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Autonomous systems that generate scientific hypotheses, conduct experiments, and draft manuscripts
have recently emerged as a promising paradigm for accelerating discovery. However, existing “Al
Scientists” remain largely domain-agnostic, limiting their applicability to clinical medicine, where
research is required to be grounded in medical evidence with specialized data modalities. In this work, we
introduce Medical Al Scientist, the first autonomous research framework tailored to clinical autonomous
research. It generates clinically grounded ideas by transforming surveyed literature into actionable
evidence through a clinician-engineer co-reasoning mechanism, which improves the traceability of
generated research ideas. The Medical Al scientist further introduces evidence-grounded manuscript
drafting guided by a structured medical writing paradigm and ethical policies. The framework operates
under 3 research modes, namely paper-based reproduction, literature-inspired innovation, and task-
driven exploration, corresponding to distinct levels of medical scientific autonomy. Comprehensive
evaluations by both large language models and human experts demonstrate that the ideas generated by
the Medical AI Scientist are of substantially higher quality than those produced by commercial LLMs
across 171 cases, covering 19 clinical tasks, and 6 data modalities. Meanwhile, our system achieves
strong alignment between the proposed method and its implementation, while also demonstrating
significantly higher success rates in executable experiments. Double-blind evaluations by human experts
and the Stanford Agentic Reviewer suggest that the generated manuscripts approach MICCAI-level
quality, while consistently surpassing those from ISBI and BIBM. The proposed Medical AI Scientist
highlights the potential of leveraging Al for autonomous scientific discovery in healthcare.

1. Introduction

Recent years have witnessed rapid advances in artificial intelligence for healthcare, with increasingly
capable models achieving state-of-the-art performance across disease diagnosis [1-4], medical image
analysis [5-7] and clinical outcome prediction [8-10]. In parallel, large language models [11-16]
have made substantial progress in language understanding, reasoning and code generation, enabling
the emergence of tool-augmented and multi-agent systems [17-25] that extend beyond narrow task
execution. Together, these developments have catalyzed the rise of autonomous research frameworks,
often referred to as Al Scientists [26-29], which seek to automate the scientific workflow from
hypothesis generation and experimental design to result interpretation and manuscript preparation,
promising to accelerate scientific innovation [30]. These Al Scientist systems have shown promise in
accelerating research in domains such as mathematics, chemistry and general machine learning, where
problem formulations, data representations and evaluation protocols are relatively standardized.

Medical Al represents one of the most consequential domains for such systems, given its direct
implications for patient outcomes, diagnostic reliability and healthcare efficiency. As medical datasets,
analytical methodologies and scientific literature continue to grow at an unprecedented pace, the
throughput of human-driven research has become an increasingly critical bottleneck [31-34]. This
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widening gap highlights the urgent need for autonomous scientific systems that are explicitly designed
to operate within the epistemic, operational, and ethical constraints inherent to clinical medicine.

However, extending these autonomous research paradigms to medical field remains challenging.
First, existing Al Scientists focus on model modifications or generic optimization strategies, ignoring
medical related priors, such as basic diagnostic workflows and disease-specific pathological patterns.
Moreover, their retrieval and reasoning processes frequently lack sufficient constraints to reliably
identify authoritative medical reasoning evidence, which will lead to models with superficial perfor-
mance metrics but fail to capture clinically relevant patterns. Secondly, the heterogeneous and high
dimensional nature of medical data, including three dimensional and anisotropic structures, together
with specialized evaluation standards, poses challenges to the reliable and fair experimentation
execution. Thirdly, the provenance of medical data and the clarity of ethical statements are central to
the credibility, reproducibility, and clinical translation of research findings, yet current autonomous
research systems largely overlook these requirements and fail to produce manuscripts that adhere to
clinical writing frameworks and ethical standards.

Here we present Medical Al Scientist, an agentic framework for end-to-end medical Al discovery
and development, as shown in Fig. 1a. The system comprises three key components: Idea Proposer,
Experimental Executor, and Manuscript Composer, which together support the fully autonomous
research lifecycle. The Idea Proposer leverages structured literature retrieval and analysis to iden-
tify clinical prior and then adapts the most suitable emerging technical models to medical tasks.
A clinician—engineer co-reasoning mechanism is incorporated into the idea generation process to
explicitly ground each hypothesis in verifiable evidence and mitigate hallucinations. The automated
experimental executor orchestrates a reliable validation pipeline by unifying general-purpose exe-
cution toolchains with domain-specific medical toolboxes tailored to heterogeneous and complex
clinical data formats, enabling iterative and self-correcting deep model development. A hierarchi-
cal Manuscript Composer transforms research outputs into coherent and evidence-grounded drafts
through a structured medical writing paradigm with enhanced narrative logic and readability. It also
embeds ethical review mechanisms that explicitly document data usage in compliance with medical
publication policies.

To address the absence of standardized evaluation protocols for automated medical research
systems, we introduce Med-Al Bench (Fig. 1b). This benchmark comprises 171 high-quality evaluation
cases, organized around 19 distinct research tasks spanning 6 common medical data modalities.
For each task, we selected 3 representative papers of varying difficulty (easy, medium, hard) and
constructed 3 evaluation cases with different input modes. This design provides a systematic and
unified framework for both qualitative and quantitative assessment of automated medical research
systems across the full research pipeline.

As presented in Fig. 1c, we first evaluate research idea generation using both large language models
and human experts (Fig. 2), showing that the Medical Al Scientist consistently surpasses commercial
language models across six dimensions, including novelty, maturity, ethicality, generalizability, utility,
and interpretability. We then assess experimental execution, where the system exhibits strong
alignment between proposed methods and their implementations, together with substantially higher
success rates in producing executable experiments (Fig. 4). Finally, under double blind evaluation
(Fig. 1d, 5b & ¢), 10 independent domain experts assess generated manuscripts alongside high quality
human authored studies from leading venues such as MICCAI, ISBI, and BIBM, while all submissions
were further reviewed using the Stanford Agentic Reviewer under ICLR-aligned criteria (Fig. 5a).
The generated manuscripts achieve a mean score of 4.60 + 0.56 and remain competitive across
key dimensions including novelty, reproducibility, coherence, and clarity, with only a modest gap in
coverage. Qualitative feedback further indicates strong practical relevance and clear presentation with
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Figure 1 j a, System work ow: fully-automated multi-agents system for end-to-end scienti ¢ discovery
in clinical medicine. b, Med-Al Bench: visualization depicting 19 distinct medical research tasks
within performance benchmarking. ¢, Experimental setup: comparative evaluation across ldea gener-
ation, execution and full paper compilation in the research lifecycle. d, Performance benchmarking:
comparable manuscript quality to representative works from leading venues under double blind
evaluation.
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limited critical weaknesses. Moreover, one manuscript generated by our system has been accepted by
the International Conference on Al Scientists (ICAIS 2025 [35]) after peer review. Together, these
results suggest that automated systems can speed up complex methodological designs, highlighting
their potential to signi cantly enhance the e ciency of medical Al research.

2. Results

2.1. Building universal medical research by systematic LLM Agent

The Medical Al Scientist provides di erent levels of autonomous academic research modes: Paper-
based Reproduction, Literature-inspired Innovation, and Task-driven Exploration. These modes are
designed to accommodate users ranging from early stage PhD-level researchers entering a medical Al
task to domain experts seeking e cient and highly automated solutions for open ended problems.
The Reproduction mode follows explicitly de ned research instructions derived from target papers and
focuses on the faithful implementation of established methods. An ethical gatekeeping mechanism is
incorporated to prevent harmful implementations. Instead of relying on explicit method speci cations,
the Innovation mode identi es research gaps and generates hypotheses based on xed references
and datasets. Evaluation emphasizes originality and methodological completeness, supported by
a clinician engineer co-reasoning mechanism and multi-dimensional assessment. The Exploration
mode further targets problem driven discovery in real-world settings. Starting from a single user
de ned question, the system conducts literature mining, selects and integrates paradigms, generates
solutions, and performs experimental veri cation.

To enable a rigorous and domain-spanning assessment of the Medical Al Scientist, we constructed
Med-Al Bench, a benchmark grounded in peer-reviewed medical Al literature and expert-annotated
references. Med-Al Bench is deliberately organized to re ect the breadth of contemporary medical Al
research, covering six data modalities and nineteen representative tasks that span the full spectrum
from low-level perception to high-level clinical reasoning (Fig. 1b). Speci cally, medical images-related
tasks cover core problems in visual understanding and analysis, including classi cation B6 38],
segmentation [39 41], prognosis [42 44], registration [ 45 47], and restoration [ 48 50]. Video-
centric tasks encompass instrument detection b1 53], restoration [ 54 56], work ow recognition[ 57
59], intraoperative risk assessment [60 62], and postoperative skill assessment p3 65]. Structured
electronic health record data support tasks in risk prediction [66 68] and clinical decision support [ 69
71], while physiological signal data are used for diagnosis [72 74] and prognosis [75 77]. Text-
based clinical reasoning is evaluated through report summarization [78 80], diagnosis and risk
assessment 81 83], and biomedical question answering [84 86]. Finally, multimodal tasks assess
the system's ability to integrate heterogeneous data sources for multimodal diagnosis §7 89] and
cross-modal report generation [90 92].

For each task, we retrieve three papers from Google Scholar, which serve as a structured ground
truth for benchmarking di erent levels of scienti ¢ reasoning and execution. Each paper was evaluated
across ve dimensions, including code availability, venue quality, citations, year, complexity, and
subjective human rating, and then ranked and assigned to one of three di culty tiers per task.
Using this benchmark, we evaluate the Medical Al Scientist across the complete research lifecycle,
including idea generation, experimental execution, and manuscript compilation. Collectively, Med-Al
Bench functions as a standardized and reproducible framework for assessing autonomous medical Al
researchers under realistic, multi-modal, and clinically relevant research conditions.
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2.2. Comprehensive evaluation of idea generation

The Idea Generation module is designed to address two central challenges in Al assisted research
ideation. The rst concerns the generation of novel hypotheses from unstructured resources without

a speci c direction, as in the Innovation mode. The second concerns the need to ensure that these
hypotheses remain clinically relevant and technically feasible, which is emphasized in the Exploration
mode. We guantitatively evaluated the quality of model-generated research ideas against two
commercial LLMs (e.g., GPT-5, Gemini-2.5-Pro), using both LLM-as-judge metrics and blinded human
assessments, with evaluations conducted across six criteria commonly adopted in medical Al research,
including novelty, maturity, ethicality, generalizability, utility, and interpretability.

As shown in Fig. 2 a, the Medical Al Scientist consistently outperforms the baselines across six
dimensions of idea quality. For novelty and maturity, it achieves higher scores in innovation (4.07 vs.
3.00 and 3.12 in literature-based; 4.07 vs. 3.42 and 3.05 in open-ended) and maturity (4.61 and
4.74 vs. 3.58 for the baselines). For technical reliability, it also leads in robustness (3.44 and 3.56 vs.

3.19) and interpretability (3.83 and 3.81 vs.  3.42). Finally, for practical and ethical suitability, the
system obtains stronger utility (3.56 and 3.61 vs. 3.44) and ethicality (3.39 and 3.64 vs. 3.05),
indicating that the generated ideas are not only more innovative but also more clinically grounded
and deployable.

In the human expert assessment (Fig. 2 b), our method consistently achieves the highest scores in
technical innovation (4.40 + 0.49 and 4.32 + 0.47) and maturity (4.65 + 0.48 and 4.68 + 0.47),
substantially outperforming GPT-5 and Gemini-2.5-Pro, while also exhibiting lower variance. This
advantage extends to ethicality (up to 4.39 + 0.63) and robustness (3.90 * 0.61), where competing
models remain below 3.50 on average, indicating more stable and reliable hypothesis generation.
Notably, improvements in utility and interpretability are more moderate (e.g., 3.93 + 0.53 and 3.81
+ 0.63 in Innovation mode), suggesting that gains in novelty and rigor are accompanied by only
incremental advances in practical clarity. Highlighted by human evaluators' observations (Fig. 2
c), our method produces more consistently innovative and mature research ideas, with stronger
alignment to clinical relevance and clearer experimental grounding than competing approaches. In
contrast, baseline models tend to generate more incremental and less coherent hypotheses, often
with higher variability and weaker integration into realistic research work ows.

As illustrated in Fig. 3, this case study compares the idea generation results of our method
with those of commercial LLMs under the Innovation mode. All models operate under identical
inputs, including the same task description, reference papers, and dataset speci cation, ensuring a
fair comparison. While commercial models produce reasonable designs, their formulations remain
relatively generic and lack strong domain grounding. Their outputs often resemble incremental
extensions of prior work, with limited justi cation from a medical perspective. In contrast, the proposed
method incorporates both medical and engineering evidence into the ideation process, informing
model design and learning objectives. This leads to a more concrete and clinically meaningful
formulation, re ected in the richer and more explicit set of equations. Consequently, the Medical Al
Scientist demonstrates greater implementation detail and improved conceptual novelty, as its designs
are guided by disease-related priors rather than abstract extensions of existing approaches.

2.3. Analysis of experimental implementation

2.3.1. Implementation completeness

Translating a conceptual research hypothesis into executable code requires preserving methodological
coherence between the idea and its technical realization. To evaluate this capability, we systematically
examined the extent to which nalized research plans were faithfully instantiated in downstream
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Figure 2 j Medical Al Scientist surpasses commercial LLMs in idea generation under combined LLM-
based and blinded human evaluation. Models generated research ideas that were anonymized and
assessed by three independent experts using a ve point scale. a, LLM based evaluation of idea quality.
b, Quantitative human assessment across six evaluation criteria. ¢, Qualitative human analysis of
strengths and limitations relative to commercial LLMs.
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Figure 3 j Example of idea generation comparison between Medical Al Scientist and commercial LLMs
in the Literature-inspired Innovation Mode.
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Figure 4 j Comparative evaluation of Medical Al Scientist frameworks against commercial LLMs in terms
of implementation completeness and experimental success rate. a, Implementation completeness was
assessed on a ve point scale ranging from 1 to 5. Model generated outputs were anonymized and
independently evaluated by two LLM-based judges. b, Experimental success rate measured through
guantitative human evaluation.

implementations. As summarized in Fig. 4 a, we quanti ed experimental success by jointly assessing
algorithm delity and pipeline integrity, re ecting whether the proposed methodological components
were both present and functionally integrated within the resulting codebase. Across all three ex-
perimental modes, our Medical Al Scientist consistently achieved the highest mean scores for both
indicators, along with the lowest or near-lowest standard deviations. In open-ended innovation mode,
it reached 3.72 + 0.52 and 4.09 + 0.47, respectively, matching GPT-5-Pro while substantially outper-
forming Gemini-2.5-Pro (2.84 + 0.67 and 3.18 + 0.94). The advantage grew clearer in replication
mode (3.84 £ 0.49 and 4.30 = 0.62) and literature-based innovation mode (3.67 = 0.54 and 4.12

+ 0.46), where our system not only scored highest but also showed the most stable performance.
The results show that the system's structured re nement process, which couples systematic retrieval
from the literature and code repositories with iterative clinician engineer deliberation, grounds
each proposed idea in accessible methodological and technical resources. This integration ensures
that nalized research plans are not only scienti cally coherent but also practically implementable,
with su cient technical and evidential grounding to enable reliable translation into executable and
methodologically faithful code.
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