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Current drug discovery: long, costly, high failure
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Is there a better way to get medicines to patients?

Target

Lengthy in-vitro 
and in-vivo 

experiments; 
Synthesis 

bottlenecks

• 33% of total cost of medicine development
• Clinical success only ~12%, indicating poor translation in patients

Source: http://www.nature.com/nrd/journal/v9/n3/pdf/nrd3078.pdf

Human clinical 
trials

Screen millions 
of functional 
molecules to 
inform design

Lead 
Discovery

1.5 yrs

Lead Optimization
3 yrs

Preclinical
1.5 yrs

Design, make, & test 
1000s of new 

molecules 
Sequential 

evaluation and 
optimization

6 years
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Drug discovery, 
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High performance 
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+  others 
pending 
including

A consortium building an integrated precompetitive platform 
Accelerating Therapeutics for Opportunities in Medicine



The ATOM Platform
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Active Learning Drug Discovery Framework

Working 
Compound 

Library

Retrain property 
prediction models

Design Criteria

Human-relevant 
assays, complex 
in vitro models

Chemistry 
Design & 
Synthesis

Experiment

Molecular 
Feature

Simulations

Efficacy

Safety

PK

Developability

Multi-level 
models

Systems 
models

Property Prediction Pipeline

Multi-Parameter 
Optimization Loop

Simulation

Active learning 
decides if/when a simulation 
or experiment is needed to 
improve or validate models

Generative 
Molecular Design
proposes new molecules 

with optimized properties 
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Components of the ATOM platform

Data

Prediction

Experiment

Active Learning
Proof-of-
Concept / 

Pilot Projects 
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Data

Prediction

Experiment

Active Learning
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Example data from 2 million GSK compounds in ATOM

Source # Compounds Specific Data Insights

Post-candidate selection programs no 
longer of interest to GSK

500 • In vitro and in vivo results (see below)
• ~100 compounds with anonymized human clinical data

Unique compounds synthesized in 
lead optimization over last 17 years

515 k • Structure-activity relationships with learnings on protein 
target pocket

Retired High Throughput Screening 
(HTS) compounds 

1 M • in vitro assays against diverse protein targets and 
physicochemical properties

Commercially available compounds in 
current HTS collection

420K • in vitro assay data gained over the past ten years for a 
diversity of protein targets

Above data sets include, as available:
• in vitro enzyme and cell-based assay screening data against 
• physicochemical experimental and calculated properties
• ex vivo ADME data
• in vivo pharmacokinetic, toxicokinetic, and animal safety data 
• protein ligand crystal structures



ATOM has curated ~150 
model-ready data sets

GSK Pharmacokinetic Datasets

Data Set MOE 3D Descriptors Compounds

GSK √ √ 1.86M

ChEMBL √ √ 1.6M

Enamine √ √ 680M

1 10 100 1,000 10,000 100,000

PPB - experimental

PPB - high throughput

Blood_to_Plasma

Hepatic Clearance

MicrosomalClearance

InVivo_Vdss

InVivo_CL

human rat dog

1 10 100 1,000 10,000 100,000

TACR1

SLC6A4

SCN5A

PIK3CG

PDE3A

OPRM1

NR1I2

LCK

KCNA5

HTR3A

HTR2C

HTR2A

HTR1B

DRD2

DRD1

CYP3A4

CYP3A4

CYP3A4

CYP2C9

CNR2

CHRNA1

CHRM2

CHRM1

AVPR1A

ADRB2

ADORA2A

ABCB11

[GRIN1,GRIN2B]

[AURKB,INCENP]

Compound Count

Ta
rg

et

GSK Safety Datasets

1 10 100 1000 10000 100000

LogD
pKa

Permeability_MDCK
Permeability_PAMPA

Solubility_Aqueous
Solubility_CLND

Descriptor data
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End-to-End Data-Driven Modeling Pipeline 

Data Ingestion + 
Curation Featurization

Model 
Training + 

Tuning

Prediction 
Generation

Visualization 
+ Analysis

Data 
Lake

Model 
Zoo

Results 
DB

Raw 
data

Processed 
data

Model-
ready 
data

Scripts/code Scripts/code

Benefits:
• Easy integration of diverse datasets
• Rapid exploration of descriptors and model 

architectures for each data set
• Ensemble integration of models

Prediction



Featurization is key

• We have found that 
the best-performing 
feature type varies by 
dataset
• In general chemical 

descriptors out-
perform other feature 
types
• Graph Convolutions 

occasionally 
outperform others
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Prediction



Classification performance shows high 
accuracy for selected safety targets
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• Assays range in size from 187 to 9173 
compounds

• 23 of 28 of the assays show 
improvement with NN

• KCNE1 shows largest improvement

• Classification accuracy appears to
be relatively high (  >0.8 ROC-AUC)

Assays

ROC AUC

Neural Net

Random Forest

0 0.2 0.4 0.6 0.8 1

Prediction



Regression models present a greater 
challenge
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• Assays range in size from 101 to 
123,759 compounds

• 4 of 8 of the assays show 
improvement with NN

• Descriptors and Graphconv
outperform ECFP

• Test set R^2 ranges from ~0.1 to 
~0.7

Prediction
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Data

Prediction

Experiment

Active Learning

Pilot Project 



Computational loop validation
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Generative molecular design (GMD) of AURK B inhibitors 

Starting point:
Early program data

End point: 
Experimental validation

Lead 
OptimizationPILOT 1

Why Aurora Kinase?
• Cancer relevant: >30 clinical trials are ongoing or 

completed for AURKA selective, AURKB selective, 
and AURKA/B dual inhibitors 

• Data available at ATOM: Potency data on ~24k 
compound available for AURK B and/or AURK A

• Pharmaceutical discovery relevant problem: 
Selectivity between kinases is an important and 
common pharmaceutical discovery problem

Structure overlay of 
AURK A and AURK B

Pilot Project



Pilot Design Criteria 
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Encoder

Initial Compound 
Library 

(3k compounds)

Working 
Compound 

Library

Molecular 
Optimizer

Decoder

Machine Learning Pipeline

Efficacy

Safety

PK

Developability Design 
Criteria

Candidate Quality Panel

Efficacy
AURK B (pIC50 > 9)
AURK B/A Selectivity > 1000

Safety
BSEP (pIC50 < 4)
hERG (pIC50 < 4)

PK
Solubility (>10uM)
CLint (<3 mL/min/g)

Developability 
Solubility (>10uM)
SAS: Synthetic Accessibility Score
QED: Quantitative Estimation of Druglikeness

Pilot Project



Results: >200 new potent, selective AURK B 
compounds with favorable other properties
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Multi-Parameter Optimization:

Next steps :
Experiment

- Comparison to held out, ground truth data
- Experimentally make and test top compounds

Pilot Project
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High Level ATOM R&D Milestones towards Full Platform POC

2017

ATOM established 
as a place

R&D plan 
developed & 
initiated

2018

Baseline data, 
predictive 
modeling, and 
molecular design 
platforms

PK & Safety

2019

Scaled design loop

PBPK and QST 
pipelines

Application on 
pilot project(s)

2020

Active Learning 
platform 
integrated, 
validated

POC project 
initiated

2021
POC

Target to 
molecular 
candidate 

<12 months



Join ATOM
Visit atomscience.org/membership

Contact info@atomscience.org
@ATOM_consortium #ATOMscience

Transform drug discovery, accelerate R&D, and 
integrate data, AI, and supercomputing to 

benefit patients

Consortium
Members:
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The ATOM Team




