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Executive Summary

BullFrog Al's bfLEAP™ platform exemplifies a new wave of Al-driven target discovery aimed at transforming the central
nervous system (CNS) drug development pipeline. Traditional CNS drug discovery is notoriously slow, expensive, and
has abysmally low success rates ("' pmc.ncbi.nim.nin.gov) (?) www.nature.com). bfLEAP, originally developed at Johns
Hopkins APL and now commercialized by BullFrog Al, uses an explainable graph-based ML engine to integrate vast,
complex biomedical data (genomics, transcriptomics, proteomics, clinical data, etc.) and uncover novel disease targets,
patient subgroups, and mechanistic insights (**/ bulifrogai.com) (“ bullfrogai.com). For example, BullFrog reported that by
applying bfLEAP to The Cancer Genome Atlas data for colon cancer, it narrowed ~3,000 traditional differential-expression
candidates down to 14 high-confidence targets (including three totally novel ones) (I°! ir.bullfrogai.com).

Al-enhanced target discovery offers promise for CNS disorders by sifting signals from noisy, multimodal brain data.
Indeed, CNS drug pipelines suffer unique hurdles — difficult blood—brain barrier penetration, heterogeneous disease
biology, and poor animal models — leading to only ~7% of CNS candidates ultimately reaching the market (™
pme.ncbi.nlim.nih.gov) (! www.nature.com). By contrast, preliminary studies show that Al can dramatically shorten discovery
timelines and costs. For instance, an Al-discovered anti-fibrosis candidate reached clinical trials in ~30 months at just
$2.6M investment (%! www.thieme-connect.com). Similarly, several Al-derived drugs (like DSP-1181 for OCD) entered
human trials within a year of identification (") investors.exscientia.ai) ((°' www.thieme-connect.com). In BullFrog’s pipeline,
bfLEAP’s data networks are being paired with patient data (via their bfPREP data-harmonization tool) to stratify patients
and de-risk trials (°) ir. bulifrogai.com) (% ir.bullfrogai.com).

Despite enthusiasm, experts caution against hype. Over-aggressive marketing of “miracle cures” must be balanced with
reproducible evidence (I'°! v .statnews.com) (" v thieme-connect.com). To date, dozens of Al-derived candidates
have entered early trials (with unusually high Phase | success claims) (“*) www.thieme-connect.com), but these reports
may suffer from biases and survivorship. Looking forward, the bfLEAP model — with its emphasis on transparency and
multi-modal knowledge integration — represents the frontier of Al in biomedical research (**! bullfrogai.com) (7]
pmec.nchi.nim.nih.gov). If validated, such platforms could increase the quality of CNS targets (genetically validated targets,
for example, roughly double approval odds ("' www.thieme-connect.com)), reduce attrition, and accelerate development.
However, realizing this potential will require rigorous validation, integration with biological expertise, and careful clinical
follow-up.

Introduction and Background

CNS disease burden and drug discovery challenges. Neurological and psychiatric disorders account for a substantial
share of global disease burden, affecting hundreds of millions worldwide (*°! pmc.nchi.nim.nih.gov) (!
pmec.nchi.nim.nih.gov). Yet drug discovery for the central nervous system (CNS) lags behind other areas. As Vatansever et
al. note, “developing drugs for CNS disorders remains the most challenging area in drug discovery, accompanied with
long timelines and high attrition rates” (°/ pmc.nchi.nim.nih.gov). For example, common estimates suggest it takes on
average 10-15 years and roughly $2 billion to bring a novel drug from target discovery to market (-*°
www.sciencedirect.com) (Y www.thieme-connect.com). In reality, CNS drugs often exceed even these figures: Ekins et al.
report that CNS candidates require ~12.6 years on average and have the lowest success rate of any class (~7% from
clinic to market) ("*! pmc.nchi.nim.nih.gov). Critically, CNS pipeline failures (e.g. multiple Alzheimer'’s trials) have typically
been attributed to unclear disease mechanisms, poor target selection, and the inability to translate preclinical findings
(due to the blood—brain barrier and deficient animal models) (°/ vwww.nature.com) (*”! pme.nebinim.nih.gov).

The role of target discovery. The first step in drug development is identifying the “right” biological target — a gene,
protein or pathway whose modulation can modify disease. Selecting an appropriate target has enormous downstream
impact. Industry analyses show that genetically validated targets (for which human genetic data link the target to

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights Page 2 of
reserved. 13


https://intuitionlabs.ai/articles/ai-pharma-biotech-drug-discovery-case-studies
https://pmc.ncbi.nlm.nih.gov/articles/PMC12418477/#:~:text=developing%20new%20pharmaceuticals%20has%20become,for%20the%20faint%20of%20heart
https://www.nature.com/articles/s41467-025-64552-2#:~:text=to%20this%20analysis%20were%20explicitly,56
https://intuitionlabs.ai/articles/data-layer-architecture-ai-scientific-research
https://bullfrogai.com/technology/#:~:text=Developed%20at%20the%20prestigious%20Johns,next%20generation%20of%20precision%20medicines
https://bullfrogai.com/solutions/data-networks/#:~:text=world%20data%20%2A%20Multi,conditions%20with%20complex%2C%20multifactorial%20etiologies
https://ir.bullfrogai.com/news-events/press-releases/detail/32/bullfrog-ai-announces-identification-of-novel-potential-drug-targets-for-colorectal-cancer-using-its-ai-driven-bfleap-platform#:~:text=%E2%80%9CUsing%20bfLEAP%E2%84%A2%20to%20interrogate%20pan,literature%20documenting%20such%20an%20association%2C%E2%80%9D
https://pmc.ncbi.nlm.nih.gov/articles/PMC12418477/#:~:text=developing%20new%20pharmaceuticals%20has%20become,for%20the%20faint%20of%20heart
https://pmc.ncbi.nlm.nih.gov/articles/PMC12418477/#:~:text=developing%20new%20pharmaceuticals%20has%20become,for%20the%20faint%20of%20heart
https://www.nature.com/articles/s41467-025-64552-2#:~:text=to%20this%20analysis%20were%20explicitly,56
https://intuitionlabs.ai/articles/pharma-ai-roi-calculator-payback-periods
https://intuitionlabs.ai/articles/pharma-ai-roi-calculator-payback-periods
https://www.thieme-connect.com/products/ejournals/html/10.1055/a-2810-8972#:~:text=Beyond%20psychiatry%2C%20AI,Separately%2C%20Benevolent%20AI%E2%80%99s%20KG
https://intuitionlabs.ai/articles/ai-drug-discovery-pharma-biotech-startups
https://investors.exscientia.ai/press-releases/press-release-details/2020/Sumitomo-Dainippon-Pharma-and-Exscientia-Joint-Development-New-Drug-Candidate-Created-Using-Artificial-Intelligence-AI-Begins-Clinical-Trial/default.aspx#:~:text=was%20delivered%20by%20the%20strong,Paul%20et%20al
https://www.thieme-connect.com/products/ejournals/html/10.1055/a-2810-8972#:~:text=Beyond%20psychiatry%2C%20AI,Separately%2C%20Benevolent%20AI%E2%80%99s%20KG
https://ir.bullfrogai.com/news-events/press-releases/detail/68/bullfrog-ais-bfprep-and-bfleap-platforms-deliver-real-world-impact-in-eleison-pharmaceuticals-collaboration#:~:text=The%20structured%20dataset%20was%20then,most%20likely%20to%20benefit%20from
https://ir.bullfrogai.com/news-events/press-releases/detail/61/bullfrog-ai-announces-strategic-collaboration-with-sygnature-discovery-to-introduce-bullfrog-data-networks-to-global-biopharma-clients#:~:text=BullFrog%20Data%20Networks%E2%84%A2%20accelerates%20the,decisions%20faster%20than%20ever%20before
https://www.statnews.com/2024/05/20/artificial-intelligence-drug-development-hype-reality-insitro/#:~:text=A%20rtificial%20intelligence%20is%20a,unending%20stream%20of%20overheated%20marketing
https://www.thieme-connect.com/products/ejournals/html/10.1055/a-2810-8972#:~:text=Independent%20trackers%20indicate%20that%20dozens,AI%20programs
https://www.thieme-connect.com/products/ejournals/html/10.1055/a-2810-8972#:~:text=Independent%20trackers%20indicate%20that%20dozens,AI%20programs
https://bullfrogai.com/technology/#:~:text=bfLEAP%E2%84%A2%20is%20a%20unique%2C%20robust,researchers%20ethically%20unlock%20invaluable%20insights
https://pmc.ncbi.nlm.nih.gov/articles/PMC10886071/#:~:text=knowledge%2C%20our%20framework%20achieves%20a,promise%20in%20accelerating%20drug%20discovery
https://pmc.ncbi.nlm.nih.gov/articles/PMC10886071/#:~:text=knowledge%2C%20our%20framework%20achieves%20a,promise%20in%20accelerating%20drug%20discovery
https://www.thieme-connect.com/products/ejournals/html/10.1055/a-2810-8972#:~:text=Selecting%20the%20right%20biological%20target,13%E2%80%8B
https://pmc.ncbi.nlm.nih.gov/articles/PMC8043990/#:~:text=remains%20the%20most%20challenging%20area,implementations%20in%20the%20CNS%20area
https://pmc.ncbi.nlm.nih.gov/articles/PMC12418477/#:~:text=developing%20new%20pharmaceuticals%20has%20become,for%20the%20faint%20of%20heart
https://pmc.ncbi.nlm.nih.gov/articles/PMC12418477/#:~:text=developing%20new%20pharmaceuticals%20has%20become,for%20the%20faint%20of%20heart
https://intuitionlabs.ai/articles/ai-drug-discovery-bms-predict-first
https://pmc.ncbi.nlm.nih.gov/articles/PMC8043990/#:~:text=remains%20the%20most%20challenging%20area,implementations%20in%20the%20CNS%20area
https://www.sciencedirect.com/science/article/pii/S0959440X21001354#:~:text=conducted%20from%20initial%20target%20identification,by%20a%20high%20risk%20of
https://www.sciencedirect.com/science/article/pii/S0959440X21001354#:~:text=conducted%20from%20initial%20target%20identification,by%20a%20high%20risk%20of
https://www.thieme-connect.com/products/ejournals/html/10.1055/a-2810-8972#:~:text=Independent%20trackers%20indicate%20that%20dozens,AI%20programs
https://pmc.ncbi.nlm.nih.gov/articles/PMC12418477/#:~:text=developing%20new%20pharmaceuticals%20has%20become,for%20the%20faint%20of%20heart
https://www.nature.com/articles/s41467-025-64552-2#:~:text=to%20this%20analysis%20were%20explicitly,56
https://pmc.ncbi.nlm.nih.gov/articles/PMC12418477/#:~:text=match%20at%20L1127%20,100%2C000%20virtual%20molecules%2C%20all%20of
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ai-target-discovery-and-bfleap-in-cns-drug-development.pdf
https://intuitionlabs.ai/articles/ai-target-discovery-cns-drug-development?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ai-target-discovery-and-bfleap-in-cns-drug-development.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ai-target-discovery-and-bfleap-in-cns-drug-development.pdf

[P owitiontabs  intuitionLabs - Al Software for Pharma & Biotech Al Target Discovery and bfLEAP in CNS Drug Development

disease) double the likelihood of drug approval (**) www.thieme-connect.com). Conventionally, target discovery relies on
genetics (e.g. GWAS, rare-variant studies), proteomics, high-throughput screening, and literature curation. However,
these methods are time-consuming and often yield large candidate lists — for instance, traditional differential expression
between tumor and normal colon gave ~3,000 genes, whereas BullFrog's bfLEAP found just 14 high-value candidates (*'
irbullfrogai.com).Table 1 summarizes drug development benchmarks:

Metric All Drugs (average) CNS Drug Candidates Source

- o (1]
Clinical-to-market ~7% (

~14%(m pmc.ncbi.nim.nih.gov) (2006-2022 studies) (MJ pmc.ncbi.nim.nih.gov)

success rate pmc.ncbi.nim.nih.gov)

[16]

[16] | (Examples: Eculizumab 15.2y, Brentuximab 10.6y) (
Time from target 10-15 years ( ~12.6 years ( d . 1w
' ) ) ) www.sciencedirect.comy, ons average (
discovery to approval | \\ iy sciencedirect.comy pmc.ncbi.nim.nih.gov) ) )
pmc.ncbi.nim.nih.gov)
Development cost ~$1-2B ([16] Often $1-4 B ([1] (High end of industry 2020s escalations) ([l] pmc.ncbi.nim.nih.gov)
(est) www.sciencedirect.comy pmec.ncbi.nim.nih.gov) A8 www.sciencedirect.comy

Table 1. Typical drug development timelines, costs and success rates. CNS (central nervous system) candidates fare
significantly worse than average (I pmec.nchi.nim.nih.gov) (" www.sciencedirect.com).

Given these challenges, the industry seeks new approaches to boost the odds. Artificial intelligence (Al) and machine
learning (ML) have emerged as promising tools to analyze complex biological data at unprecedented scale (I*°!
reference.medscape.com) (*°) pme.ncbi.nim.nih.gov). In particular, Al-driven target discovery aims to leverage omics, real-
world data, and literature to uncover novel disease mechanisms and targets that might elude conventional methods. As
Pun et al. observe, traditional target identification “takes years to decades” and is often siloed in academia, whereas Al
can process large datasets and complex networks much faster (*°! reference. medscape.com). In this context, BullFrog Al’s
bfLEAP platform represents a state-of-the-art example of applying explainable Al in drug R&D: it builds comprehensive
“data networks” to find hidden biological patterns, with the potential to find better CNS targets and stratify patients (e.g. by
biomarkers) for trials (*°! bullfrogai.com) (*?) bulifrogai.com). The following sections examine how Al is transforming target
discovery, with an emphasis on CNS applications and BullFrog Al's contributions.

Challenges in CNS Drug Development

The central nervous system poses unique hurdles for therapeutic development. Most neurological disorders are
genetically and phenotypically complex. The brain’s inaccessibility (due to the blood—brain barrier) makes it hard to
deliver drugs, and animal models often poorly mimic human CNS disease (*/ www.nature.com). Consequently, the
attrition rate for CNS drugs is extremely high: Zhou et al. report that only ~3.5% of neurological drugs entering trials
succeeded in 2008-2016, though it has ticked upward recently (?) www.nature.com). Ekins & Lane (2025) compute a ~7%
overall success rate for CNS compounds from phase | to market, compared to ~14% industry-wide (*'
pme.nchi.nim.nih.gov). In practice, this means very few drug candidates make it through, and each failure wastes extensive
resources.

Several factors contribute to these failures. A fundamental issue is target validation. Many CNS targets (e.g. amyloid-f3,
dopamine receptors) were pursued due to incomplete understanding of disease. Failed trials (e.g. Alzheimer’s phase Ill
anti-amyloid antibodies) highlight that we often lack causal insight into neurological pathophysiology (i) vww.nature.com)
(T www.thieme-connect.com). Moreover, heterogeneity is rampant: e.g. Parkinson’s and Alzheimer’s have multiple genetic
and sporadic etiologies, which means that a one-size-fits-all drug often fails. The standard approach to mitigate this is
stratification by biomarkers or genetics, but in CNS this is still underdeveloped. Thus, identifying the right target and the
right patient is extremely hard in neurology, underscoring the need for smarter discovery tools.
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Compounding this, CNS disorders have historically attracted less venture and R&D investment relative to oncology and
immunology (“% www.thieme-connect.com). As Furukawa et al. note, Al R&D efforts—even now—are heavily concentrated
in oncology and neurology (the former for cancer, the latter often mental health) (“°! www.thieme-connect.com). This
reflects both the medical need (neuropsychiatric disorders are blockbuster markets if solved) and the complexity
(neurology research is costly and speculative). Paradoxically, providers of new CNS therapies (big & small pharma) have
pulled back in the past decade due to these challenges; only in recent years has neurodegenerative disease regained
industry interest.

In summary, CNS drug development is an area of enormous unmet need but daunting scientific difficulty. Long R&D
timelines, sky-high costs, and dismal success rates mean that any tool that can illuminate biology or de-risk target
selection could have outsized impact. Al-driven target discovery promises to do just that by aggregating and mining data
that was previously too complex or disjointed to analyze in full. (*°! pmc.nebi.nim.nih.gov) (M) pme.nchi.nim.nin.gov)

Traditional vs. Al-Powered Target Identification

Target discovery traditionally involves laborious experiments: genetic linkage/mapping, genome-wide association studies
(GWAS), transcriptomic/proteomic profiling, and high-throughput perturbation screens (e.g. CRISPR knockouts) (**!
www.thieme-connect.com). These methods generate long “hit lists” that then require years of validation. For CNS diseases,
human tissue is scarce and GWAS signals are often weak or non-coding, making it even tougher to translate findings. As
a result, pharmaceutical teams often enter clinical development with targets that are poorly validated. For example, Chen
et al. showed that inadequate target understanding and strategy shifts were major blind spots in drug development (1*?!

www.nature.com).

Al offers a new paradigm by combining and analyzing data from many sources simultaneously. The key is integration:
genetic evidence, literature mining, patient data, and molecular networks can all feed into computational models for target
prioritization (“*) www.thieme-connect.com) (‘) www.thieme-connect.com). Pun et al. emphasize that Al can analyze “large
datasets and intricate biological networks,” enabling systematic target ranking, whereas traditional methods would require
much longer (%! reference. medscape.com). Crucially, Al approaches often aim for explainability. Black-box neural nets
have been critiqued, especially in a field as sensitive as drug discovery. Models like BullFrog’s bfLEAP insist on
transparency: for example, bfLEAP is described as “explainable,” breaking down complex findings into interpretable
layers (*?! bullfrogai.com) (%! bullfrogai.com).

Comparative data illustrate Al's advantage. In the BullFrog colorectal case, bfLEAP reduced the candidate gene list
nearly two orders of magnitude (14 vs >3,000) (! ir.bullfrogai.com), focusing follow-up on the most promising leads. In the
ex-US pipeline, Exscientia produced the OCD candidate DSP-1181 in <12 months vs ~4.5 years normally (/’!
investors.exscientia.ai). These are anecdotal but align with broader surveys: Luo et al. report that several Al-nominated
compounds entered trials remarkably quickly and cheaply (e.g. an Insilico compound in 30 months at $2.6M ('°
www.thieme-connect.com)). Table 2 summarizes notable Al-driven initiatives and their impact on target identification and
development.

Al Platform / Therapeutic
Case Study Outcome / Status Reference
Approach Area
Graph-based [5]
i Oncology (colon  Identified 14 high-value targets (3 novel) for colorectal cancer; pipeline for Press release (BullFrog Al) (
BullFrog Al (bfLEAP) multimodal data o
. cancer) CNS indications under development. . N [19] ) .
analytics ir.bullfrogai.com) (**! bullfrogai.com)
& i g . ) ) )
Sumitomo/Exscientia Cheenr:ir;rlve Psychiatry DSP-1181 (5-HT1A agonls:) designed by Al entered Phase | in 2020 [7] investors.exscientia.ai
(A Y (ocD) (created in <12 months) (L) iNvestors.exscientia.aij. Company PR ( i b
(Centaur Al)
) - End-to-end Al Idiopathic Al-nominated TNIK inhibitor (INS018-055) entered first-in-human in ~30 Luo et al. (2024) ([G] www.thieme-
Insilico Medicine (Al) target discover Pulmonary Hﬂ | .
9 Y Fibrosis months ats2.6M (- WWW.thieme-connect.com), connect.com)
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Al Platform | Therapeutic
Case Study Outcome / Status Reference
Approach Area
g " L . . N - X 24
Benevolental .KG based Irlufecllous Baricitinib (an existing drug) identified via KG within 48h; granted EUA for Luo et al. (2024) (L ] www.thieme-
(Knowledge Graph) inference for disease (COVID- (24] www.thieme-connect.com
nowiledge Graj - -
9 P repurposing 19) COVID-19 therapy (2020) ( . . )| connect.com)
IBM reports use in ALS target hypotheses (Barrow Neurological Institute [25]
[2r] Conference abstract (’
Literature mining / Neurology (ALS) " ]
IBM Wat: NLP/ML collaboration) and many oncology cases ( . B B
atson ( ) WL platform and Oncology www.discoveryontarget.com gem

www.discoveryontarget.comy. Watson)

Table 2. Assorted examples of Al-driven target discovery targeting various diseases. These cases (drawn from company
reports and independent reviews) show rapid, data-intensive workflows: e.g. reducing timelines or repurposing drugs via

computational analysis (I investors.exscientia.ai) (°* www.thieme-connect.com).

As Table 2 indicates, Al platforms vary. Some (like Exscientia) emphasize de novo molecular design given a target;
others (like BullFrog, Insilico, Benevolent) emphasize target/disease prediction from data. Key enablers are knowledge
graphs and network models: integrating genomics, proteomics, pathways, and literature to suggest causal links (*°'
pme.ncbi.nlim.nih.gov) (*”) pme.ncbi.nim.nih.gov). Multi-task ML models can further co-learn related tasks (e.g. binding
affinity and toxicity) to improve generalization (“°/ pmc.ncbi.nlm.nin.gov). Transfer learning is also highlighted for low-data
scenarios (rare diseases or tissues) (°°! pmc.nchi.nim.nih.gov). Overall, the literature stresses that Al excels at pattern
recognition across heterogeneous data — precisely what CNS target discovery desperately needs (I**

reference.medscape.com) (7 pmc.ncbi.nim.nih.gov).

The BullFrog Al bfLEAP™ Platform

BullFrog Al's suite centers on the bfLEAP™ engine, an “award-winning explainable Al platform” for drug development
(BT bulifrogai.com). According to BullFrog, bfLEAP originated at the Johns Hopkins Applied Physics Laboratory and is now
exclusively licensed to the company (! bullfrogai.com). At its core, bfLEAP uses graph analytics and machine learning
on multimodal datasets: converting biomedical data into graph form (nodes as genes, proteins, pathways; edges as
interactions or co-associations) to reveal hidden structures (% bulifrogai.com) () pme.ncbi.nim.nih.gov). The company
emphasizes that bfLEAP “rapidly detects anomalies and uncovers hidden associations within complex, multimodal, and
incomplete data sets” (?/ bullfrogai.com), leveraging both supervised and unsupervised ML to produce transparent,
explainable results (*?' bullfrogai.com). This transparency is critical for regulated fields: bfLEAP claims an ability to trace its
conclusions back through the data graph (“node neighborhood exploration” and “layered analysis” (°*! bullfrogai.com) (%!

bullfrogai.com)).

Central to bfLEAP is a Random Subspace Mixture Model (RSMM) for anomaly detection (%' bullfrogai.com). In simple
terms, RSMM treats data points (e.g. patient samples or genes) as drawn from mixtures of Gaussian subspaces;
deviations from these learned “normal” mixtures flag unusual biology. BullFrog reports that RSMM outperformed other
state-of-the-art models (including generative VAESs) on benchmark datasets (°°! bullfrogai.com). In practice, this can
surface rare but important signals — for example, unclustering a patient subgroup or recognizing an unusual gene
expression pattern.

Figure 1 (below) illustrates bfLEAP’s conceptual pipeline (adapted from BullFrog materials). Raw data (clinical, omics,
literature) are cleaned and harmonized (often via bfPREP™, a related module for data ingestion) and fed into bfLEAP.
Within bfLEAP, data are transformed into enriched features, constructed into graphs, and then various algorithms (graph
clustering, RSMM anomaly detection, probabilistic modeling) analyze the network. The output is an “insight network”
highlighting potential targets (genes/pathways) and patient clusters, with built-in explainability (users can drill down into
the graph around an anomaly or cluster to see the context (°*! bullfrogai.com)).

(*Fwww.thieme-connect.com) (! pme.ncbi.nim.nih.gov) Figure 1. bfLEAP™ Workflow (conceptual). Multimodal
biomedical data (genomics, clinical trials, real-world evidence, literature) are ingested and harmonized (via bfPREP or
other curation) into a unified graph structure. The bfLEAP Al engine then applies graph-analytic machine learning
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(including probabilistic mixture models like RSMM) to identify notable nodes and subgraphs. These may correspond to
novel drug targets, dysregulated pathways, or distinct patient subgroups. Critically, bfLEAP emphasizes explainability:
users can expand “node neighborhoods” around findings to understand why a gene or cluster was flagged (7!

bullfrogai.com) (¥4 bullfrogai.com).

Beyond academia, bfLEAP is commercialized mainly through BullFrog Data Networks® — purpose-built data hubs for
specific disease areas (oncology, neurology, etc.). As BullFrog describes, such Data Networks integrate public and
proprietary multi-omics and clinical datasets to “reveal actionable biological insights that improve the odds of success
across the R&D lifecycle” (1°*! bullfrogai.com). For CNS in particular, the platform can be customized to diseases like
Alzheimer’s, Parkinson’s, ALS, or psychiatric disorders (*°! bulifrogai.com). The platform’s advertised capabilities include
target identification and validation, disease mechanism elucidation, patient stratification criteria, and drug
repurposing insights (°° bulifrogai.com) (° ir bulifrogai.com). In one strategic collaboration, CVS Bahrain (Sygnature
Discovery) has integrated BullFrog’s Data Networks into its early discovery services, explicitly for target discovery efforts

(39T ir.bullfrogai.com) (¥ ir.bullfrogai.com).

In practical terms, BullFrog’s tools follow an Al-human workflow. The company emphasizes human-in-the-loop oversight
and explainable outputs (°")ir.bullfrogai.com). For example, when bfLEAP surfaces a set of high-impact genes or
pathways, researchers review the evidence graphically and in context. This contrasts with black-box predictions: bfLEAP
highlights the most relevant “edges” and “neighbors” explaining why it prioritized a target (°*! bullfrogai.com). Moreover,
bfLEAP can simultaneously flag patient subgroups (e.g. responders vs non-responders) based on molecular signatures
(%I pulifrogai.com), which is pivotal for CNS given patient heterogeneity. In a recent partnership with Eleison
Pharmaceuticals (an oncology group), bfPREP converted 10,000+ pages of historical clinical trial data into structured
OMOP format, and bfLEAP then identified novel patient subpopulations that could inform trial design (! ir.bullfrogai.com).
This illustrates how bfLEAP can be used not only to find targets, but also to stratify CNS trial cohorts or predict who will
respond best.

In summary, bfLEAP is a purpose-built graph ML platform for drug R&D. lts novelty lies in (a) applying proven algorithms
(graph ML, probabilistic models) to biomedical graphs, and (b) focusing on transparency/explainability. This approach
directly addresses many data challenges in CNS drug discovery: heterogeneous data, complex disease networks, and
the need for interpretable results. The following case studies will show how bfLEAP and similar tools have already
produced testable hypotheses in practice.

Case Studies: Al-Driven Discovery Examples

BullFrog Al - Colorectal Cancer Targets. As a proof-of-concept, BullFrog released results of bfLEAP analysis on public
cancer data. Using The Cancer Genome Atlas (TCGA) for colon adenocarcinoma, bfLEAP identified 14 candidate
overexpressed genes as potential targets (©° ir.bullfrogai.com). Remarkably, only six of these had more than scant
literature (so-called “near-novel” targets), and three had no prior association with colon cancer in the literature (1°
ir.bullfrogai.com). This is striking because TCGA has been mined by numerous researchers for over a decade. By contrast,
traditional differential-expression analysis on the same data yielded over 3,000 gene hits (°/ ir.bulifrogai.com). According to
BullFrog’s CEO, these findings “demonstrate the power” of bfLEAP’s Al algorithms to pick out a very narrow, actionable
gene set from massive data (©°! ir.bulifrogai.com). The identified novel genes are now slated for experimental validation in
collaboration with the J. Craig Venter Institute (*°! ir.bullfrogai.com). This serves as an early example of the platform
generating new biological hypotheses — albeit in oncology — that would be laborious to find otherwise.

BullFrog Al - Eleison Pharmaceuticals (Patient Stratification). In a complementary clinical data context, BullFrog
applied bfPREP and bfLEAP to Eleison’s internal trial datasets. The result was the identification of several patient
subgroups with distinct molecular signatures (I°! ir.bulifrogai.com). For example, prior to administering Eleison’s
chemotherapeutic agent, bfLEAP found clusters of patients predicted to respond differently. These insights are being
used to inform upcoming trial designs (e.g. biomarker-driven inclusion criteria). BullFrog highlights this as evidence that
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“bfLEAP can improve patient targeting and create meaningful insights to accelerate trial efficiency” (°°' ir.bullfrogai.com).
While this example is in oncology, it underscores the dual utility of the platform: target discovery and patient stratification.
In the CNS domain, a similar approach could help identify, say, which Alzheimer’s patients (by gene expression or
imaging features) might benefit from a new drug vs. who would not, thus de-risking expensive trials.

Exscientia/lSumitomo — DSP-1181 (OCD). One of the most-cited examples in Al-assisted discovery is Exscientia’s
design of DSP-1181, a serotonin 5-HT1A agonist for obsessive-compulsive disorder. In collaboration with Sumitomo
Dainippon Pharma, Exscientia used its Centaur Chemist™ platform to generate candidate molecules. Remarkably, the
exploratory research — from initial target to lead compound — was completed in under 12 months, far faster than the
typical ~4.5 years in traditional settings (I’! investors.exscientia.ai). The drug entered Phase | trials in early 2020. This
accelerated timeline (and reduced discovery cost) is often attributed to Al narrowing down promising scaffolds and
performing iterative design in silico. As Exscientia’'s CEO stated, DSP-1181's entry into trials “is a key milestone” that
validates their Al approach (° investors.exscientia.ai). Notably, Sumitomo'’s program is in the psychiatry/neuroscience
area, demonstrating that Al design can operate even in CNS-related fields. Although DSP-1181 itself is non-
neurodegenerative, it reflects how Al can rapidly iterate chemical space for CNS targets (in this case, a GPCR relevant to
OCD).

Insilico Medicine - TNIK inhibitor for Pulmonary Fibrosis. Luo et al. (2024) highlight INS018-055, a novel inhibitor of
TNIK (a kinase in Wnt signaling) developed by Insilico, originally targeted at idiopathic pulmonary fibrosis. Using Insilico’s
end-to-end Al pipeline, the team identified TNIK as a disease-driving target and quickly designed an inhibitor.
Impressively, INS018-055 proceeded from target nomination to first-in-human trials in =30 months at only about $2.6
million cost (1! www.thieme-connect.com). (By comparison, typical drug development costs are orders of magnitude higher
(“Fwwwsciencedirect.com) () pme.nebi.nim.nih.gov).) A Phase lla trial published in 2025 reported safety and early efficacy
signals, marking the first published proof-of-concept for a fully Al-discovered target-molecule pair (I vwww.thieme-
connect.com). Although this example is in IPF (a lung disease) and not CNS, it demonstrates the general power of Al to
collapse the timeline between target discovery and clinical testing. The principle holds for CNS: if, say, Insilico’s system
had instead identified a novel neurodegenerative target, a similar acceleration could occur.

BenevolentAl - Baricitinib for COVID-19 (Drug Repurposing). While not CNS-oriented, this example underscores the
use of Al knowledge graphs to find non-obvious therapies. In January 2020, BenevolentAl employed its knowledge graph
(integrating biology and drug-target databases) to identify the rheumatoid arthritis drug baricitinib as a candidate for
COVID-19 treatment. Within 48 hours of the pandemic outbreak, the Al suggested baricitinib’s mechanism could mitigate
viral entry and inflammation. Clinical trials followed rapidly, and baricitinib received FDA Emergency Use Authorization for
COVID in late 2020 (““l www.thieme-connect.com). This case illustrates how Al can fast-track target (or drug) hypotheses
in crisis mode. Translating to CNS: similar KG techniques could, for instance, scan existing drugs against Alzheimer’s-
related pathways in hours rather than months.

Additional Al Initiatives. Numerous biotech and pharma companies are now adopting similar Al target discovery
strategies. For example, BenevolentAl (with AstraZeneca) and others have reported pipelines in CNS areas (e.g.
identifying novel neuroinflammation targets), and academic consortia like Open Targets use computational scoring of
gene-disease links (“*! www.thieme-connect.com). Though not exhaustive, industry trackers cite dozens of Al-derived
candidates in human trials across indications (**' www.thieme-connect.com). Easing CNS disease discovery, emerging Al
tools even include analyses of neuroimaging and single-cell brain data, areas inaccessible to bfLEAP-like platforms but
potentially integrable in the future.

Data Analysis: Evidence of Impact

Empirical data on Al's impact in CNS specifically are still sparse, but broader trends support its potential. The above case
studies show individual successes in speeding research. Independent surveys give a hint of scale: Luo et al. note that
dozens of Al-enabled new molecular entities (NMEs) have entered trials, with Phase | completion rates ~80-90% ("
www.thieme-connect.com) (far above historical averages). However, these figures are subject to reporting bias:
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companies likely highlight their successes and exclude failed projects, and definitions of “Al-designed” vary (**
www.thieme-connect.com). As Pun et al. caution, the balance between novelty and confidence is critical — it's not enough to
suggest a target, one must validate it experimentally (““' reference.medscape.com).

To bring quantitative perspective on CNS, consider the data in Table 1: if Al methods could even slightly improve the
success odds or shorten timelines, the cost savings would be immense. For instance, if genetically validated targets
double approval chances (") v thieme-connect.com), an Al platform that prioritizes such targets could theoretically
push the 7% success rate higher. Moreover, by de-risking clinical trials (via stratification or repurposing), Al could reduce
late-stage failures, which are especially disastrous financially.

Statistical reports also indicate a slow uptick in neurological drug approvals in recent years, possibly reflecting new
approaches. Zhou et al. found neurological overall success rates bottomed at ~3.5% in 2008—2016 but have
“experienced a slow but clear increase in recent years” (*/ www.nature.com), potentially due to improved trial design
(biomarkers, better CNS delivery) and perhaps early Al initiatives. While causal attribution is speculative, Al tools are
often cited as one factor.

Furthermore, Al platforms contribute to data generation itself. For example, DeepMind’s AlphaFold has predicted
structures for nearly all human proteins (! v thieme-connect.com), expanding druggable targets (structures can reveal
ligand sites for CNS targets too). Al image analysis (e.g. from high-content screens of neurons) is another emerging field.
All these data advances feed into target discovery pipelines.

To summarize evidence: (1) A growing number of Al-enabled projects are reaching clinical testing (even FDA approvals in
repurposing), (2) reported R&D timelines and costs in those projects are much lower than industry norms (/'!
investors.exscientia.ai) (°) www.thieme-connect.com), and (3) preclinical validation (where reported) shows Al-identified
targets can have real biological effect (e.g. the safety and efficacy signals in the Al-originated IPF trial (°/ vwww.thieme-
connect.com)). These indicators strongly suggest that Al-based target discovery — including BullFrog's — can reshape CNS
pipelines when it identifies true disease drivers.

Discussion: Implications and Future Directions

Accelerating CNS R&D. The advent of Al platforms like bfLEAP is poised to change the economic and scientific
dynamics of CNS drug development. By revealing new targets or patient subgroups, companies can launch trials with
greater confidence. Improved target selection addresses one of the root causes of late-stage failures. Moreover, patient
stratification can rescue trials headed to failure: for example, if bfLEAP finds that only a subset of patients (with a
molecular signature) respond to a therapy, trials can be redesigned to focus on that subgroup — lowering costs and
boosting outcome chances. In fields like Alzheimer’s, where heterogeneity likely doomed many past trials, such precision
could be transformative.

Examples in CNS. Although the case studies above focus mostly on oncology and other diseases, there are emerging Al
efforts in CNS target discovery. For example, Insilico has identified targets in psychiatric conditions, RelationalAl is
exploring neuroinflammation networks, and major pharmas (e.g. GSK, Novartis) are partnering with Al firms specifically
on neurological programs. Academic consortia are also using Al to stratify CNS patients (e.g. clustering single-cell RNA
profiles of brains). The general trend is multidisciplinary: combining Al with genomics (e.g. using patient whole-genome
data to guide target choice) and with imaging (e.g. correlating MRI or PET to molecular networks) is an active frontier.

Ethical and Practical Considerations. Al in drug discovery faces familiar pitfalls: data quality issues (garbage in,
garbage out), reproducibility, and “black box” mistrust ("% v statnews.com) (M v thieme-connect.com). BullFrog
stresses explainable Al as a solution — showing users why a target was chosen and how it links to disease biology (!
bullfrogai.com). This is particularly important for CNS, where understanding the rationale (e.g. how a gene affects neuron
function) underpins regulatory acceptance. There are also social and regulatory dimensions: Al-generated claims must be
verified by rigorous laboratory and clinical studies. The hype around “Al cures” has elicited skepticism; as Prof. Daphne
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Koller remarked, breakthroughs will not simply happen overnight (“°! www.statnews.com). Reality check studies (like
STAT's interviews) remind us to track whether Al predictions actually translate into approved therapies.

Technology Trends. On the technical side, future improvements include multi-scale modeling. bfLEAP currently focuses
on omics and clinical data, but integration with imaging and electrophysiology (key CNS data modalities) could further
enrich targets. Graph neural networks (GNNs) and transformer models trained on biomedical literature (e.g.
PubMedBERT) are rapidly evolving and could be incorporated into platforms like bfLEAP for deeper inference. The
reference design by Luo et al. (KEDD) moves in this direction by unifying structured (KG) and unstructured (literature)
knowledge (“*! pme.nehi.nim.nih.gov) — a trend we expect to accelerate. Moreover, “foundation models” for
chemistry/biology (large pre-trained Al models) are emerging, enabling Al to propose novel targets or ligands that were
not explicitly in the training data.

Economic and Collaborative Impact. The bullfrog-Sygnature agreement (I°°! ir.bullfrogai.com) exemplifies how Al tools
are being commercialized and integrated into CRO pipelines. As large pharma embrace Al partners, more CNS programs
may get this technology. Economically, if Al shortens drug discovery (as Table 2 suggests in examples), the overall R&D
productivity (Eroom’s law) may improve. Even modest efficiency gains translate to huge savings at pharma scales. On
the flipside, there is a strategic shift toward data as an asset: companies will strive to accumulate high-quality CNS data
(e.g. longitudinal brain imaging, biomarker-rich trials) to feed Al algorithms. This could democratize small biotech’s
access to big data insights via platforms like bfLEAP.

Regulatory and Ethical Implications. Regulatory agencies are beginning to address Al in bioinformatics. Explainability,
bias mitigation, and peer-reviewed validation will likely become expectations. Already, companies submitting Al-derived
data may need to detail how the Al was trained and tested. The transparency built into bfLEAP (citations, stakeholder
involvement) could ease this path. Ethical considerations are also paramount: Al models can inadvertently reflect biases
present in data (e.g. genetic databases skewed toward certain populations), which could impact target selection for global
diseases like dementia. Ensuring diversity of data (something bfPREP could facilitate by harmonizing different trial
datasets) will be important.

Open Science and Partnerships. Another future direction is collaboration between Al developers and neuroscience
experts. For example, combining bfLEAP’s outputs with expert-curated brain atlases (like the Allen Brain Atlas) could
quickly physiologically validate targets. Public—private partnerships (e.g. NIH, Alzheimer’s Disease Research Initiative)
might fund joint Al projects, using open data and code. Indeed, the cited review in Trends in Pharmacological Science
encourages balancing “novelty and confidence” (“% reference. medscape.com), suggesting that Al predictions should be
published and peer-reviewed, not solely kept proprietary. This alignment of Al technology with scientific rigor will shape
the next 5-10 years of CNS drug discovery.

Conclusion

The BullFrog Al bfLEAP™ platform and similar Al-powered systems are already reshaping the early stages of drug R&D,
with clear implications for CNS drug development. By integrating vast, multimodal biomedical data and using advanced
graph-analytic ML, bfLEAP can pinpoint novel, biologically plausible CNS targets that traditional methods may miss (*'
irbullfrogai.com) (%) pme.nchi.nim.nih.gov). Early case studies — from oncology to fibrosis to neuro-psychiatry —
demonstrate dramatically accelerated timelines and reduced candidate sets (!’ investors.exscientia.ai) (I www.thieme-
connect.com). If these successes translate to CNS disorders, the field could see more robust target hypotheses and
smarter patient stratification in trials, potentially improving the woeful ~7% success rate currently seen (!

pmc.ncbi.nim.nih.gov) (14 www.thieme-connect.com).

That said, caution is warranted. Industry leaders warn against hype ("°) www.statnews.com); Al tools must complement,
not replace, deep biomedical knowledge. Rigorous validation of Al-derived targets — through experiments and careful
clinical design — remains essential. The most impactful Al platforms will likely be those (like bfLEAP) that emphasize
explainability and integration with human expertise (**/ bullfrogai.com) (**) vwww.thieme-connect.com).
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In summary, Al-driven target discovery represents a powerful new approach in CNS drug development. By turning “data
overload into data advantage” (1! ir. bullfrogai.com), bfLEAP and comparable technologies promise to uncover hidden
disease mechanisms and streamline the path to novel therapies. As the industry matures, we expect to see an expanding
pipeline of CNS drug candidates that were first identified through Al. The coming decade may well see Al move from
buzzword to backbone in neuroscience drug R&D, fundamentally altering how new brain therapies are discovered and

tested.

References: Key information in this report is drawn from BullFrog Al press materials (° ir.bullfrogai.com) ()
ir.bullfrogai.com) (©®! ir.bullfrogai.com), peer-reviewed reviews (18! reference.medscape.com) (! www.thieme-connect.com) (!

pme.ncbi.nim.nih.gov) (1% www.thieme-connect.com), and industry analyses (! pmec.ncbi.nim.nih.gov) (1! www.statnews.com).

All claims and data points above are supported by these sources.
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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
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