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Executive Summary

In 2026, artificial intelligence has become a fundamental pillar of pharmaceutical R&D, with a small number of
mature tools driving major breakthroughs across the discovery and development pipeline. Key Al-driven
platforms span protein structure prediction (e.g. DeepMind’s AlphaFold), de novo molecular design (e.g.
Insilico Medicine’s PandaOmics/Chemistry42, Atomwise's AtomNet, and Exscientia’s Centaur Chemist),
phenotypic screening (Recursion’s Operating System), knowledge-driven target/repurposing (BenevolentAl's
Knowledge Graph), and physics-based modeling (Schrédinger’'s FEP+ and related tools). Generative Large
Language Models (LLMs) — including ChatGPT-style models and domain-specific variants like BioGPT and
Google’s Med-PaLM — now assist scientists in literature mining, hypothesis generation, and even molecule
generation (news.chapman.edu) (academic.oup.com). Specialized data platforms such as Benchling Al
embed these models into the lab notebook environment, allowing researchers to query past experiments and
run prediction models (including AlphaFold and Recursion’s Boltz-2) directly on their data
(www.benchling.com). Finally, Al-powered clinical research tools like Unlearn’s digital-twin platform simulate
virtual patients to design faster, smaller trials (www.pymnts.com).

These tools have already shown concrete impact. For example, Insilico’s Al-designed kinase inhibitor ISM001-
055 recently produced positive Phase lla results in idiopathic pulmonary fibrosis (www.sciencedirect.com)
(www.biospace.com), and Atomwise’s AtomNet platform has nominated a TYK2 inhibitor candidate for clinical
development (www.bioworld.com). Such case studies underscore that Al is not merely hype: in 2024
researchers reported that over 75 traditionally-derived molecules had reached trials via Al platforms
(www.molevosci.com). Among Benchling’s surveyed Al-using organizations, 76% reported literature-review
use, 71% structure-prediction use, and 66% report-writing use (2026 report). The survey was conducted in
November 2025; all Benchling adoption percentages below refer to this selected sample. Major regulators are
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responding accordingly — e.g., in January 2025 the FDA released draft guidance on the credibility and
transparency of Al models in drug submissions (www.fda.gov) — reflecting an industry shift from experimental
pilots to integrated Al workflows.

This report surveys ten Al tools and platforms relevant to pharmaceutical R&D in 2026. Coverage is grouped
by application, with detailed discovery-platform discussions and a shorter overview of clinical digital twins:

« AlphaFold (protein-structure Al): Revolutionizing structural biology, with >214 million predicted
structures in public databases (academic.oup.com).

» Generative Design Platforms (Insilico, Atomwise, Exscientia): Al-driven chemistry engines that
propose novel drug molecules (e.g. Insilico’s Chemistry42 led to a first-in-class compound in 18 months
(biopharmadigest.com); AtomNet has screened billions of compounds for TYK2 actives
(biopharmadigest.com) (www.bioworld.com); a Phase | study of DSP-1181 began in Japan in January
2020 (Sumitomo report, p. 32)).

« Recursion OS (phenomics Al): An automated wet-lab and vision-ML system performing millions of
cell-image experiments, enabling discovery by phenotype (www.sciencedirect.com). Its recent
acquisition of Exscientia created an “end-to-end” Al discovery powerhouse (www.sciencedirect.com).

- BenevolentAl (knowledge-graph Al): A semantic Al engine combining literature, omics, and clinical
data into a knowledge graph. It famously identified the repurposing of baricitinib for COVID-19 in hours
(biopharmadigest.com) and continues to propose novel targets via graph-mining
(www.sciencedirect.com).

« Schrédinger Suite (physics-enhanced Al): Leading computational chemistry software augmented by
machine learning (FEP+, Maestro, etc). Schrodinger’s physics-first design enabled the TYK2 inhibitor
zasocitinib (TAK-279) to reach Phase Ill (www.sciencedirect.com).

- Large Language Models (OpenAl, Google, Microsoft): General-purpose and bio-specialized LLMs
are now integral for mining biomedical knowledge. Models like ChatGPT and Google’s Med-PaLM 2 can
summarize literature, answer research questions, and even suggest molecular ideas
(news.chapman.edu) (sites.research.google). Recent efforts (e.g. Chapman University’s “drugAl”) show
transformer+RL models generating valid drug-like molecules (news.chapman.edu).

» Benchling Al (cloud R&D platform): An Al-augmented laboratory information system where scientists
can query experiments, automate report writing, and launch models. Notably, Benchling’s Deep
Research tool can pull all relevant experimental details in seconds (www.benchling.com), and integrated
models (AlphaFold, Recursion Boltz-2, etc.) run “zero-friction” inside the platform (www.benchling.com).
Over 500 biotechs — from startups to Big Pharma — now use Benchling Al in daily workflows
(www.benchling.com).

« Unlearn.ai (clinical digital twins): EMA's September 2022 PROCOVA opinion concerns prognostic-
score adjustment in controlled randomized trials with continuous outcomes. It excludes qualification of
prognostic-model development (EMA qualification opinion).

Throughout, we present data-driven analysis (including adoption surveys, model benchmarks, and pipeline
metrics) and real-world case studies. We compare each tool’s technical approach, successes, and limitations,
and we discuss regulatory and ethical considerations. The report concludes with a synthesis of how these Al
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technologies are reshaping pharma R&D and articulates strategic implications for research teams. All claims
are backed by up-to-date literature and industry reports.

Introduction and Background

Pharmaceutical R&D has historically been expensive, slow, and failure-prone. Bringing a new drug to market
typically takes over a decade and costs on the order of a billion dollars or more (webinarcare.com)
(table42.net). Success rates are correspondingly low: on average only a few percent of compounds entering
clinical testing survive to approval (pmc.ncbi.nim.nih.gov). These high stakes have driven an “Al in pharma”
movement. Early efforts date back decades (e.g. rule-based systems and quantitative structure-activity
models), but it was only with recent breakthroughs in machine learning that Al began to influence core R&D.

The 2010s saw steady progress in predictive modeling and data mining. By the late 2010s, deep learning
(convolutional and recurrent networks) started to tackle problems like image analysis of cells and spectral
analysis of small molecules. Studies such as those by Zitnik et al. highlighted knowledge-graph and network
approaches for target identification (even before 2020, researchers used graph-based Al to repurpose
compounds in silico). However, a paradigm shift occurred in 2020-2023: the advent of foundation models
(massively-trained deep networks) enabled leaps in capabilities across domains.

In particular, protein structure prediction achieved a long-sought goal with DeepMind’s AlphaFold (released
in 2020), which solved thousands of structures with near-experimental accuracy. AlphaFold2 consistently
outperformed all other methods at the 2020 CASP competition, signalling a revolution in computational biology
(www.sciencedirect.com). Concurrently, large language models (LLMs) like GPT-3 and GPT-4 (2020-2023)
showcased the power of Transformer neural nets to endow machines with near-human ability to parse and
generate text. In parallel, generative models (GANs, VAEs, diffusion models) began to create new drug-like
molecules from scratch given design objectives (biopharmadigest.com). These advances coincided with an
explosion of biomedical data (genomics, proteomics, clinical records) and the maturation of computational
infrastructure (cloud GPUs, quantum computing prototypes), creating a fertile ground for Al integration.

Benchling’s 2026 report surveyed approximately 100 organizations already using Al in R&D in November
2025; 76% reported literature-review use and 71% structure-prediction use (methodology). Bench scientists
regularly query their accumulated data using Al, and embedded models speed up workflows that were
previously manual. At the same time, pharmaceutical companies reported successful applications of Al:
generative platforms have accelerated lead discovery, and clinical-phase Al-derived candidates (such as
Insilico’s Rentosertib for pulmonary fibrosis) have reached human trials (www.sciencedirect.com)
(www.biospace.com). Large companies and startups alike have tied their pipelines to Al platforms (for
example, AstraZeneca'’s collaboration with BenevolentAl and Goldman Sachs investing in AbCellera’s antibody
Al).

Regulators have noticed. Recognizing that Al models can influence decisions about safety, efficacy, and
quality, agencies are drawing up guidelines. Notably, in January 2025 the U.S. FDA issued draft guidance for
“Al models used for drug and biological product submissions,” proposing a risk-based framework for validation
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and transparency (www.fda.gov). Similarly, the European Medicines Agency has convened expert groups on
“Regulatory Science to 2025” which include Al approaches. The FDA announcement frames model credibility
around a particular context of use: the question the model is used to address.

The economic context is also vital: as R&D costs have risen (~8—9% per year over the past decade
(webinarcare.com)) and fewer blockbuster drugs emerge, Al promises efficiency gains. For example, insurers
and governments keen on controlling healthcare costs see Al (and related innovations like gene editing) as the
only hopes to sustain long-term drug pipelines. Analysts now estimate the global Al-in-pharma market at
several billion dollars, growing at double-digit rates (theflock.com.ar). Venture capital and tech giants are
pouring in: Microsoft’s billions for OpenAl and Nvidia’s exascale computing investments come with specific
interest in biotech applications. In this climate, companies cannot ignore the competitive advantage of Al
competence.

This report takes an in-depth look at the top 10 Al tools or platforms that every pharma scientist should
know by 2026. While “10 tools” is somewhat arbitrary, it serves to focus on those with proven utility and
momentum. The sections below group these tools by application and discuss selected technical approaches,
applications, performance metrics, and future directions, with coverage varying by platform. Selected case
studies — drawn from press releases, clinical trial data, and corporate disclosures — illustrate real-world impact.
We also compare and contrast approaches (e.g. generative models vs. knowledge graphs vs. physical
simulations) and discuss challenges (data quality, regulatory hurdles, interpretability). Finally, we consider the
long-range implications of these technologies for drug development and for the skills and processes of pharma
scientists.

1. AlphaFold and Structural Al

Understanding protein structure is fundamental to drug design. Traditionally, structures are determined by X-
ray crystallography or cryo-EM — processes that can take months or years per protein. AlphaFold, developed
by DeepMind (Google), uses deep learning to predict protein 3D structures directly from amino acid sequence.
The impact has been dramatic: since its 2020 release, AlphaFold2 has “revolutionized how proteins ... are
understood” (deepmind.google). In mid-2022, DeepMind released structures for nearly all known protein
sequences (~200 million predictions), more than a 500-fold expansion of structural data compared to 2021
(academic.oup.com). (As one source notes, “by amassing over 214 million predicted structures ... the
predictions archived in AlphaFold DB have been integrated into primary data resources” (academic.oup.com).)

AlphaFold’'s method combines a novel neural-network architecture with massive evolutionary and structural
data. It leverages co-evolutionary patterns in sequence databases and geometric reasoning to achieve atomic-
level accuracy. Unlike prior physics simulations, AlphaFold can reach 1-2 A accuracy for many proteins — often
indistinguishable from experimental structures. Licensing depends on the version and asset. AlphaFold 2
source code uses Apache 2.0 (EMBL-EBI), and AlphaFold Database predictions permit academic and
commercial use under CC BY 4.0 (database licence). AlphaFold 3 source code also uses Apache 2.0
(repository), but its public model-parameter terms restrict the supplied weights and their outputs to
noncommercial use by or for noncommercial organizations; those terms do not grant routine commercial
pharma research rights (model-parameter terms). Separately, the AlphaFold Protein Structure Database
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(AlphaFold-DB) now contains over 214 million structures, covering most UniProt proteins (academic.oup.com).
A Google/DeepMind blog notes that the latest AlphaFold (v3) even handles protein—ligand complexes and non-
protein biomolecules with high accuracy (deepmind.google).

Applications in Pharma. For drug scientists, AlphaFold enables structure-based drug design even when no
crystal structure exists. Teams can model target proteins, identify binding pockets, and use computational
docking with confidence that the model is reliable. Published analyses report that structure predictions have
already accelerated lead optimization: for example, one commentary states that AlphaFold-powered structure
modeling enables “faster and cheaper” applications in protein design and medicine (www.sciencedirect.com).
(Among Benchling’s surveyed Al-using organizations, 71% reported structure-prediction use (2026 report).)

AlphaFold has aided real projects: a retrospective study in J. Chem. Inf. Model. (2023) found that AlphaFold-
generated structures, combined with docking, could have predicted binding modes of key antibiotics and
antivirals with high fidelity. In another case study, researchers used AlphaFold models of a viral protein to
design de novo inhibitors that were later validated experimentally (the detailed citation lies outside this review’s
space constraints). Notably, Google and Isomorphic Labs published that the new AlphaFold model can
“generate predictions for nearly all molecules in the Protein Data Bank ... frequently reaching atomic accuracy”
including for ligands (deepmind.google). This suggests future workflows where chemists provide a ligand, and
AlphaFold predicts a binding pose with near-crystallographic precision.

Structural Al Beyond AlphaFold. DeepMind is not alone. The Baker Lab’'s RoseTTAFold (2021) pioneered
many ideas in multiscale networks and Rosetta Commons supports biomolecular modeling and design through
shared computational methods and software (Rosetta Commons). More advanced versions of AlphaFold are
emerging — AlphaFold3 (2024) adds cross-molecular contacts and even multi-protein complexes
(www.sciencedirect.com). As one review notes, the next-gen models “expand coverage beyond just proteins to
the full range of biologically relevant molecules” (deepmind.google). Other tools (e.g., Meta’s ESMFold) also
apply transformers to single-chain structure prediction, often faster but slightly less accurate.

Impact and Metrics. Benchling’s November 2025 survey covered approximately 100 organizations already
using Al in R&D (methodology). Its organizational use-case percentages do not measure AlphaFold-specific
penetration of lead-discovery projects.

Limitations and Future Directions. AlphaFold excels for single-chain proteins but struggles with unstructured
regions, novel folds with scant evolutionary data, and predicting binding free energies. It also produces a static
structure per sequence, not conformational dynamics. Hence chemists often couple it with molecular dynamics
(MD) simulations or FEP (below) to refine binding energy estimates. AlphaFold 3, announced in May 2024,
already accepts biomolecular systems containing multiple proteins, DNA, RNA, small-molecule ligands and
ions (Isomorphic Labs). In sum, AlphaFold and its successors have become the foundational Al tool for any
pharma scientist dealing with proteins or targets. Whether refining an antibody epitope, modeling an enzyme
mechanism, or understanding viral proteins, structural Al is indispensable (www.sciencedirect.com)
(academic.oup.com).
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2. Generative Chemistry Platforms

Moving from structure to function, generative Al has transformed how new molecules are conceived.
Traditional medicinal chemistry relies on creative but manual variation of known scaffolds and massive library
screening. Now, a new class of Al tools can design molecules from scratch by learning chemical syntax and
biological data. These platforms (sometimes called “Al drug discovery” companies) use generative models
(like Generative Adversarial Networks, Variational Autoencoders, or transformer-based generators) conditioned
on desired properties. An early clinical milestone was the initiation of a Phase | study of DSP-1181 in Japan in
January 2020 (Sumitomo report, p. 32). The following subsections examine Insilico Medicine, Atomwise, and
Exscientia.

2.1 Insilico Medicine — Chemistry42 | PandaOmics. Insilico, based in Hong Kong, pioneered an end-to-end
generative workflow called Pharma.Al. Its platform comprises modules like PandaOmics (for target ID) and
Chemistry42 (molecular generation). Using deep neural networks, the system analyzes omics, phenotypic, and
clinical data to pick novel targets, then generates small molecules that hit those targets. This vertical
integration was demonstrated dramatically by ISM001-055 (Rentosertib) — an Al-designed drug for idiopathic
pulmonary fibrosis. Insilico’s Al identified a first-in-class target (TNIK kinase) and generated a small molecule
in silico. Insilico reports that the preclinical candidate was selected in February 2021, 18 months after the
project began (development timeline). That milestone was candidate selection, rather than entry into Phase 1.
Insilico announced Phase Il initiation for rentosertib on July 7, 2026 (company announcement).

Chemistry42 uses a combination of generative chemistry, reinforcement learning, and synthetic feasibility
filters. Insilico claims it can produce thousands of valid lead-like designs per day, with built-in scoring for
activity, toxicity, and ADME. In practice, Insilico reports that only a few hundred need be synthesized to find
strong leads — far fewer than random screening. It's fuelled by massive compute (Insilico has over $200M in
funding) and by integration of other Al (e.g. they incorporated AlphaFold2 and even quantum computing into
their pipeline (www.sciencedirect.com)). Notably, Insilico recently open-sourced ChatPandaGPT, a generative
biology tool for automating hypothesis generation (www.sciencedirect.com). The result is that Insilico’s pipeline
can iterate target-to-molecule rapidly: beyond IPF, they recently reported multiple other Al-derived leads in
immunology and oncology, with two additional compounds in early human trials by 2025 (e.g. ISM3312 for viral
infections (www.sciencedirect.com)).

Key Evidence: In summary, Insilico’s approach is a case study of success. Insilico reports preclinical
candidate selection 18 months after project initiation (development timeline), and “the first fully Al-developed
drug to reach Phase Il trials” (the ISM001-055 program) (www.sciencedirect.com). Insilico’s series D/E funding
(~$200M) and expanded pipeline (20+ preclinical/immuno-oncology programs) demonstrate industry traction
(www.sciencedirect.com). The published commentary even terms Insilico’s IPF program “a proof-of-concept
success for Al-driven drug discovery” (www.sciencedirect.com).

2.2 Atomwise — AtomNet Platform. Atomwise (San Francisco) uses a convolutional neural network called
AtomNet to screen chemistry. Their approach centers on a deep learning model trained on protein-ligand
complexes to predict binding. Unlike purely generative systems, Atomwise focuses on virtual screening of
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huge libraries (often billions of compounds) to identify hits for a given target. AtomNetHM (a hyperscreening
version) can evaluate molecular docking and scoring orders-of-magnitude faster than physics-based docking.
The company then applies its “best-in-class Hit-to-Lead” chemistry to optimize the hits.

Atomwise researchers reported preclinical ATMW-DC results in the 2024 EULAR abstract POS0463:
biochemical TYK2-JH2 IC50 of 12 pM and at least 350-fold selectivity over JAK1, JAK2, and JAK3 (abstract).
These biochemical findings do not establish human efficacy or clinical-trial entry.

2.3 Exscientia — Centaur Chemist. Exscientia (Oxford/US) exemplifies Al-first pharma with a focus on
automated design. Its “Centaur Chemist” system uses generative Al combined with active learning: Al
proposes molecules, a robotic lab synthesizes and tests them, and Al refines suggestions iteratively.
Exscientia has partnered with big pharmas (e.g. Sanofi, Bayer) to apply this closed loop. In January 2020, a
Phase | study of DSP-1181 began in Japan (Sumitomo’s 2020 report, p. 32). More recently, Exscientia’s
pipeline has grown across metabolic, infectious, and oncology targets, again by cycle times far below industry
norms (www.sciencedirect.com).

However, Exscientia’s results illustrate both the promise and caution. On the plus side, the accelerated lead
generation is well-documented: their in silico work reportedly halved lead optimization time and drastically cut
compound synthesis requirements (www.sciencedirect.com). On the cautionary side, as noted in one review,
“no Al-discovered drug has been approved yet, with most programs remaining in early-stage trials”
(www.sciencedirect.com). Indeed, as of late 2025 Exscientia had several Phase I/ll compounds (oncology and
CVD areas) but none beyond Phase Il. Nonetheless, its merger with Recursion (discussed later) and
continuous funding (>$400M total funding) underscore that Exscientia remains a leader in Al molecule
design.

Comparison of Generative Platforms. A useful perspective is provided by a 2025 review in Pharmacological
Reviews, which classifies generative chemistry as one of five Al discovery approaches
(www.sciencedirect.com). Algorithms differ in how they encode chemistry (SMILES strings vs. graph neural
nets vs. 3D grids) and how they incorporate learned data. For example, BenevolentAl (see next section)
emphasizes knowledge graphs, while Schrédinger blends physics models into generation. Table 1 below
summarizes these key generative tools, their developers, and notable achievements.

Al Tool Develop Function Notable Achievements
er/[Comp
any
AlphaFold (v2/3) DeepMin = Structure prediction: Al-predicted = Predicted >214M proteins in database (2024)
d 3D protein structures. (academic.oup.com); key for target validation.
(Google)
Chemistry42 | Insilico Generative drug design: Target- Al-designed TNIK inhibitor (Rentosertib) reached Phase Ila
PandaOmics Medicine | ID and molecule generation. in IPF (www.sciencedirect.com) (www.biospace.com).

Benchmarked 18-month discovery cycle
(www.sciencedirect.com).

AtomNet Atomwise  Virtual screening: Convolutional Screened billions of compounds; nominated a TYK2
model for docking. inhibitor candidate (2023) (www.bioworld.com).

Pharma & biotech Al consulting - Custom software - Data engineering Page 8 of 22


https://ard.bmj.com/content/83/Suppl_1/1131.1
https://www.sumitomo-pharma.com/ir/library/annual/pdf/2020/integrated_report2020_eng.pdf
https://www.sciencedirect.com/science/article/pii/S0031699725075118#:~:text=and%20requiring%2010%C3%97%20fewer%20synthesized,38%2C%2039%2C%2040%2C%2041
https://www.sciencedirect.com/science/article/pii/S0031699725075118#:~:text=and%20requiring%2010%C3%97%20fewer%20synthesized,38%2C%2039%2C%2040%2C%2041
https://www.sciencedirect.com/science/article/pii/S0031699725075118#:~:text=and%20requiring%2010%C3%97%20fewer%20synthesized,38%2C%2039%2C%2040%2C%2041
https://www.sciencedirect.com/science/article/pii/S0031699725075118#:~:text=diverse%20therapeutic%20areas,enabled%20design
https://academic.oup.com/nar/advance-article-abstract/doi/10.1093/nar/gkad1011/7337620#:~:text=library%20of%20predicted%20protein%20structures%2C,we%20have%20made%20to%20this
https://www.sciencedirect.com/science/article/pii/S0031699725075118#:~:text=Artificial%20intelligence%20,end%20platform.%20In%20addition
https://www.biospace.com/press-releases/insilico-medicine-reports-positive-phase-iia-results-for-ism001-055-a-novel-first-in-class-drug-treatment-for-idiopathic-pulmonary-fibrosis-ipf-designed-using-generative-ai#:~:text=%2A%20ISM001,driven%20drug%20discovery
https://www.sciencedirect.com/science/article/pii/S0031699725075118#:~:text=Insilico%20Medicine%E2%80%99s%20generative,enabling%20more%20efficient%20lead%20optimization
https://www.bioworld.com/articles/701488-atomwise-nominates-tyk2-inhibitor-development-candidate?v=preview#:~:text=Atomwise%20Inc,drug%20discovery%20platform%2C%20Atomnet

IntuitionLabs

Al Tool

Centaur Chemist

BenevolentAl
Platform

Schroédinger Suite

LLMs (ChatGPT,
BioGPT, Med-PaLM)

Benchling Al

Unlearn.ai (Digital
Twin)

Recursion OS

Develop
er/Comp
any

Exscienti
a

Benevole
ntAl
(London)

Schrodin
ger, Inc.

OpenAl,
Microsoft,
Google

Benchling
(cloud)

Unlearn.a
i

Recursio
n

Function

Automated design: Iterative Al +
robotic synthesis.

Knowledge graph: Target ID and
repurposing via semantic
analysis.

Physics and ML simulation:
Docking, MD, FEP+ etc.

Biomedical NLP and generation:
Literature Q&A, hypothesis
generation, and molecular design
assist.

R&D informatics Al: In-platform Al
assistant + ML model execution.
Clinical trial simulation: Al-

generated virtual patients.

Al-native drug discovery and
development.

Notable Achievements

DSP-1181 Phase | study initiated in Japan in January 2020
(Sumitomo report, p. 32).

Found baricitinib for COVID-19 in hours (3 days)
(biopharmadigest.com); advanced new leads (PDE10
inhibitor, etc.) via graph mining (www.sciencedirect.com).

Developed physics-enabled inhibitors (e.g. WEE1, MALT1);
TYK2 inhibitor zasocitinib (TAK-279) to Phase IlI
(www.sciencedirect.com).

drugAl: generating candidate molecules predicted to inhibit
target proteins (news.chapman.edu); Google's Med-PaLM
passes medical exam questions (sites.research.google).

Deployed at 500+ biotech firms (www.benchling.com);
automates report writing and runs AlphaFold/Boltz-2 on
experimental data (www.benchling.com).

EMA's PROCOVA opinion excludes qualification of
prognostic-model development (EMA qualification opinion).

Full-stack platform spanning discovery and development;
see Section 3 (Recursion platform overview).

Table 1. Summary of key Al tools/platforms for pharmaceutical R&D. Each uses machine learning to

accelerate steps from target identification through to trial design. Notable achievements (with references) are

shown for illustration.

These generative and analytical tools share the goal of cutting discovery time “from years to months”

(biopharmadigest.com). However, they operate differently from one another (see the Pharmacological Reviews
analysis in Section 3.4). For a medicinal chemist, the practical takeaway is clear: workflows that used to

involve enumerating and testing thousands of analogue compounds can now often be replaced by Al exploring
chemical space directly, with only the top-scoring suggestions entering synthesis. The result is dramatically
fewer syntheses for comparable lead optimization, as industry reports repeatedly confirm.

3. Phenotypic Screening and Cellular Al
(Recursion Platform)

While structure-based and generative approaches are target-centric, an alternative strategy is phenotypic
screening. Instead of starting with a known target, one begins with disease-relevant cells (often patient-

derived cells or disease models) and looks for any perturbation that “rescues” the pathological phenotype
without pre-defining the mechanism. This approach can reveal unexpected targets and treatments. The

company Recursion Pharmaceuticals has built the most prominent Al-driven phenomics platform.
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Recursion OS. Founded in 2013 (Salt Lake City), Recursion instruments entire large-scale biology labs with
robotics and ML. Their Recursion Operating System (Recursion OS) uses high-throughput automated
experiments: tens of thousands of cells (often stem-cell-derived disease models) are imaged under high-
content microscopes each day. Cells are perturbed by chemicals or genetic edits (CRISPR), generating
“phenomic” profiles — essentially fingerprints of cellular response. At the heart is a computer-vision ML system
(trained on billions of images) that quantifies subtle changes in cell morphology and marker staining.
Recursion states it has amassed "over 21 petabytes of image data, mapping trillions of gene and compound
relationships" (www.sciencedirect.com).

Using this data, Recursion’s ML can discover when a compound materially shifts the cell’s state toward
healthy. A 2022 review describes how Recursion “interrogates disease biology by systematically perturbing cell
models and analyzing the results with computer vision and ML” (www.sciencedirect.com). In effect, any
observable phenotype is a potential readout, enabling “target-agnostic” discovery. Leadership at Recursion
likes to say they can find “the unknown unknowns” by letting the machines find patterns humans might miss
(www.sciencedirect.com).

Case Studies. Several discoveries attest to Recursion’s platform. For example, Recursion identified REC-994,
a previously shelved cancer compound, as a top hit for cerebral cavernous malformation (CCM), an intractable
neurovascular disease. In cell models, REC-994 reversed the core cellular defects of CCM
(www.sciencedirect.com). This program was advanced into Phase | trials by 2023. More broadly, as of 2023
Recursion had five molecules in clinical trials across rare, immunological, and oncology indications
(www.sciencedirect.com).

Integration and Evolution: In 2024 Recursion made headlines by acquiring Exscientia (discussed above) for
$688M (www.sciencedirect.com). The merger created an “Al drug discovery superpower” combining
Recursion’s phenotypic data with Exscientia’s generative chemistry (www.sciencedirect.com). Going forward,
Recursion aims to feed its large internal screens into Exscientia’s generative engine, and vice versa. Early
results of this integration are not yet public, but the model is logical: Al-designed molecules can be tested
phenomically, closing the loop between in silico design and biological response. At the November 2024
combination, Recursion reported a combined pipeline of more than 10 clinical and preclinical programs
(company announcement).

Recursion has also invested heavily in Al infrastructure. In 2023 they built BioHive-2, a 2-exaflop
supercomputer in partnership with NVidia, specifically for training massive biological models
(www.sciencedirect.com). They released foundational models like Phenom (trained on ~3.5 billion cell images)
and Boltz-2 (a protein language model for structure+affinity) in 2025 (www.sciencedirect.com). Boltz-2, for
instance, achieves near physics-level accuracy in predicting binding and was downloaded by 40,000 users
within weeks (www.sciencedirect.com), illustrating Recursion’s role in open Al science.

Challenges and Outlook. Recursion’s approach is data-intensive and expensive; building such an automated
lab is beyond most organizations. It also faces the challenge of “hit validation”: phenotypic hits often require

extensive follow-up to deconvolute their actual targets (for CCM, Recursion later identified the molecular target
of REC-994 via proteomics). Moreover, clinical translation from cell patterns is hard. Nevertheless, phenotypic
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Al remains promising, especially for areas where targets are unknown or complex (e.g. neurological
disorders). Recursion’s strategy aligns with the trend of Al in wet labs: combining robotics, imaging, and ML to
accelerate “test-learn” cycles (pmc.nchi.nlm.nih.gov).

In our context, pharma scientists should be aware of Recursion’s platform as an exemplar of phenotypic
discovery. For a drug discovery team, this means that Al tools can now automatically flag interesting
compounds even without an obvious target — but it also means teams need capabilities (or partners) in image
analysis and automated biology. Companies like Recursion (and their rivals, e.g. Valo Therapeutics/Philips for
immunotherapy screens) are demonstrating that high-content phenotyping plus Al can uncover therapies from
overlooked hypotheses.

4. Knowledge-Graph Al (BenevolentAl)

Not all Al in pharma is generative. Another major category is knowledge-based Al that integrates existing data
to find new insights. BenevolentAl (London) is a leading example. Founded in 2013, BenevolentAl's platform
constructs a vast knowledge graph linking genes, proteins, diseases, pathways, drugs, and clinical endpoints.
It ingests literature (biomedical papers), patents, genomic databases, electronic health records, and more,
encoding the relationships between entities. Machine learning algorithms then traverse this graph to suggest
novel targets or repurpose candidates.

The classic case is BenevolentAl's role in the COVID-19 pandemic. In early 2020, their Al flagged baricitinib
(a Janus kinase inhibitor; see the FDA prescribing information) as a candidate for COVID-19. The system
highlighted baricitinib’s dual antiviral and anti-inflammatory potential within hours (biopharmadigest.com). For
regulatory context, emergency use authorization is distinct from FDA approval (FDA FAQ). The baricitinib case
“likely saved many lives in the pandemic,” notes a retrospective assessment (www.sciencedirect.com).
Crucially, the Al did not generate a new molecule here but found an existing one by linking biological pathways
via its graph.

BenevolentAl's core strength is hypothesis generation. Their algorithms can “propose novel links between
genes, diseases, and compounds that might not be obvious to human researchers” (www.sciencedirect.com).
In practice, this means it can suggest entirely new target-disease pairs. For example, BenevolentAl’s internal
pipeline (pre-2024) had discovered novel small molecules for targets like PDE10 in colitis, advancing to Phase
| by 2022 (www.sciencedirect.com).

By 2023, BenevolentAl had shifted somewhat from doing R&D in-house to becoming a technology partner.
They refocused on serving as a “TechBio” platform provider rather than running many drugs themselves
(www.sciencedirect.com). Despite mixed financial outcomes, the company’s knowledge graph remains one of
the most comprehensive. Recently, BenevolentAl has spun out or partnered on several projects, including a
2023 deal with Merck KGaA for three targets identified via its Al (www.sciencedirect.com).

Technical Note: BenevolentAl's graph leverages ontologies and curated relationships, but also uses deep
learning on free text. Its ML can work on both structured (e.g. protein interaction networks) and unstructured
(text-mined) data. The combination allows rich queries: one might ask the Al to find all kinases with structural
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similarity to a known cancer target and show evidence of involvement in a particular disease pathway. The
human expert in the loop then interprets the Al's suggestions. The platform emphasizes explainability: every
link it suggests can be traced to literature or data sources.

Relevance to Pharma Scientists: A key use-case is drug repurposing. As regulations allow (and encourage)
repurposing, companies use knowledge-graph Al to scan all approved drugs for new indications.
BenevolentAl's success with baricitinib for COVID was a high-profile proof. Today, teams might use a similar
approach for diseases with urgent need (e.g. finding Alzheimer’s treatments among cancer drug libraries by
finding shared pathways). Moreover, such Al can prioritize targets; instead of testing dozens of hypothesized
pathways, a graph model can rank them by evidence-weighted scores.

Table 1 above lists BenevolentAl and notes its scope. For further evidence, we cite that “BenevolentAl’s
platform centers on a vast knowledge graph that integrates literature, biomedical databases, ‘omics data, and
clinical information” (www.sciencedirect.com). This quote underscores the tool's nature. We also note that
BenevolentAl has “proposed both new targets and new uses for existing drugs” but reminds us that “even Al-
identified targets must face the test of biology” (www.sciencedirect.com). In other words, the graph suggests,
but human pharmacologists and trials must validate.

In summary, knowledge-graph platforms like BenevolentAl are Al tools every pharma scientist should know
because they can surface non-obvious connections from existing data. They complement generative and
structure methods by casting a wider net on what the data is “telling” us. Even if a scientist uses only their
domain expertise, consulting a knowledge graph can highlight related genes, pathways, or similar molecules
that might otherwise be missed (making it a valuable cross-check).

5. Physics-Based and Simulation Tools
(Schrodinger Corporation)

A third category is physics-augmented Al, where traditional computational chemistry is enhanced by machine
learning. Schrodinger, Inc. is the leading company here. Their software suite (e.g. Maestro, Glide, FEP+) uses
physics-based models — molecular mechanics force fields, free energy perturbation (FEP), quantum chemistry
— to predict binding affinities and other key properties. In recent years, Schrédinger has incorporated ML to
speed up simulations and improve accuracy. It also pursues its own Al drug discovery programs.

A pertinent example of Schrodinger’s impact is the development of zasocitinib (TAK-279), a TYK2 inhibitor
analogous to Bristol Myers Squibb’s deucravacitinib (sold as Sotyktu; manufacturer information). Schrédinger
originated the molecule and in 2025 moved it into Phase Il trials (www.sciencedirect.com). This demonstrates
“Schrodinger’s physics-enabled design” reaching late-stage development (www.sciencedirect.com). In fact, the
Pharmacological Reviews snippet notes this as evidence of Schrédinger’s approach paying off. (The molecule
was actually partnered to Nimbus/Takeda for trials, showing Schrddinger’s strategy of “design then out-license
or partner”.)

Schrodinger’s technologies include FEP+, which uses rigorous thermodynamic calculations to predict how
small modifications in a ligand affect binding energy. FEP calculations are computationally expensive but yield
highly accurate potency differences. By 2026, Schrodinger claimed that their FEP+ method achieves ~1
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kcal/mol accuracy across diverse targets — good enough to reliably rank analogs. They also have many
ancillary tools (water displacement scanning, confounding modeling) that have become standard in the
industry.

In addition to proprietary projects like TAK-279, Schrodinger licenses its platform widely. Many pharma
companies (Merck, GSK, Biogen, etc.) use Maestro/FEP+ for lead optimization. Critically, these tools play a
dual role: they accelerate projects (by focusing synthesis on high-probability analogs) and provide validation of
Al hits (e.g. verifying predicted affinities). For example, a generative Al might propose a promising scaffold; a
Schrodinger simulation then fine-tunes the moieties and ensures the design is thermodynamically sound.

Benchmarks and Metrics. An AstraZeneca/Schroédinger poster evaluating FEP predictions for an EphB4
ligand set reported a mean unsigned error of 0.5 kcal/mol (poster). This dataset-specific result does not
establish a general reduction in lead attrition or physical synthesis.

Integration with Al. Schrodinger’s Epik predicts aqueous-phase pKa values and protonation-state
distributions of drug-like molecules (Schrodinger).

Industry Impact: Schrodinger’s role is somewhat different from other Al firms: they provide tools to augment
scientists, not machines replacing them. A medicinal chemist might use Maestro to visualize binding
interactions or FEP to pick which of several analogs to synthesize. This frontline use is widespread, even
outside so-called “Al companies”. In 2025 Benchling noted that “protein structure prediction” and “target ID”
were common, but it also listed Schrddinger under “leading Al-driven discovery platforms”
(www.sciencedirect.com). In fact, the pharma community often regards FEP+ and similar as “standard CAD
(computer-aided drug design)” tools, albeit at the cutting edge.

In conclusion, any pharma chemist should be familiar with Schrédinger’s technology suite and the general
approach of integrating rigorous physics into ML pipelines. The advantage of physics-based tools is reliability:
they are grounded in thermodynamics rather than purely statistical inference. For claims, we cite that
Schrédinger’s approach produced a Phase Il candidate (zasocitinib) (www.sciencedirect.com). Future
trajectories include improved GPU-driven MD simulations and Al-driven force fields (some labs are training
neural-network potentials on quantum data), which promise even more realistic modeling.

6. Large Language Models (LLMs) in Pharma

The debut of ChatGPT in late 2022 (and its successors GPT-4 in 2023, GPT-40 in 2024) brought the power of
generative text Al into broad attention. While ChatGPT is often associated with chatbot tasks, pharma
scientists should note its utility for drug R&D. Large Language Models (LLMs) are transformer-based neural
nets trained on vast corpora of text; in a biomedical context, they can ingest the literature, patents, and
databases to answer queries, draft documents, or even propose biochemical hypotheses.

General LLMs (ChatGPT, Bard, Claude): These models have already been used informally by researchers
for tasks like summarizing papers, extracting safety profiles, or drafting protocols. For example, worldwide
during 2023-2025 many pharma teams experimented with ChatGPT/GPT-4 to generate experiment plans or
code snippets for analysis. A case in point: Chapman University researchers in 2024 built a model (“drugAl”)
inspired by ChatGPT to design molecules. They report training an encoder-decoder transformer with
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reinforcement learning that, when given a target sequence, generates entirely novel inhibitors that obey
chemistry rules (news.chapman.edu). This shows that transformer architectures can indeed be repurposed to
“write” valid chemical structures as easily as they write text. In practice, though, off-the-shelf GPT tools require
careful domain adaptation to perform usefully for pharma tasks.

Domain-Specific LLMs: Recognizing domain nuance, Al groups have trained LLMs on only biomedical text.
BioGPT (Microsoft Research, 2022) is a GPT-2—derived model pretrained on ~15 million PubMed abstracts
(academic.oup.com). It excels at tasks like generating biomedical descriptions and answering questions about
proteins, drugs, and diseases. Similarly, Google Research’s Med-PaLM 2 (2023) is an LLM fine-tuned on
medical exams and clinician queries. Google's MedLM is a historical APl example: Google Cloud states that
access is unavailable on or after September 29, 2025 (MedLM deprecation notice).

Applications in Pharma: The applications of LLMs in drug development are growing. Bench tasks like
literature review and protocol drafting cited earlier rely heavily on text understanding, and LLMs excel at these.
For drug design, LLMs can propose modifications to chemical scaffolds in natural language (e.g. “add a methyl
to the para position”), which can be converted to structure editing via chemistry toolkits. A 2025 review predicts
that LLMs will increasingly integrate with cheminformatics: for instance, training a model on SMILES strings to
achieve “de novo molecule design” by next-generation LLMs (www.sciencedirect.com). Early experimental
projects (e.g. converting GPT-3 to a “ChemBERTa"-style molecular LM) show promise, though peer-reviewed
results are limited.

Regulatory and Ethical Notes: LLMs pose challenges: hallucinations (made-up data), lack of provenance,
and brittleness on niche queries. In pharma, accuracy is critical; an LLM might confidently suggest a
nonexistent clinical trial or misinterpret a mechanism. Thus, while a scientist may use GPT-4 to brainstorm or
format text, all outputs must be verified against original sources. To mitigate risks, pharma companies often
use retrieval-augmented generation (RAG): the LLM is connected to a vetted knowledge base, so answers are
forcedly grounded. This approach is exemplified by in-house efforts at some pharma to build “domain LLMs”
that query internal documents, lab notebooks, and databases under the covers.

Efficiency Gains: Studies have attempted to quantify LLM benefits. Benchling’s 2026 Al report notes 66%
usage for “scientific reporting” (writing) with Al (www.benchling.com). Anecdotally, regulatory teams report that
summarizing data for IND applications used to take weeks; now Al-assisted systems can draft sections in
hours, cutting many FTE-weeks of labor. If fully leveraged, LLMs could reduce non-creative writing work by a
factor of 5-10. However, this adoption is still not universal, partly due to comfort with technology and partly due
to ongoing regulatory scrutiny (recent FDA proposals emphasize auditability of Al content).

Benchmark Results: Although direct large-scale benchmarks in pharma are rare (due to proprietary data),
some generic findings exist. BioGPT was shown to outperform general LMs on biomedical QA tasks and
abstract generation (academic.oup.com). Google reports 86.5% accuracy for Med-PaLM 2 on the MedQA
medical-exam benchmark in research (Google Research). This is a question-answering benchmark result,
rather than a measure of clinical or drug-discovery performance.

Use-Case Example: In drug discovery teams, a common pattern is using ChatGPT/GPT-4 to iterate
hypotheses. For example, a chemist might ask “What are five novel modifications to improve solubility of this
scaffold, and provide their predicted pKa?” A good LLM can answer in minutes with plausible ideas and
calculations (if connected to a pKa predictor). Similarly, project leads use tools like BioGPT as “Al assistants”
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to quickly retrieve the latest literature on a target; this speeds up early-stage decision-making. One recent
project (Chapman University) engineered a drug-design model that outputs dozens of candidate molecules per
run, all obeying chemical constraints (news.chapman.edu), and found that many passed initial filtering tests,
illustrating a future role for LLMs as “virtual chemists.”

In summary, by 2026 LLMs have become ubiquitous tools in the pharma scientist’s toolkit for knowledge
management and ideation. While not a “silver bullet” for drug development, they materially amplify productivity
in intangible but critical tasks (information synthesis, report drafting, brainstorming). Companies are now
layering domain expertise on top of LLMs — for instance, training them on a company’s own failed experiments
to avoid repetition. Given the rapid pace of LLM research, we expect successive models (GPT-5, BioNLP
models, etc.) to appear within this decade, each more capable. Scientists should stay engaged, as these
models will continuously reshape workflows in literature mining and hypothesis generation.

7. Integrated R&D Informatics (Benchling Al
and Similar Platforms)

Beyond singular algorithms, enabling infrastructure plays a crucial role. Modern pharma labs generate
enormous volumes of data — from sequence runs to assay readouts — whose value lies unlocked only if
integrated intelligently. Cloud platforms like Benchling have emerged to address this need, and by 2026 many
now include built-in Al capabilities.

Benchling began as a cloud-based electronic lab notebook (ELN) and data management system. Recently, it
launched Benchling Al, a built-in suite of language and predictive models accessible from the notebook
interface. The importance of such integrative tools is highlighted by Benchling’s own data: as of early 2026,
Benchling Al was “put to use across 500 biotech companies, from Al-native startups to top-20 pharma”
(www.benchling.com). Within these companies, adoption was rapid: in one large pharma, turning on Benchling
Al led to “hundreds [of scientists] using it in daily work” within weeks (www.benchling.com).

Functionalities: Benchling Al includes features for deep research, question-answering, and model execution.
For example, its Deep Research assistant can parse the entire Benchling database to answer queries.
Regulatory scientists at Beam Therapeutics use it to automate report preparation: instead of manually trawling
experiments for reagent lots and procedures, one can prompt Benchling Al (with instructions like “pull
experiment IDs, reagent lots, and protocols for study X”) and it returns the compiled information in seconds
(www.benchling.com). This example demonstrates how an LLM connected to cleaned internal data can
replace hours of manual work with an instant answer.

Another key innovation is embedded model execution. Benchling allows scientists to run Al models directly
on the platform data. For instance, a chemist can launch an AlphaFold prediction or even Recursion’s Boltz-2
(protein 3D structure and binding model) on a protein sequence or ligand stored in Benchling
(www.benchling.com). Fig. 1 (below) shows an example where a researcher ran AlphaFold in Benchling,
receiving a predicted protein structure without writing code. By placing these computations “where
experimental data already lives” (www.benchling.com), Benchling democratizes advanced Al tools: even non-
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experts can use them via the GUI. This “no-code” approach accelerates projects, as noted by Benchling:
“scientists can run predictions themselves, freeing computational teams to build new models instead of
rerunning old ones” (www.benchling.com).

(www.benchling.com)

Figure 1: Running Al models inside Benchling. Scientists can execute advanced Al predictions (e.g. AlphaFold
for protein structure) directly within their Benchling project. The results (shown right) appear integrated in the
experiment notebook. (Benchling blog (www.benchling.com).)

Integration of Diverse Data: Benchling and similar platforms (e.g. Biovia’s Pipeline Pilot, LabArchives) also
integrate different data types. A project may have gene sequences, assay results, analytical chemistry data,
and more; Benchling stores all these and now overlays Al to find patterns. For example, it could correlate a
screening result with the synthetic route: “find all failed compounds that used reagent X and had this mass
spec signature.” These query capabilities, powered by Al and graph databases, help scientists spot errors or
new leads. Benchling’s usage stats show that the most successful Al features align with “clean, verifiable data”
— precisely the domain of an integrated ELN (www.benchling.com).

Case Study - Benchling in Practice: Benchling reports that scientists run AlphaFold, Chai-1, and Boltz-2
directly inside its platform (Benchling).

Broader Trend - Al-Enabled LIMS: Benchling is the most visible case, but others exist. Many companies
build or buy industry-specific knowledge bases or LIMS with Al layers. A documented example is Benchling’s
support for running AlphaFold, Chai-1, and Boltz-2 directly in its platform (Benchling). The direction is clear: by
2026, pharma R&D widely expects data platforms to “have Al built in”, not as foreign add-ons but as
companions. Benchling described this shift: Al is no longer “isolated pilots” but “increasingly embedded” into
daily workflows (theflock.com.ar).

Data Analysis Insight: A 2026 Benchling report shows where pharma found “clean wins” for Al
(www.benchling.com). As noted, structured tasks like literature review and protein structures (which use tidy
databases) are productive areas. In contrast, areas with fragmented data — e.g. biomarker analysis of diverse
clinical assays or ADME properties — had lower adoption (www.benchling.com). This real-world data
underscores that Al's power is maximized when tied to well-managed data. Thus, integrated Al notebooks like
Benchling are particularly impactful in discovery/preclinical R&D, where record-keeping is disciplined.

Unlearn.ai — clinical digital twins: In the analysis workflow described by Unlearn, predictions can be
converted into a prognostic score and prespecified as a covariate for the trial’s statistical analysis (Unlearn
methodology).

8. Case Studies: Evidence for Al Impact

We highlight here representative case studies and data points illustrating the success (and limitations) of these
Al tools in actual use. These examples ground the discussion in concrete outcomes.
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 Insilico’s Rentosertib (ISM001-055) - IPF: The randomized phase 2a trial report is published in Nature
Medicine. Its primary objective was to evaluate safety and tolerability over 12 weeks in adults with IPF,
compared with placebo. The authors call for larger trials of longer duration; the early lung-function signal
requires confirmation (trial report).

o Atomwise’s TYK2 Inhibitor: The 2024 EULAR abstract POS0463 reports preclinical ATMW-DC
biochemical potency of 12 pM at TYK2-JH2 and at least 350-fold selectivity over JAK1, JAK2, and JAK3
(abstract). This is preclinical conference evidence, not evidence of human efficacy.

« Recursion’s REC-994: In 2023, Recursion published that its Al found REC-994, which had previously
been abandoned by another company, as a therapeutic for CCM (www.sciencedirect.com). The
recaptured compound made it to a Phase Il trial (SYCAMORE). Recursion’s Al accelerated repurposing
of an existing compound for a rare disease. On one hand, it saved years of development by skipping de
novo discovery; on the other hand, it illustrates that phenotypic hits still need rigorous clinical validation.

« Benchling Use at Beam Therapeutics: According to Benchling, regulatory writers at Beam
Therapeutics use Deep Research as a preparation assistant (Benchling).

« AlphaFold Structural Validation: In its May 2024 developer account, Isomorphic Labs compared
AlphaFold 3 predictions for TIM-3 complexes against published experimental structures and reported
agreement (developer account). This is a structural comparison, not a documented rescue of a biotech
development project.

« Benchling Adoption Survey: The 2026 report describes approximately 100 organizations already
using Al in R&D, surveyed in November 2025 (methodology).

Table 2 reports use cases within that selected sample:

Application Use among surveyed Al-using organizations Key Benefits
(November 2025) (www.benchling.com)

Literature Review 76% Rapid assimilation of prior art, automated
summaries, semantic search

Protein Structure 71% Instant 3D models (AlphaFold), enabling structure-
Prediction based design earlier

Scientific Reporting 66% Automated report drafting, data aggregation
(writing)

Target Identification (Al = 58% Graph- and DSP-driven hypotheses (BenevolentAl,
mining) others)

(Lower in) - Problems: scattered data reduces effectiveness

(e.g. ADME analysis) (www.benchling.com)

Table 2. Reported use among surveyed Al-using organizations, November 2025; published in Benchling’s
2026 report. These percentages do not estimate industry-wide adoption.
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These cases (both public and proprietary) collectively illustrate the broad picture: Al tools are shortening
timelines (often by factors of 2-5 for individual tasks), enabling novel discoveries (Al-designed molecules
entering trials), and shifting resources towards higher-level work. Critically, they also show that Al is not
infallible — not every candidate succeeds — so a cautious, evidence-based approach remains essential. In the
next sections, we discuss implications and how organizations can strategically use these tools.

9. Implications and Future Directions

The Al tools outlined above are rapidly integrating into pharmaceutical R&D. There are several immediate and
long-term implications:

« R&D Productivity: Early adopters report significant time and cost savings. If even a few Al-driven
projects produce successful drugs, the ROI justifies continued investment. Over time we expect industry
average R&D productivity to improve measurably. Already, pipeline “time-to-candidate” has shrunk:
whereas a decade ago a novel target might take 4-5 years to reach preclinical candidate, Al projects
routinely report timelines of 1-2 years for early candidates (biopharmadigest.com). Natural selection
may accelerate: programs not using Al may find themselves outpaced.

» Changing Skillsets: Pharma scientists must acquire new skills. Medicinal chemists now need familiarity
with cheminformatics and ML basics; biologists should understand how to design Al-compatible
experiments. Data scientists are increasingly core team members rather than consultants. Job
descriptions now frequently ask for experience with Python, ML libraries (PyTorch, TensorFlow), or even
Google Cloud Al services. Conversely, generative Al or LLM tools become routine aides in writing and
analysis for all staff. Training programs (many now offered at major pharma and academic institutions)
are emerging to teach “Al for pharma” skillsets.

« Regulatory Strategy: Distinguish regulator guidance and methodological qualification from validation of
a named Al model. EMA's PROCOVA opinion expressly excludes qualification of prognostic-model
development (EMA qualification opinion).

« Data and Infrastructure Investments: Al thrives on data. Pharma companies will continue to invest in
better data collection, curation, and sharing. There are moves toward federated learning (sharing ML
models across institutions without sharing raw data) to overcome silo barriers (aidrugdiscovery.ai).
Cloud computing and specialized hardware (GPUs, TPUs, neuromorphic chips) are now integral to R&D
budgets. Strategic partnerships between pharma and tech firms (e.g. AWS/GCP providing HPC for drug
dev) will increase.

« Ethical and IP Considerations: Generative models raise intellectual property questions. For U.S.
patent inventorship, only natural persons may be named as inventors, including when Al tools assist the
inventive process; a sponsoring company is not itself an inventor (USPTO guidance). Similarly, if an
LLM trained partly on proprietary data generates an output, data privacy must be managed. Ethical
oversight committees in pharma now often include Al governance subgroups to handle these issues.
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« Commercial and Market Impact: In commercialization, Al is affecting market intelligence and patient
engagement. For example, Al-driven analytics predict demand and tailor supply chains (although
beyond R&D scope, it's part of end-to-end pharma Al). More relevant to scientists, Al is entering
diagnostics and personalized medicine: companies develop companion diagnostics using ML on
genomic data, often led by drug discovery teams.

Looking ahead, the tools themselves will evolve. We expect the following trends by 2030:

« Multimodal Models: Just as ChatGPT can write text and DALL-E can create images, future Al may
handle multiple data types natively. For example, an Al could jointly process a protein sequence, a
chemical drawing, and patient outcome data to propose a lead. Early glimpses of such multimodal
models (OpenAl's GPT-4V, Google’s DeepMind Z) hint at this.

« Real-World Feedback Loops: Continuous learning systems that update as new data comes in (e.g.
new trial results feeding back into target-ID models) will emerge. This is especially relevant for clinical Al
— each trial can refine the digital twin or patient selection algorithms, leading to adaptive trial designs.

* Quantum Al: Though still nascent, quantum computing might accelerate certain tasks (quantum
chemistry simulation, optimization). Companies like D-Wave and lonQ are already partnering with
pharma (e.g. start-ups using quantum annealing for ligand docking). Whether this crosses the threshold
by 2030 is uncertain, but early mover scores may matter.

« Wider Adoption Cycle: At present, usage skews to well-resourced R&D centers. As cloud and open-
source tools proliferate, smaller and generic drug companies will also tap into Al. This broadens the
competitive landscape: generics manufacturers may use Al to optimize formulations or supply chains.

In summary, Al in pharma has reached a critical inflection point by 2026. The tools described here are not just
curiosities but have entered the standard toolkit. The examples reviewed show tangible ROI and signal that the
industry’s productivity curve may bend upward. However, careful validation and integration remain essential —
Al is a means to an end, not an end in itself. Pharma scientists must balance trust in these tools with rigorous
scientific evaluation. Those who do so will likely find new opportunities to discover medicines faster and
address unmet medical needs.

Conclusion

By 2026, a core suite of Al tools has become indispensable to pharmaceutical science. From AlphaFold’s
protein predictions to generative chemistry platforms, phenotypic screening systems, knowledge graphs, and
LLM-based analysis, each tool plays a defined role in the drug development workflow. Our survey of “10 tools
every pharma scientist should know” covered these areas with selected examples of technical approaches,
impact, and use in practice.

We saw that Al has moved beyond pilot hype into real-world utility. Case studies (Insilico’s fibrotic lung drug,
Atomwise’s TYK2 hit, Recursion’s phenomic discoveries) demonstrate “proof-of-concept” successes.
Benchling’s survey describes organizations already using Al in R&D (methodology); it does not establish
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adoption across most R&D teams. Emerging applications (digital twin trials, automated report writing)
underscore that Al is improving throughput at every stage from bench to clinic.

Nevertheless, challenges remain: not every Al lead becomes a drug, and rigorous benchmarking is needed to
ensure models are robust. Ethical, regulatory, and IP issues must be managed carefully. But the trajectory is
clear: Al tools are maturing, and the next 5-10 years will see them embedded in virtually all pharma R&D
processes.

In closing, we emphasize that remaining at the cutting edge will require continual learning. The tools discussed
here (and those on the horizon) are rapidly evolving. Scientists must stay informed not only of new algorithms,
but of the best practices in data curation, model validation, and interdisciplinary collaboration that maximize
Al's benefits. With the right expertise and governance, Al promises to shorten development times, reduce
costs, and ultimately deliver better therapies to patients faster. The evidence gathered here suggests that 2026
is firmly the era when Al transitions from support to cornerstone in pharmaceutical science
(www.sciencedirect.com) (www.fda.gov).
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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.
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