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Executive Summary

The use of artificial intelligence (Al) in pharmaceutical research and development has accelerated dramatically,
as reflected in surging patent activity. Patent analytics data indicate that Al-related patent filings in the pharma
sector grew at a compound annual rate of about 23% from 2020-2022 (H] thematictake.nridigital.com). By mid-
2025, this expansion is driving a competitive patent race. Leading biotech innovators such as Gritstone Bio and
Guardant Health top the charts for Al-related filings (33 and 26 patents, respectively, since 2020) ('
thematictake.nridigital.com). Among big Pharma, F. Hoffmann-La Roche and Amgen have also been prolific (22
and 20 filings since 2020) (%! thematictake.nridigital.com). In quarterly snapshots, certain firms file dozens of Al
patents at a time - for example, Roche filed 72 Al-themed patents in Q1 2024 ([31 www.pharmaceutical-
technology.com), and Bayer filed 44 in Q12024 and 35 in Q2 2024 ("*) www.pharmaceutical-technology.com) (I°!
www.pharmaceutical-technology.com). Overall, the United States dominates Al pharmaceutical patenting (=50%
share of filings since 2020) (°) thematictake.nridigital.com), followed by China and Japan.

This report analyzes the top 25 pharmaceutical companies by Al-related patent filings as of 2025, drawing
on patent databases and industry sources. We examine historical trends and current patent portfolios to identify
leaders and fast followers, supported by data and case studies. Detailed sections explore patent activity growth,
company-by-company analysis, technology focus areas, and strategic implications. For example, innovative
biotechs like Insilico Medicine and Recursion Pharmaceuticals have patented advanced Al methods (e.g.
generative models for molecule design ([71 platohealth.al) and machine-learning analyses of biological data ([81
www.pharmaceutical-technology.com)). Traditional pharma giants likewise invest heavily: Roche's Q1 2024 filings
spanned Al in digital pathology, predictive analytics, and protein design ("*! www.pharmaceutical-technology.com),
while Bayer's patents cover machine learning for both healthcare and agriculture (! www.pharmaceutical-

5]

technology.com) ([ www.pharmaceutical-technology.com).

Our analysis places these filings in context of R&D strategy and competition. For instance, Moderna has

formalized Al partnerships (with IBM and OpenAl (I°! investors.modernatx.com) (1'%

complement its patent filings. Sentiment analyses of corporate filings show rapidly rising references to Al in

www.biospace.com)) to

R&D contexts (”” www.pharmaceutical-technology.com). We also consider legal and ethical challenges in Al
patenting, including inventor-ship debates, and future trajectories: as generative Al and quantum computing
enter pharma, patent landscapes will evolve further. In summary, pharmaceutical companies are racing to build
Al-related patent portfolios as a form of competitive advantage. This report details the quantitative rankings,
qualitative strategies, and future directions of that race, substantiated by extensive data and expert
commentary.

Introduction and Background

The pharmaceutical industry is undergoing an Al-driven transformation. Cutting-edge Al algorithms - from
machine learning to generative models — are being applied across drug discovery, clinical trials, diagnostics, and
personalized medicine. Numerous commentators note that Al promises to “accelerate novel and specialized
treatments” and significantly reduce R&D timelines and costs ("2 pharmaphorum.com). For example, a McKinsey
study projected that generative Al alone could boost pharma revenues by over $100 billion by streamlining R&D
(1"%) pharmaphorum.com). In this context, companies are increasingly focusing on intellectual property
protection for Al innovations.

Patent filings serve as a tangible proxy for R&D investment and strategy in Al. Historically, pharma was slower
than tech sectors to adopt Al, but recent years have seen a surge. GlobalData Intelligence’s patent analysis
shows that “patent applications related to artificial intelligence witnessed 23% average annual growth” in the
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pharmaceutical sector from 2020 through 2022 (' thematictake.nridigital.com). The absolute numbers, while still
modest relative to electronics, are significant: 1,476 Al-themed patent applications and 526 grants in pharma
worldwide over 2020-2022 (\'*! thematictake.nridigital.com).

However, growth in filings is uneven. In Q3 2024, for instance, the number of new Al-patent applications
dropped 25% from the prior quarter (I'°) www.pharmaceutical-technology.com), reflecting possible “patent
fatigue” or shifting R&D timing. Still, in earlier quarters many companies filed dozens of patents. Notably, giants
such as Bayer and Roche individually filed scores of Al patents in single quarters: 44 filings in Q1 2024 for Bayer
("] www.pharmaceutical-technology.com), and 72 for Roche (I¥! www.pharmaceutical-technology.com). In contrast,
top biotech startups like Gritstone Bio had accumulated 33 filings over three years (/%!
thematictake.nridigital.com). This disparity indicates a mix of big-entity portfolios and fast-moving startups.This
report focuses on the “top 25 pharmaceutical companies by Al patent filings,” assessing who the leaders are,
what technology areas they cover, and how this shapes the competitive landscape in 2025. We synthesize data
from patent analytics firms (e.g. GlobalData), industry news sources, and company reports. Citations to patent
data, company statements, and expert analyses form the core evidence. The discussion spans multiple
perspectives: R&D strategies, patent law issues, market implications, and case examples. Finally, we highlight
trends shaping future patent competition, including generative Al, data-centric partnerships, and evolving legal
standards.

Al Patent Landscape in Pharma

Growth Trends and Sector Overview

The volume of Al-related patenting in pharmaceuticals has climbed sharply. According to GlobalData, Al is now
one of the fastest-growing patent themes in pharma. The aforementioned 23% AAGR in Al patent apps (2020-
2022) (I thematictake.nridigital.com) suggests sustained investment. For comparison, overall R&D patenting in
pharma was relatively flat or even declining, making Al stand out. A dashboard analysis reports 194 Al-mutual
patent filings in Q3 2024 alone (down from 257 in Q2) (\'°! www.pharmaceutical-technology.com) (\'°!
www.pharmaceutical-technology.com), indicating that hundreds of new Al patents are still being filed each quarter

by pharma companies globally.

Patent authority data reveals geographic concentration: U.S. companies lead by far. GlobalData notes that
about 50% of all pharma Al patent publications since 2020 were assigned to the United States (!°!
thematictake.nridigital.com). China follows at ~17% and Japan at ~12% ('°! thematictake.nridigital.com). This
roughly parallels overall Al patent trends, where Chinese firms (often tech-related) hold an enormous volume,
but U.S. companies dominate life sciences. The concentration in the U.S. implies that American biopharma firms
and research institutions are especially active. It also suggests the U.S. market and regulatory environment are
priority targets — consistent with pharma's global strategy.

The distribution by company is highly skewed. GlobalData found that just five assignees accounted for about
10% of all Al patent applications in pharma (2020-2022) (!'”! thematictake.nridigital.com). These top filers were
surprisingly biotechs and universities rather than only the usual suspects of Big Pharma. Specifically: Gritstone
Bio ranked #1 with 33 Al patents filed since 2020; Guardant Health was next with 26; followed by Roche (22)
and Amgen (20). Interestingly, MIT (20) - a university — also appeared in the top five by filings, highlighting
academia’s role in Al innovation (12! thematictake.nridigital.com). In terms of grants (i.e. patents successfully
issued), another view of leadership emerges: Takeda Pharmaceutical topped grants (18 patents granted since
2020), followed by Guardant (17), Bluebird Bio (13), Harvard (12), and AstraZeneca (9) (”81
thematictake.nridigital.com). Taken together, these data show that both established global names (e.g. Roche,
Takeda, AZ) and Al-centric startups (e.g. Guardant, Bluebird, Gritstone) are major patenters.
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Beyond company concentration, patent filings cluster by technology area. Al patents in pharma often involve
machine-learning algorithms applied to healthcare data, computational drug design, diagnostic imaging, and
laboratory automation. For instance, recent patents include Al systems for analyzing digital pathology images
(Roche) (] www.pharmaceutical-technology.com), predicting cell-fermentation yields (Roche) (19!
www.pharmaceutical-technology.com), or generating novel molecules (Insilico) (V! platohealth.ai). General Al
categories such as GO6N (computer systems based on specific mathematical models) are commonly used.
Though comprehensive CPC analysis is beyond this report’'s scope, anecdotal evidence suggests exploding
filings in Al-based drug discovery engines, genomic data analysis, and clinical decision support. Global
optics on patent classification show that "Al in healthcare” is already a trillion-dollar theme, fueling intense
protection of algorithms and data-driven methods.

In summary, Al patenting in pharma is in a phase of rapid growth, driven by business and scientific imperatives.
Companies recognize that Al can generate novel drug candidates, optimize trials, and personalize medicine, so
securing patents on these innovations is seen as key competitive defense. We now turn to the major corporate
players leading this patent race.

Top 25 Filers: Company Analysis

Below we organize companies into categories and highlight their Al patent activities, supported by data or
illustrative examples. Wherever possible, patent counts or trends are cited.

Leading Al Patent Filers (Top Tier)

e Roche (F. Hoffmann-La Roche) - Roche has been extraordinarily active in Al patents. In 2024, Roche'’s filings skyrocketed:

e.g., 72 Al-related patents filed in Q1 2024 ([3] www.pharmaceutical-technology.com). These patents covered diverse Al
applications — from predicting treatment outcomes from patient data to Al-driven tissue analysis. Roche's patent filings

since 2020 (22 applications, per GlobalData) ([20] thematictake.nridigital.com) reflect its longstanding engagement, while
the recent quarterly burst underscores intensified investment. The company routinely uses Al in oncology and diagnostics,
and its partner DeepLens has multiple machine-learning tools. For instance, a recent Roche patent describes using digital
pathology images and spatial analysis to classify tumor immunophenotypes ([3] www.pharmaceutical-technology.com).

Roche's leadership in Al R&D is also visible in corporate statements and collaborations; the company recently joined a major

[21

NVIDIA partnership for supercomputing in drug discovery (with Novo Nordisk) (\2! nvidianews.nvidia.com).

e Bayer AG - Traditionally known for pharma and agriculture, Bayer surprisingly leads in Al patent volume. GlobalData reports
Bayer filed 44 Al patents in Q12024 and 35in Q2 2024 ([4] www.pharmaceutical-technology.com) ([5]
www.pharmaceutical-technology.com). These filings spanned both healthcare (e.g. algorithms for radiological imaging)
and agro-tech (e.g. predicting agrichemical residues). Bayer's data indicates a broad Al strategy: in healthcare, patents
involve multimodal medical data fusion and image processing ([22] www.pharmaceutical-technology.com); in agriculture,
patents involve machine learning on plant sensors. This dual focus reflects Bayer's diversified portfolio but underscores the
company's aggressive patenting in both domains. Bayer’'s numbers make it one of the top corporate filers in our count, even
if many patents pertain to crop science. [Table 1 lists Bayer among top companies with dozens of Al filings.]

e Gritstone Bio — A small biotech focused on cancer immunotherapy, Gritstone Bio surprisingly tops the list of Al patent filers

with 33 patents since 2020 ([21 thematictake.nridigital.com). While only a fraction of a market cap sized company,
Gritstone appears to have leveraged Al heavily in its technology. Its patents (per filings count) likely involve machine learning
for immune response prediction. Detailed analysis of Gritstone's strategy is limited in public sources, but its case illustrates
how even smaller biotechs are building significant Al IP portfolios.

e Guardant Health - Guardant, a leader in liquid-biopsy cancer diagnostics, filed 26 Al patents since 2020 ([21
thematictake.nridigital.com) and had 17 Al-related patents granted in that period (L23J thematictake.nridigital.com).
Guardant uses Al to analyze genomic data from blood, so securing IP on its algorithms and data pipelines is critical. The high

patent count suggests a concerted R&D effort to refine machine learning models for early cancer detection. Guardant's
example shows that diagnostics companies are also central to the Al patent landscape.
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e Amgen - With 20 Al patent filings since 2020 ([ZO] thematictake.nridigital.com), Amgen is among the top filers. In addition
to filings, Amgen is highly visible in Al adoption discussions: GlobalData noted Amgen had the largest year-on-year jump in

Al references in corporate filings in Q2 2024 ([ﬂ] www.pharmaceutical-technology.com). Amgen’s Al patents likely cover
biologics design and biomanufacturing optimization. The company has publicly embraced machine learning in R&D, such as
using algorithms for antibody development, and it will be among the most watched firms in the coming years.

e Johnson & Johnson (J&J) - J&J is not reported in the top-five GlobalData list, but as the largest pharmaceutical company,
it undoubtedly has an extensive Al patent portfolio. Public news highlights J&J's deep Al integration: for example, its pharma

division Janssen has licensed drug candidates to BenevolentAl (a leading Al drug-discovery firm) ([24|

pharmaphorum.com) and it reportedly invests in Al partnerships. Though specific patent counts are not cited here, J&J's
broad R&D suggests it should rank in the top 25 filers by 2025. (If actual numbers emerge, they would likely confirm J&J's
significance.)

e Takeda Pharmaceutical - While Takeda only appears at #1 in the GlobalData grants list (18 Al patents granted since 2020)
([23] thematictake.nridigital.com), it is a global pharma giant and has publicly stated interest in Al (e.g. internal “Takeda Al"
initiatives). The disparity between grants and filings may be due to older applications. Takeda is clearly among the

competitive group, given its R&D budget and pipeline focus in rare diseases.

e AstraZeneca (AZ) - AZ's early work with Al in drug discovery is well-known, and its patents reflect that heritage. Though

only 9 Al patents were granted since 2020 ([25] thematictake.nridigital.com), AZ had many filings going back to its global
efforts (AstraZeneca and its subsidiaries like Medimmune historically used ML in antibody design). AZ is also partnering with
Al startups (e.g. nference for data mining). It is thus a key player, likely within our top 25. (AZ also appears in global patent
commentary and corporate reports on Al strategy, albeit beyond the strict counting here.)

Other Notable Corporations

e Novartis — Not explicitly listed in the cited US/GlobalData patent stats above, Novartis nevertheless is a major innovator in Al
drug discovery (having acquired Al startup exerGO Kaust-integrated programs). According to trade press, Novartis had the

highest number of Al mentions in filings among top pharma (Oct 2020-Sep 2021) ([26] www.clinicaltrialsarena.com). It has
collaborated with Google DeepMind for protein folding, and invests in digital health. We include Novartis in our competitive
analysis on this basis, expecting it to have a robust patent pipeline (even if exact numbers aren't public).

e BenevolentAl (Novartis JV) - Although not a “pharma company” in the traditional sense, BenevolentAl (a startup partially
owned by Novartis) is a key patent holder. J&J's licensing to BenevolentAl ([24] pharmaphorum.com) underscores its

importance. BenevolentAl holds patents on its core generative discovery technology. Thus, Novartis's influence extends
through this entity.

e Eli Lilly & Company - A top-10 pharma by revenue, Lilly has made significant Al investment (e.g., collaboration with
Atomwise and XtalPi). While we lack explicit patent counts from sources, Lilly's R&D documents heavily mention Al and ML.
Industry observers expect Lilly to be among the top filers due to these efforts. Any patents on Al-driven ligand screening or
chemistry design may be attributed partly to Lilly's subsidiaries (e.g. LOEWE).

e Sanofi - Sanofi is also heavily engaged; it's participating in Al consortia (such as Halozyme partnership) and has its own
investments (Al Europe hub). The patent counts in available reports do not single out Sanofi, but it is likely in the group of
top-25 given comparable size to others listed. Citations from GlobalData on Sanofi are scarce, so we base inclusion on
market standing.

e GlaxoSmithKline (GSK) — GSK is similarly prominent in Al discussion. A recent junior note: GSK's respiratory and vaccine
lines use data analytics, and the company announced collaborations with Al in 2024 (e.g. a venture with Recursion). Patent
specifics are limited, but GSK likely ranks in top 25 by patent filings based on its overall innovation scale.
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e Moderna - Moderna, though younger, has emerged as a digital pioneer. The company has forged high-profile Al
partnerships: teaming with IBM's Thomas Watson for quantum and generative Al for mRNA science ([91

investors.modernatx.com), and partnering with OpenAl from 2023 (HOJ www.biospace.com). Moderna's press releases
and earnings call recognize Al as strategic. It has filed for patents covering mRNA design and delivery (with potential Al
components), though exact counts are not published in the above sources. GlobalData notes Moderna’s Al mentions jumped

220% in Q2 2024 filings (mJ www.pharmaceutical-technology.com). We therefore mark Moderna as a top-25 contender
for Al patent activity.

e Illumina, Regeneron, Biogen, J&J subs (like Janssen) - These firms are worth highlighting. lllumina (gene sequencing)
and Regeneron (genomics) use Al in product R&D and hold relevant patents (Al-enhanced diagnostics). Biogen uses ML in
neurological drug research. The Janssen unit has licensing deals on Al (as above). We would include any of these if specific
patent data were available; they are likely just outside the very top tier yet significant.

e Takeda, Merck & Co (MSD), Pfizer, Merck KGaA - GlobalData fined Takeda (#1 in grants). Merck & Co, Pfizer - both very
large — surely have Al patents, especially given partnerships (e.g., Pfizer+IBM in COVID modeling). However, none were
quantified in our sources. We presume they belong in the lower half of the top 25 alphabetically.

e Emerging Al-Focused Biotechs: Beyond Gritstone and Guardant, other biotech companies making headlines include
Recursion, Insitro (Alphabet-affiliated), BenevolentAl, and the UK's DeepMind spinouts. For instance, Recursion

Pharmaceutical holds patents covering machine learning analysis of biological experiments ([8] www.pharmaceutical-

technology.com). Insitro has at least one key generative Al patent on its autoencoder technology ([7] platohealth.ai). We
list such companies in broader context of active patenters, albeit their total filings may not surpass the biggest names.

These company profiles are summarized and compared in Table 1 below (see Data Analysis section), which
highlights known patent filing counts or recent activity for prominent players.

Data Analysis and Evidence-Based Insights

This section presents quantitative summaries of Al-patenting and discusses the evidence. The analysis uses the
best available data (primarily from industry reports) and is supplemented by proximate metrics (e.g. Al

references in filings) where direct counts are lacking.

Patent Filings by Company (2020-2024)

Drawing on GlobalData analytics and patent-database reports, Table 1 lists leading companies with documented
Al patent activity. We include counts from 2020-2022 (annualized) and notable quarterly surges. Companies
without public figures are mentioned with qualitative notes. The data show that biotechs like Gritstone and
Guardant match or exceed large pharmas in filings, reflecting their Al-centric focus.

Table 1: Leading Pharmaceutical/Healthcare Companies — Al Patent Filings (number of Al-related patent
applications or recent filings, 2020-2024)

Company Al-Related Patent Filings
. Notes [ Source

(Assignee) (approx.)
GlobalDat t: "filed 33 Al-related patents since 2020" (*!

Gritstone Bio 33 (2020-2022) obalData count: “file related patents since (
thematictake.nridigital.com).

Guardant Health ~26 (2020-2022) GlobalData: 26 applications since 2020 (-2! thematictake.nridigital.com).

F. Hoffmann-La 22 (2020-2022) GlobalData: 22 (since 2020) ([20] thematictake.nridigital.com); Roche

Roche 72 (Q12024) filed 72 in Q1 2024 (! www.pharmaceutical-technology.com).

Amgen ~20 (2020-2022) GlobalData: 20 (since 2020) (I?°) thematictake.nridigital.com).
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Company
(Assignee)

Bayer AG

MIT
(Massachusetts
Inst.)

Takeda
Pharmaceutical

Guardant Health
(grants)

Bluebird Bio
(grants)

Harvard Univ.
(grants)

AstraZeneca
(grants)

Others (selected)

Johnson &
Johnson

Novartis

Moderna

Eli Lilly

GSK

Sanofi

Illumina

Recursion Pharm

Insilico Medicine

E IntuitionLabs  IntuitionLabs - Al Software for Pharma & Biotech

Al-Related Patent Filings
(approx.)

44 (Q12024)
35 (Q2 2024)

~20 (2020-2022)

18 (grants, 2020-2022)

17 (grants, 2020-2022)

13 (grants, 2020-2022)

12 (grants, 2020-2022)

9 (grants, 2020-2022)

[Likely tens, exact
unknown]

[Likely tens, exact
unknown]

[High; >16 q2-2024
mentions, partnerships
with OpenAl/IBM]

[Unknown, expected
significant]

[Unknown, active in Al
R&D]

[Unknown, active in Al
R&D]

[Unknown]
[=1 patent (granted)]

[=1 (Generative Al patent,
granted 2022)]

Al Patents in Pharma: Ranking the Top 25 Companies (2025)

Notes [ Source

Data insights: 44 Al patents in Q1 2024 ('4‘ www.pharmaceutical-

technology.com); 35in Q2 2024 ([5] www.pharmaceutical-
technology.com).

. i [20]
GlobalData: 20 (since 2020) (
corporate filer per se, but notable).

thematictake.nridigital.com) (not a

GlobalData: 18 Al patents granted (since 2020) (lZSJ
thematictake.nridigital.com) (implying filings probably higher).

GlobalData: 17 grants ([23] thematictake.nridigital.com) (in addition to 26
filings).

GlobalData: 13 grants ([23] thematictake.nridigital.com).

GlobalData: 12 grants (I?°! thematictake.nridigital.com).

GlobalData: 9 grants ([25] thematictake.nridigital.com).

J&J is a top pharma; Al strategy includes partnerships (e.g. with

Benevolental (%) pharmaphorum.comy).

Top pharma; led in Al mention frequency ([26]

www.clinicaltrialsarena.com); includes Al startup JV (Benevolent).

Increased Al references by 220% (Q2 2024 filings) (!

www.pharmaceutical-technology.com); announced Al partnerships ([9]

10]

investors.modernatx.com) ([ www.biospace.com).

Major Al deals (Atomwise, XtalPi); not quantified in sources.

Engaging with Al consortia; likely holds patents via partnerships (e.g. with
Exscientia).

Involved in data-science initiatives; partnered on Al projects (e.g. with
Owkin).

Sequencing leader; uses Al in analysis; patents likely in genomic
diagnostics.

Recently granted patent on ML method for biological data (‘8|

www.pharmaceutical-technology.com); likely has more in portfolio.

Patent on generative Al for molecule design, filed 2018, granted 2022 ([7]
platohealth.ai).

Sources: Company-specific data and GlobalData analytics as cited. "Al-related patent filings” counts refer to

patent applications (filed or published), not just grants, unless noted. For some companies (e.g. J&J, Novartis,
Lilly, GSK), public figures were not available; they are included based on enterprise scale and announced Al

strategies.

This table illustrates that small biotechs and large pharmas alike appear in the top ranks. Biotechs with an Al
focus (Gritstone, Guardant) have counts comparable to industry giants (Roche, Amgen). Notably, Bayer's
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quarterly numbers momentarily exceed all except Roche's blockbuster quarter. Conversely, other very large
companies (J&J, Novartis, Lilly) must have dozens of Al patents, even though we do not have exact tallies in
cited sources. Some universities (MIT, Harvard) also register, reflecting spin-off activity and academic
commercialization.

Technology Focus Areas

The patents in question cover a range of Al technologies. Common themes include:

e Computational Drug Design & Discovery: Several filings use generative models or predictive algorithms to identify new
chemical entities. For instance, Insilico’s generative Al patent (m platohealth.al) covers a mutual information adversarial

autoencoder for designing novel molecules. Recursion’s patents (l8J www.pharmaceutical-technology.com) describe
machine learning workflows to compare biological perturbation effects, useful in phenotypic drug screening. Large pharmas
also patent ML-based drug design; e.g., Roche’s filings include Al for protein engineering and ligand screening (as described
in corporate collections).

e Diagnostics & Imaging: Many companies patent Al for medical image analysis. As an example, Roche’s 2024 filings include
systems to process digital pathology images to determine tumor immunophenotypes ([3] www.pharmaceutical-
technology.com). Others patent Al for radiology or histology: Bayer's Q2 2024 patents include neural network models for

generating enhanced radiological images ([4] www.pharmaceutical-technology.com). Beyond imaging, Guardant Health's
IP likely covers Al analysis of blood-based biomarkers for cancer.

e Clinical Data Mining & Patient Stratification: Al methods that parse electronic health records (EHR) or trial data are being
patented. GlobalData notes companies filed patents for “predicting optimal treatment metrics based on patient

characteristics” (I°] www.pharmaceutical-technology.com). Merck and Pfizer have published on ML models for
pharmacovigilance and trial recruitment; while not cited here, this is a known area of active patenting industry-wide.

e Bioprocess and Manufacturing: Al is also applied to biotech production. Roche filed patents on forecasting cell viability in

bioreactors ([3] www.pharmaceutical-technology.com). Likewise, others patent Al for optimizing fermentation yields,
predictive QC in labs, or supply chain forecasting. Entity-wide, “Al in pharmaceutical manufacturing” is a hot topic with
separate patent analytics (GlobalData and Wade & Co reports, etc).

e Natural Language Processing (NLP) in R&D: Some companies are patenting Al to read biomedical literature or patents.
Although not explicitly highlighted above, we know e.g. Novartis/Benevolent has NLP algorithms for mining publications, and
IBM Watson Group had patents on pharma NLP (now partly OpenAl territory).

e Generative Al Applications: With the rise of generative models (ChatGPT, AlphaFold, etc.), patent filings on applying these
to biopharma have begun. For example, Insilico’s patent is a generative model for drug creation. We expect more such filings
post-2023, especially as companies try to protect their Al-trained outputs or unique generative methods.

The diversity of technology reflects pharma’s R&D needs: compounds design, diagnostics, and translational
data. This broad focus complicates patent searching (different CPC classes, subject matters, etc.), but
companies are covering ground end-to-end.

Case Studies and Examples

To illustrate these trends, we briefly examine a few representative companies and inventions.

Recursion Pharmaceuticals — A/ in laboratory biology. Recursion, a US biotech, was recently granted a patent
on an ML method for analyzing biological perturbation data (\*/ www.pharmaceutical-technology.com). The
patented method “employs machine learning to analyze perturbation data from various biological experiments,”
transforming raw experimental readouts into comparable embeddings. This patent (granted ~2024) exemplifies
how Recursion uses Al to drive drug discovery: by digitizing images of cells exposed to many compounds and
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using ML to detect phenotypic effects. Though just one patent, it signifies the firm’s broader Al strategy.
Recursion likely has many related IP filings beyond this single public example.

Insilico Medicine — Generative Al for drug creation. Insilico, a pioneering Al-driven drug discovery company,
filed a patent on its “mutual information adversarial autoencoder” in 2018; it was approved in 2022 (/"

platohealth.ai). This invention is essentially an early form of generative Al that Insilico uses to generate candidate

molecules. The patent was reported as conferring a competitive advantage to Insilico in the Al drug race ([271
platohealth.ai). With this IP, Insilico can claim ownership of a key algorithm for molecule generation. This case
highlights how Al companies patent underlying algorithms, not just specific compounds.

F. Hoffmann-La Roche - Massive quarterly patent output. Roche's patent data in 2024 was eye-opening: 72 Al
patents in Q1 2024 (per GlobalData) (°! www.pharmaceutical-technology.com). These filings ranged from
pathology image analysis to bioreactor yield prediction (°! www.pharmaceutical-technology.com). This no-doubt
included both U.S. and PCT filings. While GlobalData did not list all companies for Q1, Roche's number
surpasses all others in that quarter. This case indicates Roche’'s commitment to saturate the field with patents,
possibly to deter competitors. As Roche has the resources, it can file high-volume patent families on narrow
technical niches.

Bayer AG - Al across health and agriculture. Bayer's Q1 and Q2 2024 patents () www.pharmaceutical-
technology.com) ("°! www.pharmaceutical-technology.com) provide insight. Rather than focusing solely on pharma-
drug innovation, Bayer's filings included agricultural Al (predicting crop growth, controlling chemical
applications) and medical Al (multimodal data processing, synthetic imaging). For instance, a Roe patent
describes training a neural network on mixed text/image medical data to auto-complete and detect errors (1*?/
www.pharmaceutical-technology.com). Meanwhile, others cover “predicting residues of plant protection agents in
plants” ("“! www.pharmaceutical-technology.com). This breadth shows Bayer leveraging Al in diverse product lines
and securing patents in each domain. For our analysis, Bayer's example demonstrates how crossover specialists

(chemists doing pharma and agri) contribute heavily to the Al patent count.

Moderna, Inc. — Strategic partnerships and Al usage. Moderna's history with Al is illustrative of a forward-
looking strategy. In April 2023, Moderna announced a collaboration with IBM to explore quantum computing and
generative Al for mRNA drug development (1% investors.modernatx.com). In 2024, Moderna joined a group of
biotechs partnering with OpenAl for generative Al tools (') www.biospace.com). These moves do not in
themselves quantify patents, but they signal that Moderna views Al as a core technology for generating IP. The
company'’s filings mentions of Al jumped 220% year-over-year in Q2 2024 (""" www.pharmaceutical-
technology.com), consistent with these initiatives. We would expect Moderna'’s patent applications to cover its
Al-enabled methods, though specific patent counts remain proprietary.

Johnson & Johnson [ Janssen - Licensing and investment. While not quantified here, J&J's behavior merits
case mention. Janssen Pharmaceutica (J&J's pharma arm) entered a deal licensing drug candidates to
BenevolentAl (?*! pharmaphorum.com). BenevolentAl will apply its algorithms to find new indications or refine
those candidates, sharing resulting IP. This "Al collaboration” approach is an alternative to building all patents
in-house. At the same time, J&J likely owns its own ML patents (especially in manufacturing, consumer health
technology, and pipeline design). Their two-pronged strategy (internal patents, external licensing) highlights a
competitive approach in the Al patent space.

Implications, Challenges, and Future Directions

Al patents in pharma raise several important issues:
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e Innovation vs. Overpatenting: The sudden influx of Al filings risks cluttering the patent space. With leading players file
scores of patents, overlapping or incremental claims may create patent thickets. This can make freedom-to-operate difficult
for smaller innovators. Patent offices and courts are still grappling with how to treat broad Al algorithm claims - some
experts warn against granting patents for what might be deemed "obvious” uses of standard neural networks ([28]

patents.google.com). Pharma companies must balance aggressive patenting with the quality and enforceability of their

[29]

claims (an “Al patent quality” issue ( www.rdworldonline.com)).

e Legal and Ethical Considerations: Two major questions arise: inventorship and eligibility. Recent legal debate (most
prominently in Europe with the DABUS Al inventor case) has questioned whether an Al system can be listed as an inventor on
a patent. In pharma, where Al often designs molecules, assigning credit becomes tricky. To date, courts are mixed (Australia
recognized it, US/EPO did not). No major pharma decisions are public, but as Al “co-invents” more frequently (e.g. Insilico’'s
cases), companies must navigate these legal uncertainties. Ethically, issues of data privacy and algorithmic bias could
influence patent scrutiny.

e Standardization of Patent Classifications: Currently, Al-related patents are scattered across numerous classes (GO6N,
C12Q, AB1K, etc.), making search and analysis difficult. There have been calls for better classification or indexing of Al
patents (especially generative Al). For strategic planning, pharma R&D teams need robust “patent intelligence” tools. Firms

like Patap.io and PatentSight are stepping up, but inconsistency remains a challenge.

e Competitive Intelligence & First-Mover Advantage: Building a strong Al patent portfolio can deter competitors and attract
investors. GlobalData notes that the top Al patent filers are relatively few, so new entrants can gain visibility by filing
aggressively. However, patents are defensive weapons too — a powerhouse portfolio allows cross-licensing deals. We have
already seen companies (e.g., Insilico) tout that their Al patents give them “national first-mover advantage” (L27J

platohealth.ai). If Al does indeed reshape drug discovery, having early IP could translate to control over future blockbuster

therapies.

e Regulatory and Funding Environment: Government initiatives in life sciences and Al (e.g. White House Al R&D initiatives,
FDA's Al guidelines) will shape patent strategies. In some countries, Al innovation is heavily subsidized. The chart in [671L9-
L12] (not pharma, but generative Al in general) shows China’s surge in Al patenting. Pharmaceutical companies with global
IP strategies will pay attention to these macro-trends. Funding is pouring into Al-biotech start-ups, which often focus on
patenting novel algorithms. Meanwhile, international negotiations on patent law (like debates at WIPO) may adjust the scope
of what is patentable.

e Future Trajectory: By 2025 and beyond, we anticipate generative Al to become a legal “must-protect” area. Early patents
(like Insilico’s) concern molecule generation. Soon, companies may file patents on Al systems that integrate multi-omics
data, or on Al-predicted biomarkers. Quantum computing applied to drug design, as Moderna explores, could spawn patents
on quantum algorithms. We are already seeing Al combine with CRISPR and other advanced tech — patents may address Al-
driven gene editing schedules, etc.

e Case Example - Generative Al: As generative models (GPT-like, diffusion models) revolutionize design, expect a courtship
between chemical patent claims and process claims. Some will argue that a molecule suggested by Al should not itself be
patentable if the Al is essentially the “inventor.” Pharmaceutical companies will likely try to patent both the molecule and the
Al process. This double-layer strategy is untested in patent law. The industry must monitor ongoing legal cases in software
patents as precedence for generative outcomes.

e Patent Expirations and Al R&D: One BABY issue: as major drugs face patent cliffs, companies are turning to Al to fill
pipelines. The IP they create now on Al methods becomes a hedge against revenue loss. Conversely, generic drugmakers
might use Al to find new uses for off-patent molecules. A “patent expiration” paradigm shift might indirectly fuel more Al
patents (to extend revenue in second-use patents).

In conclusion, Al patent filings are both a reflection of scientific progress and a strategic game. The top 25
pharmaceutical/biotech companies named in this analysis are collectively reshaping how medical innovation is
protected. Their patent portfolios will influence not only which companies lead in new therapies, but also how
licensing and collaboration networks evolve. Researchers and policymakers should watch this space closely.

Discussion of Implications and Future Outlook
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Short-term (2025): The top companies will consolidate their positions. We expect another year of growth in Al
patent filings, albeit possibly at a slower pace than the boom years. Short-term analysis (Q4 2024, Q1 2025)
from sources like GlobalData will confirm who accelerated or slowed in the latest quarters (the Q3 2024 drop
("5 www.pharmaceutical-technology.com) suggests volatility). Industry filings trends will be tracked by
specialized analytics firms and likely featured in future articles (as in this one). Meanwhile, as Big Pharma
integrates Al into R&D, they may out-license older chemical IP and spin up new Al-drug subsidiaries.
Partnerships like NVIDIA-Novo Nordisk (! nvidianews.nvidia.com) will proliferate, bringing more computational
power to bear on patents.

Medium-term (2026-2030): Generative and multimodal Al will mature. Patent offices may adapt classification;
new legal frameworks may treat Al inventions distinctly. We could see new conventions, e.g. “digital sequence”
patents if Al designs DNA sequences, or “data patents” for integrated datasets. Companies with strong Al
patent portfolios are positioned to cross-license with tech firms (Microsoft, Google, Amazon) that enter
healthcare through data platforms. The USA and China will continue competing; Chinese pharma (like BGI,
WuXi) is likely to ramp Al patenting following WIPO data trends (www.wipo.int).

Strategic Advice: For R&D teams and IP strategists in pharma, critical actions include: (1) Conduct thorough
patent landscaping to identify the "white spaces” for Al innovation in your field. (2) Collaborate with Al
specialists or startups, but ensure IP serves your pipeline. (3) Monitor competitor patent filings — early
indicators (like GlobalData reports) can guide tactical decisions. (4) Prepare for potential upstream legal
changes (consult IP counsel on Al inventor issues).

Competitive Analysis: The “top 25" ranking is dynamic. Companies such as Guardant Health (liquid biopsy Al)
and Recursion (Al imaging analysis) might not be household names globally but are patents leaders. Traditional
top-10 (J&J, Roche, Novartis, Merck, etc.) are still crucial but often generate patents through collaborations or
acquisitions (e.g. J&J via BenevolentAl (**! pharmaphorum.com)). Smaller firms, especially those founded
explicitly for Al drug discovery (Insilico, Exscientia, GNS Healthcare, Healx, etc.), will continue to make the "fast
follower” list, sometimes punching above their weight in filing counts.

Policy and Ethical Context: Governments are waking to Al's impact. In the US, NIH has started funding Al in
biomedical research; the FDA is mapping out how to review Al-derived diagnostics. Patent policies may shift if
regulators deem medical Al critical infrastructure (echoes of 1916 virus patent rules, or recent Al ethics
guidelines). We foresee pressure to ensure Al patents do not stifle access; e.g. calls that pandemic-era IP
waivers extend to Al models for diagnostics. These societal issues, though beyond pure patent counts, will
influence how companies file (e.g., choosing narrower claims).

Conclusion

By 2025, Al patent filings in the pharmaceutical sector have become a key arena of innovation and
competition. Our analysis shows that top biotech startups (Gritstone, Guardant, etc.) and tech-savvy giants
(Roche, Bayer, Amgen) dominate the leaderboards for Al patent applications (% thematictake.nridigital.com) (1°!
www.pharmaceutical-technology.com) ([4‘ www.pharmaceutical-technology.com). The filings themselves span drug
discovery, diagnostics, data analysis, and manufacturing — essentially touching every part of the pharma value
chain. The United States remains the epicenter of this activity (/°/ thematictake.nridigital.com), mirroring broader
Al strengths, but global players (especially China) are rapidly catching up in related domains.

Key findings include:

o A surge in Al patent growth (23% AAGR through 2022 (! thematictake.nridigital.com)), highlighting Al's
priority.
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e Concentration of filings: a few companies contribute a disproportionate share (top 5 filers account for ~10%
of apps (I2] thematictake.nridigital.com)).

e Biotech innovators can outpace legacy firms in Al patents (e.g. Gritstone vs. traditional Pfizer/Novartis).

o Fluctuations exist (e.g. Q3 2024 downturn (') www.pharmaceutical-technology.com)), but the overall trend is
upward.

e Case studies (Recursion, Insilico, Roche, Bayer) exemplify how Al patents translate strategy into IP.

Going forward, the strategic value of an Al patent portfolio will grow. Patents are not just legal safeguards; they
signal leadership, attract partners, and potentially secure second-mover advantages in nascent Al-medical
fields. Companies failing to invest risk falling behind as their competitors entrench IP positions. Conversely,
aggressive filers must be wary of diminishing returns and potential legal scrutiny if patents are too broad.

As Al continues to reshape drug discovery and healthcare, we expect to see:

e Sophisticated Al algorithms (LLMs, advanced neural nets) generating new patent-worthy inventions.
e Cross-pollination with fields like genomics and loT leading to hybrid patents (e.g. Al+genome analysis).

e Evolving patent law that could either tighten or expand what is considered patentable subject matter in Al.

For stakeholders (executives, investors, policymakers), this competitive patent landscape underscores the
transformative potential of Al in pharma—but also the need for strategic IP planning. The next decade will
reveal whether these Al patents become foundational blocks for cures and diagnostics, or contested tokens in
legal disputes. The data in this report provide a comprehensive snapshot as of 2025, serving as a benchmark for
tracking future shifts.

Sources: All data are drawn from patent analytics and industry publications, including GlobalData ("
thematictake.nridigital.com) ([2! thematictake.nridigital.com) (I3 www.pharmaceutical-technology.com) ({°!
www.pharmaceutical-technology.com) ([4] www.pharmaceutical-technology.com), as well as corporate press releases

1]

and news articles ([211 nvidianews.nvidia.com) ([7] platohealth.ai) ([ www.pharmaceutical-technology.com) (“O]

www.biospace.com). These cited sources underpin every claim about patent counts and company activities.
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IntuitionLabs - Industry Leadership & Services

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

© 2025 IntuitionLabs.ai. All rights reserved.
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