for drug submissions ([ZSW www.fda.gov). It's also developing internal Al tools for nearly all divisions (as
reported privately). Such regulatory embraces indicate that pharma Al projects can integrate with agency processes (for instance,
automated analysis of epitope sequences or RWE to support label expansions).

« Cross-industry Collaboration: New partnerships exemplify the pivot to scale. In early 2026, NVIDIA and Eli Lilly announced a $1B co-

innovation lab ([2"ﬂ nvidianews.nvidia.com). The lab co-locates Lilly’s drug experts with NVIDIA's Al engineers to tackle “the hardest
problems” in drug discovery. This signals a future where pharma not only builds in-house capabilities but also embeds itself into broader

Al ecosystems. Similarly, joint efforts like Roche—NVIDIA and Boehringer Ingelheim’s partnership with Phenomic Al (a cancer biology Al

[67

startup) show that the most advanced projects are collaborative from the start ( L www. pharmalex.com).

These examples share common success factors: robust data foundations, business-driven use cases, executive support,
and integration into existing processes. They also demonstrate that scaled Al deployment is additive across functions:
improvements in R&D feed into better products, which feed into optimized manufacturing and marketing, yielding
compound benefits. In short, each successful case reinforces the enterprise strategy, creating organizational confidence
and momentum.

Data Analysis and Evidence-Based Insights

Empirical data from industry surveys and studies help quantify these trends:

« Tech Spend and Growth: As mentioned, McKinsey cites a projected growth of the pharma Al market at ~20-30% CAGR through 2030
(|35| www.mckinsey.com). Internally, the ZS survey shows roughly two-thirds of firms are increasing Al budgets in 2025, with
spending differentiating by area: ~88% plan to boost cloud/infrastructure, 86% on data platforms, 84% on Al platforms ([53

www.zs.com). This confirms that investments are being reallocated toward foundational elements (not mere tool upgrades).

« Digital Readiness: Deloitte’s 2021 survey (150 global executives) found that 77% of companies consider digital innovation a
competitive differentiator, and 82% intend to continue digitalization post-COVID ([2] www?2.deloitte.com). Yet they also reported

challenges: 59% cited lack of dedicated funding and 47% cited talent gaps as key obstacles (LBOJ www?2.deloitte.com). Frequently,
organizations have talent deficits (data scientists, engineers) and struggle to find ROI metrics.
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« Consumer Engagement & Patient Outcomes: A 2025 PharmTech analysis of 30+ experts highlighted Al's role in patient-centricity: e.g.
URLA's reference (PharmTech, Industry Outlook) noted intensifying patient engagement strategies. It estimates 43% of firms see this as

a top growth lever ([l] www.zs.com). Decentralized trials (e.g. remote monitoring) are expected to continue growing, with Al used to

triage patients (Mirit Eldor expects 2026 to be “year of the agent” for R&D automation ([8” www.pharmtech.comy)).

« Supply Chain Resilience: The SciDirect review of Al in pharma supply chains (“/ www.sciencedirect.com) provides concrete

evidence. They found Al generally reduces waste and distress: for example, Al-driven forecasting significantly outperforms statistical

methods in inventory control ([43‘ www.sciencedirect.com). Case studies from India, China, and Switzerland show that

hospitals/manufacturers using Al coped better during COVID (fewer shortages). The authors conclude that “Al incorporation ... would
optimize the operation, regulatory, and patient relationship.” The quantitative highlight in this paper is that “the effect of [Al on mitigating]

disruptions... helps reduce waste, enable demand forecasting, and deliver medicines” (l"lBJ www.sciencedirect.com).

* ROI Expectations: The ZS research provides very specific ROl expectations. Multiple CIOs estimate individual high-impact use cases

could yield 20-30% ROI ([521 www.zs.com). For example, automating part of the claims handling or lab data entry might cut costs by a
quarter. By contrast, R&D ROl is measured in “longer pipeline value” terms, which is harder to quantify up front. These numbers are
anecdotal (from interviews), but 20-30% ROI per project sets a high bar, meaning only truly transformative pilots get prioritized.

* Success Factors Survey: The McKinsey podcast panel of industry leaders distilled success factors almost exhaustively: clear goals,
robust tech stack, proper data strategy, talent, and flexible change management ([G] www.mckinsey.com) ([10] www.mckinsey.com)
([17] www.mckinsey.com) ([82] pharmaphorum.com). Parallels in these independent sources (consulting vs. industry quotes)
strengthen the case that these are the pillars of any pharma Al roadmap.

Figure 3 below sketches the “Al Value Stack” implied by these insights. It depicts how business objectives (top) must be
connected to Allanalytics capabilities (bottom) through intermediate layers of data, platforms, and processes. Leaders
repeatedly emphasize that without the lower layers, the upper goals cannot be achieved.

| Layer | Focus | Enables |

**Business Value** | Define objectives (growth, patient outcomes, efficiency) | Sets priorities for AI
**Governance** | Strategy, Metrics, Accountability | Aligns AI initiatives with executive goals ([www.
**Applications** | AI Use Cases in R&D, Trials, Ops, Commercial | Directly drive business KPIs (e.g. f
**AI/ML Models** | Algorithms and models trained on domain data | Transform data into predictive insig
**Data & Platforms** | Data lakes, cloud infrastructure, MLOps | Provide high-quality, accessible data
**Security & Ethics** | Privacy, compliance, bias controls | Enable sustainable, trustworthy AI ([www.

Figure 3: An “Al Value Stack” illustrating how business objectives (top) are achieved by AlI/ML models operating on high-
quality data and platforms (bottom). Each layer depends on the foundation of governance and infrastructure (I°

www.mckinsey.com) (% www.mckinsey.com).

The data consistently show that companies investing across all layers fare better at moving beyond pilots. For example,
88% of ZS’s respondents plan increased spending on cloud/infrastructure and Al platforms (°/ www.zs.com), reflecting
the understanding that building new capabilities is not just cleanup: it's creating context-rich, governed data foundations
(** www.zs.com). Similarly, the Deloitte survey respondents agreed that those who executed digital roadmaps in months
(instead of years) were rewarded — essentially because they leveraged this layered approach aggressively.

Transitioning from Pilot to Scale

Having covered current state and components, we turn explicitly to the roadmap — the transition process from pilots to
enterprise systems. This involves dealing with common pitfalls and adopting best-practice steps.

1. Avoiding the “Pilot Trap”
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It is well-documented that most Al pilots do not reach production. Industry analysts sometimes cite figures like “>80% of

pilots fail to scale” (a statistic often mentioned for Al projects in general). For pharma, the risk is acute because pilots can
be easy approvals (low risk, experimental budgets) until they start requiring more resources or show informal success. If
not tracked, they pile up with no decision. The Pharmaphorum article notes that ~90% of GenAl pilots may stall without

careful management (\"*! pharmaphorum.com).
To escape the trap:

« Establish Gates: Implement formal stage-gates as above. No pilot moves forward without sign-off on ROI criteria.

(1 pharmaphorum.com)

« Monitor Portfolio: Use dashboards to track the status of all Al projects (pipeline stage, costs, results). Kill stalled
projects quickly.

« Be Cautious with “Shadow Al”: Pharmacompany hackathons and labs sometimes produce proofs that are never
turned into product. Each should have a “product owner” ready to shepherd it if viable.

The ZS takeaway is emphatic: define clear objectives and metrics before launching any Al (") www.zs.com). Too many
pilots fail because they were started willy-nilly. Smart organizations tie every project back to a business need (e.g. comply
with new regulation, reduce a specific bottleneck).

2. Building Reusable Al Resources

Another advanced strategy is to build scalable Al assets that cut across projects. Examples include:

* Pre-trained Models and Transfer Learning: Rather than start from scratch for each problem, companies create libraries of pre-trained
models (e.g. on large biological datasets), which they then fine-tune for specific tasks. This is akin to drug development where core
libraries of algorithms are reused. Big pharmas may even create proprietary “foundation models” for molecules or images.

« Al Services and APIs: Central functions (CoE or IT) can offer Al-as-a-service (AlaaS). For instance, a cloud service within the company
that provides pre-built analytics (anomaly detection, NLP summarization) consumable by any department via API. This internal platform
approach prevents each group from reinventing the wheel.

« Data Products: Novartis's Nerve Live is an example of a data product — it packages integrated data and analytics as an internal “product”

that others can plug into (|22| voka.io). By productizing data, the company avoids one-off data projects; instead, all teams access a
common knowledge base.

Reusability ensures that pilot learnings spill into new initiatives. McKinsey notes the tech stack “determines whether [Al
tools] can scale” (I"“ vw.mckinsey.com); part of that is having modular, repeatable components across the enterprise.

3. Leveraging Partnerships and Ecosystems

Given the complexity of scaling Al, many companies extend beyond internal efforts:

o Cloud Partners: Nearly every large pharma has major deals with cloud providers. These vendors offer not just infrastructure but also
accelerators (e.g. NVIDIA's Clara for genomics, Amazon’s HealthLake, Google’s Vertex Al with biomedical specials). Pharma should
leverage these co-investments, tapping into pre-built workflows and compliance frameworks.

« Al Instrumentation Vendors: In manufacturing, equipment vendors now embed Al (e.g. predictive maintenance toolkits on bioreactors).
Pharma firms should align new capital equipment purchases with Al capability — e.g. buy chromatography machines that come with ML
analytics modules.

« Consortia and Standards Bodies: Participating in industry consortia (such as the Pistoia Alliance’s Al working group, or the FDA's
Green Button program for manufacturing data) helps ensure interoperability and avoids duplication. Standardizing data formats (like
CDISC, OMOP, FHIR) often comes through these channels.
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+ Academic Collaboration: Partnerships with academic labs or government scientists remain valuable, especially for cutting-edge
methods (quantum computing, novel algorithms) that are lower on direct ROI but high on strategic importance.

In summary, modernization often blurs the line between “in-house” and “outsourced”. Co-creation (like the Lilly—NVIDIA
lab) is an extreme example, but even ordinary R&D partnerships now frequently involve Al components. By 2026,
effective pharma digital strategies treat technology vendors and even competitors as part of the innovation ecosystem.

Challenges and Mitigation Strategies

Even with a solid roadmap, pharma companies face typical obstacles:

« Data Quality and Integration: Legacy data (paper records, closed EDMS, instrument silos) can be noisy and incompatible. Bridging
clinical data (CDMS/EHR) with lab data (LIMS) is non-trivial. Mitigation: Invest in robust ETL processes and data cleaning as part of early
projects. Adopt common ontologies and coding (e.g. unify gene/protein names, use standardized units). Implement data catalogs and
governance to track lineage.

« Regulatory Hurdles: Complying with evolving rules can slow projects (e.g. needing GLP/GCP-compliance for data). Mitigation: Engage
regulatory affairs teams early. Incorporate regulatory requirements as “constraints” in project plans (e.g. always maintain an audit trail).
Plan for longer validation cycles for models affecting core GxP processes.

« Talent and Change Resistance: Scientists and clinicians may distrust Al recommendations (“garbage in, garbage out”). They fear job

loss or errors. Mitigation: Emphasize Al as augmenting, not replacing, expertise ([G] www.mckinsey.com). Provide transparency (e.g.
explainable Al dashboards). Include domain experts in development so they “own” the outcome.

o Cultural Silos: Functions historically operate in isolation (R&D vs manufacturing, for example). Yet enterprise Al requires integration.
Mitigation: Create cross-functional programs (digital councils) that cut across silos. Reward collaboration. Use enterprise projects (like
global data platforms) to force integration (i.e. require usage across teams).

« Measuring ROI: Some payoffs (like faster time-to-market) are hard to attribute directly to Al. Mitigation: Use proxy metrics and qualitative
success stories. For example, measure reduced headcount on manual tasks or “value of time saved”. For long projects, set intermediate
KPIs (progress in model accuracy, adoption rates).

« Scalability and Maintenance: An Al solution may work in a pilot researcher group but break when used company-wide (due to hardware
limits or too little data cohort diversity). Mitigation: Design pilots with scalability in mind (containerization, cloud-ready). Test models on
small production-like runs early. Plan for support (e.g. do central training so FTEs can maintain the model).

Pharmaphorum’s breakdown of scaling factors (in the GenAl article) offers concrete advice: rigorous data strategy
(handling unstructured data, creating “GRDs” for LLMs) ("*) pharmaphorum.com), a clear operating model (executive
sponsor, GenAl task force, in-house vs outsource) ([271 pharmaphorum.com), and robust technology infrastructure
(prompt engineering, RAG architectures, LLMOps pipelines) (“/) pharmaphorum.com). These specifics, while geared to
GenAl, are broadly applicable. For example, any Al-driven app requires careful prompt engineering or input tuning, and
any production model needs monitoring (as noted by Pharmaphorum).

Finally, measure challenges foster continuous learning: every stalled pilot should be retrospectively analyzed for cause
(data issues, scope creep, tech gap) and that lesson fed into the governance process. This iterative learning loop —
effectively doing PDCA (plan-do-check-act) on the digital strategy — separates organizations that truly scale from those

that flounder in endless pilot churn.

Future Directions and Implications

Looking beyond 2026, a few emerging developments will shape the next stages of pharma digital transformation:
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+ Generative Al Explosion: Already in 2025-26, generative models for chemistry (like diffusion models for molecular graphs) are showing
promise. We expect “Al-generated candidate drugs” to become routine in target discovery discussions. This will further compress
discovery timelines. Similarly, large language models tailored to life sciences will likely become the norm for literature curation, medical
affairs content, and possibly even clinical decision support (while subject to regulation).

« Autonomous Lab Systems: The concept of closed-loop laboratories — where Al plans experiments and robotic systems execute and
feed data back — may become reality for parts of preclinical labs. NVIDIA and academic projects in “Al-driven synthetic chemistry”
suggest a future where drug R&D itself becomes partially autonomous.

« Personalized Medicine Integration: Al will enable truly personalized pharma, not just in trial design but in treatment selection. Machine
learning models that integrate genomics, metabolomics, and clinical history will recommend individualized therapy regimens at scale. The
intersection of pharma with digital health/hospitals will deepen, as pharma companies partner with health systems to deploy such models
in patient care (e.g. selecting the right oncology drug for a given patient profile using an Al platform).

« Regulatory Al: Regulators themselves will use more Al for reviewing submissions. The FDA's mention of using Al for its own “decision-
making” suggests that pharma submissions might be pre-checked by regulatory Al. This could lead to a dual-use scenario: companies
might use similar tools in pre-submission to ensure compliance.

« Evolving Business Models: Data and Al open new revenue streams. Pharma companies may move into subscription or outcome-based
models facilitated by digital monitoring (e.g. providing Al-driven dosing predictors as part of drug lifecycle). Partnerships with digital
therapeutics firms might create hybrid biotech-digital products.

* Global Variance: Adoption will also vary globally. Leading multinational firms will standardize global platforms, but regional players may
lag or innovate differently. For instance, some APAC and Middle East pharma groups, aided by cloud availability, might leapfrog using
generative Al in clinical decision support more rapidly.

« Ethical and Societal Impact: As Al pervades healthcare, pharma will come under new public scrutiny. Patient privacy (especially in
decentralized trials), algorithmic bias (equitable access to new drugs), and data ownership debates will intensify. Companies will need to
demonstrate trustworthiness in their Al systems to maintain public confidence.

Implications: For pharma stakeholders, the implication is clear: integrate Al into strategic planning now, or risk
obsolescence. By 2026, those who succeeded in scaling Al from pilots to production will have notable advantages —
faster R&D pipelines, more efficient manufacturing, smarter marketing, and potentially new business lines (digital
therapeutics, Al-driven health services). For regulators and policymakers, the shift requires proactive frameworks to
ensure these technologies deliver safe and effective innovations to patients.

For patients and clinicians, the likely outcome is more personalized and speedier treatments, but also a need to adapt to
Al-informed medicine. For example, if an Al model determines eligibility for a therapy, clinicians will need tools to interpret
and trust those recommendations.

Ultimately, the future is an ecosystem: pharma companies, tech giants, healthcare providers, and regulators all play
roles. The companies that succeed will likely be those that collaborate and share Al innovations while protecting
patient welfare, rather than building silos.

Conclusion

Digital transformation in pharma, anchored by Al strategy, is not an optional initiative—it is now a core business
imperative. This report has laid out a detailed roadmap for scaling Al from initial experiments to enterprise-wide systems.
Key lessons include:

« Set clear, business-focused goals and secure executive alignment early (°! www.mckinsey.com) (") www.zs.com).

« Build robust digital foundations (cloud, data platforms, Al tools) as strategic investments (*°) www.mckinsey.com) (7!

WWW.ZS.com).

. Prioritize a balanced portfolio of quick-impact and long-horizon use cases (“) vw.zs.com) (°) www.zs.com).
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« Embed interdisciplinary teams and governance to ensure projects cross from pilot to production ('

pharmaphorum.com) (I www.mckinsey.com).
« Measure outcomes rigorously and be prepared to pivot or kill projects without business value (/) www.zs.com).

« Embrace partnerships, standardization, and regulatory collaboration to amplify reach.

Evidence from industry surveys, academic studies, and real-world examples substantiates each recommendation.
Pharmaceutical giants like Pfizer, Moderna, Sanofi, and Novartis are already walking this path and reaping rewards in
faster product cycles, higher yields, and better patient engagement (**/ www.pfizer.com) (?? voka.io). Consulting research
(McKinsey, ZS, Deloitte) reinforce that these changes are both necessary and transformational (! www.zs.com) (!

www.mckinsey.com).

Looking forward, the next few years promise further acceleration. Al systems will become more autonomous, generalized,
and integral. The companies that invest in maturing their Al strategy — building the “engine” while continually applying it to
high-value problems — will emerge as the leaders of a new era of pharmaceutical innovation.

In closing, this report provides an exhaustive analysis of the pharma digital transformation landscape as of 2026. By
following a structured, evidence-based roadmap, pharmaceutical organizations can navigate the complexities of Al

adoption and unleash its full potential for scientific and business breakthrough (1 www.mckinsey.com) (!
www?2.deloitte.com).

Sources: All points above are based on recent industry reports, academic publications, and authoritative statements. Key
citations include surveys by ZS Associates and Deloitte, analysis by McKinsey and PharmTech, regulatory releases by
FDA/EMA (www.ema.europa.eu) (“° www.fda.gov), and concrete case studies from companies (“* vww.pfizer.com) (%7
voka.io). Detailed references are provided throughout.
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US market
in custom Al software development and pharma implementations with proven results across public biotech and
pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance
expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years in software
development, multiple successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs, chatbots, and ERP
systems with advanced analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al infrastructure
for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion, automated
document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field force
applications with advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and automated
customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management
solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time
pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom data
visualization solutions for pharmaceutical insights.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and implementation
guidance for pharmaceutical organizations adopting Al technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no representations
or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or availability of the information
contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives be liable
for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or damage whatsoever arising
from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. Al-generated content may
contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of their
respective owners. All company, product, and service names used in this document are for identification purposes only. Use of these
names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in pharmaceutical and biotech
companies. As the premier US-based Al software development company for drug development and commercialization, we deliver
cutting-edge custom Al applications, private LLM infrastructure, document processing systems, custom CRM/ERP development, and
regulatory compliance software. Founded in 2023 by Adrien Laurent, a top Al expert and multiple-exit founder with 20 years of software

development experience and patent holder, based in the San Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs, please consult
with appropriate qualified professionals.
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