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Biologics Definition
(FDA) * Vaccines, blood and blood
components, allergenics, somatic

cells, gene therapy, tissues, and
recombinant therapeutic proteins

Biologicals
(EMEA)

* May be produced by
biotechnology methods and other
cutting-edge technologies
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* Pharmaceutical products used to
diagnose, cure, treat, or prevent
disease state

Biologics

- Targeted/Tailored therapies inhibits
Trends the metabolic pathway that underlies
the disease

 Personalized/Precision medicine
for diagnosis and specific treatment
based individual's DNA

Compliance Through Science® 4
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Targeted oncology =~ Immuno-oncology

e — .
Trastuzumab (Herceptin®) - MoA 7 N =

two targeting arms.

Biologics

3. Trastuzumab (Herceptin®) binds to s
subdomain IV prevents dimerization; ADCC ;

Al L
~ Variable Domain Variable Domain

Herceptin e pebioge
i Antigen
ook 2 * Enables BITE
fomionta prosseTond
lls.
surface of T cells on the surface of
, a specific type of
W tumor cell.

Modalities

New Viral
DHA Gene DNA

Cell/Gene therapy
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William Halstead realises that breast cancer
[ ) [ ) . .

B I spreads from a primary tumour and introduces
I O 0 g I C S radical mastectomy

Investigators discover that tumours fuelled by

oestiogen and progesterone behave differentl. Herceptin, the firsttargeted treatment for women
Tamoxifen, the first drug to block the activity of with HER2-positive breast cancer,is launched
oestrogen, is launched
Scientists sequence 42 tumours and identify
several different subtypes
The human genome
is mapped in full
1940-60 1990 1994 2004 2012
L 5 0 I o 0 2020
1894 1977 1998 2000 2003
Myraid Genetics DNA testing of
isolates BRCA1 tumours reveals 10
different subtypes
Mary Claire-King and her Genome Health launches
! colleagues at Berkeley prove the first genetic test for
) \
Researchers establish that 75% of the BRCAT gene exists Women with ogstogen
breast cancers are fuelled by oestrogen receptor-posiive breast
and progesterone cancer
Source: PwC
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Biologics 0 -

_A
[¢)]

[}

27 24 17 21 31

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

M New molecular entities W Biologics

Therapy

Source: EvaluatePharma, ‘World Preview 2018’ (June 2012)

Regenerative Medicine: 760 companies and clinics of all
sizes and 20 products approved by FDA

Regenerative Medicine Companies Worldwide,
Including Gene and Cell Therapies

Regenerative
Medicine

Auvstralia &
New Zealand
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Autoimmune disorders _ 18

Blood disorders [ 12
Cancer I 07
Cancer-related conditions - 10
Cancer. blood | o
Cancer, skin — 31
Cardiovascular diseases - 6
Eye disorders - 11
Gastrointestinal disorders - 10
Genetic disorders | -
Growth disorders - 5
Infectious diseases — 31
Neurological disorders — 37
Respiratory disorders _ 1 4
Transplantation _ 20
otner NI

o 20 40 60 80 100 120

Biologics

Source: PhRRMA

| S—
Oncology 413
Cardiovascular |
Central Nervous System

Musculoskeletal
Infectious Diseases 40
Dermatology 36

Nearly 50% of current clinical

Metabolic & Genetic Disorders 35 trials are in oncology
Immunology and Inflammation 35

Ophthalmology 28 z =
Hematology 20 ~ 10% are in cardiovascular

Gastroenterology
Respiratory
Genitourinary Disorders
Surgery

Lymphatic Diseases
Ear Diseases

Radiation Injury

Dental

Geriatric Diseases

0 50 100 150 200 250 300 350 400 450

Source: Alliance for Regenerative Medicine
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* Insulin

Biologics

aPC (Xigris)

Impact

* Forteo

» Imlygic IMLYGIC’
e

- Epogen :
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Product Design and Development

Scientific Knowledge Integration
What is Coming Next

Compliance Through Science®
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Product
and

Process

: ICH Q10
DESIg n CONTROL
STRATEGY

KNOWLEDGE MANAGEMENT

Research & Product
Pre-Clinical Design

Compliance Through Science® 11
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Product
and
Process

Design

Patient
Focus

A patient centric development
model with early considerations for
a successful Target Product Profile
will require using new paradigms

Patient - Product Delivery
Therapeutic Value - Outcomes

Stronger Scientific Base for
Development for Biologics

Compliance Through Science® 12
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 Target Product Profile

Purpose Begin with the end in mind!
Goals of the effective drug development, labeling claims

Product
and

(Sponsor/FDA)

Process

Attributes Statement of overall intent organized using key sections of the drug
labeling (dymamic, changes and knowledge increase)
[ J
DeS|g n Advantages Useful in pre-NDA, pre-BLA; tool for effective program management

TPP summary does not representa commitment or an obligationto
consider the resultant evidence as adequate to achieve approval

Proven to be effectively used in integrating all desired outcomes :
Business, Clinical, Product/Process Development

Drives Molecule, Product and Process Characterization (Deep Dive)

. Molecule/Modality (API)

. Dosage form/Delivery (DP, Drug Delivery)

*  Therapy /Administration (Clinical)

+  Stability and Use (Safety, Supply Chain)

Market/ Product life cycle  (Healthcare, Value..)

2007: Draft FDA Guidance for Industry and Review Staff Target Product Profile — A Strategic Development Process Tool
Compliance Through Science® 13
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Product
and
Process

Design

Review

Compliance Through Science®
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CRRLMEICII Gate 1- Initiate Commercial

Product
and
Process

Design

Review

Design

* Marketing Requirements

* Molecule Assessment

* Target Product Profile

e Standard product
configuration

* User Requirements (Combo

products)
* Injection Systems /Fit to
network or CMOss

* Gate O-FIH

* TPP SKU definition

* In-use administration

* FIH formulation, storage
temperature

* FIH fill strategy

* Device technology

Gate 2-Confirm Design Options

Commercial Formulation
stability

Clinical administration
needs/patient data
Process Fit assessment
Analytical Methods fit
assessment

Proposed Primary Container
Proposed Secondary
packaging

Proposed
shipper/distribution

Gate 3-Design Optimization
Gate 4-Commercial Design
Gate 5-Design Validation
Gate 6-Design Performance
Gate 7-Design Change

Asset Development: R&D-Tox-Ph I-Ph II-Ph Ill-Commercial-BLA/NDA
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Product
and
Process

Design

Review

Screening

Stage 1
Approval

Assessment

Stage 2
Approval

Products Development

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
olecular Entity Feasibility '

‘ Commercial-

ization/
Launch

Project
Measurement
Review

Product Development

Stage 3
Approval

Stage 4
Approval

Stageb5
Close-out
(

Product Development Process

Evaluation/ T Formulation/DF Process Design & Validation C ion/ Lessons
Mkt Opp. ty Optimization/Ds | Prod Validation/Testing Launch Learned
Qualified Models/Platforms, |PAlreadiness, Metrics,|
Toll PLM  |Pk/PD, Tox, DFM,PHA SC, €TQ, Methods CPPs/CMAs, Production Studies LSS, RBSS
Gates CMC,FMEA .
RA, Control Strategy Stability
Leader: R&D Leader: Project Management
Inputs: Product Team Inputs: Project Team
Governance: Portfolio Mgmt Governance: CMC Team

Platform
Knowledge
= PPQ &
Commercial
Mfg. Data

Clinical
Mfg. Data

Development
Studies

Delivery System

16
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PHYSICOCHEMICAL CHARACTERISTICS

VARIABLE REGION
- Deamidation

- Oxidation

- N-term Pyro-Glu

- Glycosylation

- Glycation

- Conformation

CONSTANT REGION
- Deamidation

- Oxidation

- Acetylation

- Glycation

- Glycosylation (fucosylation,
sialylation, galactosylation,
mannosylation...)

- C-term Lys

- Di-sulfide bond shuffling/ cleavage
- Fragmentation/clipping

- Conformation

BIOLOGICAL CHARACTERISTICS

BINDING

- Affinity

- Avidity

- Immunoreactivity /
crossreactivity

- Unintentional reactivity

EFFECTOR FUNCTION

- Complement interaction

- FcRn, FcyR interaction

- Mannan binding ligand interaction
- Mannose receptor interaction

OTHER BIOLOGICAL PROPERTIES
- PK properties

- Epitope / Immunogenicity

- Modulatory region (Tregitope ...)

17
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Wild Vector Gene of Intere-~*

Expression Vector

Expression System (1 clone)

Genetic
Development

Master Cell Bank

Working Cell Bank

Cell Banks

Culture/Fermentation

Purification

DRUG SUBSTANCE

Drug Substance
Production

Q5A
Q5B
Q5D
Q5E

Q5A
Q5C
= Q5E
Q6B
Ql1l

Sterile Filtration/Aseptic Filling

DRUG PRODUCT

Drug Product
Production

Q5E
Q6B
" Q8R2

M4
M7
Q9
Q10

18
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Product
and
Process

Design

Process

Compliance Through Science®
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Product
and

= Syringe & Vial = Gl Pumps CSHl Patch Pumps
L
it Re” &
Process Ll g < >
w \ ‘ &
. - .
Design : L) m::::::o,, e, e
] & / /ﬁ‘
Reusable Electramechancal Wearshle Large Cartridge-Based
@ - > Pen Injectars Pen |ryedors Reusable injactars Valume injactars CSH Pumps
én ‘.‘ a7
: LY |a , | Q “
- e
Proprietary Dual-Chamber Disposable Wearable Large Needle Free
Polymer Packs Pan Injector Autoinjectors Volume Injectors Injectars
Product i . ul 2 p
[s] Neadle Free Cartridge e i ’—_W \ \;} g.,_\

R LS

Connecting People, Science and Regulation

Delivery

https://www.slideshare.net/team_medical/lowering-the-hurdles-in-device-selection-for-biologics

Compliance Through Science® 20
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Hematopoiesis from Ny Riol ecend
MUIﬁpOfe nt Stem Cell Multipotent Stem Cell h

png

Self-renewal

\

[Hematopoietic Stem Cell
CHTERT
rimitive - o
Progenitor . Teo '
Cells

cMmP
[cCommon myeloid Progenitor]

A -3
Committed scF GM-CSF

Precursor Tpo,
Cells

HSC

MEP GMm TNK BCP
Megakaryocyte and ] Granulocyte and ] T-Cell and Natural ] B-Cel
Erythroid Progenitor, Macrophage Progenitor Killer Cell Progenitor. Progenitor

Lineage M-CSF G-CSF "“'
Committed

Cells Tpo

] [..a‘!‘a'.“.’(

EP [
Erythrocyte Monocyte Granulocyte
Cell Progenitor.

Progenitor]| |Progenitor, Progenitor Progenitor.

’ ' Erythrocytes

Platelets

~MaEgo‘phége ‘Mon' e Dondrmc

Teen
©zooa I

Protennl_ounge.com www.biolegend.com
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Drug Product

Autologous Cell Infusion

PI"Od uct Collection Good Clinical
Go_od Tissues Practices (GCP):

ractices (GTP): 21 21 CFR Parts 50,
an d CFR Part 1270
Process

W A b
s
Transportation "

Transportation

Process
pemmc
Cell Manufacturing Product
Collection GTP: 21 CFR Part 1271 Labeling
Receipt GMP: 21 CFR Parts, 210,

211, 600, 601, 610

Compliance Through Science® 22
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Quality Target Product Profile (QTPP)

PI‘OdUCt Therapy type: allogenic, autologous
Genotype, Cell identity

and Final product viability
Desired potency
PI"OCESS Quantity (cells)
Purity/ Impurities to be eliminated
Stability/Storage Conditions

Design

Product characterization _

Qualification & Validatio

QbD Starts In Discovery Phase for a Cell Therapy Product

Compliance Through Science® 23
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Product Design and Development

Scientific Knowledge Integration
What is Coming Next

Compliance Through Science®
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Slelsiiile e Governance

Knowledge — Product /Franchise Level
Integration — CMC Level (Cross functional)
— Quality Management Level
— Decision Making Level

* Tools
— Technical: CMC Documents at each “gate”
— Big Data: Sources, Analytics, Modeling
— Platforms: Leverage previous success
— Risk Management tools

Compliance Through Science® 25
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Scientific « CMC Governance

LR e Quality Management Level
Integration

cmcC

Quality Manual Gouvernance

Integrated (DS, Proactive Gate
DP, Analytical Reviews

Science To Proactive
Compliance Governance
(External)

Delivery)

Phase Adapted
cGMPs

Risk based
Assessments
Decisions

Compliance Through Science® 26
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Scientific * Knowledge Generation

Knowledge — Internal & External
Integration

Molecular biology Discovery laboratories, University Labs, Medical
1= [y T e T TG A centers, Specialized Technology labs, CROs

Tox studies Pre-clinical labs, in-vivo labs, animal tox facilities

ADME

Analytical Dev R&D development labs,Regional sites, Regional CROs, CDMOs, QC labs,
DP, Stability

Molecule, Modality or
Technology Dev

Formulation CRO, CDMOs specialized on one or multiple formulation platforms:

Development Injectable (liquid, lyo, infusion, nanoparticles, long release) oral,

transdermal, buccal, etc

Delivery System CDMOs and CMOs

Development Injectable delivery systems, medical devices specialized on selected technologies (pumps, autoinjectors,
electronic devices,

API Process CRO, CDMOs CMOs

Development Facilities, Equipment, Engineering services, Statistics and Modeling
Drug Product Process

Development

Clinical Materials: CDMOs CMOs, QC laboratories (release, stability)

manufacturing,

packaging

Consulting Services Clinical Development, Regulatory Affairs, Product and Process Development, Facilities Design, Due diligence,

Business operations, Project management, Quality and Compliance, IT and Data management (data integrity,
data security)...

Compliance Through Science® 27
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Scientific Gate Review & Knowledge Integration
Knowledge
Integration

& 000609

Pre-Clinicz 1 Phase 1 Commercial

Molecular biology Discovery laboratories, University Labs, Medical
- Ll e 51 TS centers, Specialized Technology labs, CROs I

Tox studies : Pr&clinicalLbs, in-vivo Iabsianimal tox'acilities '

ADME

Analytical Dev R&D deveI'pment Iabs,RegulnaI sites, Reglonrl CROs, CIZ;VIOS, Qc’labs, I I

DS, DP, Stability

Molecule, Modality or | | ' '

Technology Dev | | I I

Formulation CRO, CDMUs specialized on one or multiple furmulation atforms l l

Development Injectable.iquid, lyo, infusi(.| nanopartlcles.ong releasi) oral, | |
transdermal, buccal, etc ’ l‘ l‘

Delivery System CDMOs and CMOs s ‘

Development Injectable delivery systems, .ledlcal devices ‘eaallzed (.l selecte(.technologs (pumps, a.tomjectors,
electronic (levices, ' ' ' [}

API Process CRO, CDM s CMOs

Development l Facilities, Equipment, Enganarlng ser\m:les Statlstl:s and Motlellng l

Drug Product Process
Development

Clinical Materials: CDMOs CMOs, QC laboratories (release! stability)|
manufacturing, I I | I I | |
packaging 1 I I
Consulting Services Clinical De eIopment Regulatory Affairs, Pro&uct and Pchess Development Facilities Design, Due diligence,
- Business o eratlons Project management, Qllallty and Cdmpliance] IT and Data manageme t (data integrit

data securty) ' | | i

Inputs: Data, Reports, Knowledge, Documentation for Filing :BLA

Compliance Through Science® 28
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Scientific

Knowledge

Integration

Phase 1

Development Phase

Y

QTPP, Formulation Selection, Process Design,
MCB/W(CB, Raw Material Characterization,
Method Development, Initial CQAs, Reference

Biologic QRM

2
14
o]
o)
i
O
-
3
0
0
-
3
o]
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Risk Assessment Tool- Program Management

m Impact Assessment Mitigations

associates

4 N

A. Bioassay results
B. Sterile filtration
C. Oxidation lot x
D. Aggregation

E. Freeze—thaw
modifications

F. pH change
during shipment
on dry

o /

pharmatech’

Very
likely

Likely

Likelihood

Unlikely

Remote

Medium

Possible

I 2 T T

1

9 ---
- .

Take These Risks

Consider Having Mitigations or contingency plan

Have Mitigation/contingency plan

Compliance Through Science®

o

/A. Alternate assay \

development at CRO
B. Filter re-validation
C. RCA-materials in
direct contact

D. Design studies at
different level of
silicone (Syringe)

E. Container
integrity studies at
freezing
temperatures

/

30
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Scientific
Knowledge
Integration

= FDA Draft Guidance,
Focus on Product
Labeling

Target Product Profile (TPP)

Quality Target Product Profile (QTPP)

= Scope of ICH Q8,
QbD

Continual Improvement

Discovery

Informatics | pevelopment

Informatics ' Manufacturing
Informatics

Compliance Through Science® 31
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Product Design and
Development

Scientific Knowledge
Integration

What is Coming Next

Compliance Through Science® 32




@ pharmatech”
associates

What is
Comi ng Companies investing in
Next

personalised-medicine research

I;\

Companies with personalised-
medicine partnerships

Trials in which DNA samples
are collected

Companies requiring a biomarker '

. 30
for all compounds in development
n

0 20 40 B0 B0

Compounds in Phases I1B-IV
with companion diagnostics

Source: Tufts Center for the Study of Drug Development

Compliance Through Science®
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What is
Coming
Next r———— [[P—— —

Human-computer Regenerative

Vaccines

interfaces medicine

: i Vaccines to preventg : i Biomonitoring : P

i new infectious ¢ technologies : i-..: Tissue repair
i i diseases : iand implants : |

i iVaccines to treat i i Self-regulating -

g i i Vi : 3 ; i i Tissue

i chronic diseases i drug delivery Y e
i i and addictions : itechnologies | P

i i Vaccines to | Adificial organs | i i Autologous

“ prevent diseases i "1 o d exoskeletons : i replacement
: and addictions i P § : body parts

......................................................................................................................

Mind-controlled

: prosthetics

Source: PwC
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What is Every company will have to...
Coming
Next

* Provide real-world data on the
outcomes

+ Be selective about the diseases it
addresses, new treatments

 Invest more heavily in genetics and
genomics

« Improve its scientific productivity

* @Get access to the best science and
eliminate waste

Compliance Through Science® 35
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2020 Vision for Pharma

Today - Intensive all-or-nothing regulation

Discovery Pre-Clinical Submission Phase

& Screening  / Development / Evaluation s Phaselll 2 maaNDA lb/V

Scientific Submission
Advice/  of CTVIND CM CIS Launch
pre-IND

2020 - Instant automated e-volving regulation
hPthT / ﬁ < Instant Automated CIM = Confidence in Mechanism
b ) n Approvals CIS = Confidence in Safety

IND = Investigational New Drug Application
CTA =Clinical Trial Application

1 Automated In-Life Development Loop for Extended MAA = Marketing Authorisation Application
IVl  Development Submission /' Tegting Indications and Regulatory Activities
: : /Approvals A
Discussion and

'y aAn

J

ﬁgr.eed Plan of cls Limited l 7 // \ \
Rctlo? ;NIt Launch N
e with Live
Licence
Compliance Through Science® 36
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Modalities with Mechanism that Work

Today

Discovery Pre-Clinical SR Phase
& Screening Evaluation Elacal il Ib/IV

CIM CIS
2020

Patho
-physiology

Molecule Submiest In-Life
Development il Y Testing CIM = Confidence in Mechanism

CIS = Confidence in Safety

Limited
Launch
with Live
Licence

Disease
Knowledge

Testable Early Human
Hypotheses Studies (POC)

Public Domain
Knowledge

Evidence to

Make the Case
= Biology = Targets

« Epidemiology * Molecular entities

= Genomics etc.
« Other

« Patient subpopulation
= Disease-specific biomarkers
« Efficacy biomarkers

« Safety biomarkers

Source: PricewaterhouseCoopers
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Any Time Anywhere Healthcare

Today
Y Pre-Clinical Phase II Phase Ili Submission ﬁ’:gf\‘f

& Screening Evaluation

CIM CiIs

2020

-physiology

CIM = Confidence in Mechanism

Molecule CIS = Confidence in Safety

~—— ‘ Development Testing

Limited
Launch
with Live
Licence

Efficacy & Safety Clinical Trials

‘ Preparation of Submission I

(Molecule, Biomarkers, Diagnostics,
Devices) for Live Licence

Source: PricewaterhouseCoopers

Integrated Clinical Trials and Clinical Practice
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We can reprogram life. How to do it wisely | Juan Enriquez
https://www.youtube.com/watch?v=bEdvQjTGYP8

Compliance Through Science® 39


https://www.youtube.com/watch?v=bEdvQjTGYP8

pharmatech”

associates

Mihaela Simianu, Ph.D

Director of Compliance
msimianu@pai-gbd.com

Pharmatech Associates
22320 Foothill Blvd, Suite 330
Hayward, CA 94541
510-732-0177
www.pharmatechassociates.com
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