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Pharmaceutical Companies make drugs!




Discovering Drugs is a difficult task




BB BB The process of drug discovery BB B>

Target Target Pre-clinical Clinical
identification validation dev. dev.

Long journey
Target ID (TI)

Target validation (TV)
Hit ID (HI)

Lead Optimization (LO)



2010s: Lack of replicable results motivated GSP

Baker et al 2016 Nature
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* 70% failed to replicate
another scientists
experiments

* 50% failed to replicate
their own experiments

Findings confirmed in

only 14 out of 67 studies
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THE “
SCIENTIFIC |4
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Conclusion Question

Experiment Hypothesis

=>» Interpretable results
=>» Reproducible
=» Confidence in findings

We operate under
The Scientific Method

Good statistical Practice (GSP) adds
statistical rigor and confidence to
the scientific method

Preece, D. A. “Good Statistical Practice.” Journal of the Royal Statistical Society. Series D (The
Statistician), vol. 36, no. 4, 1987, pp. 397-408. JSTOR, https://doi.org/10.2307/2348838.

Reynolds PS. Between two stools: preclinical research, reproducibility, and statistical
design of experiments. BMC Res Notes. 2022 Feb 21;15(1):73. doi: 10.1186/s13104-
022-05965-w. PMID: 35189946; PMCID: PMC8862533.

Percie du Sert, N., Hurst, V., Ahluwalia, A. et al. The ARRIVE guidelines 2.0: Updated guidelines
for reporting animal research. BMC Vet Res 16, 242 (2020). https://doi.org/10.1186/s12917-
020-02451-y



Good Statistical Practice

Statistical

Analysis Plan
(SAP)

Confidence

Study Design
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Good Statistical Practice

Purpose of Study
Outcome Measurements + signal window
Success criteria
Controls/comparators
Experimental design
Estimation/testing strategy
Decision criteria
Sample size justification
Randomization into groups
Sample processing order
Blinding

Monitoring

2 <
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https://arriveguidelines.ore/  Animal Research: Reporting of In Vivo Experiments

ARRIVE guidelines .

The ARRIVE guidelines (Animal Research: Reporting of /In Vivo Experiments)

are a checklist of recommendations for the full and transparent reporting of

The ARRIVE guidelines &
embody GSP =

research involving animals — maximising the quality and reliability of published

research, and enabling others to better scrutinise, evaluate and reproduce it.

1
ARRIVE guidelines > ,,
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GSP Alone is Not Enough

Remember:
90% of clinical drugs fail (sunetal, 2022)

The root issues:

* Poor reproducibility

o Statistical inefficiencies

» Misalignment of preclinical models
with human biology




IMED Biotech Unit
2017 - A year in revieln

AstraZeneca’s 5Rs

Right Target
Right Tissue
Right Safety
Right Patient
Right Commercial




‘ Find the right target

Difficult before 2008...

Genetic Information
Nondiscrimination Act of 2008

President George W. Bush signs H.R. 4393, the Genetic Infarmation
Nonmndiscriminatian Act af 2008, Wednesday, May 21, 2008, in the
Oval Office. White House photo by Enc Draper.



Omics, pre-2008
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In vitro to Animal




Modern omics

Public Databases

Reverse
Translation
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‘ Timeline of gene-expression assays

Gene expression
analysis using Coining of the
miCroarrays term "RMA-Seq”

1% RT-gPCR instrument
description

: MPSS
Microarray  technology Single-cell
kvantion of technology transcriptome Spatial
PCR reaction 2003 sequencing transcriptomics
1992 i C.:\GE ) Om
echnology
ES)[ 1% publication using
technology RT-MLPA RMNA-Seq technology
technology
Martinez-Perez et al (2022) Patients reluctant to 5008 Citizens pay for
provide genetic data analysis of DNA

Ancestry DNA
< > < = My Heritage
Etc.




‘ Public databases of gene-expression data

Gene ArrayExpress Expression All Of gene
Expression (AE) GSEA & Atlas Expression

Omnibus (GEO) MSigDB | (AOE)

@ -2003 48 -2016 4B -2019 ~2020 %

‘2010| ‘ ‘
GTEXx
GSEA Genomic GEPIA Gene
& MSigDB  EXxpression Expression

Archive (GEA) Nebulas (GEN)
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Types of omics data

Genomics

Epigenomics

Phenomics

Glycome

Singe-cell RNA sequencing
Proteomics

Metabolomics

DNA reference sequences
Lipidome
Transcriptomics
Metagenomics
Pharmacogenomics

RNA sequencing

List pulled from Google search, 27-April-2025
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Data integration, Multiomics

DGKH
[
21 sLegaA ! cLoNt4
20 : .
18- 1 CYP24A1s
16 H .
3 ] UMOD  SOX9 1
e " . SCNN1B § I
a T SLczzaz : A . Vscr
e +KCNKS WDR72 i
IBA POU2A .
g v (hoet 1 I e apet | *

Taglads
Disigeed
Samphes g}
]
o I
o |5, " |
SR | Tiic
gt | —n
& ik, i TCorirbnaon ol
T b e
] LJ' 1
g =
" ?
= N L

Correlation Disease biomarkers

Genomics

Epigenetics
. 8 8 W Phenotypic spectrum
Transcriptomics Data integration Ao A e AT and mechanisms
m B8 -8B B
AT o slalnn » j
(-] L] L] L] [ ] -
Proteomics Vgt Vi Ve ¥
Machine learning

Therapeutic targets

LC-MS

Metabolomics
Q_Qq‘ |

%a

Chen et al (2020). “Applications of multi-omics analysis in human
diseases.” MedComm




Traditional ‘omics analyses are [now] more meaningful

1.Differential Expression Analysis

In many cases, we collect selective panels of
2.Pathway Enrichment Analy5|s gene/protein expression data

3.Network Analysis

4.Genome-Wide Association Studies (GWAS)

Given benchmarks against human results,
=2 more confidence in novel findings



Reverse Translated Biomarkers for Enhanced Translation

Amyloid Scans

Alzheimer's Disease W /'::1.5”:l \

* Clinical studies show accumulation of _ ¥ QM“{
amyloid-beta plaques in human brain | Negative Scan

Led to development of mouse model @ @

* Mimics amyloid-beta pathology (e.g., 5xFAD, PGSW Scan
APP/PS1 transgenics) Hurman R el i

Mouse: 5xFAD \ WT

https://radiology.ucsf.edu/patient-care/services/specialty-imaging/alzheimer

Damuka N, Irmen RE, Krizan |, Miller M, Gollapelli KK, Bhoopal B, Deep O, Bansode A,

Lockhart SN, Orr ME, Jadiya P, Bashetti N, Kumar JVS, Mintz A, Whitlow CT, Craft S, SXFAD
Macauley SL, Solingapuram Sai KK. Exploring microtubule dynamics in Alzheimer's

disease: Longitudinal assessment using [""C]MPC-6827 PET imaging in rodent models

of Alzheimer's-related pathology. Alzheimers Dement. 2024 Sep;20(9):6082-6093. doi:

10.1002/alz.14083. Epub 2024 Jul 5. PMID: 38967283; PMCID: PMC11497705.

21
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Psoriasis (chronic autoimmune skin disease)

 Clinical studies found IL-17A and IL-23 cytokines highly
elevated in psoriatic skin and blood

* Correlation with disease severity (PASI score — Psoriasis
Area and Severity Index)

Led to development of mouse model to drive IL-17A/IL-23
activation

Mimics human psoriasis 2

Li, Q., Liu, W., Gao, S. et al. Application of imiquimod-induced murine psoriasis
model in evaluating interleukin-17A antagonist. BMC Immunol 22, 11 (2021).
https://doi.org/10.1186/s12865-021-00401-3

Ctri Model

IL-17A Antibody on C57BL/6 Mice
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Deciding on the right target
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Multiparameter Optimization (MPO)

Decision theory technique to simultaneously

optimize a set of factors against an objectiAve/

Efficacy

Safety

Quality of Life
Functional Status
Dosing Convenience
Price
Cost-Effectiveness

Budget Impact

Alternative
WM
Scores
7+ Reflécting
wPerformancey,

Criterion
Weights

#

¥ E ¥ ¥ E E E

Rank order alternatives

Harrington, E.C. (1965) The
Desirability Function. Industrial Quality
Control, 21, 494-498.



Each feature is matched with a desirability function

Harrington desirability function
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Desirability

Desirabhility
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Overall desirability

Value desirability
Log2 | Log2
FC FC # Market | Log2 FC|Log2 FC #
Target |genel |gene2| Corr |Articles| ($B) | genel | gene2 Corr | Articles | Market
2X 1x 1x 0.5x 0.25x
A 0.617 | 1.116 | 0.410 0 7 0.59
B 1.199 [-0.871| 0.357 1 2
C 0.015 | 1.500 | 0.579 3 7
D 0.699 | 0.074 | 0.883 1 1
E 1.864 | 0.633 | 0.806 4 5
F 0.208 | 0.964 | 0.437 0 7
G 0.850 | 1.137 | 0.478 3 7
H 0.041 | 2.315| 0.375 1 6

Overall D = weighted geometric mean




Overall desirability (D)
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Subjective, but still great

MPO significantly enhances decision-making in preclinical drug development

* Integrates expert knowledge, study data
* Evaluates trade offs among multiple targets or attributes

* Further refinement steps, such as compound diversity analyses and LLM-augmented
summaries of evidence




Machine Learning and Al

Photo is of Secretary of Education,
Linda McMahon at Educators
Convention in San Diego, April 8,
2025




Knowledge Graphs (KG)
A '
Disease fesaies et resembles
Function i
Oligogenic
Combination
described S o
ﬁ ” D resembles
= \/
Phenotype cocellularnt
ss0d 160 mpone
' Gene —
resembles Protein
Complex
seqSimilar Protein
Family

 Links explicit knowledge with
inferred relationships

» Genes/proteins/disease are
nodes

* Relationships are edges

By analyzing connections, KGs can uncover
hidden or non-obvious relationships,
identifying potential targets

+ predictive analytics can suggest new
drug-target connections or repurpose
existing drugs

Renaux et al (2023). A knowledge graph approach to predict and interpret disease-causing gene interactions. BMC Bioinformatics




Find the right tissue |

Analysis of single cell RNAseq

* C(Classifiers to determine cell types
e Spatial Tx

Fewer false pos/neg in
DEG associated with cell types

{SNE_1

Avey et al (2018). “Single-Cell RNA-Seq Uncovers a Robust Transcriptional Response to Morphine by Glia.” Cell Rep.
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Single cell proteomics
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Goto-Silva L, Junqueira M. Single-cell proteomics: A treasure trove in neurobiology. Biochim Biophys Acta Proteins Proteom.

2021 Jul;1869(7):140658. doi: 10.1016/j.bbapap.2021.140658. Epub 2021 Apr 12. PMID: 33845200.



‘ Given the right target and tissue...

Digital Hit Screenin
° © Cell Painting for hit screening, drug

repurposing

Provides profile cellular phenotypes that dye
organelles or cellular components.

Microscopy + image analysis
Differentiate cellular morphology

Gally et al (2020)
Identifying bioactivity of pseudo-natural products
using the Cell Painting assay

1R | | I
TN T T T T T T

Cytoplasm clei
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Organs on a chip

Immune response
Contractility and conduction

Transport and clearance

oo
% Aerosol
drug

S e
Oral drug ‘. °

Traditional 2D cell cultures often fail to capture human-
disease biology effectively. Enter 3D-organoid cultures and
organs-on-chip platforms, which have brought us closer to
mimicking human tissue functionality

Predict side effects and human
toxicity and associated
mechanisms
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Modern translation

™

‘I_. ‘ Microphysiological systems




Digital biomarkers
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Lainscsek et al (2013)

Non-Linear Dynamical Analysis of EEG Time Series Distinguishes
Patients with Parkinson'’s Disease from Healthy Individuals



Injectable ulMU Sensing Platform

) | Motion data storage and
user interface i user interface

—Wi-Fi module

+ MCu

t s -
N :
| " |
odorant WA }
solutions J i

o stimulating
electrodes

Chen et al (2020)
Zhang, et al (2018) Wireless Al-Powered loT Sensors for
A wearable system for olfactory electrophysiological Laboratory Mice Behavior Recognition
recording and animal motion control



Enhanced Translation:
Behavioral Phenotyping

Rack
Crossbar

4\\
e Tqmmx ~ o o D

A 0O o X

+~ 3 0= ™M

Al driven models of physiological and
behavioral signals

Preclinical Clinical
N IF &y
Quadruped
s e
Ultrasonic Speech
Vocalizations biomarkers
Temperature # Temperature -
monitoring monitoring

Core | ' Quality [1 -
behaviors - of life i




* Translating video motor phenotyping of behavioral information
* Provides quantitative measurements of gait and complex behaviors in home cage

Grooming Leveraging Al tools on
AWS Insight:
Eating - deeplabcut (tracking)
- b-soid (ethology)
-
Drinking

Rearing
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Neurodegenerative diseases

1]

Tremor: shaking, usually starting on
one side

r) Rigidity: stiffness of the limbs, neck,
5 or trunk

-

',\ Akinesia: loss or impairment in
_,-—x power of voluntary movement

»
J‘) Posture and balance

Reverse translation

- Ear scratching

>
nose
R forelimbs
. ?@ o hindlimbs
7 - heels

— :
< tail
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Key Takeaways

Statistical rigor is essential via GSP

GSP alone is insufficient to sustain a successful preclinical pipeline
Sets of tools that take advantage of troves of data

Knowledge Graph, LLM, or generative Al

New Approach Methodologies (NAMs): Organs on a chip

Reverse translation
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