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“From immune hypothesis to drug development”
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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

“From immune surveillance to cancer immunoediting”

Paul Ehrlich: Gross and Foley: first  Lewis Thomas and Ralph Schrelber: Tasuku Honio

Hypothesis that host clear demonstration MacFarlane Burnet: The theory of and James P
defense forces may of specific capability The theory of immunoediting. Allison:
prevent neoplastic of tumours to immune surveillance. The

cells from developing  stimulate immune checkpoint
tumors. response. inhibitors
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MILESTONES IN IMMUNOTHERAPY OF CANCER
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2002 NK cell
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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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Natural Killer cells for cancer cell therapy
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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.



Natural Killer cells for cancer cell therapy

Effectiveness of Donor Natural
Killer Cell Alloreactivity in
Mismatched Hematopoietic

Transplants

Loredana Ruggeri," Marusca Capanni,’ Elena Urbani,’
Katia Perruccio,” Warren D. Shlomchik,? Antonella Tosti,’
Sabrina Posati,’ Daniela Rogaia,” Francesco Frassoni,?
Franco Aversa,' Massimo F. Martelli," Andrea Velardi*
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Pérez-Martinez A. BMT 2012:1-9.
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Natural Killer cells for cancer cell therapy

NKAE cells target OS TICs using NKG2D-NKG2DL interactions
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Fernandez L et al. Cancer Letter 2016.



Natural Killer cells for cancer cell therapy

In vivo, NKAE cells reduce tumor burden, avoid metastases and prolong survival
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Fernandez L et al. Cancer Letter 2016.
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Activation and expansion protocols:
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Activation and expansion protocols:

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

O/N stimulation IL-15

Leukapheresis CD3+ depletlon
A

+» Overnight stimulation with IL-15 - ﬁ fz&' =52

PBMC CD3-cells CD56* CD3- cells IL 15 stimulated CD56+ CD3- cells
.0 eo®
C& osd
o

=."’

llnfusion

*» 15-21 days co-culture with K562-mb15-4.1bbl
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Activation and expansion protocols:

Health i
y Donor Peripheral blood PBMC K562mbILI5—4IBBL Final Product

80-90% NKAE
\ 100Gy [y
Centrifugation Co- '”EOQSE) .0("
i '-’.O....e.\NKAE
PBMCs ‘ ..‘."\ Lysate
FcoII ; NK o " K562mblL5-4IBBL
rythrocytes
¢ Overnight stimulation with IL-15
(a) ® A
NKAE Cell Expansion
§ o
¢ 15-21 days co-culture with K562-mb15-4.1bbl - T

L CD3
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Activation and expansion protocols:
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FernandezF, et al. Transfusion 2018. How do we manufacture clinical-grade interleukin-15-stimulated natural killer cell products for cancer treatment?
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** HNJ-NKAES-2012

Natural Killer cells for cancer cell therapy
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» 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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A

Blasts {%)
nN
S

» 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.



Characteristic

Response (%)
Cytological remission
MRD negative
Progression
Died because toxicity
Get a HSCT (%)
Status
Alive without disease
Follow-up (days)

Response to NK infusions

100+

80

MRD (%)

204

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)

NCT02074657
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3. Inmunoterapia con células CAR-T
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"" l ) e response ) 408 m€
l'l""* J e R | Soon in April that LAL in Adults and later
> WS || NHL

NICE = £282,000 per patient (Sep 5, 2018)
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o T > Kite
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Pending Pr L AS-00730 y

http://www.ema.europa.eu/emal/index.jsp?curl=pages/news_and_events/news/2018/06/news_detail_002983.jsp&mid=WC0b01ac058004d5c1l
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e By contrast with the steadily improved

=== CR to 2nd treatment 40+/-4% at 2 years (n = 162)
g g . 0.9 == CR to 3rd treatment 31+/-7% at 2 years (n = 47)
outcome of patients with newly diagnosed -— CRtodthtreatment  13+/-0% t 2 years (n - 15)

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

ALL, little progress has been made in the 0r !
treatment of relapsed ALL

P < .001 (log-rank test) P < .001 (trend)

Z 06-
T 05-
S
o 0.4+
0.3 1
h_
02- |_. ﬁ_. I 11 | | [ |
. N I—
0.1 1 |_
 r/r ALL: clofarabine+cy+etoposide. Toxic- T S g
related mortality 24% Time Since Remission (years)

Ko et al. J Clin Oncol 2010



D. Campana

1989: First CAR - T cells CD28 CAR

2002

06415

tisagenlecleucel 55 a.
DKYMRIAH"

T o Woee L 0

| 41BB CAR
M. Sadelain 2004

Kymriah, Novartis Pharmaceutical:
(Tisagenlecleucel)

FDA approval
Eshhar Z et al. Pnas 1993~ 8/30/2017
CD19-CAR

2003
HER2-CAR GD2-CAR

1994 2001


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/

STRUCTURE AND FUNCTION

Engineered receptor = redirect immune cells

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

Phusion protein: Recognition Domain + Cytotoxic domain (CD3() [+ costimulation (CD28/4-1BB)]

V

H
v, /
Antibody % \

T cell receptor

Adapted from:

B. Savoldo, G. Dotti / Immunology Letters 155 (2013 ) 40-42

/\ CAR

4G
(armored CARS)

I T, & /10

CD1: CD28

Ectodomain

CD1: CD28, CD134,
€D137, €D27, ICOS

Endodomain

CD2: CD134, CD137

Cad et il

Prototype CARs

T cells Redirected for
Universal Cytokine
Killing
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e Modified T-cell Infusion

9 Modified T-cell

Expansion

T-cell Activation/
Transduction

»

Rockland Immunochemicals®
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75 patients who received a tisagenlecleucel infusion and had at Du réltion Of Remission
least 3 months of follow-up: — |55
0.9 -
e  Overall remission rate was 81% (95% Cl, 71 0.8 -
to 89) §lo7 -
— 45 patients (6(.)%-) had i, - e
complete remission 1 I
— 16 (21%) had complete < Lo
remission with g oa -
incomplete hematologic 02 {
re Cove ry' LT E;Il:g::;wr:ijrizion of remission was not reached
— All of them were negative 00 — T T T T T
L. . 0 2 4 6 8 10 12 14 16 18 20 22
for minimal residual patients at sk
d |Se ase Months Since Onset of Remission

N Engl J Med 2018;378:439-48.
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The T-NK approach
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Fernandez et al. Clin Can Res 2016
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Clinical grade automated production of NKG2D-CAR T cells
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e Viability

* NKG2D CAR expression
e Cytotoxicity

* Endotoxins

e VCN

e Free viral particles

e Microbiological test




Characteristics of manufactured NKG2D-CAR T cells

Test Specification 1-565-2 1-518-3 1-595
Number of cells (x10°) N/A 2740 2140 1350
Cell viability >60% 65% 81.4% 82%
NKG2D expression =50% 55% 87.4% 91%
i vs. Jurkat: 220% vs. Jurkat: 100% vs. Jurkat: 80% vs. Jurkat: N/A

vs. 531MII: 220% vs. 531IMII: 20% vs. 531MII: 42% vs. 531IMIL: 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

< 5 copies/cell 3.62 12.32 2.43

Genome integrated copy/cell
Oncogenic gene expression (myc, tert)

Genetic stability

Mo overexpression

Normal CGH

No overexpression

Normal CGH

No overexpression

Normal CGH

Myc overexpression

MNormal CGH

T
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CliniMACS Prodigy (Miltenyi Biotec)
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Instituto de Investigacion Hospital
Universitario La paz (IdiPAZ)

UNIDAD DE HEMATO-
ONCOLOGIA PEDIATRICA

Centro Nacional de Investigaciones
Oncoldgicas (CNIO)

TRATAMIENTOS PERSONALIZADOS Donantes sanos

(Fisiie0) saviotona
(pirsijas) sattooyduty
(Vi) sise)g IRueynNa

Experimentacion preclinica : L -
Actividad anti tumoral de los linfocitos T L . PfaC|eqtes . SRlERalen T s e
de memoria CAR-NKG2D eucemia re racta.rla tratamientos

convencinnales

Comunidad
cientifica

Publicaciones

Fernandez et al. Clin. Cancer Res. 2017 (D1)

Ud. Calidad Terapias avanzadas

(Hospital La Paz)

Agencias reguladoras
IMPD, Guia de produccién
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4. Transformacion de nuestro hospital
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St‘ ] ude CIl}Iﬂ df?n‘sl HOSPITAL UNIVERSITARIO DE INVESTIGACION LA PAZ
Research Osplta A s Id|PAZ

ALSAC » Danny Thomas, Founder SaludMadrid Hospital Carios Il

Finding cures. Saving children.
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Cualificacion

> Si la fabricacion de CART cells fuese “manual” toda la » Para la fabricacion de células CART en dispositivos cerrados
manipulaciéon se realizaria en grado A con un entorno B y estos deben situarse en un entorno grado C o D. las
las subsiguientes zonas de salida en gradiente manipulaciones del producto o reactivos que van a ir en
descendente de clasificacion (mayor complejidad a nivel contacto con el mismo deben hacerse en grado A.

de infraestructura, personal, etc).

—_ - D e r R DT
C | I'F A Dispositivo
B aﬂ** A C/D cerrado
e A "';a“ i ' fabricacion A
= S5 Wl
» - -
Cabina flujo fl"@a ® -i: [ ~Cebine-fiujo-
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CliniMACS PRODIGY®
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Reconocimiento Ag
tumoral

Ag especificos de tumor o
asociados a tumor

& ZO
&
=]

(@) Inmunoterapia

Multiples posibilidades
< Mdltiples dianas
Multiples células

O

Consideraciones
Carga tumoral
Microbiota (virus)

Tumor dinamico en el
tiempo

A%
«

Buscar biomarcadores
de respuesta

Muchas dianas pero

de los pacientes

‘ desconocemos respuesta

/Equipo multidisciplinar

H S
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PEDIATRIAS
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Creacion del grupo de Investigacion Clinica Traslacional en Cancer Infantil, Trasplante Hematopoyético y

Terapia Celular

Departamento de Inmunidad Innata, Instituto de Investigacion del Hospital Universiatrio La Paz (IdiPAZ)

Composicion:

- Dr. Antonio Pérez Martinez (IP y facultativo hematooncologia infantil)
- Dra. Maria Vela

- Jaime Valentin

- Pablo Gonzalez

- Ariadna Brito

Pacientes

i i
1 1
' )
1
! UNIDAD DE HEMATO- i
: ONCOLOGIA PEDIATRICA \
1 1
1

Instituto de Investigacion Hospital

Universitario La paz (IdiPAZ)

Experimentacion preclinica

s S E S 1 [r==———em————= 1
1 1 1 1
I Ensayos clinicos : : Patentes :
H I I I
1 | | :
I UCICEC ') i
I (

1 I I I
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Creacion del laboratorio de Hemato-Oncologia pediatrica molecular
Seccidn 12, Instituto de Genética Médica y Molecular (INGEMM)

UNIDAD DE HEMATO-

ONCOLOGIA PEDIATRICA

Composicion:
- Dr. Antonio Pérez Martinez (IP y facultativo hemaotoncologia infantil)
- Dra. Adela Escudero (Genetista)
- Dra. Leila Cardoso (Genetista/técnico) Instituto de Genética
- Beatriz Ruz (bioinformatica) Médica Molecular (INGEMM)

¥ Recepcion muestra y extraccion ADN
Hemag, oratoio

Paric - Oncolo,
edlatrsca Mu!ecou?g

Laboratorio de Pre-analitica

Dx citogenético

1
Dra. | Vallcorba Dra Adela Escudero
Dra. Leila Cardoso

Beatriz Ruz

Dx genético
molecular

Genética
Molecular

Laboratorio de Hemato-

de Citogenética
& Oncologia Pediatrica

1
1
1
Laboratorio :
1
1
1
1
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Creacion de Unidad de Ensayos Clinicos en Oncohematologia Infantil-UCICEC:

- 37 Ensayos Clinicos en total desde el aiio 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 Muhoz

- Dra. Isabel Mirones Aguilar

Ensayos Clinicos Unidad Hemato-Oncologia
Infantil

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

=

w

o]

[y

B ECINDUSTRIA  ®EC ACADEMICOS
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Acreditacion JACIE (calidad) en el area clinica del Trasplante de Progenitores Hematopoyéticos

4 4 )

PLANIFICACION ACCION

*Manual de calidad * Instalacionesy personal adecuado
*Organigrama programa trasplante * Formacion inicial continuada

*Procedimientos generales Delimitacion de las tareas del
*Procedimientos normalizados PLANIFICAR personal de su area especializada

/ Composicion:

- Dr. Antonio Pérez Martinez
- Alba Fernandez-Arroyo

- Dra. Isabel Mirones Aguilar

Ciclo de
mejora continua

{ JACIE \

CORRECCION CORREGIR REVISAR REVISION (registros)

eAnalisis resultados clinicos
eAuditorias internas
*Registro incidencias
*Indicadores de calidad

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

J




XII CONFERENCIA ANUAL

DE LAS PLATAFORMAS TECNOLOGICAS
DE INVESTIGACION BIOMEDICA

— Oncologia (osteosarcoma): Terapia celular con linfocitos T de memoria transducidos con CAR-NKG2D
Desarrollo de tratamientos: — Oncologia (rabdomiosarcoma): Terapia combinada células NK y anticuerpos terapéuticos (aCXCR4)
— Terapia celular para la optimizacion del trasplante de drgano sdlido (trasplante intestinal y renal)

— Optimizacion de los métodos de produccion celular en condiciones GMP para el TPH y terapia celular

Vector lentiviral

Transduccion de

O\ _
O/

VSV-G Env

Células 293

l cD8 CD8 dominio bisagra

NKG2D dominio extracelular e A 4-1BB dominio de sefalizacién CD37 dominio de sefializacion




UCICEC

Ensayos clinicos

Asociaciones de

pacientes

Familias

UNIDAD DE HEMATO- Instituto de Investigacion Hospital

ONCOLOGIA PEDIATRICA Universitario La paz (IdiPAZ)

. Patentes
Pacientes TRATAMIENTOS PERSONALIZADOS

Comunidad cientifica



UCICEC PROTOCOLO DE ENSAYO CLINICO
Ensayo Clinico Fase VI, multicéntrico, abie.. " a infusién de células NK

activadas para el tratamiente de nifios, adolescenw. : adultos jévenes con
L. Ensayos clinicos ' '

Asociaciones de EC SANKOMA Promotor: ANTONIO PEREZ MARTINEZ m

(&

paCientes Eu d raCT 2016-003578- 42 Cadigo de Protocolo: SANKOMA_2016

Codigo EudraCT: 2016-003578-42

Familias productos sanitarios
La Sonrisa de Alex, FMPJ

UNIDAD DE HEMATO- Instituto de Investigacién Hospital

Universitario La paz (IdiPAZ)

ONCOLOGIA PEDIATRICA Bristol-Myers Squibb
Pacientes Patentes
-n ' TRATAMIENTOS PERSONALIZADOS Bristol Myers Squibb and FIHULP:
Sarcoma metastasico/refractario Actividad anti tumoral in vivo de la terapia combinada NK + aCXCR4 U.S. Application No. 62/642,313

Comunidad cientifica

Publicaciones: Vela et al. in preparation (Q1)
Congresos: ASC02018, SIHOP2018, SNI2018, SETGyC2018, SEHOP2018



EudraCT

HNJ-NK-2009

HNJ-NKAES-2012

LYDIA

LYDIA 1l

SANKOMA

GABY

PHINK

TRASPLANTE DE PROGENITORES HEMATOPOYETICOS E INFUSION DE CELULAS NK IL-15 EN TUMORES
SOLIDOS PEDIATRICOS REFRACTARIOS

INFUSION DE CELULAS NATURAL KILLER EN COMBINACION CON QUIMIOTERAPIA EN PACIENTES
PEDIATRICOS CON LEUCEMIA/LINFOMA T REFRACTARIA

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

FASE I1: INFUSION DE CELULAS NATURAL KILLER COMO TRATAMIENTO DE CONSOLIDACION EN NINOS Y
ADOLESCENTES CON LEUCEMIA MIELOBLASTICA AGUDA

ENSAYO CLINICO FASE I/1l, MULTICENTRICO, ABIERTO, DE INFUSION DE CELULAS NATURAL KILLER
ACTIVADAS PARA EL TRATAMIENTO DE NINOS, ADOLESCENTES Y ADULTOS JOVENES CON SARCOMAS

RECEPTOR ANTIGENICO QUIMERICO NKG2D PARA EL TRATAMIENTO DE PACIENTES PEDIATRICOS CON
LEUCEMIA AGUDA Y LEUCEMIA MIELOMONOCITICA JUVENIL: VALIDACION A ESCALA CLINICA Y PRIMER
ESTUDIO DE SEGURIDAD EN PACIENTES

INFUSION DE CELULAS NATURAL KILLER ALOREACTIVAS O ESTIMULADAS TRAS TRASPLANTE
HAPLOIDENTICO DE PROGENITORES HEMATOPOYETICOS EN PACIENTES PEDIATRICOS CON NEOPLASIAS
HEMATOLOGICAS

HNJ-NK-01/2009

HIJN-NKAES-2012

LANK-2

NKCell_LMA_2015

SANKOMA_2016

No disponible

No disponible

2009-010186-23

2012-000054-63

2012-005146-38

2015-001901-1

2016-003578-42

No disponible

No disponible

NCT01337544

NCT01944982

NCT02074657

NCT02763475

No disponible

No disponible

No disponible



- cancer

“The cure of cancer starts with research”
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Inmunoterapia con células NKy CAR-
T en el cancer infantil

Antonio Pérez-Martinez!%34

Mranslational Research in Pediatric Oncology, Hematopoietic Transplantation and Cell Therapy Unit, Hospital Universitario La Paz, Madrid (Spain),
2Instituto de Genética Médica y Molecular (INGEMM), Hospital Universitario La Paz, Madrid (Spain), 3Profesor Titular de Pediatria de la UAM, “Jefe de
Servicio de Hemato-Oncologia Pediatrica, Hospital Universitario La Paz, Madrid (Spain)
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