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Cell and advanced therapies for children with cancer

1. A dream comes true: “Immunotherapy as reality”

2. Immune effector cells as old new drugs for childhood cancer
a) The killer cells
b) The memory cells
c) The cell engineering

3. Hospital needs transformation: Research University Hospital
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Cytotoxic lymphocyte

James A Sullivan. Quill Graphics. Charlottesville, VA, USA
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“From immune hypothesis to drug development”

Paul Ehrlich: Gross and Foley:
Hypothesis that host  first clear

defense forces may demonstration of
prevent neoplastic specific capability of
cells from tumours to
developing tumors. stimulate immune

response.

2018
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Next generation Immunotherapy
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https://en.wikipedia.org/wiki/Donald_Pinkel
http://www.science-connections.com/profiles/pinkel/pinkel.html
https://www.fredhutch.org/en/about/pioneering-bone-marrow-transplantation.html
https://www.eurekalert.org/multimedia/pub/65708.php
https://www.youtube.com/watch?v=K2-fd_2xE8g
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“From immune surveillance to cancer immunoediting”

Paul Ehrlich: Gross and Foley: Lewis Thomas and Ralph Schrelber: Tasuku Honio
Hypothesis that host  first clear MacFarlane Burnet: The theory of and James P
defense forces may demonstration of The theory of immunoediting. Allison:
prevent neoplastic specific capability of ~ immune = The

cells from tumours to surveillance. checkpoint
developing tumors. stimulate immune inhibitors

1
2002 2012 2018

response.

MILESTONES IN IMMUNOTHERAPY OF CANCER

Donald Thomas

1957 Bone Marrow Trasplant Premio Nobel

1984 IL-2 1990
Immunotherapy

1988 Adoptive T
cell

1997 Antibody
therapy

2002 NK cell
alloreactivity

2012 Dendritic cell vaccines
2013 Checkpoint inhibitor
2017 CART cell therapies
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http://www.elmundo.es/ciencia-y-salud/salud/2018/10/01/5bb1e167268e3e15048b45ec.html
https://www.google.es/imgres?imgurl=https://upload.wikimedia.org/wikipedia/commons/thumb/6/66/Alfred_Nobel_mirrored.png/200px-Alfred_Nobel_mirrored.png&imgrefurl=https://es.wikipedia.org/wiki/Anexo:Ganadores_del_Premio_Nobel_de_la_Paz&h=201&w=200&tbnid=gUhZ3Ax7CIzdYM:&tbnh=201&tbnw=200&usg=__Tc0kPVD8rDc0OQFUeuGhx69OMsU=&vet=1&docid=_Mg2aFznVk_BCM
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HSCT outcome: “from chemo to immune THERAPY”

HSCT historical overview: “from bone marrow to cell therapy”

Donald
Thomas

Jacobsony
Lorenz

Bone marrow HSCT
1957/9

PID Wi | WA

Preclinical

HSCT

1950-1952 L
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Donald Thomas

Nobel Prize Cyclosporin
. A
1990 % Drugs
1980
Complications MHC barrier (GvHD) Peripheral
blood
TCD
Bortin Depletion
HSCT is useless 1980

1970

Immune Reconstitution

Serotherapy
Alentuzuma
b
1985
Gluckman
Cord blood
1989
TCD 34+
Haplo Haplo
1981 1995

HiCy

Cyclophosphamida

2000
ILD
Cell therapy

1991

?
3/ 19’ TCRofB- = 45RA-
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https://www.google.es/imgres?imgurl=https://upload.wikimedia.org/wikipedia/commons/thumb/6/66/Alfred_Nobel_mirrored.png/200px-Alfred_Nobel_mirrored.png&imgrefurl=https://es.wikipedia.org/wiki/Anexo:Ganadores_del_Premio_Nobel_de_la_Paz&h=201&w=200&tbnid=gUhZ3Ax7CIzdYM:&tbnh=201&tbnw=200&usg=__Tc0kPVD8rDc0OQFUeuGhx69OMsU=&vet=1&docid=_Mg2aFznVk_BCM
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Cytotoxic T lymphocytes

2 ° 3

Direct selection

APC

& Per

Non-tumor specific T-

Tumor specific T-cell

L

HLA
Tumor antigen
N>

Tumor specific TCR

Montoro J, et al. Current Opinion in Oncology. 2018
Tumor cell
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X

Perforin and granzymes

Bi-specific antibodies #

CD3xCD19 BsAb

CD19

&0

Non-tumor specific T-

o5

Tumor specific T-cell

HLA
L

Tumor antigen

Montoro J, et ak. Current Opinion in Oncology. 2018
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CHIMERIC ANTIGEN RECEPTOR (CAR)-T-CELL ‘

CcD19

o3

CD19-CAR

&0

Non-tumor specific T-
f, |s
o

Tumor specific T-cell

—

@ &

Montoro et al. Current Opinion in Oncology. 2018
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Tumor antigen
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2. Immune effector cells as old new drugs for childhood cancer
a) The killer cells
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2. Immune effector cells as old new drugs for childhood cancer
a) The killer cells

TEDDY

NETWORK

European Network of Excellence
for Paediatric Clinical Research



e M

Hospital Universitario La Paz SaludMadrid

Natural Killer cells for cancer cell therapy

Activatory oSt (CFD;S Inhibitory
KIR 2D: 1 Cl KIR 2DL1
Receptors Receptors

KIR 2DL2/3
HLA-C, grupo
(desconocido) (1) g
KIR 2DS4
(algunos HLA- Ay alela
<)

KIR 2DS3/5 KIR 2/1)
3DS1

KIR 2DL5
(desconocido)

KIR 3DL1
(HLA-Bw4)

KIR 3DL2
(HLA-A A3,
AL1)

CD94/NKG2A
(HLA-E)

NKG2D
(MICA/B,
ULBPs)

NKp46
(hemaglutinina
virus)

DNAM (CD226)
(CD155,

(NTBA)  CD2 CD112)

NKp80
CD54) 284
(C0s4) (coag) (AICL1)

Inhibitory | Stimulatory
- receptor (_\) receptor

MHC fC Stimulatory
class | ligand
molecule

, ’\\-.

’0‘60 :.;‘
Be25e0)
< ‘ ‘ ?/.
\'-.‘_

Killing | Normal ) ,' X Killing
Transtormation \ Transformation (- []
or infection or infection _ﬁ
Protection I
!‘
Missing-self lnduced self Copyright © 7006 Nature Publishing Group
recognition recognition Nature Reviews | Immunology

v These functions are performed in the context of a learning process ("licensing") regulated mainly by inhibitory KIR receptors and

their ligands (HLA class | molecules, in humans).

v In a basal situation the cells of the different tissues express their own ligands (self), HLA class |, so they are protected.
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Instituto de Investigacion
Hospital Universitario La Paz

Natural Killer cells for cancer cell therapy
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Natural Killer cells for cancer cell therapy
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Ferndndez L et al. Cancer Letter 2016.

MG-63 UNTREATED MG-63 +NKAEs 4h MG-63 +NKAEs 24h MG-63 +NKG2D BLOCKED NKAEs 24h

140 - P=0.0027
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Fernandez L et al. Cancer Letter 2016.

Number of spheres

mmm  100pm

TEDDY

NETWORK

European Network of Excellence
for Paediatric Clinical Research



a-M

Hospital Universitario La Paz SaludMadrid

|diP

Natural Killer cells for cancer cell therapy

Activation and expansion protocols:

.
Healthy donor
Immunomagnetic separation Immunomagnetic separation Cell stimulation
(CliniMACS) (CliniMACS) (CliniMACS Prodigy)

Leukapheresis CD3+ depletion CD56+ selection OIN stimulation IL-15

= o s

< Overnight stimulation with IL-15 - | X wi =8

PBMC CD3-cells CD56° CD3- cells IL-15 stimulated CD56+ CD3- cells
Ooooo 3? .:’ - :.
S oS Y

ot

Infusion

+» 15-21 days co-culture with K562-mb15-4.1bbl
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Natural Killer cells for cancer cell therapy

Activation and expansion protocols:

Healthy Donor Peripheral blood PBMC KS(;mbILIS-‘HBBL ;gﬂos;;o;'xé
008900 bod 100Gy o
Centrifugation Co-culture O &g’.o [ 1) C"
i 0 & Y M
(6]
i \ O§OOO.O % Q Q)O.. e N
/v , ..‘0')\
PBMC's Lysate
Ficoll S il K562mblL5-41BBL
+* Overnight stimulation with IL-15

Day 0 Day 7

(a) ®) A [s36 29%
NKAE Cell Expansion
® 1
.: L
£ J
g 2 Day 14 Day 21
5 3] 937%
+ 15-21 days co-culture with K562-mb15-4.1bbl - L cect
L CD3 >
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Natural Killer cells for cancer cell therapy

Activation and expansion protocols:

A

NK basal

NK-IL15

p— q,]
% Overnight stimulation Q" X
. a’ "
with IL-15 BICE
1
—] o] o] - “!} ..’]
% 15-21 days co-culture < | - 1 511 | —J} - "
] o . 99.2% | 89.4% 1 76.3% 1 99.1% | ~ 91%
with K562-mb15-4.1bbl| | "l o i '
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— CD69 —* — CD25 = ~ NKG2D > -~ DNAM-1 * — NKp44 —> — NKp30 > — NKp46 —>

Fernandez F, et al. Transfusion 2018. How do we manufacture clinical-grade interleukin-15-stimulated natural killer cell products for cancer
treatment?
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Natural Killer cells for cancer cell therapy

CYCLE
1

NKAE
< 5x107cells/kg
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L
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\—'—J
REREE
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<
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RESCUE -2
CHEMOTHERAPY

< 5x107cells/kg

l

-12 2 0
|

CLOVE, FLAG-Ida or FluCy

P41

NKAE

!

7 11

RESCUE
CHEMOTHERAPY

-2

> In both cases, two cycles of rescue chemotherapy followed by NKAE and IL-2 infusions were administered

Vela M, et al. Cancer Lett. 2018. Haploidentical IL-15/41BBL activated and expanded natural killer cell
infusion therapy after salvage chemotherapy in children with relapsed and refractory leukemia.
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Natural Killer cells for cancer cell therapy

100+

80+

401

20+
20+

Blasts (%)

» Bone marrow response to treatment.

Percentage of blasts of each patient at trial inclusion, after

first treatment cycle and at he end of the study are
indicated.

Vela M, et al. Cancer Lett. 2018. Haploidentical IL-15/41BBL activated and expanded natural killer cell
infusion therapy after salvage chemotherapy in children with relapsed and refractory leukemia.
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Characteristic

Response (%)
Cytological remission
MRD negative
Progression
Died because toxicity
Get a HSCT (%)
Status

Alive without disease

Response to NK infusions

MRD (%)

TEDDY

NETWORK

European Network of Excellence
for Paediatric Clinical Research

=M

Hospital Universitario La Paz SaludMadrid

Natural Killer cells for cancer cell therapy

NCT01944982

HNJ-NKAEs (EudraCT: 2012-005146-38)
7

3(42)
2(28)
1(16)
1(16)
3(42)

1(14)
150 (27-230)

END OF STUDY_Overall Survival

100+
\_L‘_‘-‘-‘-“\_‘_““_ —— HNJ-NKAES-2012 + LYDIA
754

NCT02074657

LANK-2/LYDIA (EudraCT: 2012-000054-
63)

13

4(

5(38)
1(16)
3(23)
7(53)

5(38)
177 (19-350)
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5 254 Vela M, et al. Cancer Lett. 2018. Ha&m%r_\tlcal IL-15

6 infusion therapy after salvage chen'@hera y in children wi
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Total
20

7 (35)
7 (35)
2 (10)
4 (20)
10 (50)

6 (30)

164 (19-350)

FOLLOW UP_Overall survival

—— HNJ-NKAES-2012 + LYDIA

BL activated and expanded natural killer cell
relapsed and refractory leukemia.
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Lydia Il trial Protocol

Previous treatment: Spanish protocol (SEHOP 2002) including 2 inductions + 2 consolidation cycles

Lympho-ablative treatment

Day: 6 5 -4 -3 -2 -1 0 +7

v

Cyclophosphamide Fludarabine IL-2 IL-2
60mg/Kg 125mg/Kg 1x10° Ul/m? 1x10° Ul/m?
NKAE NKAE
<5x107 cels/kg <5x108 cels/kg

Sissini L, et al. EBMT Cell Therapy oral communication 2019.
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Characteristics of NKAE products infused

® % NKcells

B %Tecells

® NK cells/Kg (x10°)
m T cells/Kg (x10°)

200 . 100+ PR
150 80+ j.? I
® N
oo »n 604
.E:__ 100 1 E
° ® 401
O 504
§ ° . 204
0
0 —— ——— 0 . :: : i‘—
Infusion 1 Infusion 2 Infusion 1 Infusion 2
13 products in 6 o
7 patients cells/kg (x10°) %
51.14 £ 53.99 86.64 £ 11.36
0.69 + 0.35 2.94 +3.55
o Tw Sissini L, et al. EBMT Cell Therapy oral communication 2019.
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Results

05 DFS: 67 %

0,47

0,2

0,0

Sissini L, et al. EBMT Cell Therapy oral communication 2019.
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Cell and advanced therapies for children with cancer

2. Immune effector cells as old new drugs for childhood cancer

b) The memory cells
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Why memo T cell as adoptive immunotherapy?

CD3+CD8+

CcD8

These subsets:

1. Baive (CD45RA+CD27+), 10° 4
2. Central memory (CM; '3
CD45RA-CD27+), R - .

3. EM (CD45RA-CD27-), 3

10%
4. EMRA (CD45RA+CD27-) oz:

s

CD45RA CD45RA CD45RA
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Why memo T cell as adoptive immunotherapy?

35000 4500 - o
4000 -
30000 |
3500 -
25000 3000 -
£ 20000 | £ 2500 1 = Alone
3 W Alone g
> 15000 7 20001 B PBMC 3rd part
r > r r
E W PBMIC 3rd party Z 1500 - party
10000 | 1000 A
5000 | 500 A
0 T T T

CD45RA pos CD45RA neg

CD45RApos CD45RAneg

Fernandez L et al. Clin Can Research 2017
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Why memo T cell as adoptive immunotherapy?

. Bone marrow mismatch related
Conditioning: Immunosupression:
ATG+Flu+thio+BUL CSA+MMF Graft.
Bone Marrow . Myeloablative conditioning.
CD34 selection . 4/5 engraftment.
ED34 Raction . 1/5 aGvHD grade I.
. No viral disease
CD45RA depletion . 4/5 alive
. Clinical grade depletion of CD45RA
CD34+ fraction CD34-CD45RA- fraction naive T cells from an allograft might be
Y d a treatment option for patients with
Final cell therapy product combined immunodeficiency at high

risk of GVHD, infection, or both in an
HLA mismatch setting.

n=5 CD34 CD3+ T naive NK CD14 B cells
+
X10e6/kg 11 89 <0.003 0.16 1.21 0
(CD45RA
)

Touzot et al. J Allergy Clin Immunol. 2015
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Why memo T cell as adoptive immunotherapy?

Bone Marrow Transplantation (2018) 53:264-273 {
https://doi.org/10.1038/541409-017-0035-y vpepmm——y

ARTICLE

Low-dose donor memory T-cell infusion after TCR alpha/beta os
depleted unrelated and haploidentical transplantation: results of a ) Non-malignant pOS 88% (95%C1:73-100), n=17, 15 alive
pilot trial 0sad Malignant  pOS 80% (95%Ck 68-04), n=36, 20 alive

Michael Maschan(®' - Sergey Blagov' - Larisa Shelikhova' - Zhanna Shekhovtsova® - Dmitriy Balashov' -
Julia Starichkova? - Elena Kumnikova® - Elena Boyakova® - Yakov Muzalevskii® - Alexei Kazachenolk® + 02

L s Mal w= == Monmal
Pavel Trakhtman? - Elena Osipova® - Natalia Khripkova® - Vladimir Zhogov® - Galina Novichkova® - Alexei Maschan'
i}
[i] 1 2 3
Time, years
a b
! 1
MemoryT-cell DLI after afT-depleted haplo and MUD HSCT 08 "
06 06 £ Cumioc aGHD grade 2-50% (5% G1282),n= 10, 5 vents
a CMV-T dynamics b Maximal CMV-T increment c Persistence of CMV-T at 1 year 04 04
1400 1400 1400 Cumig VKD, grado 2 2% 05% CI0-18), = 43,1 vt
02 02
1200 1200 1200 ° o
T 20 Py o0 w0 1 0 w0 an 0 &0 70 80
1000 1000 1000 Time, days Time, days.
800 800 800 3 d
f N
600 800 00 ’
08 0at
400 400 400
200 200 200 \"' o0 os f
o b o H 0 Cuminc aGVHD grade 2 - 21% (85% C1:20-82), n= 53, 11 evants. el
cmvimex_t1_3 cmvi_t4
02 02
o 0
2 a0 e a0 w00 0 os H is 2 25
Time, days Time. days
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Cell and advanced therapies for children with cancer

2. Immune effector cells as old new drugs for childhood cancer

c) The cell engineering
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NK cell and memo T cell as adoptive immunotherapy

D

ay: +1
]
c
L
+ )
© TLI8 Flu150 Mel140 Thio10
o
CD34+ CDA45RA-
Day: -7 0
_ t
o CD34-
S
a G-CSF

Mobilized apheresis

Gassior M et al. In preparation
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NK cell and memo T cell as adoptive immunotherapy

HIGH DOSE OF MEMORY (hm) T and NK cells DLI TO IMPROVE:

D

)
<
o

+1 +7 +3 +6 +9

Patient

TLI8 Flu150 Mel140 Thio10

t ¢ t t t ¢
CD34+ CD45RA- CD56+ CD3+CDA45RA-

:10e6/kg non malignant
.£10e7/kg malignant

v
ﬁ CD56+ f

Day: -7 0 +

3x10e7/kg non malignant 2xCD4+CD45RA+kg
5x10e7/kg malignant

CD3+CD45RA-

Donor

Mobilized apheresis  Non mobilized apheresis

Gassior M et al. In preparation

TEDDY

NETWORK

European Network of Excellence
for Paediatric Clinical Research



IdiPA> =M

Hospital Universitario La Paz SaludMadrid

NKG2D CAR T memo cells as adoptive immunotherapy

NKG2D CART memo as DLI :

D

ay: 0 4

)

[

Q

“ .

o TLI8 Flu150 Mel140 Thiol0

o

CD34+ NKG2D
CART memo
Day: -7 0

| -

(@]

o
a G-CSF

Non mobilized apheresis Mobilized apheresis

Gassior M et al. In preparation
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No. of
presentations
D
o

70

No. of protacols

CARs: State of the science

Hospital Umversntano La Paz SaludMadrid

143

No. of protocols

[
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Corrigan-Curay J., et al. Molecular Therapy. 2014
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First two CAR-T cell medicines recommended for approval in EU

== ||, NOVARTIS

tlsagenlecleucelSu oo meony

groee, S Novartis LAL <25 y: 475,000 $ / patient
U S e response ) 408 m€

R Soon in April that LAL in Adults and later

e

W(M‘zﬁ' i -3

NICE = £282,000 per patient (Sep 5, 2018)

~
axicabtagene ciloleucel  Kite Pharma, Inc. 317 m€
*> YESCARTA' Site: FXX

. 2 Kite

A GILEAD Company

TR YK Kite NHL DLBCL: 373,000 $ / patient

123456789-01

Mfg Address Street, City, State Postal Code
(XXX) XXX-XXXX

AS-00730
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CAR-T cells : “from the T-cell body approach to first class FDA approval”

The T-body approach

1989: First CAR - T cells

CD28 CAR
2002

41BB CAR
M. Sadelain 2004

Kymriah, Novartis Pharmaceutical:
(Tisagenlecleucel)

FDA approval

EshharZ et al. Pnas 1993 " " 8/30/2017

GD2-CAR
2001

-y

'TeDDY
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https://www.google.es/imgres?imgurl=https://slideplayer.gr/slide/9418844/28/images/85/1989:+First+CAR+-+T+cells+Zelig+Eshhar+Gross,+Waks+&+Eshhar,+1989.jpg&imgrefurl=https://slideplayer.gr/slide/9418844/&docid=5tAz0ay6QzI7iM&tbnid=9OUwzQRQmJNZ6M:&vet=1&w=960&h=720&bih=596&biw=1280&ved=0ahUKEwiwsfuIuJ3eAhWHbFAKHYzPBN4QMwhoKBwwHA&iact=c&ictx=1
https://www.google.es/imgres?imgurl=http://www.sciencemag.org/sites/default/files/contributor-images/Sadelain_Drupal.jpg&imgrefurl=http://halley.exp.sis.pitt.edu/comet/presentColloquium.do?col_id=15703&docid=MBGpT0nIb6W-MM&tbnid=nLMNcClP5mBf7M:&vet=1&w=276&h=383&itg=1&bih=596&biw=1280&ved=0ahUKEwinkIufwp3eAhXQY1AKHYe1CAkQMwhoKBwwHA&iact=c&ictx=1
https://www.google.es/imgres?imgurl=https://www.nuh.com.sg/wbn/slot/u3609/Research/Researchers/S-Dario Campana (Colour).jpg&imgrefurl=https://www.nuh.com.sg/ktp-nucmi/research/divisions/professor-dario-campana.html&docid=-pI_rIznh03PlM&tbnid=2EfB5xGYiqSDnM:&vet=1&w=100&h=120&bih=596&biw=1280&ved=2ahUKEwiuj5eNw53eAhUSfFAKHQ0TBOsQxiAoAnoECAEQEw&iact=c&ictx=1
https://www.xconomy.com/national/2017/08/31/novartis-car-t-results-in-one-month-or-no-charge-why-one-month/
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CAR-T cells : “from the T-cell body approach to first class FDA approva

STRUCTURE AND FUNCTION

Engineered receptor = redirect immune cells
Phusion protein: Recognition Domain + Cytotoxic domain (CD3() [+ costimulation (CD28/4-1BB)]

4G
2G 3G ] (armored CARs)
Antibody =
g .
CAR -
=
17 TYITTITT
. T T
E CD1: CD28, CD134, CD1: CD28
= CD137,CD27, ICOS
T cell receptor g CD2: CD134, CD137
Classic CARs Current CARs Prototy;;qéARs
el § Yl &
|| _ —
¢ ¢ T cells Redirected
for Universal
Adapted Cytokine Killing

from:
B. Savoldo, G. Dotti / Immunology Letters 155 (2013) 40-42
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CAR-T cell therapy

o Modified T-cell Infusion

Modified T-cell
Expansion

T-cell Activation/
Transduction

Rockland Immunochemicals®



|di M

Hospital Universitario La Paz SaludMadrid

Childhood leukemia

== CR to 4th treatment 13+/-9% at 2 years (n = 15)
*= CR to 5th-9th treatment  19+/-16% at 2 years (n = 8)

* By contrast with the steadily improved CRito 2nd treatment  404/:4% at 2 years (n = 162
P 4 . | == CR to 3rd treatment 31+4/-7% at 2 years (n = 47)

outcome of patients with newly diagnosed ﬁ-
l

ALL, little progress has been made in the 074 P<.001 (logeranktest]  P<.001 {trend)
\
treatment of relapsed ALL Z oe'f‘]]
) fL
g 05-.1.5. .
i I
ne_ 04_‘!l§'}1'3 'l||"|
0.3 L ll,‘—" m,
02 |_ n R TRT [T
i_.....;: ........... ﬂ' ﬂ_J
. . . " i
* r/r ALL: clofarabine+cy+etoposide. Toxic- _—
. 0 1 2 3 4 5 6 7 8 9 0 M
related mOFtahty 24% Time Since Remission (years)

Ko et al. J Clin Oncol 2010
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75 patients who received a tisagenlecleucel
infusion and had at least 3 months of follow-up:

e Overall remission rate was 81%
(95% CI, 71 to 89)

— 45 patients (60%) had
complete remission

— 16 (21%) had complete
remission with incomplete
hematologic recovery.

— All of them were negative
for minimal residual disease

TEDDY

NETWORK

European Network of Excellence
for Paediatric Clinical Research

a-M

Hospital Universitario La Paz SaludMadrid

CART19 Efficacy

Probability of Remission

1.0

0.9

0.8

0.7

0.6

0.5

Duraltion of Remission

Rplapse-free survival among patients with

—gry

0.3

0.2

0.1

0.0

a response to treatment was:
Month 6: 80% (95% Cl, 65-89)

N=61 Month 12: 59% (95% Cl, 41-73)

- Events,n=17

Median duration of remission was not reached

T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22

Patients at risk

Months Since Onset of Remission

1CD19+
15 CD19-
No CNS relapse

N Engl J Med 2018;378:439-48.
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The T-NK approach: opportunity and innovation

The T-NK approach

Transduction of

HL20i4r-MND-NKG2Dbbz pSPAX2

8221bp

VSV-G Env. O -

: E T cells
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The T-NK approach: opportunity and innovation
35 DAYS 56 DAYS 77 DAYS 98 DAYS

(LD CEERD CXEEXT XXX XK
XD QIO DXID QXX XXX
LTI LI YT YYD (U,

RECHALLENGE DAY 60 1x10° CELLS IV

531MII ALONE

UNTRANSDUCED

NKG2D
CAR

DORSAL
5,00E+09 . veeses CTRL
o! ‘ DAY

5,00E+07 ¢ 100 5
u b5 CTRL
=4 vs === P<0. 90 —
& - B UNTRANSDUCED
$ 500E+05 vs P<0.05 g —— NKG2D CAR
z 7 1421283542 4956 s 801

2
8 VENTRAL o : v = P=0.05
o 601 . cece  § === P=0.0000002
S 5,00E+09 : = ¥ =— p=0.000003
soe® o CTRL 50 T T T T T J s
0 20 40 60 80 100 120
5,00E+07 BAYS
5,00E+05 vs === P<0.05
7 14212835424956 vs T P03 Fernandez et al. Clin Can Res 2016
DAY >
S
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The T-NK approach against solid tumours

ERWDUIC~I0NO
OOOOOOOCOOO

i UNTRANS...
. i .
10:1

20:1 251

50 NALM-6
40
30

20
10 i

20:1 2,5:1

UTT CELLS ®m CART CELLS

50 CEM

40
30 UTT CELLS

20 ' i W CART CELLS :
s’ f‘\f\,f\f\ 2a"a
o 00:00:00.000

Pérez Martinez et al. GECAR 2019
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The T-NK approach against non B acute Leukemia

00:00 Hours
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Pérez Martinez et al. GECAR 2019
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Clinical grade automated production of NKG2D-CAR T cells

,f’ ---------------------- ~s
CD45RA , N
LEUKAPHERESIS DEPLETION / ACTIVATION TRANSDUCTION EXPANSION \ END OF
O ] CULTURE
> II I INFUSION AND/OR
= ._). 1 ._.CRYOPRESERVATION
€ I
< 5 |
(®) I
5 !
()] I
o~ E :
QO I
v 2D :
2 2 !
< i
E \
\
\\

*  Viability

* NKG2D CAR expression
* Cytotoxicity

¢ Endotoxins

* VCN

* Free viral particles

¢ Microbiological test
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Characteristics of manufactured NKG2D-CAR T cells

Test Specification 1-565-2 1-518-3 1-595
Number of cells (x106) N/A 2740 2140 1350
Cell viability 260% 65% 81.4% 82%
NKG2D expression =50% 55% 87.4% 91%
Potency vs, Jurkat: =220% vs. Jurkat: 100% vs. Jurkat: 80% vs. Jurkat: N/A
vs. 531MII: 220% vs. 531MII: 20% vs. 531MII: 42% vs. 531MIL: N/A
Mycoplasma/Sterility Negative Negative Negative Negative
Endotoxins <0.25 EU/ml 0.019 EU/ml 0.0035 EU/ml 0.01 EU/ml
Genome integrated copy/cell =5 copies/cell 3.62 12.32 243

Oncogenic gene expression (myc, tert)

Genetic stability

No overexpression

Normal CGH

No overexpression

Normal CGH

No overexpression

Normal CGH

Myc overexpression

Normal CGH

Rl

3

CliniMACS Prodigy (Miltenyi Biotec)
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CART cells can be produced “in house”
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Cell and advanced therapies for children with cancer

3. Hospital needs transformation: Research University Hospital
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Hospital Universitario La Paz

_ Cris Unit for Translational Research and Advanced Therapies

Jcontr.

d. Terapias = gt
Avanzadas (Hospital La - o0
D te %0 3 3
= éé : 15000 sg é
Produccion celular it o i;g
2 3
Células T memoria CAR-NKG2D a escala clinica ng; 7500 §§§
|: : N
o 0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 0 2 M
Day

0 Leukemic biasts (celis/y)
+ Lymphocytes (celis/yl)

* Leucocytes (celis/y)

»- Chimeric celis CD4- (%)
4 Chimeric celis CD4+ (%)

Instituto de Investigacion Hospital
Universitario La paz (IdiPAZ)

UNIDAD DE HEMATO-
ONCOLOGIA PEDIATRICA

Centro Nacional de
Investigaciones Oncoldgicas

(el TRATAMIENTOS PERSONALIZADOS Donantes sanos

Experimentacion preclinica Pacientes Seleccion donante 6ptimo
Actividad anti tumoral de los linfocitos T

de memoria CAR-NKG2D

Leucemia refractaria tratamientos
convencinnales

Comunidad Ud. Calidad Terapias avanzadas
cientifica (Hospital La Paz)

Publicaciones Agencias reguladoras
Fernandez et al. Clin. Cancer Res. 2017 (D1) IMPD, Guia de produccién
o %
2
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Cris Unit for Translational Research and Advanced Therapies
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Cris Unit for Translational Research and Advanced Therapies

Qualitication
> GMP facilities » GMP facilities
-— = D - b

c 3 C/D A Dispositivo

ey B NN b
A =TT A

* @ - o
Cabina flujo r a%, e I SRS
® - Aislador? D
- Conectores estériles?

CliniMACS PRODIGY®

TEDDY

NETWORK

European Network of Excellence
for Paediatric Clinical Research



diF

Inst d

nstituto de Investigacion
Hospital Universitario La Paz

i
= s aatties

a-M

Hospital Universitario La Paz SaludMadrid

VIO Cris Unit for Translational Research and Advanced Therapies
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Pediatric Hemato-Oncology, Stem Cell Transplantation and Cell Therapy Group
Departamento de Inmunidad Innata, Instituto de Investigacidon del Hospital Universiatrio La Paz (IdiPAZ)

Composicion:
- Dr. Antonio Pérez Martinez (IP y facultativo hematooncologia infantil)
- Dra. Maria Vela
- Jaime Valentin
- Pablo Gonzélez
- Ariadna Brito
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Pacientes

1
1
1
1 UNIDAD DE HEMATO-
: ONCOLOGIA PEDIATRICA
L
T
Instituto de Investigacion Hospital :
Universitario La paz (IdiPAZ) 1
1
1
.

Experimentacion preclinica

Ensayos clinicos

|
|
1
UCICEC 5
|

N — |

Cris Unit for Translational Research and Advanced Therapies

-
1
1 Patentes
1

1

N
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Molecular Pediatric Hemato-Oncology Group
Seccién 12, Instituto de Genética Médica y Molecular (INGEMM)

Composicion:

- Dr. Antonio Pérez Martinez (IP y facultativo hemaotoncologia infantil)
- Dra. Adela Escudero (Genetista)
- Dra. Leila Cardoso (Genetista/técnico)

- Beatriz Ruz (bioinformatica)

Genética
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Cris Unit for Translational Research and Advanced Therapies

UNIDAD DE HEMATO-
ONCOLOGIA PEDIATRICA

Instituto de Genética
Médica Molecular (INGEMM)

o - —
1 1
(e e e 1
1 : Recepcion muestra y extraccion ADN 1 :
: 1 Laboratorio de Pre-analitica : 1
1 L —_— - 1
I: = :————————— -i:
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[l| Dxcitogenético R 8 I
T 11 molecular 1
i 11 - ]
: I Dra. | Vallcorba Dra Adela Escudero 11
i Dra. Leila Cardoso 11
T 11 Beatriz Ruz 1
11 11 - ]
1 : Laboratorio 1 : . 11
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.. Cris Unit for Translational Research and Advanced Therapies

Pediatric Hemato-Oncology, Stem Cell Transplantation and Cell Therapy Early Phase Clinical Trial Unit

- 37 Ensayos Clinicos en total desde el afio 2007 (industria y académicos)

- 15 Ensayos clinicos desde el 2015 en 10 de los cuales el investigador principal es el candidato (industria y académicos)

Composicion:

- Dr. Antonio Pérez Martinez (IP y facultativo hemaotoncologia infantil)
- Mario Mufioz

- Dra. Isabel Mirones Aguilar

- g

—
Ay
Tty

=

Ensayos Clinicos Unidad Hemato-Oncologia
Infantil

=

3
: III
1

O [

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

ECINDUSTRIA M EC ACADEMICQOS
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International Standars and Quality Certification (JACIE) in Stem Cell Transplantation and Cell Therapies

-

PLANIFICACION
*Manual de calidad

*Procedimientos generales
*Procedimientos normalizados

*Organigrama programa trasplante

PLANIFICAR

ACCION

~N

Instalaciones y personal adecuado
Formacion inicial continuada
Delimitacion de las tareas
personal de su area especializada

del

J

Composicion:

Ciclo de
mejora continua

- Dr. Antonio Pérez Mar
- Alba Fernandez-Arroyc
- Dra. Isabel Mirones Ag

JACIE

CORRECCION
*Medidas correctoras
*Indicadores de Calidad
*Procedimientos
*Acuerdos con terceros

\_

CORREGIR

~N

REVISION (registros)
*Analisis resultados clinicos
eAuditorias internas
*Registro incidencias
Indicadores de calidad

J

s

' TEDDY

European Network of Excellence
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"_ Cris Unit for Translational Research and Advanced Therapies

UCICEC

Clinical Trials
ENERTS

organization

Family

Pediatric Hemato-Oncology Instituto de Investigacion Hospital
Universitario La paz (IdiPAZ)

Patents

Department

Patients Personalized Treatment
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UCICEC PROTOCOLO DE ENSAYO CLINICO
Ensayo Clinico rase Il multicéntrico, abw. e infusién de células NK

activadas para el tratamiento de ninos, adolescen..  adultos jovenes con

Clinical Trials - I
1 Promotor: ANTONIO PEREZ MARTINEZ
Patl_entf EC SANKOMA ot e Pt SANKOMA 2016 .ll l
Organization EudraCT 2016-003578- 42 . cusucr. mrscamsmas

agencia espafiola de
Version protocolo: version 2 de 10 de juliode 2 medicamentos y

Fam”y productos sanitarios
La Sonrisa de Alex, FMP)J

Pediatric Hemato-Oncology Instituto de Investigacion Hospital
Universitario La paz (IdiPAZ)

Pacientes p lized Patents
ersonalized treatment Bristol Myers Squibb and FIHULP:

Sarcoma metastasico/refractario Combining NK cell therapy and humoral therapy aCXCR4 U.S. Application No. 62/642,313

Department

Scientistic Society

Publicaciones: Vela et al. in preparation (Q1)
Congresos: ASC02018, SIHOP2018, SNI2018, SETGyC2018, SEHOP2018
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HNJ-NK-2009 TRASPLANTE DE PROGENITORES HEMATOPOYETICOS E INFUSION DE CELULAS NK IL-15 EN TUMORES HNJ-NK-01/2009 2009-010186-23 NCT01337544
SOLIDOS PEDIATRICOS REFRACTARIOS

HNJ-NKAES-2012 INFUSION DE CELULAS NATURAL KILLER EN COMBINACION CON QUIMIOTERAPIA EN PACIENTES HIN-NKAES-2012 2012-000054-63 NCT01944982
PEDIATRICOS CON LEUCEMIA/LINFOMA T REFRACTARIA

LYDIA LANK-2: INMUNOTERAPIA CON CELULAS NATURAL KILLER ACTIVADAS Y EXPANDIDAS JUNTO CON LANK-2 2012-005146-38 NCT02074657
QUIMIOTERAPIA DE RESCATE EN NINOS, ADOLESCENTES Y ADULTOS JOVENES CON LEUCEMIA AGUDA
EN RECAIDA O REFRACTARIEDAD

LYDIA I FASE II: INFUSION DE CELULAS NATURAL KILLER COMO TRATAMIENTO DE CONSOLIDACION EN NINOS ~ NKCell_LMA_2015 2015-001901-1 NCT02763475
Y ADOLESCENTES CON LEUCEMIA MIELOBLASTICA AGUDA

SANKOMA ENSAYO CLINICO FASE I/1l, MULTICENTRICO, ABIERTO, DE INFUSION DE CELULAS NATURAL KILLER SANKOMA_2016 2016-003578-42 No disponible
ACTIVADAS PARA EL TRATAMIENTO DE NINOS, ADOLESCENTES Y ADULTOS JOVENES CON SARCOMAS

GABY RECEPTOR ANTIGENICO QUIMERICO NKG2D PARA EL TRATAMIENTO DE PACIENTES PEDIATRICOS No disponible No disponible No disponible
CON LEUCEMIA AGUDA Y LEUCEMIA MIELOMONOCITICA JUVENIL: VALIDACION A ESCALA CLINICA Y
PRIMER ESTUDIO DE SEGURIDAD EN PACIENTES

PHINK INFUSION DE CELULAS NATURAL KILLER ALOREACTIVAS O ESTIMULADAS TRAS TRASPLANTE No disponible No disponible No disponible
HAPLOIDENTICO DE PROGENITORES HEMATOPOYETICOS EN PACIENTES PEDIATRICOS CON
NEOPLASIAS HEMATOLOGICAS
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Conclusion

1. Immunotherapy as new treatment reality

2. Immune effector cells as old but new drugs for childhood cancer

3. Hematopoietic Stem Cell Transplantation developing to a Cell Therapy
4. Hospital needs transformation towards a Research University Hospital

5. Industry and Academic Alliance are needed

di P a M

@ LD 1 @ Hospital Universitario La Paz SaludMadrid
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+ investigacion
- cancer

“The cure of cancer starts with research”
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RESEARCH (CNIO) PEDIATRIC HEMATO-ONCOLOGY
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Cell and advanced therapies for children with cancer
“Cells4kids”

1,2,3,4

Antonio Pérez-Martinez

Translational Research in Pediatric Oncology, Hematopoietic Transplantation and Cell Therapy Unit, Hospital Universitario La Paz, Madrid (Spain),
?Instituto de Genética Médica y Molecular (INGEMM), Hospital Universitario La Paz, Madrid (Spain), *Profesor Titular de Pediatria de la UAM, “Jefe de
Servicio de Hemato-Oncologia Pedidtrica, Hospital Universitario La Paz, Madrid (Spain)

European Network of Excellence for Paediatric Clinical Research



