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1. Executive Summary

Drug discovery is a resource-intensive and high-attrition process, increasingly challenged by the scale,
heterogeneity of biomedical data. While general-purpose Al tools offer limited task-level support, they
lack the domain alignment, persistent reasoning, and interpretability required for reproducible
scientific and regulatory workflows.

RxAgentAi addresses these limitations through a domain-centric agentic Al platform that integrates
autonomous reasoning, evidence retrieval, and tool-assisted analysis within a “human expert-in-the-
loop” framework. By supporting Target Product Profile (TPP) driven program design, structured
competitive intelligence assessment, and early hypothesis de-risking, RxAgentAi enables consistent
and evidence-based decision-making across drug discovery programs.
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Figure. 1: Drug approvals and R&D expenditure over the last few decades. The absolute values of R&D
spendings incline much steeper than the number of approved drugs (Reshuffling the global R&D deck, 1980-
2050.) 10.1371/journal.pone.0213801))

2. Al in Drug Discovery: The Shift Toward Agentic Systems

2.1 Evolution of Al Paradigms in Life Sciences

Drug discovery increasingly depends on the ability to integrate and reason over large volumes of
heterogeneous biomedical data across iterative, multi-step research workflows. While recent advances
in generative Al have improved access to unstructured information, conventional large language model-
based interfaces remain reactive, lack persistent context, and provide limited evidence traceability,
placing significant cognitive and validation burden on researchers. More critically, general-purpose Al
systems often fall short in domain alignment, interpretability, regulatory readiness, and data security—
constraints that limit their applicability in high-stakes scientific and regulated environments.

These limitations highlight the need for agentic Al systems that combine domain-specific reasoning,
autonomous task orchestration, transparent evidence grounding with human-in-the-loop oversight,
enabling reproducible, auditable, and decision-ready intelligence across the drug discovery and
development lifecycle.

3. RxAgentAi: A Purpose-Built Agentic Al Platform for Life
Sciences

RxAgentAi employs a domain-specialized, multi-agent architecture that accelerates scientific decision-
making through embedded biological knowledge, curated data integration, and transparent,
interpretable outputs.


https://doi.org/10.1371/journal.pone.0213801

3.1 Domain-Specialized Agent Architecture

RxAgentAi coordinates multiple expert agents, each dedicated to a core domain of biomedical

research

¢ Disease Agent — Evaluates disease mechanisms,
pathways, biomarkers, and epidemiology.

¢ Target Agent — assesses gene/protein functions,
druggability, validation evidence, and safety
considerations.

¢ Drug Agent — analyzes mechanisms, clinical data,
safety profiles, PK/PD insights, and repurposing
opportunities.

e Competitive Intelligence (ClI) Agent — maps
markets, competitors, pipelines, and regulatory
pathways.
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Figure. 3.1.1: Multi-agent architecture of RxAgentAi
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Figure 3.1.2: RxAgentAi platform - multi agent architecture

3.2 Context-Aware, Evidence-Grounded Outputs

RxAgentAi generates context-aware outputs by integrating peer-reviewed literature, curated biomedical
databases, and standardized ontologies. All analytical conclusions are explicitly supported by traceable
evidence, enabling scientific rigor, reproducibility, and audit trails across research workflows. The
platform performs automated ingestion and structured extraction from publications, patents, and
clinical trial registries, generating evidence-linked entities,

downstream scientific analysis.

relationships,

and summaries for
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Figure. 3.2.1: Query output generated by RxAgentAi
3.3 One-Click Scientific Report Generation

RxAgentAi enables automated generation of structured scientific reports, consolidating analytical
outputs into evidence-linked documents with traceable citations, structured tables, and contextual
summaries for reproducible downstream use. These reports can be exported in standardized, shareable
formats.

The platform generates disease, target, drug, and competitive intelligence reports, as well as multi-
agent synthesis in which specialized agents collaboratively generate cohesive outputs aligned with
user-defined research objectives.
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Figure. 3.3.1: Report generation module of RxAgentAi. Different filters can be applied to generate customized
reports based on user-defined criteria.

3.4 Built for Scientists with Human-in-the-Loop design

RxAgentAi is desighed to align with the way life sciences researchers formulate hypotheses, evaluate
evidence, and reason across complex and sometimes contradictory data. The platform’s agents employ



domain-specific reasoning patterns to autonomously retrieve, analyze and synthesize information from
scientific literature, curated databases, and proprietary knowledge sources, producing outputs in
scientifically appropriate language. The user interface is intuitive and accessible to life sciences
professionals, requiring no programming or technical expertise.

To ensure trust, transparency, and scientific rigor, RxAgentAi has implemented human-in-the-loop by
design. Review checkpoints allow users to inspect intermediate reasoning steps, verify source
references, and refine queries or outputs as needed. Rather than operating as a black box, the platform
functions as a collaborative scientific co-pilot that adapts to user workflows while preserving
interpretability and auditability. In addition, users may engage subject matter experts through the
platform for tailored support on complex or domain-specific research questions.

3.5 RxAgentAi’s response to challenges in Al Adoption in Drug
Discovery Research:

RxAgentAi was not only built to accelerate science—it was designed with compliance, transparency,
and trust at its core. Here's how it directly addresses the common blockers to Al adoption:

Enterprise-Grade Security & Privacy

e Full support for private deployments, including on-premises or VPC-hosted instances

e Robust access controls, audit logging, and role-based permissions

e Fine-grained controls over which data leaves the system—ensuring sensitive research and
clinical data stay secure

Explainability, Traceability & Compliance Readiness

e OQutputs are traceable to its source, with inline citations and rationale

o Transparent agent logs provide a full audit trail of reasoning steps

e Customizable templates and workflows to meet specific regulatory or internal documentation
standards

In addition, RxAgentAi’s inherent knowledge grounded approach provides ability to connect with other
verifiable sources of information, decreasing its chances of hallucinations and improving overall
reliability and accuracy of the output analyses.

4. Technical Foundation of RxAgentAi

RxAgentAi is built on a modular, scalable architecture designed for the complexity of life sciences
research workflows. The platform supports agentic reasoning, multimodal data access, and dynamic
workload orchestration while maintaining enterprise-grade security, performance, and flexibility. Its
composable intelligence stack enables independent evolution of models, agents, data layers, and
infrastructure in response to advancing scientific and regulatory requirements.

At its core, RxAgentAi employs a model-agnostic intelligence layer that dynamically routes tasks across
multiple large language models based on domain relevance, task complexity, and performance
considerations. Scientific rigor is ensured through a hybrid retrieval-augmented generation (RAG)
framework that that leverages industry-standard large language models and grounds outputs in curated
biomedical evidence drawn from structured and unstructured sources, improving accuracy,
interpretability, and reproducibility.

Reasoning is further supported by multi-agent orchestration with persistent memory, enabling
specialized agents to collaborate across literature analysis, biological pathway interpretation, chemical
similarity assessment, and competitive intelligence. Integrated connectivity to public and proprietary
biomedical data sources ensures outputs remain biologically and clinically relevant across
heterogeneous data modalities.



Engineering Stack and Deployment
The system leverages:

e Python and the Agno framework for agent design

e High performance Python based service layer for robust REST services

o Event driven messaging backbone for asynchronous orchestration

e Popular structural and relational database for memory, indexing, and metadata management

¢ Modern, component driven web interface frontend optimized for scientific workflows
The platform supports secure VPC deployment with autoscaling, CI/CD pipelines, RBAC, and
encryption across data layers

5. Benchmarking RxAgentAi

RxAgentAi is specifically engineered for life sciences applications. In benchmark evaluations against
leading large language models, RxAgentAi consistently demonstrated superior performance in accuracy,
analytical depth, and response completeness, providing a purpose-built platform for biomedical and
pharmaceutical research

5.1 Best-in-Class Biomedical Accuracy

In a head-to-head evaluation across 188 domain-specific questions, RxAgentAi achieved an accuracy
of 97.34%, outperforming even flagship models like GPT-40 (94.68%) and O3 variants.

Model Accuracy (%) Correct Answers (out of 188)

RxAgentAi 97.34 183

Other Al models * (91.5-94.7) (172 -178)
*GPT-40, O3-Mini-Medium, GPT-40-Mini, O3-Mini-High, O3-Mini-Low

5.2 Comprehensive and Context-Rich Outputs

In comparative evaluations, RxAgentAi generated responses that were approximately 3-5 times more
detailed than those of other Al models, reflecting deeper contextualization, multi-step reasoning, and
more comprehensive synthesis of scientific evidence.

Model Average Response Length

RxAgentAi 2060.07 characters

Other Al models* (428.59 - 615.44)
*GPT-40, O3-Mini-Medium, GPT-40-Mini, O3-Mini-High, O3-Mini-Low

6. Real-World Applications/Case Studies

RxAgentAi has demonstrated measurable impact across multiple client engagements, significantly
reducing research timelines and operational burden.

6.1 Target identification in Disease (rare/non-rare)

Case study: RxAgentAi-Enabled Acceleration in Rare Disease Target Identification

Project Objective: Utility of |e Integrated genetic, multi-omics, e ~20% acceleration in data
RxAgentAi in disease clinical, and patent data using collection and analysis
characterization for a rare RxAgentAl Disease and Target Agents workflows

disease discovery program. o Reduction in disease and

landscape assessment



e |dentified disease-associated timelines from 3-4 months

pathways and evaluated evidence for to <3 weeks

established and emerging targets e Lowerresearch costs by
e Prioritized biomarkers and eliminating prolonged

contextualized insights from manual curation

discontinued clinical programs

6.2 Drug design and optimization

Case study: Accelerating Oral Drug Discovery in Cardio Metabolic Disease: From Biology to
Validated Small Molecule Candidates

Objective: To support the e Applied ML models and multidisciplinary e Delivered multiple validated

client’s cardio-metabolic expert review to design, assess, and| oralsmall molecule candidates
drug discovery program by prioritize drug-like molecules with strong aligned with client’s pipeline.
generating oral, small binding potential, synthetic feasibility, and e By combining strategic
molecule drug candidates as| medicinal chemistry quality. consulting and Al-driven
next-generation alternatives e Designed and executed purpose-built in- molecular design platforms, we
to injectable peptide vitro assays to confirm target engagement| significantly accelerated
therapies. and functional activity discovery timelines and

e Designed early in-vivo pharmacology| reduced early-stage risk

studies

6.3 Competitive Intelligence (Cl)

Case Study: Enabling Strategic Market Intelligence for Rapid AMR Diagnostics

Project Objective: e Generated a structured market e Timeline reduced from 3-4
Leverage competitive intelligence report from clinical, weeks to 10 days.
intelligence to inform go-to- competitive, regulatory, and funding e Resource efficiency
data using Cl module of RxAgentAi improved, completing the

market strategy and identify

high-impact opportunities Mapped unmet needs, market gaps, analysis with one full-time
and benchmarked competing AST equivalent instead of two
for an ultra-rapid AST technologies FTEs
platformin the AMR ¢ |dentified regulatory pathways, funding | e Actionable insights to guide
diagnostics landscape. mechanisms, and key stakeholders prototype validation,
across target geographies stakeholder engagement,

and commercial positioning

7. Future Directions

RxAgentAi is positioned for continued evolution across several dimensions:

e Multi-agent integration combining genomics, clinical data, chemical structures, and real-

world evidence.

o Federated learning frameworks that enhance modelintelligence while preserving data privacy.
e Cross-agent collaboration enabling agents to solve interconnected scientific questions in

parallel.

o Expansion into chemistry workflows including synthesis planning, reaction optimization, and

yield prediction.



These advancements will deepen RxAgentAi’s utility across discovery, development, and translational
medicine.

8. Collaboration Opportunities

With the launch of RxAgentAi, we invite collaboration with pharmaceutical and biotech organizations
seeking to enhance efficiency, reduce risk, and accelerate discovery. Pilot opportunities across target
discovery, preclinical research, and competitive intelligence allow organizations to evaluate the
platform’s capabilities while shaping future features. RxAgentAi is designed to evolve alongside
scientific needs, and we welcome co-development with industry partners to advance the next
generation of intelligent drug development.

9. References

Reshuffling the global R&D deck, 1980-2050.10.1371/journal.pone.0213801.PMID: 30925151

(Current and Future Challenges in Modern Drug Discovery, PMID:32016883

(Opportunities and Challenges for Drug Development: Public—Private Partnerships, Adaptive Designs and
Big Data, Doi: 10.3389/fphar.2016.00461)

Generative Al: a generation-defining shift for biopharma regulatory affairs, (70.7038/d41573-025-00089-
9)

Hybrid natural language processing for high-performance patent and literature mining in IBM Watson for
Drug Discovery, DOI:10.1147/JRD.2018.2888975

Rise of generative & agentic Al in life sciences

Artificial intelligence in drug discovery and development (PMID:33099022)

Artificialintelligence in cancer target identification and drug discovery (Doi: 10.1038/s41392-022-00994-
0)

Al-powered therapeutic target discovery (Doi: 10.1016/j.tips.2023.06.010))

Artificial intelligence in pharmaceutical regulatory affairs (Doi: 10.1016/j.drudis.2023.103700)
(https://www.rbccm.com/en/gib/healthcare/episode/the_healthcare_data_explosion).
(https://pharmalifescience.com/news/technology/ai-leverages-unstructured-data-to-accelerate-drug-
development
(https://analytx.com.my/2025/01/08/deloitte-builds-drug-discovery-pipelines-with-generative-ai-in-a-
few-clicks/).
(https://www.grandviewresearch.com/industry-analysis/artificial-intelligence-drug-discovery-market).
(https://pmc.ncbi.nlm.nih.gov/articles/PMC10850402/,
https://pmc.nchi.nlm.nih.gov/articles/PMC11240179/).
(https://www.appliedclinicaltrialsonline.com/view/new-insights-on-the-impact-of-ai-enabled-
solutions).

(https://arxiv.org/pdf/2406.12108
https://pdaisrael.co.il/wp-content/uploads/2025/06/4-Iris-Shamir-GSAP-Al-regulations-PDA-
13FEB2025.pdf
https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/artificial-intelligence-drug-
development

https://www.elliottdavis.com/insights/the-rising-cost-of-a-healthcare-data-breach,
https://www.healthcaredive.com/news/healthcare-data-breach-costs-2024-ibm-ponemon-
institute/722958/, https://allegrow.com/healthcare-data-breach-cost/



http://pubmed.ncbi.nlm.nih.gov/30925151/
https://pubmed.ncbi.nlm.nih.gov/32016883/
https://doi.org/10.3389/fphar.2016.00461
https://doi.org/10.3389/fphar.2016.00461
https://www.nature.com/articles/d41573-025-00089-9
https://www.nature.com/articles/d41573-025-00089-9
http://dx.doi.org/10.1147/JRD.2018.2888975
http://dx.doi.org/10.1147/JRD.2018.2888975
https://pubmed.ncbi.nlm.nih.gov/33099022/
https://www.nature.com/articles/s41392-022-00994-0
https://www.nature.com/articles/s41392-022-00994-0
https://doi.org/10.1016/j.tips.2023.06.010
https://doi.org/10.1016/j.drudis.2023.103700
https://www.rbccm.com/en/gib/healthcare/episode/the_healthcare_data_explosion
https://pharmalifescience.com/news/technology/ai-leverages-unstructured-data-to-accelerate-drug-development
https://pharmalifescience.com/news/technology/ai-leverages-unstructured-data-to-accelerate-drug-development
https://analytx.com.my/2025/01/08/deloitte-builds-drug-discovery-pipelines-with-generative-ai-in-a-few-clicks/
https://analytx.com.my/2025/01/08/deloitte-builds-drug-discovery-pipelines-with-generative-ai-in-a-few-clicks/
https://www.grandviewresearch.com/industry-analysis/artificial-intelligence-drug-discovery-market
https://pmc.ncbi.nlm.nih.gov/articles/PMC10850402/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11240179/
https://www.appliedclinicaltrialsonline.com/view/new-insights-on-the-impact-of-ai-enabled-solutions
https://www.appliedclinicaltrialsonline.com/view/new-insights-on-the-impact-of-ai-enabled-solutions
https://arxiv.org/pdf/2406.12108
https://pdaisrael.co.il/wp-content/uploads/2025/06/4-Iris-Shamir-GSAP-AI-regulations-PDA-13FEB2025.pdf
https://pdaisrael.co.il/wp-content/uploads/2025/06/4-Iris-Shamir-GSAP-AI-regulations-PDA-13FEB2025.pdf
https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/artificial-intelligence-drug-development
https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/artificial-intelligence-drug-development
https://www.elliottdavis.com/insights/the-rising-cost-of-a-healthcare-data-breach
https://www.healthcaredive.com/news/healthcare-data-breach-costs-2024-ibm-ponemon-institute/722958/
https://www.healthcaredive.com/news/healthcare-data-breach-costs-2024-ibm-ponemon-institute/722958/
https://allegrow.com/healthcare-data-breach-cost/

