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Overview of Drug Discovery and Drug Development



The Road to New Medicines
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What’s a DRUG?

e Substance that e Some products that you e FDA also regulate
facilitates diagnosis, might not think of as medical devices as a
cure, mitigation, drugs are considered means of introducing a
treatment, or both cosmetics and drug to the body
prevention of disease pharmaceuticals and

must comply with FDA
regulations for both
categories




Drug
Biologics
Cells

Small Molecule
- Chemically Based Drug

: Large Molecule
Pharmaceuticals 5

- Biologics

Gene Therapy

- Cells, Tissue

4

What’s the classification of COVID-19 Vaccine?



Drug
Discovery and
Development
Process

2. Preclinical
Monitoring 7 7 Research
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3. Clinical
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Source: https://www.nebiolab.com/drug-discovery-and-development-process/



Drug Discovery and Development Process
— Potential New Medicines

POST-APPROVAL
RESEARCH &
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IND: Investigational New Drug Application, NDA: New Drug Application, BLA: Biologics License Application

Source: https://catalyst.phrma.org/the-drug-development-and-approval-process-is-about-much-more-than-the-final-okay/



Drug Discovery and
Development Process
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Breakdown of Drug Discovery and Development Process

Target Identification &
Validation

Hit Discovery

Assay Developmant &
Screening

High Throughput
Screening

Hit fo Lead

Lead Optimization

PRECUMICAL

STUDIES

CunNICAL
DEVELOPMENT

In ¥Yivo, In Vitro & Ex
Vivo Assays

ADME
Proof of Concept
Drug Delivery

Formulation
Optimization &
Bioavailability

Dose Range Finding
IND-anabling Studies

IND Application

Phase | - Healthy
Volunteer Study

Phase Il and Phase |l -
Studies in Patient
Population

Dose Escalation, Single
Ascending & Multiple
Dose Studies

Safety & Efficacy

Pharmacckinetic
Analysis

Bicanalytical Method
Development and
Validation

= MDA/ AMDA / BLA
Application

= FDA Approval

* Drug Registration

Source: https://www.nebiolab.com/drug-discovery-and-development-process/

POST-MARKET
MONITORING

= FDA Adverse Event
Reporting System
(FAERS)




Outline

Overview of Non-Clinical Statistics



Biostatistics




Non-Clinical Statistics in the Drug Discovery and Development Process

= Target ldentification & * |n Vivo, In Vitro & Ex = Phase | - Healthy « NDA / ANDA / BLA * FDA Adverse Event
Validation Vivo Assays Volunteer Study Application Reporting System
» Hit Discovery = ADME * Phase |l and Phase lll - = FDA Approval e
Studies in Patient . ,
= Assay Developmant & * Proof of Concept Panulation * Drug Registration

Non-Clinical Statistics

* |ND-enabling Studies Analysis

* |ND Application = Bioanalytical Method
Development and
Validation

Source: https://www.nebiolab.com/drug-discovery-and-development-process/



Non-Clinical Statistics in the Drug Discovery and Development Process

T = Phase | - Healthy MDA / AMDA / BLA * FDA Adverse Event
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Source: https://www.nebiolab.com/drug-discovery-and-development-process/



Drug Discovery

Phase Target Discovery Target Validation Preclinical Development
Goal Find All Targets Eliminate Wrong Targets Generate Molecules Eliminate Advance
Molecules Molecules
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Source: https://www.nebiolab.com/drug-discovery-and-development-process/



Non-clinical studies for the conduct of
human clinical trials

Safety/Toxicology

Non-clinical studies during
human clinical trials

Exploratory studies

rmacokinetics

(Dose escalation)
(2 weeks)

oxicity
{in vitro)

Safety Pharmacology

Efficacy Studies

EE
3-I

GLP studies

E Toxicology

Genotoxicity

necti

: Reproductive Toxicology
; (Teratology/Female fertility)

ADME (in vitro/in ﬂn silico)

Phasel

(2 species) ‘5 (3- 6 months)

Phasell Phase Ill

{in vitro/in vive) Reproductive Toxicology
-; (Male fertility/Pre and Postnatal development) §

Safety spans the discovery
and development process

Includes:
* In vitro assays

* In vivo assays
* Ex Vivo assays

* InSilico assays

Source: http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-879X2016001200301



http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-879X2016001200301

Chemistry, Manufacturing and Controls (CMC)

The Drug Development Process

« Stability & shelf life  Scale-up * Hand-off to production
Chemi * Manufacturing methods  « Larger batches » Manufacturing methods
emistry * Placebo, drug product » Clinical manufacturing  * International distribution

Manufacturing * Drug substance » Batch records

Control * Small batch

* Batch records
Decision point » -
Preclinical Clinical Efficacy
: study reports — study reports — : :
Discover Animals == IND == Phase 1Phase 2 Phase 3= Labeling Approve =i Market Post-marketing
compound R ; NDA surveillance
Safety :

Formulation c"(’;‘:;‘g;‘;)’dy 1 c"("‘)‘:ggc 3;1‘;")’

IT’Zje.’ qpyded Collect data Collect data

naication (lab notebooks) (CRFs & RDE)

Maintain database Maintain database
Analyze data Analyze data
Generate listings Generate listings
Summarize findings Summarize findings
Create report | Create report
Research Production

Source:https://nursekey.com/nursings-influence-on-drug-development-and-safety/



DOMAIN
EXPERTISE
STATISTICAL DATA
RESEARCH PROCESSING
DATA
SCIENCE
COMPUTER
MATHEMATICS SCIENCE
MACHINE
LEARNING

Source: Palmer, Shelly. Data Science for the C-Suite.
New York: Digital Living Press, 2015. Print.
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Non-Clinical Statisticians in the Industry



Non-Clinical
Statisticians in
Pharma Industry

O Most nonclinical statisticians in the pharmaceutical or
biotech industry have a Masters or PhD degree in
statistics (or related field)

O Nonclinical groups are typically small (1-5 statisticians)
to medium size (6-30 statisticians)

O Some nonclinical groups focus either on early drug
discovery or on development (ex. GSK), other groups
support both (ex. JNJ)

O Compared to clinical roles, there may be little or no direct
involvement with regulatory agencies (FDA, EMA)

O There are contract research organizations CROs that
support pharma



use statistical tools to make informed business decisions,
guide scientific decisions, and ultimately help provide
quality products and services to patients, nurses, doctors,
fathers and mothers

The Tools include -
— Linear models & repeated measures

Non-CIinicaI — Statistical Process Control
Statisticians — Multivariate analysis

— Variance component analysis
. : P <.001
— Bayesian analysis

what do we do?? — Power calculations Q‘_
oy oo ‘

— Designed experiments
— Data science

Don't bejusz‘ a statistician.” Aspure to be a Drug DeVe/oper/

Statisticians are decision scientists




a wide variety of scientists from many different disciplines
The - Biologists, Chemists
Non-Clinical — Computational Biologists and Chemists
Statisticians — Pharmaceutical Scientists, Clinicians (MD’s)
— Pharmacologists, Biophysicists
who do we work with? — Engineers, Computer Scientists
— Material Scientists and Veterinarians




Communication is Key

The We help solve problems. Matching statistical methods to

Non-Clinical subject-matter problems is a translation exercise. Interacting

ST effectively with non-statisticians is a critical non-technical
Statisticians Kill.

* Technical competence is a prerequisite.




The
Non-Clinical
Statisticians

how to prepare

Core Courses — refer to “what we do” slide

Special Topics — Machine Learning, Image Processing,

Pharmaceutical Sciences

Seek out Industry Veterans — Networking

Internships — ASA, Company Web Sites/Job Boards

Proximity to Pharma/Biotech R&D or Manufacturing Sites




Statistics for Biology and Health

Editor
Lanju Zhang

Section Editors
Max Kuhn, lan Peers, Stan Altan

@ Springer

Resources

The R Series

Statistics in
Toxicology Using R

Ludwig A, Hothomn

STATISTICS for
BIOTECHNOLOGY
PROCESS DEVELOPMENT

———4
Edited by

Todd Coffey
Harry Yang

Statistics for Biology and Health

Richard K. Burdick
David J. LeBlond

Lori B. Pfahler

Jorge Quiroz

Leslie Sidor
Kimberly Vukovinsky
Lanju Zhang

@_ Springer




Conferences and Journal

e ASA Biopharmaceutical Section
Nonclinical Biostatistics Conference
(NCB)

e Midwest Biopharmaceutical Statistics

Workshop (MBSW)

e Scientific: e.g., American Association of
Pharmaceutical Scientists (AAPS)

e Statistics in Biopharmaceutical Research
e Pharmaceutical Statistics

e Journal of Biopharmaceutical Statistics

e Specialty Areas

e SLAS Discovery, Journal of
Pharmacokinetics and
Pharmacodynamics, Bioinformatics,
Journal of Pharmaceutical Sciences,
Nature Reviews Drug Discovery,
Nature Biotechnology, etc.




“Without data you're
just another person

with an opinion.”

- W. Edwards Deming
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