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Advanced Therapy Medicinal Products (ATMP‘s)

*\What are ATMPs?

*What’s approved and what’s the near term
pipeline?

* Different gene therapy modalities and regulatory
challenges

-Gene therapy for rare disease
-CART’s for cancer



ATMP’s : Three categories

Gene therapy biological medicinal product which contains or consists of a
recombinant nucleic acid administered to humans with a view to
regulating, repairing, replacing, adding or deleting a genetic sequence;

Its effect relates directly to the recombinant nucleic acid sequence it
contains, or to the product of genetic expression of this sequence.

Consist of cells or tissues that have been subject to substantial manipulation
Administered with a view to treating, preventing or diagnosing a disease

Consist of engineered cells or tissues, and administered with a
view to regenerating, repairing or replacing a human tissue




ATMP’s : Three categories

Gene therapy

.. . Advanced Therapy Medicinal Products
Legislation pegsylation (EC) 1394/2007

Somatic cell therapy

Advanced Therapies

,A__

Science — ~

Tissue engineered product Medical Tissue Cell Therapy ~ Gene Therapy  Biotech Chemicals
' Devices | Engineering (e.g.insulin)  (e.g. aspirin)

ﬁ:} Combined ATMP




Complexity of advanced therapies

Pavr acetamol




Somatic Cell Therapies & Tissue Engineered products (ATMPs)
vs “Tissues & Cells” (non-ATMPs)

* “Substantial manipulation”: procedures which can alter the characteristics/phenotype of
cells and tissue: e.g cell culture, genetic modification etc

or
* “Non-homologous use”: cells are not or used for same function in donor and recipient

Examples:
- adipose derived cells harvested and used directly to reconstitute/ repair scare
tissue in breast cancer patients are not considered ATMP’s

: Z%j_:\encgﬁe derived cells, cultured and used for bone repair may be considered
S

Balance between risk of “over regulating and under regulating”



EMA sounds alarm on risks of unproven cell-based therapies

thebmj covid-19 Researchv Educationv News&Viewsv Campaignsv Jobs
The European Medicines Agency (EMA) has sounded the alarm

about the use of cell-based therapies that are promoted as being
miracle cures but, in fact, are often unproven and unauthorized. News

SerlcisrEks Disgraced tracheal transplant surgeon is handed 16 month prison sentence in Italy

Some health facilities are offering these therapies in Europe via
advertisements on the Internet. Patients desperately looking for
cures for a variety of illnesses are
"these treatments can pose serio
or no benefit” warned the EMA’s (
Therapies (CAT). The committee ¢
in response to "individuals, compal

timmemiimm mall hacad bhavmmias e -

[

use your own Stem cells Paolo Macchiarini
to cure Alzheimer’s!

Y\ U.S. FOOD & DRUG CUTTING-EDGE REGENERATIVE THERAPY IS A PHONE CALL AWAY

1-800-555-CURE

+—Home / ForConsumers / Consumer Updates / FDA Warns About Stem Cell Therapies

Autism Treatment

Improved Eye Contact, Improved
Communication, Improved

Comprehension, Reduced Behavioural FDA warns AbOUt Stem ce" Therapies

Distenances, Setueed heperton Some patients may be vulnerable to stem cell treatments that are illegal and potentially

ATMP WOTkShOp = Woﬂ@rwnmmvembﬁﬁgoiﬂ-r in Linkedin | % Email | & Print 7




ATMP‘s on the marked in EU 2021

Marketing Authorisation
Alofisel (anal fistula)

Holoclar (corneal injury)
Spherox (cartilage defects knee)
Imlygic (melanoma)

Kymriah (ALL, DLBCL)

Yescarta (DLBCL)

Tecartus (MCL)

Strimvelis (ADA-SCID)

Luxturna (retinal dystrophy)
Zolgensma (Spinal Muscle Artrophy)
Zynteglo ( B-thalssaemia)
Libmeldy (MLD)

Skysona (CALD)

Abecma (MM)

Retracted or suspended
Glybera (LPL deficiency)

Provenge (prostate cancer)
Zalmoxis (adjunctive treatment allo HSCT)
MACI (cartilage damage)

ChondroCelect (cartilage damage knee)

Refused

Cerepro (glioblastom)

Heparesc (urea cycle disorder)
Hyalograft C (cartilage damage knee)
CAOMECS (corneal injury)
Contusogene ladenovec (cancer)

Advexin (cancer)

Gene Therapy Cell therapy Tissue Engineered



Gene Therapy Projections

Prediction of 40 to 60 product launches and
more than 500,000 treated by 2030

Projected cumulative product launches - 2017 to 2030
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Initial 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Year

From: MIT NEWDIGS Research Brief 2018F210-v027-Launches



Two gene therapy modalities (broadly speaking)

AAV delivery vectors
(non integrating)

rare diseases (6000)

bleeding disorders
(FVIII & FIX deficiency)

lysosomal storage disease
(eg Gaucher, SanFilippo)

inherited retinal diseases
Eg. Leber’s congenital amaurosis

Spinal Muscular Atrophy (SMA)
Duchenne

In-vivo GT

DIRECT DELIVERY

therapeutic Q s \
\

transgene the therapeutic
l transgene is

target organ
... and injected (e.g. liver)

into the patient /\ W

packaged into a ﬁ —_—
delivery vehicle
such as a virus =

he therapeutic
\transgene is ' -
. introduced into a &" ' g
| delivery cell suchas § ) ;
a stem cell that is T
| often derived from

Ex-vivo GT

CELL-BASED DELIVERY

therapeutic Q

the therapeutic transgene
transgene is

packaged into a

delivery vehicle

such as a virus

L L the genetically modified
cells (e.g. stem cells)
are multiplied in the

... and readministered laboratory

to the patient
"' A

7

e

Gene editing (eg CRISPR/CAS) by either
modality

Retro /Lenti virus
(integrating vectors)

Patients own cells
(usually)

Cancer :
CAR-T’'sand TIL’s

Rare diseases:
ADA-SCID (strimvelis)
Sickle cell anaemia
B-thalssemia



Efficacy for GT in some rare disorders seems convincing

Haemophila B
(FIX deficiency)

FIX level /severity
<1% = severe
1-5% = moderate
5-40% = mild
>40% = normal

Average sustained disease-altering levels of FIX activity of
>28% in participants on therapy for 12+ weeks

FIX:C Activity (% of normal)

Summary as of Nov. 30"
75% First: 33% at 51 weeks

Second: 40% at 39 weeks
Third: 36% at 35 weeks
Fourth: 46% at 32 weeks
Fifth: 34% at 25 weeks
Sixth: 21% at 20 weeks
Seventh: 12% at 19 weeks
Eighth: 26% at 7 weeks
Ninth: 65% at 7 weeks

r——
m—— 33%

0 28 56 84 112 140 168 196 224 252 280 308 336 364
Days post vector administration

Natural history well known

FIX activity level is a
meaningful surrogate
endpoint

Short term results promising
Long term expression levels
uncertain



AAV gene therapy for rare diseases issues to consider

Safety
* Relatively safe in small trials

* Potential Safety issues depending on dose and administration route (hepatotoxicity,
thrombotic microangiopathy and neurotoxicity)

* Uncertainty regarding potential oncogenicity risk

Efficacy

* Clinical relevant efficacy for some indications (particularly liver directed gene
therapies)

* For some indications perhaps not possible to reach optimal dose
* Duration of effect? Once in a life-time therapy?

* Optimal dose? (long term duration vs safety)

* Important to treat as early as possible (ideally pre- symptomatic)

* New-born screening (not only important for approved drugs but also for access to
clinical trials)




Emily Whitehead; First patient treated with
Kymriah (CD19 directed CAR-T) in 2011

UPenn & CHOP team

David Porter, Bruce Levine, Carl
June, Stephan Grupp, and
Michael Kalos,




What are CAR-Ts?

CAR-T is a form of gene therapy where T-cells are
genetically modified ex-vivo to Express a Cimeric Antigen

Receptor (directed against a cell curface marker eg.
CD19)

Blood
collection

T cell isolation T cell expansion and

Preconditioning
and activation » modification product formulation

and T cell infusion

14
T cells expressing Chimeric Antigen Receptors (CAR-Ts)



CD19: important target for CAR T-cell
therapy in treating B-cell malignancies

e CD19is expressed on B cells and B-cell precursors and is not expressed on bone marrow stem
cells or other tissues

CD19
Bone marrow Periphery Bone marrow
}C N/
é b b ‘
Stem cell Pro-B Pre-B Native Activated B Memory GC Late Plasma
cell cell B cell cell B cell plasmablast cell
ALL mcL DLBCL wMm I MM I
MzZL CLL J[ FL

Adapted from Blanc V et al, Clin Cancer Res; 2011; 17(20); 6448-58
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CAR-T Mechanism of Action

Patient’s T cell CAR-T cell TuPeadell
tumor cell

' Anti-CD19
// CAR construct

Cytokine release

Lentiviral 2= =5,
vector Ex vivo CAR-T proliferation In vivo

© 2019 Novartis AG



CAR-T’s are Serial Killers !!!

Anti CD19 domain on CAR binds to CD19



CAR-T’s are Serial Killers !!!

Upon binding CAR relays signaling for killing cancer cell



CAR-T’s are Serial Killers !!!

And also relays signaling for T-cell division



CAR-T Mechanism of Action

A single CART cell may typically expand 10-1000 fold



CAR-T’s are Serial Killers !!!

And each CART-cell may kill multiple cancer cells



Near time Developments in CART’s

)

o
e © .
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%
Blood
collection — . "
T cell isolation T cell T cell expansion and Preconditioning

and activation modification product formulation and T cell infusion

Centralised manufacturing (present)

Bedside manufacturing (in development)
"off the shelf” (universal CAR-T's, based on gene editing)
Double CAR's for multiple targets (e.g CD19 and CD22

Enhanced CART's (e.g expressing cytockines, PD1 Ab’s etc)

22
T cells expressing Chimeric Antigen Receptors (CAR-Ts)



pALL/DLBCL Kymriah* CD19 41BB Approved Novartis
Tisagenlecleucel
DLBCL Yescarta* CD19 CD28 Approved Kite/Gilead
Axicabtagene ciloleucel
DLBCL JCAR1T* CD19 41BB EGFRt (selection /safety) Submitted BMS/Celgene/Juno
manufacturing?
MCL Tecartus CD19 CD28 Approved Kite/Gilead
ALL UCART19/ PF06883541 CD19 41BB “of the shelf” /safety ? Cellectis/Pfizer
switch/
ALL Auto1 CD19 41BB CD19 binding ? Autolus GmBH
DLBCL/ALL  Auto3 CD19+ 41BB/O Double CAR ? Autolus GmBH
CD22 X40
DLBCL MB-CART2019.1* CD19+ Double CAR ? Miltenyi Biotec GmbH
CD20 Decentralised
manufacturing
R/R MM Abecma* BCMA 41BB Approved BMS/Cellgene/Blubird
R/R MM JCAR125* BCMA 41BB ? Celgene/Juno
R/R MM JNJ-68284529* BCMA 41BB ? Janssen-Cilag
R/R MM CT053* BCMA 41BB ? Carsgen

R/R MM UCARTCS1 CS1 41BB?  “of the shelf”’ /safety switch ? Cellectis



Regulatory particularities for CARTs

* Individualised “person specific” therapies . U X
e Strict requirements for chain of custody: one patient = one batch

 Administered at specialised treatment centres due to complexity and safety
Issues

e complex manufacturing
e Data from all patient treated in EU to be recorded in EBMT register

* Requirement for 15 year safety follow up for integrating vectors due
potential/hypothetical risk of insertional mutagenesis/cancer

* High cost = limited access
* Difficult to compare do RCT, particularly comparing different CART’s

24



Committee for Advanced Therapies (CAT)

Tasks

* Responsible for classification and certification of ATMPs

* Contribute to scientific advice provided by EMA

* Draft opinion for marketing authorisation

* Post authorisation follow-up
* Advise other EMA committees on matters related to ATMPs

* Guidelines/International harmonisation

25



PRlority MEdicines (PRIME)
EMA initiative to support development of innovative therapies in the

Europe

®m Granted Denied

Overall number

R

F1%

u cranted a1 Dranied Cut of scope™ Withdrawn

Out of scope*®

By therapeutic area

Meurology m
Infectious diseases m

Endscrinology-Gynaecology-Fertiity-Metabolism |

Immunclegy-rheumatelegy-transplantation n
Cardiovascu lar diseases 2]
Pneumalogy-allergology I 12

Gastroenterclegy-Hepatolegy H 8
Dermatology 10
Ophthamaology H ]

Vaccines n 5

Ura-naphrology E I

other 108

By Applicant Type

139

Paychiatry ! 3
Meonatology-paediatric intensdve cara |2

Diagnostic 1

Oncology

17
19

Haematology-haemostaseclogy _ 9

15
16

32

Out of the 81 PRIME
granted, 39 were for
ATMPs (48%):

- 17 Oncology

- 11 Haematology

- 3 Immunology -
rheumatology -
Transplantation

- 3 Ophthalmology

33 are GTMPs, 6 CTMP

o9

Musculo-skelstal system 1

Oto-rhino-laryngology 1

* This indicates eligibility requests

received but not started by EMA as they were deemed outside the scope of the scheme

are not included in the breakdown by type of applicant or by therapeutic area.

Statistics 2009 - end 2020

or with a format and content inadequate to support their review. These

- 3 Neurology

1 Infectious diseases
1 Endocrinology
1 Dermatology

1 Other (X-linked
myotubular myopathy)



Scientific Advice

* Regulatory input on issues not

covered by current guidelines, or
where deviation from guidelines are

foreseen

* Particularly well suited for ATMPs

* all stages of development
* Qualification procedures on

registries, platform technologies etc.

* Parallel SA procedure with FDA

~500 SA procedures for ATMPs in total

CAT involved (routinely) in all SA for ATMPs
Increase in SA’s for ATMPs over period 2012 —
2017

Majority of SA nowadays for GTMP (76% in 2017;
75% in 2018)

possible

* EMA/HTA parallel scientific advice

procedure

SA procedures for ATMPs (2009 - July 2020)

60 1

20 7

40 +
ETotal
30 17 mGTMP
mCTMP

= b . . B = RTEP

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020%

20 Va

10 1

o

WODC 2019 regulatory conciderations 27




Regulatory particularities for gene therapies - the GMO

problem

* Most GT’s are classified as genetically modified organisms (GMO)
* Requirements in EU for Environmental Risk Assessment (ERA)

* Add’s complexity, cost and time to development, particularly for multinational clinical
trial application

* For Clinical trials, the responsibility for ERA typically resides with national
competent authorities for environmental affairs in each member state

* For MAA responsibility for ERA resides with EMA

* Development of harmonised approaches for Environmental Risk Assessment
(ERA) for gene therapies
* Genetically modified human cells (eg. CART)

* AAV based Gene Therapy

28



Hospital exemption (sykehusunntak)

* The principle of hospital exemption (HE) allows for the use of an ATMP without
a marketing authorization under certain circumstances

* Only applies in a hospital setting on a non-routine basis for an individual
patient and when no centrally authorized treatment or clinical trial is available

e Same quality requirements apply as for ATMP’s with MA
* Reporting on safety and efficacy required
* National procedure: only for manufacturing and use within national borders

29
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