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Nature 2021: Autonomous Debating System
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Enhancing diagnostic capability with multi -agents
conversational (MAC) large language models
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disease biologl

A Input

Is p53 a suitable target for drug
development in acute myeloid
leukemia?

l

Thinking Template

Query: ps3..
|

SUB-QUERY 1: ... ....
‘» L GEO: ...profile...

target for AML?

E Limma: ...DEGs...

b~ SUB-QUERY 2
| KEGG: ... pathways ...
~ GSEA. ...function...

I 2
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Biomedical
Research Paper

Coordinator Agent

O [Disease Biology ]

>> What is the prognostic impact of TP53
mutations in acute myeloid leukemia (AML)
patients?

O [Fundamental Biology ]

>> How do these TP53 mutations dysregulate

key downstream pathways mediated by p53 in
AML?

QO [Pharmacology ]

>> Are there existing p53-targeting compounds
with demonstrated efficacy in AML preclinical

S_— models?

O [ Competitive Landscape ]

>> Which companies are advancing p53-
targeted therapies into clinical trials for AML?
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Planning Agent

STRING || Uniprot | - & o 12 >~
Ensered || NCSI UCSC T
v PubMed vee Gene pathways
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— Gene—
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Gene-disease assoclation

Target-disease assoclation

Reasoning Agent

g *--

¥--

Evidence O

Critic Agent

In acute myeloid leukemia blasts, p53 primarily
regulates apoplosis and cell cycle arrest

It activates the p21 (CDKN1A) pathway to induce
G1/S phase arrest and promotes apoptosis through
BAX and PUMA upregulation. @

Recent studies also show that pS3 directly activates
the PISK/AKT/mTOR pathway to enhance autophagy
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_

Level 1: Single-Question Resolution Self-Evolving

in AML cells......
| l

Level 2: Overall
Capability
Self-Evolving

4 3

C

& al

Expeimental Validation
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Output

Original Hypothesis

Hypothesis: The conformation-specific dimerization interface of mutant p53 in AML

represents a druggable allosteric target......

Plan: Validate the druggable allosteric target by disrupting it using interface-
targeting peptides, small molecules, or point mutations, and demonstrate functional

rescue and suppression of AML pathogenesis
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Input Robin System Output
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Target Disease Therapeutic
Name Candidates
—> Hypothesis Experimental >
o Generation Analysis
The scientist .
directs the system Robin propost_as top
by providing the 4 therapeutic
name of the s J candidates for the
: target disease.
disease to target. .
g hp[ Laboratory Experiments J—4
L S/ | A
b g ™ g R . ™
Hypothesis Generation Experimental Analysis
' ™~ s ™
Experimental Assay Selection ..“E’. Data Analysis
Robin first selects an experimental assay uEJ > Finch is called to conduct full
by conducting literature review with Crow ‘= bioinformatic analyses and visualizations
and generating assay proposals. 3 from raw experimental data.
J Ll>j \ J
v = !
e
' ™ E ' ™
Therapeutic Candidate Generation © Result Interpretation
[=]
Robin generates therapeutic candidates via > Qo Experimental insights are used to
scientific synthesis with Falcon literature S l generate more informed hypotheses
search and if provided, experimental results. 4-1-- ==1=" and follow-up assays, if needed.
L. S . J
L S/ (- ~ L o
c g r ~N ™
g Crow = Falcon gi%; Finch
The Crow agent conducts The Falcon agent conducts The Finch agent performs
concise literature reviews to deep literature reviews to autonomous analyses of
identify experimental generate a comprehensive experimental data to derive
strategies and therapeutic report to evaluate every insights for hypothesis
candidates. therapeutic candidate. generation.
| > . J




Biomni: A General -Purpose Biomedical Al Agent

a 25 subjects defined in biorxiv b An Al Agent Environment with
( Subject 25 Unified Biomedical Action Space
4 N\
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© Biomni

Are oncogenic pathways enriched among
differentially expressed genes in adata.h5ad?

o~ -
R p RNA
G0 Scanpy @ gseapy eee S [ CellxGene || GV | e e e . UCE
S — velocity

Reasoning

To answer the question:

[ ]Preprocess, cluster and identify differentially expressed genes.
[ ]Load oncogenic gene sets for comparison.

[ ] Perform enrichment analysis to check for oncogenic pathways.
[ 1Validate recnlte with literatiire and datahacec

import I as
from bi
import
tmport
import

DKK1, UGT1A, EEF1A1, RAC2, PTGDS, COL1A1, TIMP1, SPP1...

[] Preprocess, cluster and identify differentially expressed genes.
[ ]Load oncogenic gene sets for comparison...

enve
Load{open(data_dir + file))['genes'] ]Raw data

9]

Observation

Answer
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| have a list of potential variants for
disease X, prioritize the top variant for
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. GWAS causal gene detection

~\

| have a GWAS hit for trait XX, there are
genes XXX, XXX in the locus, which is
the most likely causal gene?
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| Patient gene prioritization /_\
| have a patient with phenotypes XXX, Genetics
XXX, and WGS returns gene mutations
XXX, what is the causal gene?
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LLM ReAct Biomni Biomni
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4] Rare disease diagnosis

| have a patient with phenotypes XXX,
XXX, and WGS returns gene mutations
XXX, what is the diagnosis?

X21 +19.4% +10.3%
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Accuracy (%)
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ReAct
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Alignment Score with EHR

Drug repurposing

| have a rare disease XX, among a list of
potential drugs, find the most likely one
for repurposing.
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W@%‘fq Perturbation screen design

Design a gene panel of 50 genes for my
CRISPR screen on T-cell exhaustion.
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ﬁ;f scRNA-seq cell annotation

Biomni

| have scRNA-seq data stored at XXXX,
annotate the cell type for me.
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| have microbiome raw data stored at

XXXX, analyze which taxa is associated
with the disease XXX.
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Overview of the Multi -Agent Al systems

OriGene

Robhin

Biomni

General Purpose

Discover novel therapeutic
targets using selévolving
reasoning templates

Automate closedoop
scientific discovery (lit. review
hypothesis generation,
experiment design and
analysis). Simulates entire lalf
team through multiagent
setup

General purpose biomedical
agent that plans and execute
biomedical tasks across 25
subfields, uses a codwmtive
reasoning engine that writes
and executes code for task
specific pipelines

Workflow Type Structured reasoning based ¢ Dynamic multagent Fully flexible, codealriven
curated template reasoning loop: literature workflows, adapts pipelines
(Crow), deep synthesis on-the-fly for diverse task
(Falson), data analysis (Finch types
Tool access 500+ biomedical databases, | Embedded LLMs that query | 150 specialized and curated

ontologies, and pathway tools
(ex: GEPIA, OpenTargets,
PubMed)

literature and prompt
engineer Finch. Literature
agents built off of PaperQA2
which accesses/retrieves
literature from local file
repositories

tools, 105 software packages
59 biomedical databases



Biological
Data

Genes
Proteins
Drugs
SNVs
Diseases

~
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Application
areas:

Tasks:

Organelle

|
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The New ErakullFBodyAl-Agent

Collaborative Al-Agents

Cell Tissue Organ Organ System
I I I I
[ J
N, s N ~Nal
\/ ~ g \/ N \/'\

=—

%

| —

Body System

¥ J
\ S

-Drug metabolism
and distribution
prediction

and physiological
processes

-Simulating
metabolic and
immune diseases
caused by systemic
signal imbalance

-

-Simulating immune
activation and inter
organ coordination
during pathogen
invasion

"

responses of other
systems when organ
dysfunction occurs

-Design and
optimize systemic
therapy

- )

( N\ [ N
Systema_tlc Systemat_lc5|gnal Systematic Systematic Systematlc
metabolic transduction and . . regeneration and

X - immune defense Interactions . .
regulation regulation repair functions

. N\ AN J AN J

-Cross organ [-Multi system signal\ /-Predicting the \ /-Simulate the \ /-Predicting multi \
metabolic network integration systemic impact of dynamic changes of level changes during
modeling L autoimmune diseases at the organ or tissue

- -Predicting cross diseases and systemic level repair processes
-Prediction of system transmission T
metabolic disorders of molecular signals mfiEmmEis -Predicting adaptive -Design and test the

functional
performance of
artificial organs in
the human body

To understand the complex
physiological and pathological
processes and to address the
complexity of human biology
through a unified, multievel
framework that bridges
molecular, cellular, tissue,
organ, and systemic dynamics.

The system emphasizes cross
level collaboration, enabling
the study of how molecular
changes cascade into cellular
behaviors, tissue responses,
organ functions, and systemic
outcomes.



Schematic of the Full

: Input data

The Full Body Al-Agent

-Body Al Agent for systemic human
biology analysis and therapeutic Insight generation

Generate hypothesis

Multi-omics; multi-modal - Multi biological scale perception = across multi biological scale
\!{ $ Rea:s:c}_'mng %
Full body scale outputs Result interpretation Task decomposition to basic agents
and understanding and iterative reasoning and analysis

B C Data Common D Workflow with example
: This's medical reports prompting : H i
cancer. To save me, please! I _ Format the input data to Preliminary analysis:
] P Unified Biomedical Action Space [ ] Data loading and preprocessing ...
[ 1 MRI indicates tumor occurrence and metastasis ...
. - Genes - = FPKM [ 1 H&E indicates the risk of immune escape ...
i = Q_; i Proteins ------- = PDB S [ 1 SNVs indicates high-risk mutations ...
= = 5 —I> Drugs ------- = IUPAC = [ 1 Carry out drug development ...
E 1 SNVs oo = WCF o [1-.-
E . q @D
: w / : HE&E --romeeeeeee = TIFF o Hypotheses:
4 - MR -oeeeeee = DICOM 2 [ 1 TP53 mutation leads to tumor development
Input data - and immune escape, and metastasis occurs
: Physiological index; 2 Tt through EMT; drug development ...
E P Genetic testing; 1 Data Perception LLM Reasoning:
; o pathological tissue; :

" Imaging examination;
Electronic medical record ...

Data common .
[ P t
H Data perception } areeption
Hypothesis generation
Task decomposition
Assigning tasks to basic agents

} Action

}Reasoning

Data analysis
Result generation

Y

This is the reason for your tumor metastasis,
and drugs should be developed in this way ...

-

=

The Full-Body Al-Agent!

The Full-Body Al-Agent perceives inputs
and formulates multi-level problems

Hypothesis Generation

Literature exploration;
Online knowledge base;
Pre-defined knowledge graph;
Simulated scientific debate ...

The Full-Body Al-Agent generates cross-scale
hypotheses integrating molecular
to systemic mechanisms

Task Decomposition

Full-Body Al-Agent decomposes
systemic problem to basic agents

Data Analysis
Basic agents process domain-specific data

FuII-Body Al-Agent integrates multi-level outputs
into unified system explanation :

[ 1 Basic Agents iteratively exchange cross-level
outputs until mechanism converges.

Tumor Metastasis

Cause Progress Treatment
Immune escape Local invasion R
(=2 therapy
=
=
1 =2 CAR T gell
o P -
0 ; o e P
o= Cancer cell EmMT C§noe1‘ cell
;
Mutation detection Prediction of EMT Tissue specific
cell differentiation sequence
Protein structure prediction optimization
- Molecule Al-Agent Cell Al-Agent Tissue Al-Agent
2 -
e ~
[=] % : g
<C \
tool 1 tool 2 tool n




Hierarchical reasoning framework of

:
Full -Body and basic Al Agents -

1 [ ] :
1 [ ] 1
1 [ L] 1
P \ ¥ r . ) :
E 1. Data [ 4. Data ana|y5is ] 5. Result Ei 1. Data Derceptlon - i
! perception integration | 11 Data from the Full Body Al Agent or other basic agents !
| 1 J Molecule Outpus T - 7 0] i
1 Al-Agent 1 =

: i: 2. Hypothesis generation @ i
' [ 2. Hypothesis | Organelle ' s |

) : o , e L ,
i generation Al-Agent = Ll utpus ” L Focusing on problems at one specific biological level LS i
[ ~ il © 1
Cell

E l Al-Agent — 7> Outpus H 3. Task decomposition g i
1

i 3. Task Tissue out E! Refining biological problems into executable tasks ) % E
i | decomposition Al-Agent wipas il P -
H b Srer " 4. Data analysis = !
1 — s 0 ] . i 1
i Al-Agent utpus E i Call computational tools for data analysis E i

A A
' Organ System Out n < !
! Al-Agent ' Lpas H ( 5. Result generation :
1 [ ] J— 1
; Body System Outpus i _ Generate specific biological level data and results i
: Al-Agent — ¥ :
i Reasoning by the Full Body Al Agent Ei Reasoning by the Basic Agent ;
e e e e e e e e e e e e e e e e e e e e e e e e e e e o o e o o o o o o o o o o I e e e e e e e e e e e e e e e e e e e e o o o e e o o o o o o o o e o o o 1
C LLMs provide automated scientific reasoning for agents
P g g

Data perception —» Hypothesis generation —» Task decomposition —» Data analysis with validation —» Result generation

Al Scientist; ResearchAgent; TxAgent; TK-LLM; TxGemma;

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
: 1

)
i SpatialAgent; Al Co-Scientist; ReAct; POPPER; Data-to-paper; i

1
1 1
1 1
H Coscientist; Fleming; PharmAgents; ClinicalAgent; DrugAgent; !
1 1
1 1
1 1
1 1
1 1



Data

!
4

modification

Protein
chemical
data

Small : .
Protein molecule el F’r{_)teln
: structure physicoche
sequence chemical .
data mical data
sequence
T 11 1

Molecule Al-Agent

“Application
functional

Task
refinement
and
execution

Protein
structure
prediction

|
|

KF’rediction of \

protein folding
patterns and three-
dimensional
structures from
sequence data

-Simulate changes
in protein
conformation

Molecular
docking

/—F’rediction of prmeinx

protein interactions

-Prediction of protein
complexes and
structures

-Prediction of protein
and small molecule
binding

-Prediction of and
nucleic acid binding

-Prediction of the
docking molecules

A\ /

based on protein
&onformaﬁon

Post translation
modification
analysis

/-Prediction of post-\
translational
modification sites

-Simulate and
predict the effects
of PTM on protein
structure, function,
and stability

-Design precision
therapeutic drugs
targeting the PTM
pathway

/

A8 )

———

Protein
functional
annotation

KAnnotations on the\

functional domains
of proteins

-Classification of
protein families

-Prediction of
enzyme activity

-Prediction of
binding affinity and
catalytic residues

-Prediction of
changes in protein

engineering

function caused by
ene mutations /

Drug design
and
\

-Protein-3D
structure prediction
-Binding site
prediction

-Guided molecule
generation
-ADMET

-Docking score
(Virtual screeing)
-MDS

-Similarity analysis
-Chemical synthesis
-Optimization of
biochemical assay




Data

Data
technology

Application
areas

Tasks

\
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, : , : Dru . Singlecell
Genomics Transcriptomics Proteomics : 9 Morphomics giece Al Tools
discovery analysis
_ l J I _ I J I _ l J I )
( - ( . ) -
DNA RNA Protein Molecular Morphologic scMult- §
sequence sequence sequence data al data omics data [ Al Models ] [ Model input J [ Model output
J
C N (O N\ [ N\ [ N [ N2
. . -SCRNAseq
-WGS ‘RNAseq -TMT{ITRAQ -Isotope -Microscopy _ScWGS
-WES STse -Spatial labelin imaging -SCATAC
-ATAGseq Rib q proteomics MS 9 -Fluorescence -CyTOF DeepMito Microscopy Morphological
-Riboseq "HRMS - staining 'ﬁ}'&%ﬁiﬁé”"' P imaging characteristics
8 J I J | J | J I J\ 2
T 1y v ¢
o o : ’ mtDNA ‘ Pathogenicity
[ M ItOChOhdI‘IEI' AI'Age nt ]_ [ MitoMap sequence score of variation]
MT celt
MT molecular L _ _ ROS probe
dependent features MT activities MT functions MT behaviours fluorescence oS p
. image generation
properties [ ROS Tracker and clearance
) ) rate
Time series
/-MT function \ /-mtDNA variation \ /-MT Energy \ /-Efficiency of \ K-MT fusion and \
prediction detection metabolism mitochondrial ATP fission dynamics
T e e MT mutation prediction generation prediction identification . — |
distribution pathogenicity -MT membrane -MT calcium ion -MT movement MitoTrace MT variations Cell lineage
prediction prediction components concentration patterns prediction
-MT lineage -Mitochondrial prediction prediction -Impact of
prediction protein structure -Neuronal activity -mtROS levels mitochondrial -
. prediction prediction prediction signaling on nuclear Microscopy
-MT heterogeneity gene expression imaging The effect of
prediction -Drug effects -Cell apoptosis -Multi omics data prediction MitoRelD
MT trans prediction prediction mining and ltore _drugs ar
- d.r?ns er Drug target functional modeling -Interaction between Drug treatment mitochondria
prediction i} d ru?f. ar?e S mitochondria and pairs
identification nucleusprediction




Data

Data
technology

Application
areas

Tasks

>

KConstruction of

intracellular metabolic

o

network

-The functional

adjustments of cells under

environmental changes

prediction

-Prediction of the
association between cells

and diseases

~

4

-Cell cycle prediction

-Cell differentiation
prediction

-Cell apoptosis and
autophagy prediction

-Inferring the spatial
distribution and
composition of cells

N

KCeII migration predictiorm

features

prediction

-Prediction of regulatory
relationships between
genes

-Cell variation detection

-Cell non genetics
variation detection

-Cell mutation
pathogenicity prediction

-Cell protein structure
prediction

(S

KCeII gene expression \

/

KCeII classification and \

functional prediction

-Prediction of gene
expression in different life
cycles of cells

-Prediction of cellular
functional subtypes

-Cell trajectory inference

A /

ﬂ:ross cell signal prediction\

-Prediction of the interaction
between cells and cell matrix

-Prediction of molecular
changes in intercellular
interactions

-Inferring ligand receptor
interactions between cells

S )

therapy

. . . . . . . Singlecell . . .
Genomics [ Transcriptomics ] Proteomics Epigenomics Morphomics gl . Spatial omics analy5|}
\ & J \ & J (& J \ & J ana ySIS \ &
e l A s I A e I ) s E ) I t A M h' | X | M “! X s l N
: igenetic orphologica scMultromics :
DNA sequence RNA sequence Protein sequence pigene P 9 Spatialdata
N J L J L ) modifications data data N )
g N [ N [ N [ N (O ) N\ [ N
-scRNAseq -AbSeq SCATAGeq :Sg\'fv"ggeq DNAFISH  -In-situ seq
-scDNAseq -CyTOF ] : L s -Stereeseq  -GeoMx
-snRNAseq -scHiC -Microscopy imaging -SCATAC ;
-scDNArseq -scMS . i -Slideseq -CODEX
-MeRIRseq -scChiRseq -Fluorescence staining CyTOF MERFISH  -SCOPE2
. -CITEseq -Singlecell FLIM = oy
-scRibeseq _REAPseq -Cut&Tag e VisiumHD  -MiP-seq
A8 AN | . : N RN ! L | L J
'l | ‘ g
[ Cell Al-Agent ]
. . Cell molecular : . . Cellular diagnosis an
Cell function Cell behaviours Cellular heterogeneity Cellular interactions 9 ﬂ

KDiscovery of disease \

biomarkers

-Prediction of drug
reactions in cells

-Optimization of cellular
molecules

-Cell therapy optimization
-Disease prediction

-Immune escape prediction

N J




Data

l

Genomics Transcriptomics Proteomics Epigenomics Morphomics Slngle-gell spatal OHtes
analysis analysis

_ y -AbSeq _ y -Microscopy -scRNA-seq
-scDNA-seq e -CyTOF SoATACsed || imaging _SCWGS
-scDNAm-seq q -scMS -Fluorescence -scATAC

-MeRIP-seq -scChlP-seq .

_scRibo-seq -CITE-seq -Cut&Tag staining -CyTOF

-REAP-seq -H&E imagin -scFLIM -Visium HD
| — = . |
Py ! ‘g

Tissue Al-Agent
e | e e

Application

dareas

l

Task
refinement
and
execution

Tissue diagnosis
and therapy

-DNA FISH
-Stereo-seq
-Slide-seq
-MERFISH

: : Tissue Tissue molecular Tissue
Tissue function ; ;
behaviours features heterogeneity

/-Identify ti;sue- \ KPrediction of \

specific molecular heterogeneity in
markers different regions of an
organization, including
cell types, metabolic
activity, and molecular
distribution

-Prediction of the
spatial stratification and
distribution of

\ / K / \ / Qrganizational functions/ \ /

KSimuIate functional \

dynamics within an
organization

KPrediction of the \

dynamic behavior of
an organization

KPrediction of drug \

response to specific
tissues

-Prediction of
molecular changes
in organizations

-Prediction of cell
migration,
proliferation, and
apoptosis within
tissues

-Predicting the
impact of different
environments on
organizational
function

-Optimizing tissue
engineering and
regenerative
medicine solutions
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. , , . : : Single-cell Spatial omics
Genomics | Transcriptomics | Proteomics || Physiology Morphomics gie-c P :
D t 5 be L analysis analysis
5 : . : 4 T : e l
DNA RNA Protein Physiological || Morphological scMulti- Spatial data
_ Sequence sequence _ Sequence data data omics data g
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i Organ Al-Agent
|
f Organ Organ Organ . Drug response
Application func?tion pathophgysiology molegcular Sliul o lisue angd toxFi)city
: : heterogeneity interactions .
areas modeling analysis features analysis
l /-Simulate and \ /-Dynamic \ /-Identifying \ /-Heterogeneity in\ /-Building a \ /-Prediction of the\
predict the changes of organ specific different regions, communication effects of drugs
TaSk functional status simulator marker genes including cell network between on specific
. of a single organ specific diseases Molectilar types, metabolic organizations organs
refl nement ungedr_ healthc)j/ -Prediction of the characteristics actllwty,land -Simulate signal -Optimizing organ
a nd £ d'tl's e causes of organ under gfote.gut?r transmission engineering and
SORCRIONS dysfunction pathological SHDLIHOR between regenerative
1 -Simulate and progression -Prediction of the organizations medicine
exeCUtlon predict the prediction spatial solutions
impact of the s@rat_lﬁcqtlon and -Simulating the
environment on distribution of adapiat
. . ptation
organ function organizational process of
functions transplanted
\ / \ / N 4 \ / \ / organs in the host
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Whole-System [ Physiological ] Multi-Omics Anatomyv data " Electronic Medical
_Imaging data | dalta ] daita ) L Iy )| Record (EMR)
|
Data 4 ) : e D Thi s D
-MRI izt “GWAS IEGEE -Population statistics;
-Heart rate, -Density, ; -
“oU -Respiratory rate Sl -Mechanical AP
-PET Druas -WGS roperties -Clinical records
N Y, o \ J \prop | 7 J

i

Application
areas

l

Task
refinement
and
execution

!

Organ SysfemrAl-Agent

|
|

U

J

- /\

\_ J

Multi-organ . Multi-organ

functional Slgpal. pathological
o transmission
coordination cascades
/-Building ) /—_Prediction of the\ /-Simulate the N

functional propagation path dynamic

related of cellular signals process of

networks for between multiple disease

multiple organs spreading

organs -Analyzing how from one

-Prediction of signal imbalance 2:92:;0 Slils

how multiple between organs g

organ triggers

dysfunction pathological

can lead to cascade effects

systemic

diseases

Multi-organ
damage and
repair

a

-Simulating \
the process of
Cross organ
compensation
and repair

after organ

injury

Multi-organ
metabolic
networks

Multi-organ Multi-organ
biomechanical
interactions drugs

responses Df}

metabolic flow
and balance
network among
multiple organs

-Prediction of
the flow and
changes of
metabolites in
multiple organs

/-Constructing a \ (.

U

-Analyze the ) /-Optimize
impact of inter multi organ
organ treatment
interactions plan
e -Prediction of
performance the multi
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Al Generative Models for Drug Desig

Pipeline
of drug
development

Main tasks

Al-powered
applications

Target identification

New target

» Multi-omics data analysis

» Biological network
construction and analysis

» Literature and real-word
data mining

» Knowledge graph
construction

» Target validation

Drug discovery

Discovery of active
compounds
(hits/leads)

Lead optimization
for drug candidates

CMC

« Virtual screening

« Prediction of ligand-
receptor interaction

» Molecular generation

+ ADMET prediction

« Lead optimization

« Synthesis route
planning

« Automated synthesis

Preclinical

studies (animal) (human)

Biomarker discovery

DMPK evaluation

Safety evaluation
Pharmacodynamics evaluation

Medication scheme

+ Diagnostic, predictive and prognostic
biomarkers

» Pharmacometrics property prediction

+ Clinical trial success prediction

» Prediction of drug side effects

« Digital Twins in clinical trial design

+ Drug repurposing

» Regulatory approval support

Clinical trials

Approval/launch
New drug
!
\ S

Post-market
surveillance

Evaluating or
monitoring

- Therapeutic efficacy
- Side effect

- Drug stability

- Medication plan

Failure analysis

Counterfeit analysis

Rl

+ Personalized efficacy assessment

« Personalizing patient care

» Early detection of safety issues

» Automated adverse event reporting

« Continuous safety monitoring

» Drug benefit-risk assessment

» Enhancing pharmacovigilance compliance

Zhang, et. Al., Al in Drug Development, Nature Medicine, 2025
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A Proposed the Full-Body Al-Agent framework, a multi-agent architecture
designed to model human biology from molecular to whole-organism
scales.

A Unlike existing biomedical Al systems confined to discrete tasks or
domains, the framework integrates seven biologically grounded agents
under a central coordination layer, enabling iterative, bidirectional
reasoning across scales.

A By unifying multi-omics, imaging, physiological, and clinical data, the
system constructs dynamic, system-wide mechanistic models that bridge
molecular discovery with systemic simulation.

A Demonstrated in applications such as systemic disease modeling and
drug development, the approach offers a coherent computational
paradigm to reduce translational gaps, enhance predictive accuracy, and
accelerate the development of safe and effective therapies.
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