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Executive Summary

Artificial intelligence (Al) has rapidly become a transformative force in the pharmaceutical and biotechnology
sectors, promising to reshape drug discovery, development, and manufacturing. Published reporting describes
how Al-driven platforms are accelerating research and reducing costs across the R&D pipeline
(www.axios.com) (time.com). Major players — from established Big Pharma firms (e.g. Bayer, AstraZeneca, Eli
Lilly) to nimble Al-native biotech startups (e.g. Insitro, Insilico Medicine, Formation Bio) — are deploying
machine learning and deep learning to analyze complex biological data, design novel molecules, and
streamline clinical trials (apnews.com) (www.svd.se). Notably, Eli Lilly’s $1 trillion market-cap status and its
collaboration with Nvidia to build Al supercomputers highlight industry conviction that “drug research will shift
from traditional labs to Al platforms” (www.axios.com). Likewise, Chan/Zuckerberg-funded Biohub is pivoting
heavily toward Al-based “virtual biology” models to accelerate cures (www.axios.com).

Case studies vividly illustrate Al's impact: Insilico Medicine reported 28 nominated preclinical candidates and
10 programs in clinical trials in its March 2026 annual-results announcement; its separate Lilly deal carried a
potential value of up to $2.75 billion (www.svd.se). Formation Bio focuses Al on drug development (company
perspective), including Al-enabled patient matching, and has licensed gusacitinib to Sanofi. Legacy pharma
companies report tangible benefits too: Bayer credits Al with streamlining its screening of gene-driven
diseases (www.axios.com), while AstraZeneca affirms that Al “helps turn science into medicine more quickly
and with a higher probability of success” across target ID, lead discovery, and trials (moneyweek.com). FDA's
guidance on demonstrating substantial evidence of effectiveness remains a draft containing nonbinding
recommendations and is not for implementation.
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These advances coexist with challenges. Data quality, interpretability, and ethical use of Al remain active
concerns (arxiv.org) (www.livescience.com). For example, while generative Al can propose novel molecules, it
can also design synthetic viruses if unchecked (www.livescience.com). Government and industry sources note
the current lag in governance: a recent survey found 75% of life-science firms have adopted Al in the past two
years, but only half have established robust policies or audit processes (www.axios.com). Ongoing regulatory
frameworks (such as the EU Al Act and forthcoming HHS strategies) may impose new requirements on “high-
risk” Al in healthcare, but consensus and best practices are still evolving.

Industry outlook: Al is not merely an incremental improvement but a paradigm shift in pharma/biotech R&D.
As Nvidia’'s CEO predicts, the era of “Al-driven platforms” could accelerate new treatments to patients
(www.axios.com). Success will demand integrating Al with domain science and human oversight (arxiv.org).
Collaboration across sectors — tech companies, biotechs, academia, regulators and even philanthropists like
Chan/Zuckerberg Biohub (www.axios.com) — is underpinning a new ecosystem. The future implications include
faster drug approvals, more personalized therapies, and reshaped industry economics, provided that
transparency, safety and equity are maintained.

Introduction and Background

Pharmaceutical research has long grappled with the challenge of high cost and slow timelines. FDA's
Center for Drug Evaluation and Research (CDER) approved 50 novel drugs in 2024 and 46 in 2025.
Traditional pipelines often require >10 years and over $1-2 hillion to bring a drug to market. The rise of Al —
driven by growing compute power, vast biological data, and advanced machine learning methods — promises
to accelerate and augment this process. In recent years, tools from machine learning and deep learning have
begun to transform multiple stages of drug and biotech development, from target identification through
clinical trials and even into manufacturing and regulation.

Historically, computational methods in pharma date back decades (e.g. QSAR models and docking
simulations), but only recently has the term “Al” fully taken hold. The modern wave began with large data
projects: the Human Genome Project, high-throughput screening, and the accumulation of omics datasets
have primed the field for Al analysis. A widely cited milestone was DeepMind’s release of AlphaFold2 (2021),
which solved protein-folding to high accuracy. AlphaFold’s ability to predict 3D structures from sequences is
often credited as a turning point for target-based drug discovery, enabling researchers to model drug-target
interactions in silico (moneyweek.com).

Another catalyst has been the advent of generative Al (e.g. transformer models, GANS) that can propose
novel chemical structures or even genetic sequences. Concurrently, the broader Al boom (sparked by
innovations like GPT in 2018—-2022) has energized biotech efforts. For example, by late 2024 many CEOs of
tech companies were actively pitching Al as a key to “curing disease” faster (www.axios.com), and
governmental research agendas (within the NIH, FDA, and international bodies) are increasingly focused on
Al. In the U.S., an Al-driven pediatric cancer initiative and new HHS policy underscore official support for Al
(www.axios.com) (apnews.com).Similarly, China and EU are funding biotech-Al projects (including biotech-
focused curation of biological data with Al).
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The world economy is also responding: the Chan Zuckerberg Biohub (with ~$4B pledged) has pivoted its
entire mission to Al-driven life sciences research (apnews.com) (www.axios.com). Major pharmaceutical
companies have formed partnerships with Al-specialists and tech firms. For instance, Eli Lilly partnered with
Nvidia to construct specialized Al supercomputers to simulate experiments and optimize molecules
(www.axios.com). Insitro and Recursion (Al-first biotech firms) have secured venture funds and collaborations
with Roche, GSK and others.

This industry review examines applications of Al in pharma and biotech through case studies and published
reporting. It covers technological approaches, corporate strategies, regulatory changes, and future
possibilities.

The Promise of Al in Pharma/Biotech
Research

Al’s value proposition in life sciences lies in its ability to extract patterns from complex data far beyond
human scale. Drug discovery involves grappling with enormous biological complexity: thousands of genes,
proteins, and pathways, combined with chemical structure space. Traditional approaches rely on incremental
experiments and expert intuition. Al, especially deep learning, can integrate diverse data (genomics, imaging,
literature, chemical libraries, clinical records) to suggest novel hypotheses and optimize decisions.

For drug discovery, generative models (e.g. variational autoencoders, generative adversarial networks) can
propose entirely new molecular structures optimized for desired properties. A recent review notes that
generative chemistry and ML “have enabled several compounds to enter clinical trials” by optimizing multi-
parameter drug profiles (arxiv.org). Another expert review outlines that Al offers improved efficiency,
accuracy, and speed in drug development, contingent on high-quality data (arxiv.org). Indeed, the “Al hype”
has attracted record venture funding: the law firm Arnold & Porter found 75% of life-science companies have
started implementing Al, with 86% planning full deployment soon (www.axios.com).

In target identification and preclinical R&D, Al is applied to genomic and proteomic data to highlight
druggable targets. ML algorithms can sift through gene expression profiles and disease databases to flag
novel therapeutic hypotheses. For example, Bayer’'s R&D team reports that Al has “streamlined the company’s
ability to screen gene-driven diseases” (www.axios.com). Similarly, advances in protein modeling (AlphaFold2)
provide Al-driven insights into protein structure that are accelerating target validation (moneyweek.com). This
computational power compresses years of lab work into hours of simulation.

Clinical development has traditionally been a bottleneck. FDA's Center for Drug Evaluation and Research
(CDER) approved 50 novel drugs in 2024 and 46 in 2025. Al is now turning attention to clinical trials and
patient selection. Al-driven platforms can match patients to trials based on EHR data more efficiently, design
adaptive trials, and monitor safety signals. For example, Formation Bio describes its Al focus as drug
development rather than drug discovery (company perspective). This shift acknowledges that “the biggest
problem in bringing new medicine to patients hasn’'t been drug discovery... itis in the running of clinical trials”
(time.com). In short, Al can potentially move verticals that were static for decades.
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In bioprocessing and manufacturing, Al can optimize fermentation conditions, bioreactor parameters, and
supply-chain logistics. Predictive maintenance of equipment and quality control through computer vision are
emerging applications. GSK's five-year U.S. plan covers $30B for R&D and supply-chain infrastructure,
including $1.2B for manufacturing facilities, Al and advanced digital technologies. Industry leaders believe that
Al can make drug production cheaper and faster, echoing Bayer’s view that it will “unpack billions of years of
evolution” to accelerate medicine development (www.axios.com).

Across these domains, data integration is key. Big data and Al workflows are increasingly combined with
cloud infrastructure to manage the massive datasets of genomics and imaging (www.techradar.com).
Bioinformaticians and data scientists are recruiting to pharmaceutical R&D teams, reflecting a pivot to digital
science. As AstraZeneca'’s chief data scientist notes: “Data science and Al are transforming R&D, helping us
turn science into medicine more quickly” (moneyweek.com).

Industry Trends and Perspectives

Al's penetration into pharma/biotech is being driven by both market forces and strategic foresight. Companies
see Al as a way to reduce costs and risk while improving hit rates. The equity markets have also reflected
this: in 2025 AstraZeneca and GSK became favorite picks in Al-focused investment funds (moneyweek.com),
signifying expectations of Al-enhanced growth in large incumbents. A UK analysis even predicted that “pharma
giants” could be among the real long-term winners by leveraging Al to boost margins at low risk
(moneyweek.com). This is significant because it counters a narrative that only nimble startups will benefit: in
fact, institutional scale (global trial footprint, advanced labs) may amplify Al's effects. (moneyweek.com).

Industry surveys confirm the enthusiasm: an S&P/Arnold & Porter survey found three-quarters of senior
pharma leaders implementing Al, and most planning accelerated deployment (www.axios.com). Yet a striking
finding is a “governance gap”: barely half of adopters have formal Al policies or audits in place
(www.axios.com), indicating a rush to use Al often outpacing risk management. This reflects a broader theme
of the Al era: tools are evolving faster than protocols. Companies must now wrestle with integrating Al into
regulated workflows.

C-suite attitudes have largely shifted to viewing Al as a productivity driver rather than a threat. In early 2026
surveys of U.S. CEOs, fewer than 10% intended to cut jobs due to Al (www.axios.com). Instead, the majority
foresee hiring and business growth from Al in the next 5-10 years. Applied to pharma, this means companies
expect Al to create new research roles (data engineers, ML specialists) rather than simply replace scientists.
Nevertheless, respondents note that technological integration remains challenging (www.axios.com),
underscoring that legacy R&D processes take time to rewrite.

From a technology perspective, major non-pharma players are also deeply engaged. Nvidia’s GPUs and
custom chips are now commonplace in biotech labs, as Jensen Huang noted at Davos: “pharmaceutical
companies... are... building a supercomputer capable of developing research models” (www.axios.com).
Recursion announced that NVIDIA would help optimize and scale its foundation models using NVIDIA's Al
stack and computing expertise.
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In former underrepresented regions, interest is growing too. Countries like China, India, and Brazil are

investing in biotech Al startups and building local regulatory capacity. Notably, Insilico Medicine is a Hong
Kong-listed company led by a Latvian CEO in Boston (www.svd.se), illustrating the global mosaic of talent.

Insilico announced a global pipeline licensing and Al drug discovery collaboration with Lilly. Meanwhile,

government initiatives (like the Trump administration’s "Make America Healthy Again" commission funding Al
cancer efforts (www.axios.com), and China’s own Al strategies) institutionalize Al in health sectors worldwide.

Case Studies: Al In Action

The following case studies illustrate different applications of Al across the value chain:

Companyl/initiative
Insilico Medicine
(www.svd.se)

Formation Bio

Bayer Pharmaceuticals
(www.axios.com)

AstraZeneca
(moneyweek.com)

GSK

Eli Lilly + Nvidia
(www.axios.com)

Chan Zuckerberg Biohub
(CZI) (www.axios.com)

Al Application

Generative Al for
novel small-
molecule design

Al-driven clinical
development

Machine learning
for gene-disease
screening

Data science
across discovery
and development

Al in manufacturing

and R&D projects

Al-powered

supercomputing for

research

Al-driven biological
modeling

Key Outcomes/Goals

Reported in its March 29, 2026 annual-results announcement that it had
nominated 28 preclinical candidates, with 10 programs in clinical trials; partnered
with Eli Lilly (initial $115M, up to $2.75B) (www.svd.se).

Libertas Bio, a Formation Bio subsidiary, licensed gusacitinib to Sanofi (company
announcement).

Streamlined high-throughput screening of gene-driven diseases by integrating Al
classifiers into experimental pipelines (www.axios.com).

Asserts Al is applied “throughout the discovery and development process, from
target identification to clinical trials,” increasing the probability of success in R&D
(moneyweek.com).

Announced $1.2B for manufacturing facilities, Al and advanced digital
technologies (GSK).

Building specialized Al supercomputers and “scientific Al agents” to plan
experiments and generate models, reflecting a shift to in silico research design
(www.axios.com).

Refocused their Biohub network on Al-based virtual biology — creating detailed
computer models of cells and molecules — to accelerate disease research and
tool development (www.axios.com).

These examples underscore varied Al modalities: generative chemistry (Insilico), predictive analytics
(Formation Bio), data-science process overhaul (AZ, Bayer), and infrastructure (Lilly/Nvidia supercomputers).

Each cites published results or credible news reports. For instance, Insilico’s impressive pipeline was widely

reported in early 2026 (www.svd.se), and Formation Bio’s CEO publicly shared trial savings numbers in TIME

magazine (time.com).

Another illustrative case involves clinical trial acceleration: Formation Bio claims potential 50% time savings

outside treatment (TIME interview). Formation Bio’s subsidiary Libertas Bio licensed gusacitinib to Sanofi; the
deal could be worth up to €545 million in upfront and milestone payments, plus royalties (Formation Bio

announcement).
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Another topic is lessons from earlier clinical Al initiatives. For example, consider IBM’s Watson Health
initiative (not fresh news in 2026, but instructive). Published studies compared Watson for Oncology treatment
recommendations with clinical practice and an expert multidisciplinary tumor board. This example emphasizes
the role of evaluation and human expertise in clinical Al.

Technical Approaches and Data Analysis

Al in pharma spans a variety of methodologies. Supervised learning (e.g. classification/regression on
molecular or patient data), unsupervised learning (clustering of genomic data), and especially deep learning
techniques (graph neural networks for molecules, convolutional nets for imaging) are common. Notably,
generative modeling (variational autoencoders, reinforcement learning optimization) is an emerging focus,
enabling the design of novel compounds that meet multiple criteria simultaneously (arxiv.org). A 2022 review
emphasizes that generative chemistry, multi-property optimization, and explainable Al are key strategies to
overcome obstacles (arxiv.org).

A review of Al in drug discovery cautions that known information must be carefully vetted to address
reproducibility concerns. In clinical trials, detailed analysis shows Al can reduce “screen failure” rates and
recruitment time. Formation Bio describes its Al focus as drug development rather than drug discovery
(company perspective). Broadly, many Al projects present ex ante projections of improved metrics, but
independent validation is still sparse. Ongoing academic audits stress the need for rigorous benchmarking (the
“reproducibility crisis” clause in (arxiv.org) warns that Al models must be tested with ground-truth data and
human oversight).

Data sources and scale are crucial. Sequencing one human genome yields ~200 gigabytes of raw data
(www.techradar.com); modern R&D labs generate orders of magnitude more across experiments and sensors.
Analysts note that life-science data are highly heterogeneous (structured trial data, unstructured lab notes,
images) and demand sophisticated integration (www.techradar.com). Cloud-based platforms and scalable
infrastructure (e.g. DNAStacks, lllumina Azure) have been adopted to meet this challenge.

In data terms, Al model training has also been boosted by large language models (LLMs) applied to
biomedical literature. New tools parse PubMed and clinical notes to suggest hypotheses. OpenAl’s internal
analysis (shared with Axios) found that ChatGPT users were engaging heavily with advanced topics including
biology (www.axios.com). Some pharma researchers have experimented with GPT-4 derivatives to annotate
patents or generate protocol drafts (though formal studies are pending). These LLMs are not case studies per
se, but they indicate broad data-processing applications.

FDA's Center for Drug Evaluation and Research (CDER) approved 50 novel drugs in 2024 and 46 in 2025.

Panels and Multiple Perspectives

Industry perspectives include efficiency gains and competitive necessity. Bayer’'s SVP of R&D noted that Al
helped “screen gene-driven diseases” faster (www.axios.com), and AstraZeneca’s data science chief
highlighted Al's role “throughout the discovery and development process” (moneyweek.com). These published
comments frame Al as a tool for improving R&D efficiency.
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Academic literature provides a more cautious perspective: Al models need better understanding of
underlying mechanisms to be reliable (arxiv.org). Hybrid Al/human workflows allow domain knowledge to
constrain algorithms (the “human-in-the-loop” paradigm recommended by experts (arxiv.org)).

Regulatory perspective: FDA's June 2026 draft guidance contains nonbinding recommendations and is not
for implementation. It discusses factors affecting the strength of evidence and how one adequate and well-
controlled clinical investigation with confirmatory evidence can satisfy the substantial-evidence standard. It
does not establish a blanket requirement for a single pivotal trial.

Ethics and security: Al-driven biotechnology raises dual-use issues. A news report states that generative Al
can design novel bacteriophages and potentially be used as bioweapons (www.livescience.com). Patient data
privacy is another concern: machine learning demands large clinical datasets, raising questions of HIPAA
compliance and GDPR rules in global collaborations. Only about half of companies currently perform regular Al
audits (www.axios.com), so ensuring algorithmic bias or data leakage is not yet standard practice.

Economic and workforce implications are another consideration. Contrary to Al alarm-scenarios, most
pharma executives see Al as augmenting rather than replacing staff (www.axios.com). In fact, about 90% of
CEOs in a U.S. survey are expecting either net hiring or neutral changes in 2026 due to Al (www.axios.com).
For pharmaceutical R&D, this translates to new roles (data science, Al software engineering) complementing
cheminformatics and biology teams. Smaller biotechs may face talent shortages, making access to technical
expertise an important consideration. Intellectual property was another angle; with Al-generated inventions,
patent law is being tested.

Data-Driven Analysis and Evidence

The following points summarize quantitative claims in the cited reporting; they are not records of workshop
presentations.

« Drug development metrics: FDA's Center for Drug Evaluation and Research (CDER) approved 50
novel drugs in 2024 and 46 in 2025.

« Al focus: Formation Bio describes its focus as applying Al to drug development rather than drug
discovery (company perspective).

« Investment scale: Chan/Zuckerberg’s Biohub had put $4B into life sciences since 2016, planning to
double in a decade (apnews.com) (www.axios.com). Similarly, Insilico’s deal with Lilly (up to $2.75B
(www.svd.se)) and Formation Bio’s gusacitinib license to Sanofi (company announcement) were
portrayed as indicators of enormous economic stakes in Al outcomes.

« Governance gap: The Arnold & Porter survey was highlighted: 75% adoption vs only ~50% with
policies (www.axios.com), demonstrating a mismatch between use and oversight.

« Productivity: An industry analysis argues that better early candidates “could see greater returns from
the same investment” (moneyweek.com).
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Cross-study comparisons require care. For example, one academic review (arxiv.org) reported that, globally,

fewer than 30 Al-designed drugs have entered clinical trials by early 2023. However, at least a few have
reached Phase | for indications like metabolic and neurodegenerative diseases.

Technical Deep-Dive: Al Techniques and

Tools

Specific Al technologies discussed in this review include:

« Generative modeling: Graph neural networks (GNNSs) treat molecules as graphs. GNNs can predict

bioactivity from chemical structure. Generative adversarial networks (GANs) were used by Insilico
Medicine to hypothesize new small molecules that fit 3D binding pockets predicted by structure.

« Language models in science: FDA describes Elsa as a large language model-powered tool designed

to assist with reading, writing and summarizing.

» Robotics and lab automation: Al is also powering autonomous labs. One case study: a robot that uses
ML to plan its next experiment based on real-time data (so-called “closed loop” robotics). While still

experimental, it epitomizes “self-driving labs” which some predict will become mainstream in the next 5

years.

« Explainable Al (XAl): A scientific review discusses Al’s potential to improve efficiency, accuracy and

speed in drug discovery (arxiv.org). It is not a source establishing mandatory regulatory duties.

Hybrid workflows, where Al generates hypotheses that experts vet, are an approach to consider.

Typical Al Application Pipeline (Table)

The following table summarizes Al applications at each stage of the pharma R&D pipeline, based on the cited

reporting:
R&D Stage Traditional Approach
Target Literature review,

Identification genetic screens, and
wet-lab experiments to
nominate targets.
Lead Discovery High-throughput
physical screening of
chemical libraries

against targets.

Animal and cell-based
assays for toxicity and
efficacy.

Preclinical
Testing

Al-Enhanced Approach (Techniques)

Data mining of multi-omics and
predictive modeling (e.g. protein
structure prediction with AlphaFold2) to
shortlist targets (moneyweek.com).

In silico virtual screening using ML
scoring functions; generative models
propose novel molecules (www.svd.se)
(arxiv.org).

Predictive analytics for ADMET
properties; in silico toxicology models
(QSAR, simulations).
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Example / Reference

Example: AlphaFold2 predicted 3D
structures en masse (moneyweek.com),
accelerating target evaluation.

Example: Insilico uses generative Al to
create novel compounds (28 leads)
(www.svd.se).

Example: In-silico models flag likely
toxicities before expensive tox studies
(methodologies discussed, not a single
citation).
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R&D Stage Traditional Approach  Al-Enhanced Approach (Techniques) Example / Reference

Clinical Trial Manual site selection Al-driven patient matching via EHRSs, Example: Formation Bio says its in-house

Design and broad patient adaptive trial simulations, digital clinical operations include patient
recruitment strategies.  biomarkers (time.com). recruitment, site management and study

monitoring (company description).

Manufacturing & Fixed process Predictive process optimization; Al for Example: GSK announced investment in
Supply Chain parameters, human predictive maintenance; computer Al for its manufacturing lines

quality control. vision QC. (moneyweek.com) to improve yields and

diagnostics.

Regulatory Compiling data into Natural language processing to Example: FDA plans to mandate Al use
Submission & submission summarize findings; Al-assisted data among reviewers and offer accelerated
Review documents; manual auditing; agencies using Al for internal pathways (apnews.com).

review by regulators. review efficiency (apnews.com).

Each of these domains was highlighted with real or emerging examples. For instance, the “Patient matching”
row is supported by Formation Bio (time.com). The regulatory row cites the FDA’'s own initiatives to “tear
down... barriers” using Al (apnews.com). This table, based on the cited reporting, encapsulates how Al tools
(ranging from neural nets to expert systems) are being integrated at every stage.

Discussion of Key Findings

Integration Across the Pipeline: The case studies and data indicate that Al is not confined to one niche; it's
permeating all phases. Continuous Al models that link target discovery to clinical data, for instance, could
enable adaptive development strategies.

Big Pharma vs. Big Tech Synergy: Big Pharma is partnering with Big Tech. Nvidia is an example (computing
hardware for drug R&D (www.axios.com)). Google DeepMind is working with science labs, and Microsoft has
cloud grants for biotech. Meanwhile, tech startups are seeking validation and capital from pharma’s deep
pockets or patient networks (apnews.com). Pharma brings domain knowledge and data; tech brings algorithms
and infrastructure. Differences between pharma’s long development cycles and technology development
cycles warrant consideration.

Regulatory and Ethical Considerations: FDA issued draft Al guidance on January 6, 2025. It proposes a
risk-based framework for assessing model credibility in a particular context of use. Separately, FDA launched
Elsa agency-wide on June 2, 2025 to help its employees work more efficiently. The sponsor-facing draft
recommendations and the agency’s internal tool serve distinct purposes.

Impact on Patients & Society: Al has the potential to deliver healthier patient outcomes if properly
managed. Faster drug development could bring treatments to market sooner, especially for unmet needs.
Personalized medicine is an oft-cited future scenario: Al analyzing genetic/biomarker profiles to tailor therapies
and doses. Equity and transparency also matter: patients must trust Al-derived medicines, and there is a need
for transparency about Al’s role in their care.
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Commercial and Economic Implications: From an economic standpoint, Al is reshaping business models.
We saw evidence: Insilico and Formation Bio demonstrate “asset-light” models where Al supplants expensive
labs. Such startups may become acquisition targets or licensing hubs for Big Pharma. For a separate example
of industry collaboration, Emulate describes developing Organ-Chips and disease models through industry
partnerships and internal R&D. Whether shareholders benefit depends on Al reliably improving yields; indeed
one analysis predicted that Al would “likely be a catalyst for reshaping industry economics, to the benefit of
shareholders” (moneyweek.com). However, public health costs might be reduced only if savings are passed
on; otherwise, new therapies could still be priced at premium.

Future Directions: Possible future directions include: incorporation of generative Al for biologics (e.g.,
engineering therapeutic antibodies via deep learning); use of quantum computing for molecular simulation
(IBM/Moderna’s quantum trial (www.livescience.com) is a parallel example, though not Al per se); and
increased reliance on federated learning for privacy-preserving multicenter studies. An optimistic scenario is
that, by late 2020s, Al could enable “self-driving labs” where robotic platforms execute Al-designed
experiments autonomously, closing the loop from digital model to wet-lab and back.

Limitations and Cautions

These advances also carry risks and limitations. A primary concern is data quality and bias. Al models are
only as good as their training data. In drug discovery, data often comes from proprietary or experimental
sources that may not be comprehensive or balanced. Biases in data can lead to missing entire classes of
targets or patient populations. Biotech data (e.g. cell-based assay results) often have batch effects; Al can
sometimes pick up these artifacts unless carefully controlled.

Another limitation is interpretability. Many powerful Al methods (deep neural networks) operate as black
boxes. While they may make accurate predictions, understanding why may be difficult. In the clinic, regulators
and doctors will demand explanations. The push for “explainable Al” research (arxiv.org) remains a technical
challenge. Lack of interpretability also raises liability issues: if an Al suggests a compound that later fails
catastrophically, who is responsible? These are open policy questions.

A third caution is overhyping. The “Al-will-cure-all” narrative warrants caution. Not all projects lead to drugs. If
expectations overshoot reality, funding could dry up. Optimistic case studies should be balanced with sober
assessments of failure rates. For instance, only a small fraction of Al-discovered compounds ever reach FDA
approval; realistic timelines remain necessary.

Finally, security concerns were not overlooked. The Livescience report on Al-generated viruses
(www.livescience.com) raises security questions. One concern is that altruistic research can inadvertently
open pathways for bioweapon creation, as Al can optimize toxin genes. While the science team in that study
took precautions (omitting human-infecting pathogens), others demonstrated that Al still found loopholes in
safety filters. Responsible development calls for strong governance of bio-Al. Possible measures include
built-in data curation filters, multi-lab oversight, and international agreements on “responsible Al” standards.
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Future Implications

Looking ahead, the primary implication is a likely rethinking of the drug R&D model. If Al continues to deliver
as in the case studies, we may see:

« Shorter Drug Development Cycles: Projects that once took 15 years could be cut to a decade or less
by 2030. As Nvidia’s CEO implied, the “moment may be disruptive for the pharmaceutical industry”
(www.axios.com). Patients could get life-saving drugs years earlier.

« Shift in Workforce Skills: Demand will grow for Al-fluent biomedical professionals. Universities may
introduce combined curricula in molecular biology and data science. Old roles (e.g. some lab
technicians) might wane as automation rises. The KPMG survey suggests companies plan on hiring
more Al-savvy staff (www.axios.com).

 New Business Models: We may see more biotech firms built around Al “platforms” that design
pipelines as a service, similar to how software platforms operate. Pharmaceutical companies might
increasingly license Al-developed candidates rather than in-house develop all leads.

« Regulatory Evolution: Agencies will likely issue formal guidance documents on Al in drug development
within the next few years. FDA may start requiring Al validation studies for certain uses. Globally,
convergence on standards (e.g. via OECD or WHO) is probable.

« Global Health Impact: On the optimistic side, democratization of Al tools could help emerging
economies develop local treatments faster. On the cautionary side, if Al is misused (as in designing
synthetic pathogens (www.livescience.com)), it could necessitate stricter biosecurity measures
worldwide.

The future scenarios considered here envisage Al and biotechnology becoming deeply intertwined. The
economic stakes are enormous — potentially trillions of dollars in new therapies and savings. But the societal
stakes are equally high: ensuring these tools improve human health safely and equitably.

Tables Summarizing Key Points

| Pharmalbiotech Al Initiatives | Al Application | Outcomes/Goals | | |

| | | Insilico Medicine (www.svd.se) | Generative Al for

novel drug design | Developed 28 Al-designed candidates; partnered with Eli Lilly ($115M upfront, up to
$2.75B) (www.svd.se). | | Formation Bio | Al-driven clinical development | Libertas Bio, a Formation Bio
subsidiary, licensed gusacitinib to Sanofi (company announcement). | | Bayer Pharmaceuticals
(www.axios.com) | ML for gene-disease screening | Streamlined screening for gene-driven diseases,
improving target identification (www.axios.com). | | AstraZeneca (moneyweek.com) | Data science in R&D
| Al applied “throughout discovery and development”, boosting R&D efficiency and success rates
(moneyweek.com). | | GSK | Alin manufacturing/R&D investments | Announced $1.2B for manufacturing
facilities, Al and advanced digital technologies (GSK). | | Eli Lilly + Nvidia (www.axios.com) | Al
supercomputing for research | Building Al supercomputers and "scientific Al agents” to generate research
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models and experiment plans (www.axios.com). | | Chan Zuckerberg Biohub (www.axios.com) | Al-based
“virtual biology” models | Refocused on Al-driven cell/molecule simulations to accelerate disease research
(www.axios.com). |

| Pharma R&D Stage | Traditional Approach | Al-Enhanced Approach | Example/Ref. | | -------------
| | |

------------ | | TargetID | Experimental screens, literature review for targets. | ML on multi-omics; deep-

learning for protein structures (AlphaFold2). | Alphafold2 unlocked 3D structures (moneyweek.com), aiding
target selection. | | Lead Discovery | High-throughput wet-lab screening of compound libraries. | Virtual
screening with ML scoring; generative molecule design (www.svd.se). | Insilico’s generative Al pipeline
produced 28 leads (www.svd.se). | | Preclinical | Cell/animal assays for toxicity and efficacy. | In silico
ADMET and toxicity prediction models. | (Ongoing work; the field cites increased late-stage candidate quality
(arxiv.org).) | | Clinical Trials | Manual trial design, broad site selection, patient recruitment. | Al-driven
patient matching; digital recruitment & simulation (time.com). | Formation Bio reports in-house patient
recruitment, site management and study monitoring (company description). | | Manufacturing | Fixed
process recipes; human-led QC. | Predictive process control; Al for maintenance and batch QC
(moneyweek.com). | GSK: integrating Al to optimize production (moneyweek.com). | | Regulatory Review

| Manual data review; standard clinical study reports. | NLP for summarizing data; Al-assisted auditing;
accelerated review paths (apnews.com). | FDA will require Al use in reviews (apnews.com). |

Table 1: Selected case studies of Al initiatives in pharma/biotech (left) and representative Al applications
across the drug development pipeline (right), with sources.

Conclusions

The case studies reviewed here paint a picture of rapid evolution in pharma/biotech R&D driven by Al. Key
takeaways include:

« Transformation at Scale: Al is not a niche tool but is being embedded across discovery, trials, and
production. Industry leaders like AstraZeneca and Bayer see it as “transforming R&D”
(moneyweek.com) (www.axios.com). Nvidia’s chief predicts a fundamental shift from labs to Al platforms
for drug research (www.axios.com).

« Company Perspective: Formation Bio describes its Al focus as drug development rather than drug
discovery (company perspective).

« Broader Impact: Beyond specific cases, the momentum is evident: massive investments (CZI's $4B+),
high executive optimism, and even FDA policy changes (apnews.com) signal that Al will remain a
strategic focus. Surveys show most life-science companies scrambling to adopt Al (www.axios.com).

« Caveats: However, challenges persist. Models need gold-standard data and human oversight
(arxiv.org). Governance is only partially in place (only ~50% of companies audit Al (www.axios.com)).
The biothreat example highlights security risks (www.livescience.com). Regulatory clarity is lagging,
though agencies are aware of the need (FDA mandates Al use in itself (apnews.com)).
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« Future Outlook: The outlook is cautiously optimistic. Al will continue to advance incrementally now, with
potential for a bigger leap in the 2030s as methods and regulations mature. The case studies reviewed
here show that Al is already impactful, but much work remains to turn prototypes into routine practice. If
done responsibly, the implications are profound: shorter development cycles, more drugs reaching
patients, and possibly a new era of precision therapies.

Ultimately, the evidence and published expert opinions reviewed here suggest that the pharmaceutical industry
stands on the threshold of major change. Al is no longer an aspiration but a practical tool in the lab notebook
and boardroom. As one Bayer executive put it, Al can “unpack three billion years of evolution” in medicine
development (www.axios.com). The coming years will test whether these breakthroughs translate to better
health outcomes globally. This report documents that journey with in-depth analysis and sources; the impetus
now is to sustain the promise by addressing the remaining scientific, regulatory, and ethical puzzles highlighted
above.
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About IntuitionLabs

IntuitionLabs is an Al consulting, custom software development and data engineering firm serving
pharmaceutical, biotechnology, medical-device and other life-science organizations. We work with clinical,
regulatory, medical-affairs, commercial, quality and IT teams to connect technology decisions with the work
people need to accomplish.

Al consulting and adoption

Our Al enablement services cover readiness assessments, use-case selection, governance and policies, team
workshops, adoption measurement and ongoing advisory support. We help organizations structure the
information layer behind Al: source material, context, permissions and maintained knowledge that make
generated answers useful and reviewable. Private LLM inference and hosted Al options support teams
evaluating how to operate Al with appropriate control over their data and infrastructure.

Software, data and life-science workflows

IntuitionLabs develops custom software for pharma and biotech, integrates enterprise systems, and builds
data engineering and business intelligence solutions. Areas of focus include Al agents, regulatory research,
medical writing, medical affairs, CMC information, competitive intelligence and clinical-document workflows.
Our eTMF intelligence work includes cross-system reconciliation and inspection-readiness support.

Enterprise platforms and regulated delivery

We provide Veeva services, application support, managed services, integrations and custom applications,
alongside enterprise content work involving platforms such as Egnyte. For regulated workflows, our services
include GxP enablement, computer-system validation and software development addressing 21 CFR Part 11
requirements. The applicable controls, validation responsibilities and acceptance criteria are defined for each
engagement.

Work with IntuitionLabs

Explore Al enablement, pharma and biotech software development, data engineering and Bl, and Veeva
services. Contact IntuitionLabs to discuss your workflow, information sources and implementation needs.

IntuitionLabs publishes educational research to help life-science teams make informed technology decisions.
Coverage of a product or organization does not imply a client relationship, endorsement or partnership.

Website: https://intuitionlabs.ali

This article is educational. Verify consequential medical, legal, financial, regulatory and technical decisions with appropriate professionals and the
cited primary sources. Company services are described separately from the article's research findings.

Pharma & biotech Al consulting - Custom software - Data engineering Page 16 of 16


https://intuitionlabs.ai/services/ai-enablement
https://intuitionlabs.ai/services/custom-software-development/pharma-biotech
https://intuitionlabs.ai/services/data-engineering-bi
https://intuitionlabs.ai/services/veeva-services/overview
https://intuitionlabs.ai/services/veeva-services/overview
https://intuitionlabs.ai/about/contact
https://intuitionlabs.ai/

	AI in Pharma and Biotech: R&D CaseStudies & Trends
	In this article

	Executive Summary
	Introduction and Background
	The Promise of AI in Pharma/BiotechResearch
	Industry Trends and Perspectives
	Case Studies: AI in Action
	Technical Approaches and Data Analysis
	Panels and Multiple Perspectives
	Data-Driven Analysis and Evidence
	Technical Deep-Dive: AI Techniques andTools
	Typical AI Application Pipeline (Table)

	Discussion of Key Findings
	Limitations and Cautions
	Future Implications
	Tables Summarizing Key Points
	Conclusions
	Source links
	About IntuitionLabs
	AI consulting and adoption
	Software, data and life-science workflows
	Enterprise platforms and regulated delivery
	Work with IntuitionLabs



