CAR T-cell therapy

prof. dr. Alojz Ihan
Univerza v Ljubljani, Medicinska fakulteta
InStitut za mikrobiologijo in imunologijo
http://www.imi.si/



http://www.uni-lj.si/
http://www.imi.si/

Uncle plasmacyTom's cabin

* The establishment of therapy with CAR-T ""““”'itl rmn

cells began in Slovenia with a high-profile L \“m W

social action. The start was an article in the [}/l IFII |1|mm
newspaper "Delo" ("Koé&a strica ﬂ‘ ”I:h
plasmacitoma - Uncle plasmacytoma's m i Il

cabin") by the composer Drago Ilvanusa, who
suffered from plasmacytoma.

The article was followed by an initiative of Koca Sirl ica plaZﬂlOCltoma
the Slovenian Association of Patients with i o G, e s poda v, CART b esva.
Lymphoma and Leukemia to collect
donations for the purchase of the Prodigy
device from the company Miltenyi (in the
value of EUR 500,000), which would enable
the establishment of CAR-T cell therapy at : |
the Clinical Department of Hematology at the K
University Clinical Center (UKC) Ljubljana.




Donations for the purchase of the Prodigy device

V sedmih tednih do skoraj
777 000 evrov

* In March 2021, the campaign managed to collect
over 770,000 EUR, after the purchase of the
device, a donor appeared who bought another
device for CAR-T production.

* During the donation campaign, | was called by
Prof. dr. Samo Zver, head of the UKC Clinical
Department of Hematology (KOH), to participate
In the campaign as head of the Immunology
Department at the Faculty of Medicine.

* After both devices were purchased, it became
clear that it would be a long journey from the
purchased device to the production of CAR-T
and to CAR-T cell therapy.




CAR T cells are at the Intersection of 3 Innovative
Technologies

1. Immune therapy
Control and influence an
individual’s own immune
system (monoclonals)

2. Cellular therapy

CAR T Cells Produced
From the Patient’s Own
Cells (Stem cell transpl.)
3. Gene therapy
Inserting genes into a
patient’s cells, causing
them to express a new
CAR protein
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Porter DL et al. J Cancer. 2019;2(1):331-332



CAR T-Cell Treatment Is Individualized

CAR T Cells Produced From the Patient’'s Own Cells

Remove blood from
patient to get T cells
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CAR T cells bind to cancer
cells and kill them
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Current CAR T-cell therapies are

engineered for each individual recipient

To create CAR T cells, T cells must be
collected from the patient’s tissue, tumor,

or blood

T cells are then processed in
manufacturer’s lab to add an engineered

antibody that is specific to the disease
LA

target ’ i

4

NIH. CAR-T cell therapy. www.cancer.gov/publications/dictionaries/cancer-terms/def/car-t-cell-therapy. Accessed October 7,

2019..



Presenter
Presentation Notes
It should be noted that while current FDA approved therapy is CD19 specific, as new therapies come onto the market a practitioner will choose a CAR-T product based on known tumor profile of antigens. For instance a tumor heavily expressing CD33 might be a candidate for a CD33 CAR-T, a tumor expressing ER might be a candidate for a ER CAR-T, etc. 

https://www.cancer.gov/publications/dictionaries/cancer-terms/def/car-t-cell-therapy

Definition of CAR T-cell therapy

CAR-T cells - autologous T cells
engineered to express a surface
receptor to target a specific
(auto)antigen.

Current CAR T-cell therapies DO NOT
recognise and attack tumor-specific
antigens but kill specifically defined
patient's own cell type

Aim — depletion of (auto)antigen
positive cells, e.g. CD19-targeting
CAR-T Kkill patient's own B cells
expressing CD19 (pathogenic and
healthy cells); in future non-
depleting CAR Treg for
autoimmunity?
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Levstek L, Janzi€ L, Ihan A, Kopitar AN. Front. Immunol. 2024;15:1378944



CAR T-cell therapy vs. antibody therapies vs.
bispecific T-cell engager (BITE) therapies

CAR T-cell therapy is similar to existing
antibody therapies (e.g., Rituximab - a
chimeric (mouse/human) monoclonal
antibody against the protein CD20.
Similar mechanism of action because
they both have antigen targets on B
cells and cause B-cell depletion.
CAR-T: long-term depletion (years)
with single-dose; tissue-hidden cells;
complement-independent lysis

Also can be compared to bispecific T-cell
engager (BITE) therapies (e.g.,
blinatumomab — CD19/CD3) Both
therapies rely on the engagement of T
cells with malignant cells Adverse events
can be similar to those associated with
CART cells.

CAR-T: long-term depletion (years) with
single-dose

Monoclonal Antibodies (mAbs) Radio-immunoconjugates
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Bispecific Antibodies (BsAbs) CAR-T cells
1997 2003 2013 2017 2019-2022 2023
Rituximab Obinutuzumab First CAR-T CD20 CAR-T  Odronextamab
approval approval approval therapy in clinical trial  under revision
\ \ approval \ | /
2000 2005 2010 2015 2020

2009 2014 2017-2021 2023

2 ‘ 2 |

Ofatumumab  Blinatumomab first-in-human Epcoritamab,
approval (first BsAb) CDh20/CD19 Mosunetuzumab
approval CAR-T and Glofitamab
clinical trial approval

Dabkowska A, Domka K and Firczuk M 2024; Front. Immunol. 15:1363102



Advantages of CAR T-Cell Therapy

CAR T cells retain long-term
“graft’-versus-tumor effect

HLA-independent antigen
recognition, therefore universal
application

Rapid generation of tumor specific
T-cells

Active in both CD4+ and CD8+ T-
cells

Because it utilizes the patient’s
own cells, there are no graft-
versus-host complications

Target antigens include proteins,
carbohydrates, and glycolipids
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B-cell aplasia can be used as a measure of CAR-T (CD19) function

B-cell aplasia occurred in all the patients who had a response and
persisted for up to 1 year after CTLO19 cells were no longer detectable by
means of flow cytometry.

With a follow-up period 24 months 90% rate of complete remission
among patients who received CTL019 for ALL that was relapsed or
refractory. Relapses were associated with either lack of CTL0O19
persistence or CD19 escape variants.

N Engl J Med. 2014 Oct 16; 371(16): 1507-1517



Advantages of CAR T-Cell Therapy

CAR T cells retain long-term “graft’-
versus-tumor effect

HLA-independent antigen recognition,
therefore universal application (but still
prepared for each individual recipient)

Rapid generation of tumor specific T-
cells (2-4 weeks)

Active in both CD4+ and CD8+ T-cells
(future specific CD4, CD8, NK, Treg...)

Because it utilizes the patient’s own
cells, there are no graft-versus-host
complications

Target antigens include proteins,
carbohydrates, and glycolipids
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Mitra A, Barua A, Huang L(2023) Front. Immunol. 14:1188049



After purchasing the Prodigy device, UKC asked
the Faculty of Medicine if it could organize the
production of CAR-T

The Institute of Microbiology and
Immunology is the central, largest
Slovenian institution for
microbiological and immunological
diagnostics

Over 600 types of investigations
320 000 samples / year
615,000 investigations / year

180 employees (15 medical doctors,
36 Ph.D.)

7 professors

http://www.imi.si/
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Slovenian PID team

260 registered PID patients, 51 different disease entities, 144 (55%) of
Pts according to genetic diagnosis

Department of Allergology, Rheumatology and clinical
Immunology, University Children’s Hospital Ljubljana
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Slovenian PID registry deficiencies

m Combined immunodeficienc
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Immunology laboratory — Institute of Microbiology
and Immunology, Faculty of Medicine, University of
Ljubljana Medical faculty Ljubljana




Hematopoletic stem cell transplantation team
Department of University Children’s Hospital Ljubljana

Dingnosis Age nt H5CT
e 4 yrs
e 3,5 yrs
ECID - OREMM syndrome {RAG1] . 3 months
NCED . 5 IS
NCGD . 25 yTs
. SCID - Hypomorphic Regl deficiency I 4 yrs
I Jst2opetrosis I 10 mignths
APDS [PIZKE] ' E,5 yrs
AR CED ' 21,5 yrs
fHLH 1,5 yrs
SCID - OMENM syndrome 17 months
SCID - JAKS . 8 maonths
NCGD . 13,5 yrs
SCID [CD3E) - sibling & . 12 months
SCID - OMEMNM syndrome (RAGL) 5 maonths
MIALT 1 deficiency - sibling & I &,3 s
MIALT 1 deficiency - sibling B I 4,5 yrs
unknown CID, Monasomy 7 . 5,5 yrs
¥CED ' 7 yrs
NCED 3,5 yIs

ZCID (CD3E) - sibling B 4 months




UKC and the Faculty of Medicine signed an agreement

on cooperation in the production of CAR-T cells

* The Institute of Microbiology and Immunology (IMI) at the Faculty of Medicine
decided to establish a GMP-compliant ATMP center for the production of CAR T cells
in order to meet the demand for CAR T cell therapy in Slovenia.

* In cooperation with the Clinical Department of Hematology of the University Clinical
Center in Ljubljana, IMI is establishing the production of anti-CD19 CAR T-cells for
the treatment of acute lymphoblastic leukemia (B-ALL) and large B-cell lymphomas.

 The plant is built modularly (172 m2 clean rooms in a 600 m2 production hall).

M1
Ingtitut za mikrobiologijo

in imunologijo
Predstojnik

SKK - Sluzba za kakovost (Vodja SKK)

SploEno upravne sluzbe (Vodja SUS)

Strokovno zdravstvena dejavnost

Proizvodna dejavnost Raziskovalna dejavnost

| 2-Sluiba za nabavo

Vodja Obrata

‘ GO - Sluzba za pripravo gojit in reagentov

‘ Vodenje raziskovalnih projektov

‘ | Vadja proizvodnje

I 3- SluZba za prodajo

‘ STP - Sterilizacija in pomivalnica

‘ Studije

I 4 - Sluzba za razvoj kadrov

‘ | Vadja kontrole kakovosti (QC)

I 5 - slufba 7a vzdrievanje

| 6 - Sluzba za investicije in razvol

| 7 —IT Sluzba

diagnostiko SARS-CoV-2

VIR - Virologija | | IMU - Imunelogija | | PAR - Parazitologija | | Zagotavljanje kakovosti (QA)
rogje diagnostike CEL - Podrogje celiéne PRZ - Podrotje | Odgovorna oseba 2a sproscanje (QP)
ekl imunologije parazitologije

imunologije

HUM - Podrogje humeralne

‘ | Obrat CAR-T | ‘ Vodenje raziskovalnega programa




Most iImportant — a new dedicated team!

 We fully engaged three young but already proven
researchers to fully dedicate themselves to
establishing a CAR-T production unit.

« As an external collaborator, we contracted an expert
for the registration of pharmaceutical products

 We established a permanent dialogue with the
Slovenian Medicines Agency (JAZMP). This helped
us a lot in obtaining the necessary permits (GMP
certificate, permit to work with genetically modified
organisms, permit to conduct a clinical study and
clinical exemptions).

 We have established a permanent dialogue with the
Ministry of Health and the Health Insurance Institute
(ZZZS). Through the application of a new treatment
to the Health Council, we secured funding for CAR-
T therapies from ZZZS.

Due to the great interest of the public, all stakeholders were very responsive



Modularly constructed clean rooms




CAR-T production unit
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Modularly constructed clean rooms (90,05 m2) Em@

nice

Master Mix Roomi |

min. +7,5 £3.5 Pa
=10 air change's. 4]

MuULLZ '

[
= s st |
A

H=2400 mm o

4 .
Load Room
Loz
min. +0 £3.5 Pa

=M air changes perh

H=2 mm

aPCR
auu.z
max. -7.5 3.5 Pa

+ =10 air changes per h

e [
i T 224+3°C: 10-T5%Rh;

+ H=2400 mm

(44 50 m2

=

PUu2

max. ++ Pa
0 air change®)

H=2400 m

+3°C; 10-7H

i

zraéna zapora

4
- 8
1

-
o

:15=
. HH
[ GMOs L] Rt O

W3 -

B H=2400 mm (2250 mm
T 22+3°C; 10-T5%Rh;

H%Rm;
oS

+0 Pa 1=

sir changes perh

H=2250 mm
maperiec oling

prostor zavhod in shranjevanje

Entry and Storage
W4

+0 Pa

OHir chanmges perh
400 (2250)
PR3I°C; 10-T5%Rh;
i14h=18,54 m2

A=34,02 m2

==

I"'I AvE

E: _

prostor za preto¢no citometrijo
in izolacijo nukleinskih kislin

Clean room
WEBE.5
+15+£3.5 Pa
IS0 B - Class D
H=2400 mm

22+3°C; 10-75%Rh;

A=17.40 m2

TEH = o moet wepre

il i
CuUu 2 2=

ol

Exit

= -

cuu.3

cuu.4

Type: MSP-ONN-07K09-04U-018-017-016

Prmsa dphn m ol nm




',“ v lh& "

ﬂ%aw)@k . -'- e -

£




Tasks for establishing the conditions for starting
therapy: clean rooms, certificates, training

Agency For Medicinal Products And Medical Devices Of The Republic f

establishment of clean rooms of class D . . N,
(ISOS) WhICh aISO meet the Condltlons for CERTIFICATEOFGMPCOMPLIANCEOFAMANUFAGTURER;:
working with GMOs of the 2nd safety class, s -

establishment of a laboratory for quality
control of CAR-T production,

introduction of manufacturing CAR T cell
therapy and quality control,

obtaining permission to use products
containing GMOs

obtaining permission for the preparation of
non-routinely prepared medicines for
advanced treatment by JAZMP

training staff to work with CliniMACS Prodigy

staff training to work with the MACSQuant
Analyzer

gPCR validation for quality control




Cooperation, research

 We have established cooperation with centers for CAR-
T therapy in Frankfurt and Barcelona. Our young
colleagues went there several times for training, which
helped them a lot in establishing the center in Ljubljana.

 We have established a consulting relationship with an
experienced expert in CAR-T therapy -the involvement
of Dr. Halvard Boenig and his team from Goethe
University Frankfurt am Main enriched the project with
expertise in the development and optimization of CAR T
cell production processes and therapy.

 We established a research collaboration with Professor
Roman Jerala, who heads the new center for gene and
cell therapy technologies. We cooperate with him in
several national and European projects.




Communication with the public is key!

The project was born as a public initiative (donation).
Due to the commitment of the public, it was much
more effective to conduct discussions with the
Ministry of Health and the health insurance company. | &=
The willingness of the management of the Faculty of
Medicine and the University Clinical Center to
cooperate was also greater due to public interest.

It is a fortunate circumstance that Prof. dr. Zver has a
great reputation and influence in the public, so his _
occasional public "interventions" (newspaper articles,
press conferences) were enough to sustain the
willingness of all stakeholders to help the
development of CAR-T therapy.

We therefore did not need to engage PR agencies,
but this is not a general recipe.

= CELIE TERAPIJA CAR-T ,I‘.

= K | na
ZDRAVLJENJE V TUJINI JE TEZKO DOSTOPNO




A welcome side effect: ATMP legislation

Apart from us, also our state
drug agency JAZMP, working
with us encountered many
aspects of the practical
application of the legislation
governing ATMP for the first
time.

In June 2024, the Ministry of
Health and JAZMP gave the
Initiative to jointly formulate
ATMP reqgulations. From June
to November, we met regularly
to formulate rules that would be
useful in facilitating the
introduction of ATMP into

clinical practice.

omatic Cell Therap
Medlclnes

TI'S-S ue Enginee r%
Medlnnes

Annex |, Part IV, 2.2, Article 2.1.b,

nrm ve 2001/83/EC \& ation (EC) 1 muma?

Contain or consist of cells
genes” with a or tissues rnan.;:ui:j'.cd to
therapeutic, prophylactic | change their biological
or diagnostic effect, characteristics, or cells or
directly related to the tissues not intended to
recombinant nucleic acid be used for the same
sequence administered to|  essential functions in the
repair add, regulate, body. Applied to cure,
replace, or delete a gene diagnose or prevent
sequence. diseases via metaboli,

A recombinant gene isa pharmacological or
stretch of DNA (nucleic Immunological actions.
acid sequence) created in

the laboratory, bringing

together DNA from

different sources.

Gene Therapv
Medmines
Annex |, Part IV
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. _:—"‘-"

Contain ‘recombinant Contain cells or tissue
that have been r-*.snh!:ezl
50 they can be used to
repair, regenerate or
replace human tissue,

Combined ATMPs
Some ATMPs may contain one or more medical devices as an integral part
of the medicine. Example: cells embedded in a biodegradable matrix or scaffold.




The regulation introduces the possibility of using
ATMP as a Hospital Exemption

* The principle of hospital

exemption (HE) allows for the =
. PRAVILNIK O NERUTINSKO PRIPRAVLJENIH ZDRAVILIH ZA

use of an ATMP without a NAPREDNO ZDRAVLJEN)E

marketing authorization under , PREDPIS PRIPRAV| ZNOTRA) MINITRSTVA

certain circumstances. Thisonly o

applies in a hospital setting on a

2024-2711-0080

non-routine basis for an
Individual patient and when no o
centrally authorized treatment or

PREDLOG

. . . . . o _P_NPZNZ ~ B
clinical trial is available.
Komentar lahko oddate do 30. 11. 2024.

e Basic recommendations: Limit the use of HE to situations when there
are no centrally authorized ATMPs available; The principles of long-
term follow-up; Need for publicly available information about HE
product at EU and/or national levels (use and safety/efficacy profile).
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Advanced therapy medicinal products

Advanced therapy medicinal products (ATMPs) are medicines for human use that are based on genes, tissues or cells.

ATMPs — new Pharmaceuticals using human cells and/or genes

12

Py Cut/paste gene

@ technology

Human cells
or tissues

EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

ATMPs

~

Manufactured

Transplant for
different biological
function

What can ATMPs do?

* Correct patient DNA
* Treat disease by adding mRNA
* Add gene corrected cells

* Instruct the body to kill defective
cellseg. CART

» Replace diseased cells/tissues

» Treat/prevent disease by adding cells

Heather Main, The Niche, ipscell.com



EU Regulatory Pathways for ATMPs:
Standard, Accelerated and Adaptive Pathways
to Marketing Authorisation

Giulia Detela' and Anthony Lodge”

1. Is the product an ATMP? 2. Is the product for a rare disease?
Other biological medicinal

Orph
ATMPG.'assﬁcaﬁan Procedure —» product or governance under b

medical procedural use incentives
not
i i ilable
Yes Hospital Exemption avai
Q. Is the ATMP custom-made on a non-routine basis? |—# tpengin s l"'“
9 Yea Paediatric Orphan
Q. Could the product be used in children? [~ Investigation Plan:" incentives
l Waiver? Deferral? are
| : available

Q. Will clinical trials provide
comprehensive data?

Yas
Standard
MA

4. Is the produc:t a Priority Medicine Sl Accelerated
or for an urgent unmet need? confirmed  Assessment

In time {

Circumstances MA 3. Is a non-standard

development

plan with adaptive licensing
envisaged?

Molecular Therapy: Methods & Clinical Development Vol. 13 June 2019



Thank Youl!
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