
Maximizing PTRS: Generative AI and Robotics 
for End-to-End Drug Discovery and Development

SCRI SYMPOSIUM, SINGAPORE, JULY, 2024

Alex Zhavoronkov, PhD
Founder and CEO
alex@insilico.com



Taipei
Hong Kong

Shanghai

Suzhou

Abu Dhabi

Montreal

New York

VALUES

RELENTLESS INNOVATION
TRANSPARENCY & INTEGRITY

PATIENT FIRST

HIGHEST QUALITY & REPRODUCIBILITY

A GLOBAL DEEP LEARNING-FIRST CLINICAL-STAGE 
GENERATIVE AI AND ROBOTICS COMPANY ESTABLISHED IN 2014
TO EXTEND HEALTHY PRODUCTIVE LONGEVITY FOR EVERYONE

INSILICO.COM

Boston



Insilico Commander
Multimodal 

Generative AI

Model OrchestraArmy of Agents 
and  AI Workers

01.Ai

Biologics

Biology

Claude
Insilico Data

MistralOpenAIQuantum
Computing

Robotics

Small Molecules

Web

Natural Products and Nutrition 

Insilico Employees

Reinforcement Learning From 
Expert Human Feedback 
(RLEHF)

Communities of 
Software Users

Drugs in Clinical Trials

Understanding of All 
Changes in Time

(aging)

Proprietary Usage 
and Validation Data

Insilico Generalist Generative AI Platform For Multimodal 
Multi-Industry Multi-Domain Learning

Software Tools

Drug
Discovery

Lubricants

New Energy 
Chemistry

New Materials

CO2 Capture 
and Recycling

Sustainable 
Agriculture

Sustainability



4
https://www.fastcompany.com/91034883/biotech-most-innovative-companies-2024

2024 Most Innovative 
Biotechnology Company Globally
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Pharma.AI Platform Drug Discovery Pipeline
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Some Internal Benchmarks at 
Insilico Medicine
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Started Internal Drug Discovery in 2019

• 18 Preclinical Candidates (PCC) Nominated
• 8 Human Clinical Trials
• 2 in Phase II
• Average Time to PCC is 13 Months
• Shortest Time to PCC – 9 Months
• Longest Time to PCC – 18 Months
• In 2022 Nominated 9 PCCs
• Annual Capacity ~ 12 PCCs
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Chemistry42: Generative Chemistry Platform

40+ Generative Models
500+ Predictive Models

Alchemistry – quantum chemistry platform

User Base: Pharma Companies (10 out of top 20)

Biology42: Disease Modeling, Target 
Discovery andIIndication Expansion Platform

60+ Target Discovery Philosophies
25+ AI Models

User Base: Biotechnology Companies, Pharma,  
Academics (thousands)
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Why End-to-End Drug Discovery 
and Development AI to Increase 

PTRS?



Why End-to-End Drug Discovery and Development AI?
• Click to edit Master text styles

– Second level
• Third level

– Fourth level
» Fifth level

* Modified from Paul et al, How to improve R&D productivity: the pharmaceutical industry's grand challenge. 
Nature Reviews Drug Discovery , 2010
** Based on interviews with the pharmaceutical industry executives

Development cost in 2010 
(after target discovery)

Target-to-hit Hit-to-lead Preclinical Phase I Phase II Phase III
Submission
to launch

Lead
optimization

Usually takes from months 
to decades, performed 
in academic institutions
 using government funds

Discovery Development Sales and marketing

Cycle time (years)

Cost per launch
(capitalized), $ Millions, 2010 data

80% 75%

1.0 1.5

$94 $166

85% 69%

2.0 1.0

$414 $150

54% 34%

1.5 2.5

$273 $319

70% 91%

2.5 1.5

$314 $48

Probability of Success %

Disease Hypothesis 
and Target 
Discovery**

$0-1000

$1.8B

1-10

1-5 %
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What Can Generative AI Do For You 
Today? 
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It Can Discover and Prioritize Protein 
Targets





ALS.AI

Apply Insilico AI-powered target discovery 
platform to search for novel targets and 
repurposed drugs for ALS

Our study exemplifies the full potential of 
PandaOmics for target discovery with in 
vivo validation

VALUE

OBJECTIVE

Twenty-eight potential therapeutic targets that 
participate in a wide range of well-characterized 
ALS mechanisms were identified. Among the 26 
proposed targets screened in the c9ALS 
Drosophila model, we verified 8 unreported 
genes whose perturbations strongly rescued eye 
neurodegeneration. 

RESULT
In collaboration with Answer ALS, Johns Hopkins University and Mayo Clinic

ALS.AI
Pun et al., Front Aging Neurosci, 2022.

https://als.ai/
https://www.frontiersin.org/articles/10.3389/fnagi.2022.914017/full
https://als.ai/
https://www.frontiersin.org/articles/10.3389/fnagi.2022.914017/full


Loss of 7 unreported fly orthologs, corresponding to 8 genes, 
strongly rescued (G4C2)30- mediated neurodegeneration in a c9ALS Drosophila model

Human gene 

9 out of 26 screened 
genes (34.6%) reached a 
score ≤ -3, indicating that 
the suppressions of 
these genes strongly 
rescue eye 
degeneration in the 
Drosophila model



4B Technologies just enrolled ~64 patients 
in a clinical trial

From discovery into patients in <1 year
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It Can Generate Compounds For 
Targets Without Crystal Structure 



1820

Pocket features from
target 3D structure

Ranking and 
Prioritization

Synthesis 
and Testing

CDK20
AlphaFold structure

Structure-based
Drug Discovery
(SBDD) Approach

全球首例利用AlphaFold预测蛋白结构生成先导化合物

首轮合成7个化合物即找到1
个有活性的先导化合物

为创新型靶点药物开发提供
全新解决方案路径



It Can Generate Compounds With 
The Desired Properties for a Broad 

Range of Targets



https://www.nature.com/articles/s42256-024-00843-5

Model Input Output Designtask Target Hit rate Outcome Publication year

Distribution learning

LSTMRNN146 SMILES SMILES Denovo RXR 4/5 (80%) nM agonist 2018

LSTMRNN147 SMILES SMILES Denovo RXR 2/4 (50%) μM agonist 2018

GraphGMVAE148 Graph SMILES Scaffold hopping JAK1 7/7 (100%) nM inhibitor 2021

LSTMRNN106 SMILES SMILES Denovo LXR 17/25 (68%) μM agonist 2021

LSTMRNN149 SMILES SMILES Denovo RORγ 3/3 (100%) μM agonist 2021

LSTMRNN150 SMILES SMILES Denovo FLT-3 1/1(100%) μM inhibitor 2022

GGNN GNN151 Graph Graph Fragment linking CDK8 9/43 (21%) nM inhibitor 2022

GRURNN152 SMILES SMILES Denovo Bacteria 0/1 (0%)a μM inhibitor 2022

BiRNN
encoder–decoder153

SMILES SMILES Denovo DDR1 2/2 (100%) nM inhibitor 2021

GRURNN154 SMILES SMILES Reaction-based
de novo

MERTK 15/17(88%) μM inhibitor 2022

LSTMRNN155 SMILES SMILES Denovo PI3Kγ 3/18 (17%) nM inhibitor 2023

Transformer156 SMILES SMILES Fragment linking TBK1 1/1(100%) nM inhibitor 2023

VAEand transformer157 SMILES SMILES Fragment
hopping/linking

CDK2 17/23 (74%)c nM inhibitor (MC)b 2023

LSTMRNN102 SMILES SMILES Denovo Nurr1γ 2/6 (33%) nM inhibitor 2023

Graph
transformer-LSTM
RNN158

Graph SMILES Denovo PPARγ 2/2 (100%) μM agonist 2023

Goaloriented

DNC159 SMILES SMILES Denovo Kinases 0d μM inhibitor 2018

AAE (conditional)160 SMILES SMILES Denovo JAK3 1/1(100%) μM inhibitor 2018

VAE19 SMILES SMILES Denovo DDR1 4/6 (67%) nM inhibitorb 2019

LSTMRNN108 SMILES SMILES De novo ligand
based

DDR1 4/6 (67%) nM inhibitor 2021

Stack-GRU RNN161 SMILES SMILES Denovo EGFR 4/15 (27%) nM inhibitor 2022

LSTMRNN
(conditional)107

SMILES SMILES Denovo RIPK1 4/8 (50%) nM inhibitorb 2022

Chemistry4220 Mixed Mixed De novo structure
based

CDK20 6/13 (46%)a nM inhibitor 2023

Chemistry42162 Mixed Mixed De novo structure
based

CDK8 1/1(100%) nM inhibitorb 2023

Chemistry42105 Mixed Mixed De novo structure
based (R-group)

SIK2 6/6 (100%) nM inhibitor 2023

VAE163 SMILES SMILES De novo structure
based

KOR 2/5 (40%) μM antagonist 2023

Chemistry42164 Mixed Mixed De novo structure
based

PHD enzymes 1/1(100%) nM inhibitorb 2024

GRU
RNN-transformer165

SMILES SMILES De novo activity
model

NLRP3 0e nM inhibitorb 2024

Transformer-
VAE
(conditional)166

Geometry-SMILES SMILES Denovo Tuberculosis ClpP 1/6 (17%)a μM inhibitor 2024

QC-LSTM
RNN-Chemistry42167

SMILES SMILES De novo structure
based

KRAS 1/12(8%)a μM inhibitor 2024

Graph transformer168 Graph Graph De novo activity
model

MGLL 1/3 (33%)a μM inhibitor 2024

Chemistry42169 Mixed Mixed Fragment linking Polθ 4/6 (67%) μM inhibitorb 2024

Chemistry42114,115 Mixed Mixed De novo structure
based

TNIK Unknownf nM inhibitorb 2024

Attention-convolution
layers170

Substructure vector SMILES Scaffold based Factor Xa Unknowng μM inhibitor 2024

Flow (conditional)171 Geometry Geometry Denovo HAT1and YTHDC1 0/2 and 0/3 (0%)a Both μM inhibitora 2024

Activity model
(MCTS)97

Variable Variable Reaction based Bacteria 6/58 (10%) μg inhibitorb 2024

Chemistry42172 Mixed Mixed De novo structure
based

KIF18A Unknownh nM inhibitorb 2024

Diffusion
(conditional)173

Geometry Geometry Lead optimization CDK2 7/7 (100%) nM inhibitor (MC) 2024

Review article https://doi.org/10.1038/s42256-024-00843-5

Table 4 | Experimentally validated small-molecule generative design case studies

Yuanqi Du 1,10        ,  Arian R. Jamasb 2,3,9,10       , Jeff Guo 4,5,10 ,

Tianfan Fu 6 , Charles Harris 3 , Yingheng Wang 1         ,

Chenru Duan 7             , Pietro Liò 3       , Philippe Schwaller 4,5              ,

Tom L. Blundell 8
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It Can Predict Outcomes of Some 
Clinical Trials and Help With Go-No-

Go Decisions and Clinical Trial 
Design



Multi-modal artificial intelligence 
platform for predicting and 
optimizing clinical trial 
outcomes



Platform capabilities

Get data-driven forecasts 
of clinical trial outcomes

23

*Validated for Phase 2 clinical trials

Explore and analyze clinical landscape 
for the given disease, therapeutic area

Score your trials, prioritize programs 
in early stages and optimize trial designs 
to improve probability of success 



Platform – approach

The InClinico platform scoring methods rely 
on the state-of-the-art ML models for multimodal 
assessment of clinical trial probability of success (PoS) 

24

Meta score ROC AUC - 88% 



Data

150k
trials

41k
drugs

22k
conditions

Comprehensive dataset
with extensive mappings on

multiple data sources
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Validation

Insilico models have been extensively back tested

Training data Validation data

1995 2017 2018 2021

We were able to correctly 
predict more than 80%
of phase 2 ⇨ phase 3 
transitions from 2018 to 2021

26



Meta score ROC AUC 

88% 

Quasi-Prospective Validation
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Quasi-Prospective Validation – First-in-class drugs
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ROC AUC Average precision

Overall First-in-class Overall First-in-class

Meta score 0.882 0.724 0.879 0.731

Target choice score 0.841 0.697 0.841 0.701

Trial design score 0.582 0.591 0.545 0.581



Integrated deep learned transcriptomic 
and structure-based predictor 
of clinical trials outcomes

December 29, 2016

Publications

Multimodal AI Engine for Clinical Trials 
Outcome Prediction: Prospective Case 
Study of Big Pharma for Q2 2020

April, 2020

Prospective forecasts for Novartis trials

Multimodal AI Engine for Clinical Trials 
Outcome Prediction: Prospective Case 
Study Summer 2020

June, 2020

Prospective forecasts for Roche trials

Multimodal AI Engine for Clinical Trials 
Outcome Prediction: Prospective Case 
Study H2 2022 -H2 2023

August, 2022

Prospective forecasts for small-cap and 
mid-cap pharma companies

2016 20232020 2022

Prediction of Clinical Trials Outcomes Based 
on Target Choice and Clinical Trial Design 
with Multi-Modal Artificial Intelligence
Analysis of prospective forecasts from August, 
2022 paper and 2020 Novartis trials paper

July 22, 2023

November 2022

1.0
Release

June 2023

1.1
Release

2019

Successful pilot with 
Big pharma company

2019

https://www.biorxiv.org/content/10.1101/095653v2
https://www.biorxiv.org/content/10.1101/095653v2
https://www.biorxiv.org/content/10.1101/095653v2
https://www.researchgate.net/publication/340449655_Multimodal_AI_Engine_for_Clinical_Trials_Outcome_Prediction_Prospective_Case_Study_of_Big_Pharma_for_Q2_2020
https://www.researchgate.net/publication/340449655_Multimodal_AI_Engine_for_Clinical_Trials_Outcome_Prediction_Prospective_Case_Study_of_Big_Pharma_for_Q2_2020
https://www.researchgate.net/publication/340449655_Multimodal_AI_Engine_for_Clinical_Trials_Outcome_Prediction_Prospective_Case_Study_of_Big_Pharma_for_Q2_2020
https://www.researchgate.net/publication/342354346_Multimodal_AI_Engine_for_Clinical_Trials_Outcome_Prediction_Prospective_Case_Study_Summer_2020
https://www.researchgate.net/publication/342354346_Multimodal_AI_Engine_for_Clinical_Trials_Outcome_Prediction_Prospective_Case_Study_Summer_2020
https://www.researchgate.net/publication/342354346_Multimodal_AI_Engine_for_Clinical_Trials_Outcome_Prediction_Prospective_Case_Study_Summer_2020
https://www.researchgate.net/publication/362606853_Multimodal_AI_Engine_for_Clinical_Trials_Outcome_Prediction_Prospective_Case_Study_H2_2022_-H2_2023
https://www.researchgate.net/publication/362606853_Multimodal_AI_Engine_for_Clinical_Trials_Outcome_Prediction_Prospective_Case_Study_H2_2022_-H2_2023
https://www.researchgate.net/publication/362606853_Multimodal_AI_Engine_for_Clinical_Trials_Outcome_Prediction_Prospective_Case_Study_H2_2022_-H2_2023
https://ascpt.onlinelibrary.wiley.com/doi/full/10.1002/cpt.3008
https://ascpt.onlinelibrary.wiley.com/doi/full/10.1002/cpt.3008
https://ascpt.onlinelibrary.wiley.com/doi/full/10.1002/cpt.3008
https://www.biorxiv.org/content/10.1101/095653v2
https://www.biorxiv.org/content/10.1101/095653v2
https://www.biorxiv.org/content/10.1101/095653v2
https://www.researchgate.net/publication/340449655_Multimodal_AI_Engine_for_Clinical_Trials_Outcome_Prediction_Prospective_Case_Study_of_Big_Pharma_for_Q2_2020
https://www.researchgate.net/publication/340449655_Multimodal_AI_Engine_for_Clinical_Trials_Outcome_Prediction_Prospective_Case_Study_of_Big_Pharma_for_Q2_2020
https://www.researchgate.net/publication/340449655_Multimodal_AI_Engine_for_Clinical_Trials_Outcome_Prediction_Prospective_Case_Study_of_Big_Pharma_for_Q2_2020
https://www.researchgate.net/publication/342354346_Multimodal_AI_Engine_for_Clinical_Trials_Outcome_Prediction_Prospective_Case_Study_Summer_2020
https://www.researchgate.net/publication/342354346_Multimodal_AI_Engine_for_Clinical_Trials_Outcome_Prediction_Prospective_Case_Study_Summer_2020
https://www.researchgate.net/publication/342354346_Multimodal_AI_Engine_for_Clinical_Trials_Outcome_Prediction_Prospective_Case_Study_Summer_2020
https://www.researchgate.net/publication/362606853_Multimodal_AI_Engine_for_Clinical_Trials_Outcome_Prediction_Prospective_Case_Study_H2_2022_-H2_2023
https://www.researchgate.net/publication/362606853_Multimodal_AI_Engine_for_Clinical_Trials_Outcome_Prediction_Prospective_Case_Study_H2_2022_-H2_2023
https://www.researchgate.net/publication/362606853_Multimodal_AI_Engine_for_Clinical_Trials_Outcome_Prediction_Prospective_Case_Study_H2_2022_-H2_2023
https://ascpt.onlinelibrary.wiley.com/doi/full/10.1002/cpt.3008
https://ascpt.onlinelibrary.wiley.com/doi/full/10.1002/cpt.3008
https://ascpt.onlinelibrary.wiley.com/doi/full/10.1002/cpt.3008




Prospective Validation – 2020 paper

Predict Publish Wait Compare Improve the Predictor

31



Prospective Validation – 2022 paper

Predict Publish Wait Compare Improve the Predictor
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Published forecasts for 40 ongoing clinical trials
19 predicted to succeed, 21 to fail    



Prospective Validation — Comparison of 
inClinico’s forecasts with actual trial outcomes
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Prospective Validation
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NCT ID Company 
Ticker Drug inClinico 

Meta-score
Readout

Date
Predicted 
Outcome Outcome Stock price, 

10.08.2022
Stock price, 
Report date

NCT04456998 GOSS Seralutinib 0.42 Q4 2022 Failure Failure* 13.62 2.36 (-83%)

NCT04257929 HRMY Pitolisant 0.27 H2 2022 Failure Success 52.44 59.26 (12%)

NCT04030026 TRVI Nalbuphine 0.37 Q3 2022 Failure Failure* 4.26 2.45 (-42%)

NCT04147858 APTX NYX-2925 0.09 Q3 2022 Failure Failure 0.69 0.41 (-40%)

NCT04148391 APTX NYX-458 0.35 Q1 2023 Failure Failure 0.69 0.19 (-72%)

NCT04519658 AZN Atuliflapon 0.57 H2 2022 Failure Failure - -

NCT05137002 CINC Baxdrostat 0.49 H2 2022 Success Failure 33.35 14.11 (-58%)

NCT03818256 CORT Miricorilant 0.42 Q4 2022 Failure Failure 27.7 21.38 (-22%)

NCT04524403 CORT Miricorlilant 0.42 Q4 2022 Failure Failure 27.7 21.38 (-22%)

NCT05193409 BNOX BNC210 0.56 Q4 2022 Success Failure 6.32 5.89 (-7%)

NCT04265651 BBIO Infigratinib 0.59 Q1 2023 Success Success 11.99 18.55 (+55%)

NCT04112199 BIVI Terlipressin 0.5 Q1 2023 Success Success 2.05 9.2 (+349%)

NCT04109313 NVS Remibrutinib 0.77 Q3 2022 Success Success - -

NCT03896152 NVS LNP029 0.79 Q2 2021 Success Success - -

* Gossamer Bio’s and Trevi Therapeutics’s clinical readouts were statistically significant and 
presented as positive, the “Failure” assumption is based on the investment community 
reception

11 out of 14 
outcomes (79%)  

Predicted correctly

Analysis is published 
in Clinical Pharmacology 
& Therapeutics

First-in-class drug 
for a rare disease

https://ascpt.onlinelibrary.wiley.com/doi/full/10.1002/cpt.3008
https://ascpt.onlinelibrary.wiley.com/doi/full/10.1002/cpt.3008
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9-month Mid-& Small-cap CBOE 
option-based portfolio time-
weighted return (TWR) – 35%

Prospective Validation

PPH - VanEck Pharmaceutical ETF
IHE - iShares US Pharmaceuticals ETF
PJP - Invesco Dynamic Pharmaceuticals ETF
XPH - SPDR S&P Pharmaceuticals ETF



De-black-boxing
Impact of Clinical Trial Design Features on the Forecast

Condition Anti-psychotic-induced 
weight gain

Target(s) NR3C1, NR3C2

Organization Corcept

NCT ID NCT03818256

Phase 2

Readout date December 8, 2022

Stock price change -22%
Trial design score 0.295
Actual outcome Failure
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From Pharma’s 
point of view

Identify the red flags of 
current and ongoing trials to 
make corrections before the 
first patient is enrolled

Prioritize clinical 
and preclinical 
programs

Identify what went 
wrong with past trials 

From an Investor’s 
point of view

Identify what companies 
or projects are likely 
to be successful

Correctly adjust NPV for risk and 
value to generate greater 
returns

Keep track of 
the competition

Common Use Cases
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Can We Use AI to Discover a Novel 
Target, Generate Compounds With 

Desired Properties, and Predict 
PTRS For A Commercial Clinical 

Program? 
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Ren, F., Aliper, A., Chen, J. et al. A small-molecule TNIK inhibitor targets fibrosis in preclinical and clinical 
models. Nat Biotechnol (2024). https://doi.org/10.1038/s41587-024-02143-0
Published: March 8, 2024
https://www.nature.com/articles/s41587-024-02143-0

https://doi.org/10.1038/s41587-024-02143-0
https://www.nature.com/articles/s41587-024-02143-0
https://doi.org/10.1038/s41587-024-02143-0
https://www.nature.com/articles/s41587-024-02143-0
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Thank You
Chat to this paper at 
papers.insilicogpt.com 

http://papers.insilicogpt.com/
http://papers.insilicogpt.com/
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Enhance Medical Capabilities

• Reduce experimental bias
• Target validation
• Target biology analysis
• Biomarker analysis
• Indication selection
• Combination strategy analysis

Automation

• Target selection
• Experimental design
• Experiment execution
• Data collection

Life Star 1 Robotics Lab

Phase out 
human 

intervention

Next-gen Robotics Lab Expanding Research Capabilities



Insilico Medicine Restricted (Level 3)

Right Biology

AI-driven Robotic Lab Has the Potential to Accelerate Early Stage Drug Discovery Process

• Biomarker and MoA 
study

• Indication: Large-scale 
cell panel sensitivity 
screening 

• Compound screening

• RNAi or CRISPR for 
target knock-down and 
knock-out

• Functional assays to 
confirm phenotype

• Chemistry42 generates 
lead molecules

• High-throughput hit 
compound screening 
in RoboLab for hits 
discovery

• Target-based, cell-based 
and organoid-based 
assays to evaluate 
activity of compounds

• ADME assays to assess 
compound druggability 

• PandaOmics predict 
novel targets

• RoboLab discovers 
novel targets by 4 
target ID platforms

Target Discovery Target Validation Lead Generation PCC Compound Preclinical &
Translational Research 

RoboLab RoboLab RoboLab RoboLab RoboLab

Right Target Right Molecule Right Patient

* For illustration purpose only
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Insilico Medicine Restricted (Level 3)

LARGEST INDUSTRY EVENT IN AGING RESEARCH 
UNIVERSITY OF COPENHAGEN, DENMARK

 agingpharma.org
AUGUST 26-30, 2024
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Thank You


