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Abstract

The past decade has witnessed an unprecedented acceleration in the capabilities of artificial
intelligence (Al), catalyzing a paradigm shift in medicine. This special article synthesizes a series of
recent investigations across three key evolutionary stages of this transformation. First, it analyzes the
transition from static structural biology to dynamic molecular simulation, driven by an ecosystem of
models such as AlphaFold, which predicts protein structure; AlphaFold 3 and AlphaMissense, which
interpret molecular interactions and genomic variants, and the Isomorphic Drug Design Engine
(IsoDDE). This ecosystem, further complemented by the emergence of World Models, is redefining
rational drug discovery and ushering in the era of computational oncology. Second, the article explores
the “agentic shift,” in which Al evolves from a passive analytical tool into a proactive, semi-
autonomous collaborator. The rise of multi-agent Al systems, orchestrated through frameworks such
as the Model Context Protocol (MCP), promises to reshape clinical workflows, from multidisciplinary
tumor boards to adaptive radiotherapy planning. Finally, it addresses the profound ethical,
philosophical, and regulatory implications of this progress. In particular, it examines the future of
medical work, the philosophical debate surrounding consciousness and subjective experience in Al, and
the urgent need to establish clear legal and ethical frameworks, as illustrated by the evolving regulatory
landscape in Argentina. This synthesis offers a comprehensive perspective on the trajectory of Al in
medicine, from the atomic precision of molecular modeling to the collaborative complexity of agentic
systems and the humanistic challenges that lie ahead.

Keywords: Artificial Intelligence; Computational Oncology;, Multi-Agent Systems; Medical Ethics;
Drug Design,; World Models.

Introduction

Artificial intelligence (Al) has ceased to be a futuristic promise and has become a transformative force in the
present of medicine. Over the course of the last decade, we have witnessed a rapid evolution that has taken Al
from the interpretation of images and tabular data to the ability to predict the three-dimensional structure of
biological macromolecules, simulate their dynamic behavior, and, more recently, function as a proactive
collaborator in complex clinical decision-making. The magnitude of this transformation is illustrated by the
exponential growth in Al-based medical devices authorized by the FDA, which surpassed 1000 cumulative
approvals in 2024 [1], and by the inclusion of the first predictive Al tool in oncology clinical practice

guidelines [2].
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This special article summarizes a series of recent works that trace this evolutionary trajectory and argues that
we are currently undergoing a transition on three major fronts: (1) the leap from static structural modeling to
dynamic simulation for rational drug design, (2) the emergence of multi-agent Al systems that are redefining
human-machine collaboration in the clinical environment, and (3) the rise of unavoidable ethical,
philosophical, and regulatory questions regarding the future of medical work and the nature of intelligence

itself.

From Structure to Dynamics: The Al Ecosystem for Drug Discovery

The inflection point in modern computational biology came with AlphaFold 2, a deep-learning system capable
of predicting the three-dimensional structure of proteins from their amino acid sequences with near-
experimental accuracy [3]. This achievement, recognized with the 2024 Nobel Prize in Chemistry, solved a
more than fifty-year-old scientific challenge and generated a public database containing predicted structures
for more than 200 million proteins [4]. Yet this structural representation—analogous to a molecular “snapshot”
frozen in time—omits the fundamental dimension of protein dynamics: conformational fluctuations, transition

states, and allosteric movements that are critical for biological function and drug interaction.

Precision oncology, in particular, has long faced the barrier of so-called “undruggable” therapeutic targets,
such as oncogenic mutations in KRAS, p53, or MYC, often because of the absence of well-defined binding
cavities in their static state. The solution to this impasse is now emerging from an integrated Al ecosystem

that overcomes the limitations of static modeling.

AlphaFold 3 extended the capabilities of its predecessor by modeling not only isolated proteins but also
molecular complexes that include nucleic acids, ligands, and ions, thereby providing a more realistic view of
the biomolecular environment [5]. In parallel, AlphaMissense made it possible to classify the pathogenicity of
nearly all possible missense variants across the human proteome, providing a genome-scale tool for the
interpretation of variants of uncertain clinical significance [6]. More recently, the drug design engine
developed by Isomorphic Labs (IsoDDE) represented a qualitative advance by going beyond structural
prediction alone. [soDDE doubles the accuracy of AlphaFold 3 in predicting out-of-distribution protein—ligand
structures, outperforms physics-based benchmark methods (such as FEP+) in predicting binding affinity, and
identifies cryptic binding pockets—including novel allosteric sites in cereblon—using only the amino acid
sequence as input [7]. Crucially, IsoDDE models “induced fit” phenomena, in which the protein changes its
conformation to accommodate the ligand, suggesting the emergence of implicit world models within

molecular prediction.
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The next conceptual frontier is the explicit adoption of “World Models”—a paradigm originally proposed by
Ha and Schmidhuber [8] and further expanded in architectures such as Genie by Google DeepMind and JEPA
by Meta Al [9,10]—to learn the dynamic rules that govern the evolution of a biological system. Applied to
molecular dynamics, these models promise not merely to predict a final structure, but to simulate the
conformational trajectory of a protein in response to a stimulus such as drug binding or a point mutation. This
opens the door to the rational design of allosteric modulators and to the creation of therapies directed against

intrinsically disordered proteins, marking the true dawn of computational oncology [11,12].

The Emergence of Multi-Agent Systems in Clinical Practice

If the first phase of the Al revolution in medicine focused on data analysis and pattern classification, the
current phase is defined by the capacity for autonomous action. We are witnessing an “agentic shift,” in which
Al is moving from being a passive tool that responds to queries to becoming an active, semi-autonomous
teammate capable of planning, executing sequences of tasks, and using external tools [13,14]. This transition
is being enabled by the convergence of large language models (LLMs) with agentic frameworks and

interoperability protocols.

A key catalyst of this convergence is the Model Context Protocol (MCP), an open standard introduced by
Anthropic in November 2024 that provides a universal interface through which AI models can connect to
external data sources and software tools [15]. Rapidly adopted by OpenAl, Google DeepMind, and Microsoft,
MCP addresses the combinatorial integration problem of linking multiple models to multiple tools, thereby

providing the infrastructure required for multi-agent systems.

Rather than relying on a single monolithic model, multi-agent Al systems consist of multiple specialized
agents that collaborate to solve complex problems. In oncology, this has transformative implications that have
already begun to materialize. Ferber et al. showed that an autonomous GPT-4-based clinical agent, integrated
with computational pathology tools, radiologic segmentation systems, and oncology knowledge bases,
improved clinical decision accuracy from 30.3% (standalone model) to 87.2% (integrated agentic system)
across 20 multimodal oncology cases [16]. Similarly, recent reviews in Nature Reviews Cancer and Federal
Practitioner have thoroughly documented how Al agents are emerging in oncology research and clinical
practice, from autonomous drug design to the proposal of therapeutic strategies based on the integration of

multi-omic data [13,17].

A multi-agent system could, for example, orchestrate the workflow of a multidisciplinary tumor board, in
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which one agent retrieves and synthesizes the patient’s medical history, another analyzes radiologic images
using segmentation models, a third interprets genomic and pharmacogenomic data, and an “orchestrator” agent
integrates the information to present a structured summary and evidence-based recommendations to the
medical team. Microsoft has already developed a prototype agent orchestrator for oncology management
(Healthcare Agent Orchestrator) that integrates multimodal pathology, radiology, and clinical-data models

into tumor-board workflows [18].

This agentic capability is already demonstrating clinical value in radiation oncology. Auto-segmentation of
organs and tumors through deep learning—one of the most mature Al applications in this field—dramatically
reduces planning times from hours to minutes, with a consistency that matches or exceeds interobserver
variability among specialists [19,20]. Predictive Al, such as the ArteraAl platform, is already being used to
personalize treatment in prostate cancer and is the first Al-based test incorporated into the NCCN guidelines,
with level IB evidence [2,21]. Integrating these components into an agentic system would enable real-time
adaptive radiotherapy by adjusting treatment plans on the basis of the patient’s daily anatomic changes

detected on verification imaging.

For regions such as Latin America, which face a substantial shortage of radiotherapy equipment and
specialized personnel—with fewer than half the linear accelerators recommended by the World Health
Organization—agentic Al represents a singular opportunity to democratize access to high-quality cancer care

by reducing dependence on specialist availability at each step of the workflow [22].

The Future of Medical Work: Ethical, Philosophical, and Regulatory Considerations

The exponential advance of Al compels us to confront fundamental questions about our profession, our role
as physicians, and the very nature of intelligence itself. As Al models expand their competence from the
domain of language (logos) into visual perception, planning, and interaction with the physical world—what
some have called “spatial intelligence” and “embodied intelligence”—the debate on consciousness and

subjective experience in machines becomes unavoidable [23,24].

From a philosophical perspective, even if an Al were to achieve superhuman competence across all cognitive
and procedural tasks in medicine, it might still lack subjective experience. The concept of the “philosophical
zombie,” articulated by Chalmers in his formulation of the “hard problem of consciousness,” raises the
theoretical possibility of a system that is functionally indistinguishable from a conscious being yet entirely

devoid of qualia, the subjective qualities of experience [25]. This distinction is critical in medicine. An LLM
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can process the term “cancer pain” and access the full relevant literature on its pathophysiology,
pharmacology, and management, but it does not “understand”—in the phenomenological sense—the suffering

that such pain entails. In Nagel’s terms, there is no “what it is like” of pain within its processing [26].

Accordingly, although Al will increasingly assume responsibility for the analysis of massive datasets and the
execution of standardized procedures, the physician’s irreplaceable role will reside in the domain of shared
experience: empathy, situated ethical judgment, the communication of uncertainty, and the capacity to make
sense of illness together with the patient. The physician-patient relationship—as an encounter between two
subjectivities—remains an irreducibly human territory, at least within current computational architectures.

This new paradigm also requires a robust and updated regulatory framework. Globally, the FDA has
authorized more than 1000 Al-based medical devices, predominantly in radiology, yet without specific
legislation for agentic systems that make sequential decisions [1]. In Europe, the European Union’s Artificial
Intelligence Act (Al Act), which entered into force in 2024, classifies Al systems in health care as “high risk”

and establishes requirements for transparency, human oversight, and conformity assessment [27].

In Argentina, ANMAT has begun to address this need by classifying Software as a Medical Device (SaMD),
including Al-based systems, and subjecting them to an approval process based on risk classification according
to the guidelines of the International Medical Device Regulators Forum (IMDRF) [28]. In 2019, the first Al
software for clinical use in Latin America (Entelai Pic, for neuroimaging) was approved, and more recently
Al tools for breast cancer detection have also received ANMAT authorization [29]. However, substantial
uncertainty remains regarding legal liability in the event of error by an autonomous Al system, particularly in
the context of agentic systems that execute chains of decisions. It is imperative that Argentina and the region
develop specific legislation establishing a clear liability framework, mechanisms for algorithmic auditing, and

training programs for health professionals so that these tools can be used safely, ethically, and effectively.

Key Points
Current knowledge: Al in medicine has progressed from the analysis of tabular data and the classification of
images to the prediction of static molecular structures and assistance in specific tasks such as medical-image

segmentation.

Contribution of this article: This paper synthesizes the recent evolution of Al in medicine across three
interconnected fronts: (1) the transition from static models to dynamic models and integrated drug design

engines (the AlphaFold-IsoDDE—-World Models ecosystem), which inaugurate computational oncology; (2)
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the emergence of multi-agent systems that, orchestrated through protocols such as MCP, act as semi-
autonomous clinical collaborators with growing evidence of efficacy; and (3) the ethical, philosophical, and
regulatory challenges—from the problem of consciousness to the need for specific legal frameworks—that

define the future role of the physician in an era of advanced artificial intelligence.
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