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Akut losemiler

v" Cocukluk ¢aginin en sik goriilen malignitesi; %80 ALL

v Cogu 20 yasin altinda (median 14 yas).

v" Cocukluk cagi ALI’sinde bes yillik EFS dramatik olarak artti. OS: %90

v" Adolesan ve geng erigkinlerde OS:%42-63 arasinda
v Kirk yasindan biiyiik erigkinlerde: %24-17.7 arasinda

v’ %15 sanssi1z hastanin relaps yapacagini 6ngorebilmekteyiz.

1. Hochberg J et al. Humoral and Cellular Immunotherapy in ALL in Children, Adolescents, and Young Adults. Clinical Lymphoma, Myeloma & Leukemia, 2014,14:3, 6-13.

2. Lee DW et al. T cells expressing CD19 chimeric antigen receptors for acute lymphoblastic leukaemia in children and young adults: a phase 1 dose-escalation trial. Lancet 2015;385: 517-528.
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Refrakter ve relaps 10semi

v" Prognoz hala kétiidiir ve tek tedavi segenegi allojenik kemik iligi naklidir.

v' Direngli hastalarda allojenik kemik iligi naklinin basarisi, kanser hiicrelerini

aktif olarak yoketmede immmiin sistemin biiyiik potansiyeline dikkati cekti.

- v Humoral ve hiicresel immunoterapi kanser tedavisinde secenek oldu.

v" Immunoterapi bugiin umut vaat eden hedefli antikanser stratejilerden biridir.

Hochberg J,El-Mallawany NK, Cairo MS. Humoral and Cellular Immunotherapy in ALL in Children, Adolescents, and Young Adults. Clinical
Lymphoma, Myeloma & Leukemia, Vol. 14, No. S3, S6-13, 2014




Science dergisi, 2013"n en 6nemli gelismesini

‘Kanser immunoterapisi’ olarak belirledi.
Breakthrough of the Year
Cancer -

- "Immunotherapy
T cells on the attack .

IMMUNOTERAPI

Kanserle mucadele i¢in viicudun dogal
savunma sistemlerini harekete gecirir,

hastalikla muicadeleyi organizmanin
yapmasint saglar.

Tumort degil, immiin sistemi hedefler.

Kanser tedavisinde farkl: bir yol
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TUMORLERE KONAK YANITI

HUCRESEL iMMUNITE

v’ Sitotoksik T lenfositler (GEL)
v NK hiicreleti

v Makrotajlar

HUMORAL IMMUNITE

Konak tumor hticrelerine konagin yaptigt antikorlar veya (their constituens
for tumour antigens))




TUMORLERE KONAK YANITI/HUCRESEL IMMUNITE

Sitotoksik T lenfositler (CTL) NK hiicreleri
e SRR e v" Onceden duyarlilagsmadan timér

Tumorlere karst major immun savunma ; S R e

Sy hiicrelerini 6ldurebilir.

v’ IL-2 ve IL-15 ile aktive olduktan sonra
v’ Virusla iliskili tiimétlerden korur tumor hucrelerini parcalayabilir.
7 (EBV iliskili, HPV iliskili tm le) v’ Hiicreleri tiimore dé{lﬁ§tﬁr.ec'ek DNA
hasarint ve stress antijenlerini tanimlar. -

Makrofajlar T hiicreleri ve NK hiicreleri tarafindan

Ve o salgilanan Interferon y makrofajlar1 uyarir.

hticrelerine sitotoksiktirler. T hiicreleri, NK hiicreleri ve makrofajlar
v Mikroplara benzer sekilde timér timor hiicrelerini 6ldiirmede isbirligi
hiicrelerini o6ldurebilirler (I'NF salgilama..) yaparlar.




TUMORLERE KONAK YANITI

Cytotoxic
T cell

Cancer cell

Killer cell

Macrophage

A cancer cell can rouse several types of immune
defenses.




KANSER HUCRELERINDEKI GENETIK DUZENSIZLIiK
IMMUN SiSTEM TARAFINDAN TANINAN ANTIJENLERI
OLUSTURUR

Normal cell presents self peptides
bound to MHC molecules

New peptides ®
created by - B ['.j L’J
mutation R oo

or increased =
expression

=

s R,

A point mutation in a self protein allows A point mutation in a self peptide creates
binding of a new peptide to MHC molecules a new epitope for racognition by T cells

|.’l \ ) )
"] — 1@ [ - 21® [

g /

MHC = major histocompatibiiity complex.
www.immunoweab.com/iu 10 htm




NK = natural killer.

IKi ANA MEKANIZMA:
SITOTOKSIK T LENFOSITLER VE
IMMUNGLOBULINLER

. Antigen-specific Cytolysis

Teoll) —
Killing

B: Antibody-dependent Cytotoxicity

O-% G

Killing




CD +8 sitotoksik T lenfositler antijen eksprese eden
timor hiicrelerini 6ldiiriir

F )

Cytolytic T Lymphocyte
(CTL)

Class | MHC (HLA A, B)
+ pepude

 Processing

Tumor Cell

How Do These CD8+ T Cells Initially Become Activated to Fight Tumors?
IMER

TCR = T-call racaptor.
Boissonnas el al, 2007,




MONOKLONAL ANTIKORLAR

Adminstration of monoclonal antibodies which target either tumour-
specific or over-expressed antigens.

Kill tumour cells in a variety of ways:

FIN

Apoptosis Complement- ADCC Conjugated to
induction mediated toxin / isotope
cytotoxicity




Effective therapies

Complete regression of a
large liver metastasis from
kidney cancer in a patient
treated with IL-2.

Regression is ongoing
seven years later

Rosenberg (2001) Nature, 411:381-4




Army of the host to fight cancers

Antibody

Cancer cell

o
l.\

Macrophage

Helper T cell




Pediatrik Tiimérlerde Nigin Immiinoterapi?

Cocukluk ¢agi
kanserlerinde daha 1yi
gidis

Yogun kemoterapi

Coklu ilac tedavisi E—)

l Coziilmemis konular

Refrakter ve relaps hastalar nasil tedavi
edilmeli?

Target (hedef)

Yogun kemo/radyoterapiye bagl tedaviler
toksisiteler nasil yonetilmeli?




IMMUNOTERAPI

v'Adoptif T hiicre tedavisi (AIT)

. v Pasif immunoterapi-mAb

v Aktif immunoterapi-Agilar
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v' Monoklonal antikor tedavisi,

v' Antikorla birlesmis bispesifik
T ve NK hiicreleri,

v" Genetik olarak yeniden
diizenlenmis T hiicreleri ve

v' Kimerik antijen reseptorlerini

hedefleyen NK hiicreleri

Grosso DA, Hess RC, and
Weiss MA. Immunotherapy
in Acute Myeloid Leukemia.
Cancer August 15, 2015,
2689-2704.




IMMUNOTERAPI/GERCEK HAYAT

v’ Ik bagarili sonuglar anti-CD20 monoklonal antikorlari ile,

v Tek bagina veya kombinasyon olarak anti-CD22 ve anti-CD19 antikor ted,

v' Hedefli kimerik antijen reseptorleri iceren genetigi degistirilmis T ve NK
hiicreleri direngli tiimor hiicrelerini yoketmek i¢in yeni bir alternatif
olusturabilir.

v Humoral ve hiicresel kombine immunoterapi ¢ocuk adolesan ve geng
erigkinlerdeki yiiksek riskli ALLL’de tedavi secenegi olabilir.

Hochberg | et al. Humoral and Cellular Immunotherapy in ALL in Children, Adolescents, and Young Adults. Clinical
Lymphoma, Myeloma & Leukemia, 2014,14:3, 6-13.
Grosso DA et al. Immunotherapy in Acute Myeloid Leukemia. Cancer 15: 2689-2704, 2015.




Unconjugated
Unconjugated
Unconjugated

Conjugated chemotoxin

Conjugated chemoloxin

Conjugated immunotoxin

Bi-allelic MOAD
(CD19 & CD3)
Jabbour E et al.
)— Unconjugated: Rituximab, Ofatumumab, Obinutuzumab, Monoklonal antibodies
Epratuzumab, Alemtuzumab in acute lymphoblastic
_j * Chemotoxin: Calicheamicin, Maytansine, Auristatin leukemia. Blood,125:26,
Bk * Immunotoxin: Diptheria, Pseudomonas 4010-16,2015

Figure 1. Schema of different monoclonal antibodies.




Humoral Immiinite /Monoklonal antikor tedavileri

Normal hticreye zarar vermeden timor hucresine 6zgul sitotoksisiteye yol agmaktadir. | |

* Monoklonal antikorlar laboratuvarda tretilen proteinlerdir; timor hiicresinit dogrudan

oldirur ya da bagisiklik sistemini uyararak onun élimunu uyarir.

Bazi monoklonal antikorlar radyoaktif 1zotop ya da toksine baglanir. Bu durumda

antikor timor huicresinit 6ldirecek ajanin vericist konumuna gecer.
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Monoklonal antikorlarin avantajlari

Hedef tiimor hiicresine daha spesifik

Etki mekanizmasi konvansiyonel kemoterapiden farkl

Genellikle daha giivenli

Barth M et al. British ] Haematol 2012




Rituximab

* Ilk olarak cocukluk cag1 B-hiicreli lenfomalarda ICE (ifosfamide, carboplatin,

ve etoposide) relaps tedavisine eklendi.

* Basarili sonuglar standart BFM ve COG B hiicreli lenfoma protokollerine

. girmesini sagladl.

* Kemik iligi ve /veya MSS tutulumu olan hastalarda 3 yillik yasam belirgin

olarak artti, bu basart pediatrik malignitelerde monoklonal antikor tedavisinin

gelismesini saglad.




Rituximab: The first approved antibody by FDA in clinical trial.
Targeting CD20. low-grade non-Hodgkin lymphoma

Figure 4. Rituximab for Initial Treatment of
LGNHL: Duration of Response

100
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Actuarial Progression-Free Survival
1 Year 69%
2 Years 67%o
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Pre B ALL

°* B-ALL hastalarinin %93 kadar1 indiiksiyon kemoterapisi ile remisyona girer

* Ancak bunlarin %50’sinden fazlasinda 5 yil i¢inde relaps olur.

- * Minimal rezidiiel hastalik varliginda, biiyiik yaslarda ve sitogenetik anomali -

varliginda ilk remisyonda kemik iligi nakli 6nerilmektedir.

* Yogun kemoterapi ve kemik iligi nakline ragmen, pre-B-ALL’de relaps riski

yiiksektir ve tedavide yeni segeneklere ihtiyag¢ vardir.




Vaka:

7 yasinda kiz hasta

Solukluk, halsizlik

Derin anemi (Hb: 3...,trombositopeni)

Hepatosplenomegali

PreB ALL, t(17,19) mutasyonu

7.guin steroid yanitsiz,15. ve 33. giin yanitsi1z (%7 direncli hasta)
Donorii vardi ancak KIT olsa bile yagayan hig¢ hasta yok.
Blinatumomab igin klinik ¢alismaya girdi (Isvigre, Faz III)

Remisyona girdi, KIT oldu, yasiyor.

T I—— —— — . E——— R



preB ALI’de Blinatumomab
v’ Prekursor B ALL ilik dis1 bélgeleri siklikla tutan ve énciil B
hiicrelerinden kaynaklanan ALL tiirtidiir.

v'_Erken pro-B lenfoblastlar tipik olarak CD 19, sitoplazmik CD 22 ve CD
34 ekprese eder. Tipik olarak CD 20 tagimazlar, TDT tasiyabilirler.

v" Geg pro-B hiicreler genellikle CD19,CD10,CD79a ve TdT tagitlar.
Bazen CD20 ve ylizeyel CD22 ekprese edebilirler. PreB hiicreleri ise
sitoplazmik immunglobulin p zinciri tagirlar.

v B hiicre immunfenotipi hedefli tedavi i¢cin kilavuzdur.

v B hiicre gelisiminin tiim agsamalarinda CD19 olmasi blinatumomab
tedavisi icin 6nemlidir.
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CD 19: B hiicre malnitelerinde ideal tiimé6r hedefi
Hematopoietik kék hiicrelerde bulunmaz.
CD19 plazma hiicreleri diginda B hiicre gelisgiminin tiim
evrelerinde eksprese edilir.
Bir¢ok B hiicre malinitelerinde bulunur:
B-ALL, CLL, DLBCL
CD 19 antikorlar tiimor hiicresinin buytimesini 6nler.

B cell lymphomas and CD19 expression

preB-ALL leukemias

. -
> -

= ,. ,, 4 D e
| N

Hematopoietic Pro-B Pre-B Immature Mature Activated Memory Plasma
stem cell (lgM) (IgM, 1gD) B cell B cell cell
(IgG, IgA) (IgG)
1. Scheuermann RH. et al. Leuk Lymphoma. 1995:18:385-307
lmaaeadmdﬁunJmnuyCA.TmsP Walport M, et al. Immunobiology. 5th ed. New York, NY: GeﬂaMSdmoe:zom'ZZ! -203;
Scheuermann RH, et al. Leuk Lymphoma. 1995:18:385-307; and Feldman M, Marini JC. Cell cooperation in the antibody response. the is with®h

In: Roitt |, Brostoff J, Male D, eds. Immunology. 8th ed. Maryland Heights, Missouri: Mosby;2001:131-146.
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Blinatumomab, BiTE® Antikor Yapisi

v’ Bispecific T-cell engager (BiTE) antikorlari
hedef hiicrenin yiizey antijenlerine (CD19) ve
aktive T cell reseptorlerine (TCRs) iki yonlii

baglanarak sitotoksik T hiicre iligkili sitolizi
kolaylagtiran monoklonal antikorlardir.

./ CD 19 B hiicre soyunun en erken antijenidir ve

bu durum onu B hiicre malinitelerinde
tedavinin hedefi haline getirmigtir

v’ 1/t Ph-negatif ALL'de monoterapi olarak
%43 CR

Bargou R, et al. Science 2008;321:974-977.

Raponi S, et al. Leuk Lymphoma 2011;52:1098-1107.
Piccaluga P, et al. Leuk Lymphoma 2011;52:325-327.
. Topp MS, et al. Lancet Oncol 2015;16:57-66.

ST AN

Blinatumomab

B-prekursor ALL hucresi




Blinatumomab*
v CD19+ B-hiicreleri ve CD3+ T-hiicreleri blinatumomab araciligiyla baglaninca

T-hiicreleri ve kanser hedef hiicreleri arasinda sitolitik bir sinaps olusur:

Sitotoksik T-hiicreleri granzim ve perforin salgilar.

v’ Perforinler kalsiyum varliginda hedef B-hiicre membranina granzimin girmesi icin bir
delik agar. Granzimler programlanmig hiicre 6liimiinii (apoptosis) aktive eder; DNA
parg¢alanmasi, poli-ADP riboz polimeraz (PARP) béliinmesi ve kaspazlarin aktivasyonu
yoluyla apoptoz olur.

v’ T-hiicreleri ayrica salgiladig1 enflamatuar sitokinler aracilifiyla ek granzim ve perforin
olusumunu saglar. Aktive olan T hiicreleri hiicre siklusuna girerek T hiicre
kompartimaninin geniglemesini ve hedef dokularda T hiicre sayisinin artmasini saglar.

v * Blincyto, Amgen INC, Thousand Oaks, CA,CD19’a ve T-cell reseptérlerine iki yonlii
olarak baglanan spesifik bir monoklonal antikor olan, ¢esitli B hiicre malignitelerinde
kalic1 remisyon saglayan tedavi olarak Aralik 2014°de FDA tarafindan onaylanmastur.
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v" Blinatumomab klinik ¢alismalar1 2001 yilinda

sempanze modelleriyle baglada.

Ilk insan ¢alismalar1 NHL, KLL’de yapilda.




i) @ | https://dinicaltrials.gov/ct2/results?term=Blinatumomab+children&Search =Search ¢ Q Arama ﬁ B 4+ # e 9 S m v
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Rank Status Study

1 Recruiting  Blinatumomab in Treating Younger Patients With Relapsed B-cell Acute Lymphoblastic Leukemia
Conditions: B Acute Lymphoblastic Leukemia; Recurrent Adult Acute Lymphoblastic Leukemia;
Recurrent Childhood Acute Lymphoblastic Leukemia

Interventions: Procedure: Allogeneic Hematopoietic Stem Cell Transplantation; Drug: Asparaginase;
Biological: Blinatumomab; Drug: Cyclophosphamide; Drug: Cytarabine;
Drug: Dexamethasone; Drug: Etoposide; Other: Laboratory Biomarker Analysis;
Drug: Leucovorin Calcium. Drug: Mercaptopurine; Drug: Methotrexate;
Drug: Mitoxantrone Hydrochloride; Drug: Pegaspargase; Other: Pharmacological Study;
Drug: Therapeutic Hydrocortisone; Drug: Thioguanine; Drug: Vincristine Sulfate

2 Active, not  Clinical Study With Blinatumomab in Pediatric and Adolescent Patients With Relapsed/Refractory B-precursor
recruiting Acute Lymphoblastic Leukemia

Condition: Acute Lymphoblastic Leukemia
Intervention: Drug: blinatumomab

3 Recruiting Study of Blinatumomab in Japanese Subjects With Relapsed/Refractory B-precursor Acute Lymphoblastic
Leukemia

Condition: Relapsed/Refractory B-precursor Acute Lymphoblastic Leukemia (ALL)
Intervention: Drug: Blinatumomab

4 Recruiting Phase 3 Trial of Blinatumomab vs Standard Chemotherapy in Pediatric Subjects With HR First Relapse
B-precursor ALL
Condition: Leukemia, Acute Lymphoblastic
Interventions: Drug: Blinatumomab; Drug: Conventional Consolidation Chemotherapy

5 Available Expanded Access Protocol of Blinatumomab in Pediatric and Adolescent Subjects With Relapsed and/or
Refractory B-precursor Acute Lymphoblastic Leukemia (ALL)
Condition: Relapsed/Refractory B-Precursor Acute Lymphoblastic Leukemia (ALL)




Pediatrik klinik caligmalar

* Daha 6nce KIT yapilmig 9 hastada 28 giin boyunca Blinatumomab
5 veya 15 ptg/ kg/giin dozunda verilmis, 7-14 gunluk dlnlenme

olarak Ver11m1§t1r

Ilk kiirden sonra hastalarin 4’ii remisyona girmistir. Hastalarin 3’
1490 giin sonra sag ve saglikli olup kiir orani %30 ‘dur.

* Bu verilerle cocuklarda relaps/refrakter B-l6semi hastalarinda
Blinatumomab tedavisinin bir secenek olabilecegi ancak daha fazla
bilgiye ihtiya¢ oldugu bildirilmigtir.

Larry W. Buie LW Pecoraro JJ, Horvat TZ,Daley RJ. Blinatumomab: A First-in-Class Bispecific T-Cell Engager for Precursor B-
Cell Acute Lymphoblastic Leukemia. Annals of Pharmacotherapy 2015, 49(9): 1057-1067




Relaps/Refrakter 16semi/ Faz I/1II ¢aligmasi

v Relaps/refrakter 41 cocuk hastada blinatumomab doz ¢aligmasi yapilmastir.

v Hastalar daha 6nceden KIT dahil ¢cok yogun kemoterapi almig hastalar olup

doz yas gruplarina gére ayarlanmaistir

- v’ 2-6 yag ve 7-17 yas, median 2 kiir.

v Hastalarin %32’sinde (n:13) tam remisyon saglanmus olup 10 hastada MRD
negatif bulunmus ve 9 hasta KI'T’e gitmistir. Tam remisyon saglanan hastalarda

relapsiz sagkalim 8.7 ay olarak bildirilmistir.

Larry W et al. Blinatumomab: A First-in-Class Bispecific T-Cell Engager for Precursor B-Cell Acute Lymphoblastic Leukemia.
Annals of Pharmacotherapy 2015, 49(9): 1057-1067

Shah NN et al. Immunotherapy for pediatric leukemia. Frontiers in oncology,3:1-9,2013
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Dahil edilme kriterleri

B cell prekursor ALL
<18 yas alt1
Organ fonksiyonlari ve performanst 1yi hastalar
Relaps/Rezistan hastalar
Standart indiiksiyon veya relaps tedavisine yanitsiz hastalar
>2. KI relapst
KIT sonrast relaps

Diglanma kriterleri
Kronik GVHD
MSS ve testis tutulumu olanlar
MSS patolojisi olanlar




Interim efficacy: Phase |/

i

Hypocelular or acefiular MarTow
Partial remission

Nonresponders. n (%)
Progressive disease
NO response

No response data avadable. n (%)
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Complete MRD response (no detectable leukaemic Cels g s:me CR or flow
cytometry) in 1327 patients (48%). no MRD data avaiable n 2777 pavents
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Prekiirs6r B-ALI’li cocuklarda
Blinatumomab kullanim endikasyonlari

* Coklu relaps olan hastalarda reinduiksiyon

°* Hematopoietik kok hiicre naklinden sonra relaps

olan hastalarda tedavi

* Kemik iligi nakli dncesi MRD pozitif olan hastalar
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Phase 1/2 study of blinatumomab in paediatric”
patients with rir B-cell precursor ALL

Reiapsedirefractory | Sanstumomab
B-precursor ALL 5-80 pyg/miday™
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Treatment plan

2 weeks off
Mandatory hospitaksation for
a manmum me penod each

cycle for ocoservabhon
Up to S cyciles allowed




Relapse-free survival. SCT censored
All patients treated at 5-15 Ng/m‘/day in Phase 1/2

Median RFS months
95% Cl. months
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* Based on the wide C1. there was no ®fference n RFS for responders
SCT-censored reaponaders




Dose evaluation cohorts and dose-im
toxicities (DLTs): Phase 1

iting

Qose
UG 'miday) Patents (n) OLTs (m)

15-30

deprese Avanag N BTy laAge

23 patients n the dose evaluation part of the study

MTD: 15 pgim'iday (based on review of veral lomcity profile by the DMC)

Recommended stepwse dose ‘o mitgate CRS 5-15 ug/m/day

- Evaluate n Phase 1 dose erpansion part




Risk stratified randomized phase lll testing
Blinatumomab in 15t relapse childhood B-ALL

™~ $

NCT02101853

Incorporating
Blinatumomab into the
anti malignant
chemotherapy regimen

Randomized 1:1
Blina+chemo vs. chemo

Patients with treatment
failures will receive Blina
and intermediate and high
risk patients will proceed
to HSCT

Primary endpoint:
DFS

Secondary endpoints:

Negative MRD; 2™ CR;
%o0f pts. proceeding to
HSCT, safety

Treatmeni failure

Relapse




YAN ETKI/BLINATUMOMAP

Hastalarin 2%>5’inde gériilen yan etkiler;

Ates,titreme,afazi ve ensefalopatidir.

Borolojik yan etkiler: Grade 3 veya daha agir, median 7 giinde ve
hastalarin %11-28’inde bildirilmigtir.

Norolojik bulgular veya sitokin salinim bulgulari gelisen hastalarda
kisa stireli dexametazon kullanilir.

Anemi, nétropeni, trombositopeni, ALT yiiksekligi goriilebilecek diger
yan etkilerdir.

Blinatomomab, metabolizmasi1 CYP450’ye bagl olan ilaglarla etkilegir.




SITOKIN SALINIM SENDROMU

Blinatumomab verilmesinden sonra IFN-y, IL-10, ve IL-6 sitokinleri

artar, HLH /MAS’a benzer bulgular gelisir.

Hipotansiyon, multisistem organ yetmezligi ve hiperferritinemi

tedavisinde anti-IL-6 reseptorii olan tocilizumab kullanilabilir.

Maliyet: FDA onayli doz semasina gore bir ilag¢ kiirtiniin maliyeti

$95,350, tiim ilag tedavisi $106,792 olarak hesaplanmigtir.

Maliyete ilacin yanisira hastane masraflari, destek tedavilerin maliyeti

de eklenecektir.




Blinatumomab/SONUC

FDA tarafindan onaylanmig yeni bir BiTE tedavi edici monoklonal antikordur.
Devam eden Faz III ¢aligsmalari sonrasi tedavideki yeri daha iyi belirlenecektir.

Klinik tecriibeler kisitli olsa da Blinatumomab tedavisine MRD pozitif ALL ve
relaps/refrakter B-AEL olan hastalar adaydar.

Bu tedaviye en iyi aday KI'T’e gidecek remisyonda ancak MRD pozitif olan
hastalardir.

Bu hastalarda Blinatumomab tedavisi MRD negatif kalic1 bir remisyon saglayabilir.
Gelecekteki ¢alismalar blinatumomabin tedavideki optimal yerini gosterecektir.

Stiregelen ¢alismalarda kemoterapi ile kombine Blinatumomab ve diger
immiinoterapiler, Philadelphia pazitif ALL gibi 6zel hasta gruplarinda kullanimi
degerlendirilmektedir.

Blinatumomab tedavisinden sonra optimal KIT zamani, CAR T hiicreleri ile
tedavinin yeri hala belirsizdir. Sitokin salinim sendromunu ve norolojik toksisiteleri
bircok hasta tolere eder ve tedaviyle iyilesir.




Fatal adverse events on studg
All patients treated at 5-15 pg/mé/day in Phase 1/2

Any fatat adverse events n (%)’ 6 (9)
Muitiorgan favkure” 203)
Fungal nfecton 10
Respwatory fahue’ LERY)
Sepsis® 1N
Thrombocytoperva

1(1)

* The above does not nclude 2 addmonal patients who died of disease progression
including 1 who died of recuirent leukaemua (both reported by the mvestgators
as AEs)
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* Phase 1 dose-escalation’
-~ MTD estabiished as 15 pg/m/day
~ Two DLTs in huigher dose “chorts had fatal outcomes
- Recommended dose for Phase 2 to avasd CRS. 5-15 pg/mr/day

» Phase 1/2 efficacy=?
- Binatumomab has antleukaemec activity in etreated paedatnc
patients with rir ALL including ability to induce &mm
- Most patients were refractory or had relapsed after SCT. S1% of patents had
relapsed withn 6§ months of the last savage treatment

- Blinatumomab has the potential to provide bndge to SCT
« 3% of with CR within the first two cycies of treatment went on D recene

= Phase 1/2 safety
- Adverse events associated with bnatumomab treatment consistent with
previous expenence in this disease setting
~ Low mcidence of severe CRS and neurciogical events
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Blinatumomab Causes HLH/MAS as Well,
Reversible With Tocilizumab

Blinatumomab Tocilizumab -o- Ferritin
l -4~ Tmax

25000 142 -=~ Fibrinogen
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Ventilator Elevated cytokines
IL-10 (5338 pg/mL)
IL-6 (681 pg/mL)
INF-y (192 pg/mL)
IL-2R (4872 pg/mL)

L} 1 ] I 1 1 1] L)

1 1
4 5678 91011213
Treatment Day

David Teachey, Stephan Grupp. Blood, 2013



Cytokine release syndrome

* Use dexamethasone to reduce tumour load before
treatment start in cases of high tumour burden (e.g. M3
marrow or organ infiltration)

= |f ALL is refractory to dexamethasone, use
maintenance chemotherapy
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Toxicities of special interest

= Cytokine Release Syndrome
- Any grade: 8 (11%) patients
- Grade 23 4 (6%) patients (grade 3, n=3_ grade 4, n=1)
= Neurological events
Any grade: 17 (24%) patients
Grade 23 4 (6%) patients

Neurological events leading to temporary treatment interruption
2 patients with grade 2 sezure

TP ST T



Tatget Antigen | Unkonjuge MoAb  |Kaynak | Konjuge MoAb

CD19 SAR3419 Insan
Blinatumomab (BiTE) Fare
CD20 Rituximab Kimerik
Ofatumumab Insan 90Y-Ibritumomabtiuxetan Fare
Obinutuzumab Insan 1311-Tositumomab Fare
Veltuzumab Insan
AME-133 Insan
Inotuzumab ozogamicin Insan
CD 22 CAT-3888 (B1.22) Fare
CD40 Dacetuzumab Insan
Lucatumumab Insan
CD52 Alemtuzumab Insan
HILA-DR Apolizumab Insan

Milatuzumab Insan



Pediatr Blood Cancer 2015;62:1171-1175

Re-Induction Chemoimmunotherapy With Epratuzumab in
Relapsed Acute Lymphoblastic Leukemia (ALL):
Phase Il Results From Children’s Oncology Group (COG) Study ADVL04P2

Elizabeth A. Raetz, mp,'* Mitchell S. Cairo, mp,” Michael ). Borowitz, MD, phD,” Xiaomin Lu, php,*
Meenakshi Devidas, pho,”* Joel M. Reid, rho,” David M. Goldenberg, mp, scn,” William A. Wegener, mp, phD,°
Hui Zeng, ms,* James A. Whitlock, mp,” Peter C. Adamson, mp,” Stephen P. Hunger, mp,® and William L. Carroll, mp’

Background. Given the success of immunotherapeutic ap-
proaches in hematologic malignancies, the COG designed a phase
I/l study to determine whether the addition of eprdluzumab (anti-
CD22) to an established chemotherapy platform improves rates of
second remission (CR2) in pediatric patients with B-lymphoblastic
leukemia (B-ALL) and early bone marrow relapse. Procedure.
Therapy consisted of three established blocks of re-induction
chemotherapy. Epratuzumab (360mg/m*/dose) was combined
with chemotherapy on weekly x 4 (B1) and twice weekly x 4 [eight
doses| (B2) schedules during the first re-induction block. Remission
rates and minimal residual disease (MRD) status were compared to

historical rates observed with the identical chemotherapy platform
alone. Results. CR2 was achieved in 65 and 66%, of the evaluable B1

(n=>54) and B2 patients (n = 60), respectively; unchanged from that
observed historically without epratuzumab. Rates of MRD negativity
(<0.01%) were 31% in B1 (P=0.4128) and 39% in B2 patients
(P=0.1731), compared to 25% in historical controls. The addition of
epratuzumab was well tolerated, with a similar toxicity profile to that
observed with the re-induction chemotherapy platform regimen
alone. Conclusions. Epratuzumab was well tolerated in combination
with re-induction chemotherapy. While CR2 rates were not
improved compared to historical controls treated with chemotherapy
alone, there was a non-significant trend towards improvement in
MRD response with the addition of epratuzumab (twice weekly for
eight doses) to re-induction chemotherapy. Pediatr Blood Cancer
2015;62:1171-1175.  © 2015 Wiley Periodicals, Inc.




ALL de Monoklonal antikor kullanimi

Blinatumumab, Inotumzumab ve Epratumubzumab etkili bulunmus
Gelecekte ilk tedavilere eklenebilir
Kombine immunoterapiler?

KIT yerine gegebilir?

Selliiler tedaviler le kompetisyon?




Cancer patent




TCR CAR
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Intracellular or
surface antigen

// MHC

Surfaca antigen
(MHC independent)

Mutated
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Current Opinion in
Pharmacology
Cancer gene therapy with T cell receptors and chimeric

antigen receptors N
Hans J Stauss', Emma C Morris' and Hinrich Abken®*

Available online at www.sclencedirect com

ScienceDirect

@ CrossMark

T hiicreleri kanseri yok eder.
Kanser hiicresini tanimasi gerek
Genetik miithendislik:

Reseptor transferi: viral ve non viral
yontemlerle)

Viral: Retroviral ve lentiviral vektorler
Non-viral: Sleeping Beauty systemi
(mRNA transferi)

CD19’a kars1 gelistirilmis CARTs

Retovral and lenti-viral vectors encoding TCR or CAR molecules can be usad b redivect the specificity of human T cefis. CAR molecules
recognize proteéans thal are exgwvessed on the sutace of cancer ceils. TCR molecuies can recognize peplides that are darived from hitracelutar

protens, rcihudng mutsted proteins.

klinik ¢caligmalarda bagarili.

Current Opinion in Pharmacology 2015, 24:113-118
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Antileukemic potency of CDI19-specific T cells against chemoresistant
pediatric acute lymphoblastic leukemia
Alla Dolnikov*", Sylvie Shen™™*, Guy Klamer™®, Swapna Joshi®, Ning Xu™‘, Lu Yang’,

Kenneth Micklethwaite”, and Tracey A. O’Brien®"*

*Cord & Marrow Transplant Facility, Kids Cancer Centre, Sydney Children’s Hospital, Sydney, Australia; "Facuity of Medicine, University of New
South Wales, Sydney, Australia; “Children’s Cancer Institute Australia, Sydney, Australia; “*Westmead Millennium Institute, University of Sydney,
Svdney, Australia

CD19’a kars1 Kimerik antijen reseptorleriyle (CARs) genetik olarak modifiye edilmis T
hiicreleri (viriis veya manufacturing)

Bu hiicrelerin ekspansiyonu (IL-1, IL-15) ile

Sitorediiktif conditioning tiimor hiicreleri 6ldiiriiliirmesi artar( Fludarabin ve Siklofosfamidle
AZA o6neriyor

CART hiicre varlig1 16semi yiikiiyle iligkili,

Sleeping Bauty sistemi: piggy-Bace transporon temelli sistem
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3 Cellular reprogramming and ex vivo expansion are conducted at a cell processing facility.

Maude S.L.et al. Chimeric antigen receptor T-cell therapy for ALL. Hematology 2014, 559-564.
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review

bjh
Current status of chimeric antigen receptor therapy for
haematological malignancies

Shannon Maude and David M. Barrett

Abramson Cancer Center and the Department of Pediatrics, Perelman School of Medicine, University of Pennsylvania, Philac

PA, USA

@ 2015 John Wiley & Sons Ltd
Britsh Journal of Haematology, 2016, 172, 11-22

Anti-cytokine therapy
Steroids

Suicide systems

*,/

h =

Targets for clearance
by exogenous antibody

Tissue distribution
Surface density
Oncogene addiction

izt | o || zewwne |

Transient expression

KIR ITAM

or persistence

Lymphodepleting chemotherapy
Lymphodepleting antibodies
Allogeneic transplant

Thlrd

[ome [ sov |

° Retrovirus

¢ Transposons
7V —RNA

O Lentivirus

party Patient derived

e
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Artifical APCs

Cryopreserved Flow sortin
Beads ... vop 9 .

1 Gene edited Column spearation
Culture time Viral specific Composition
Cell dose and character NK cells
Tcells

Cytokine support PBMCs

Fig 1. Vanables that contribute to CAR design and efficacy. Change in any variable group can dramatically alter the function and efficacy of the
overall product, making iterative comparisons in preclinical modelling extremely challenging. CAR, chimeric antigen receptor; APCs, antigen pre-

senting cells; NK cells, Natural Killer cells; PBMCs, peripheral blood mononuclear cells.
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@ 2015 John Wiley & Sons Ltd
British Journal of Haematology, 2016, 172, 11-22
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First generation CAR Second generation CAR Third generation CAR
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Baylor Baylor MSKCC Penn Baylor

NCI

Hochberg J,EI-Mallawany NK, Cairo MS. Humoral and Cellular Immunotherapy in ALL in
Children, Adolescents, and Young Adults. Clinical Lymphoma, Myeloma & Leukemia, Vol. 14,
No. S3, S6-13, 20142152-2650/S - see frontmatter 2 2014

Birinci Jenerasyon CARs: Tek
sitoplazmik signal igerir CD3-z,

Ikinci Jenerasyon CAR: CD3-z ve
CD28 veya 41BB

Ikinci jenerasyon daha etkili (klinik
¢alismalarda)

Uciincii jenerasyon CAR: CD28,

41BB, ve CD3-z icerir.

Baylor(Baylor College of Medicine): Clinical Trials
NCT01853631, NCT00586391;

NCI (National Cancer Institute): Clinical Trials
NCT01087294, NCT00924326, NCT01593696; MSKCC
(Memorial Sloan-Kettering Cancer Center): Clinical Trials
NCT018405606,

NCT01860937, NCT01044069, NCT00466531,
NCT01416974;

Penn (Abramson Cancer Center of the University of
Pennsylvania): Clinical Trials NCT01747486, NCT0102936
NCT01551043
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b On target/on tumor leukemia cytotoxicity
Tumor lysis syndrome

~ Cytokine release syndrome
> -~ Macrophage activation syndrome
™ CNS trafficking & neurologic dysfunction
~
N ~
.’ " .‘.' \

l‘ ~B19 CAR \ ¥ cD1g- relapse and immune escape
l L9 CAK ‘

T eell !

CD19

=P On target/off tumor cellular effects
B cell aplasia

Figure 2. Binding of CD19 CAR T cells to CD19-expressing cells can induce potent on target/on tumor and on
target/off tumor sequelae.
B-ALL, B-cell acute lymphoblastic leukemia; CNS, central nervous system.
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CAR : Chimeric Antigen Receptor;
FASL :FAS ligand;

IFN : Interferon;

IL : Interleukin;

MHC :Major histocompatibility
complex;

TAA :Tumor associated antigen;
TCR: T cell receptor;

TNF :Tumor necrosis factor;
TRAIL :Tumor Necrosis Factor
Related Apoptosis-Inducing
Ligand.

\ / MHC I molecule
Ay N ) TCR 0 = "
Cartellieri M et al. Chimeric Antigen A ’. - Promf}ammatoq
Receptor-Engineered T Cells for - Cytokines
Immunotherapy of Cancer. o9 IL-2, IFN-y, TNF-a
J Biomed Biotechnol 2010; A
2010:956304.
| ————— e - e RS S SR




Review Series

ACUTE LYMPHOBLASTIC LEUKEMIA

CD19-targeted chimeric antigen receptor T-cell therapy for acute
lymphoblastic leukemia

Shannon L. Maude,'-? David T. Teachey,'? David L. Porter,® and Stephan A. Grupp'2#

Division of Oncology, The Children’s Hospital of Philadelphia, “Department of Pediatrics, *Department of Medicine, and “Department of Pathology,
University of Pennsylvania Perelman School of Medicine, Philadelphia, PA

BLOOD, 25 JUNE 2015 - VOLUME 125, NUMBER 26 ; . 2 3 E
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National Cancer Institute (ROICA102646 and ROICA116660), the
Leukemia and Lymphoma Society, Weinberg and Leukemia Research
Funds, and a Stand Up To Cancer and St. Baldrick’s Pediatric Dream
Team Translational Research Grant(SU2C-AACR-DT1113). Stand
Up To Cancer is a program of the Entertainment Industry Founda-
tion administered by the American Association for Cancer Research.
S.L.M. isa St. Baldrick’s Foundation Scholar. D.T.T. is supported by
a Research Scholar Grant (RSG-14-022-01-CDD) from the American
Cancer Society.




Event-free Survival

CHIMERIC ANTIGEN RECEPTOR (CAR) na

CD19" tumor Sy~ ;o

MHC-independent
antigen engagement

and induction of signalling 2 06 - figsass
= - ==
scFv % 1 =
a 0.4 -
B loma e s e o e, Tt ma s S e
?\4-1 BB (CD137) -

"75.\CD3 zeta i
! 0.0 -
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. s
1L .’ 0 3 6 9 12 15 18 21 24
- Months since infusion
ine production, N: 30 18 14 5 1 1 1 1 1
T cell CTL function, Figure 3. Event-free survival in 30 children and adults treated with CTL0O19

tumor lysis therapy. Of this group, 5 patients who entered a CR went on to further therapy, 3

of whom received an allogeneic bone marrow transplant. The fourth had refractory T-cell
ALL aberrantly expressing CD19, entered remission after CTLO19, and subsequently
underwent donor lymphocyte infusion. She remains in remission =1 year later. The fifth

: : : sl : patient developed myelodysplastic syndrome and received therapy for this condition (this
Figure 2. Second-generation CAR used in current clinical studies at Penn and it oot ad-an SUhE, LU sl ol oA e Aoy AR L rielon st ias

CHOP. CTL, cytotoxic T lymphocyte; MHC, major histocompatibility complex. Reprinted counted among the 5). The rest have not received further therapy to consolidate their
with permi&sion from Barrett et al. 7 © Sue Seif remissions. EFS, eventfree survival. Figure adapted from Maude et al*® with permission.




93% CR rate for r/r ALL after CTLO19

>200 patients with CLL, ALL, NHL, MM have gotten CTL019

Overall Survival

* 59 r/r pediatric ALL pts:

55 in CR at 1 mo (93%)
median f/u 12 mo os
* 6 went to subsequent ]
transplant, 1 to DLI = ,
* 6 mo RFS: 76% (95%ci 65-89%) g | T
12 mo RFS: 55% (95%ci 42-73%) e sy O
* No relapses past 1 year

* 18 patients in remission | —

0 3 6 9 12 15 18 21 24 27 30

beyond 1year’ N:58 R 'avz'onﬂ;ass“;:emzfzusmg 15 12 6 4
13 without further therapy

(@M The Childrens Hospital
of Philadelphaa




CTLO19 Toxicities

* B-cell aplasia
» observed in all responding patients to date

» managed with IVIg replacement therapy

* Cytokine release syndrome (CRS in 88% of pts)

» reversible, on-target toxicity

» Controlled with anti-IL-6 therapy (tocilizumab used in 27%)

~ Severity related to tumor burden: Treat MRD as outpatient?
* Macrophage activation syndrome (HLH / MAS)
* Neurotoxicity

» Seizures in <5%
~ Significant confusion, aphasia in 15-20%

# Occurs in a small number of patients and after CRS

Ihe Childien’s Hospical
of Philadelphia




CART19 (CTLO19) Cells For Relapsed,
Refractory ALL

Structure of a Lenti-virus Lenti-viruses used for T-cell transduction Transduced T-cell attacks a tumor
cell

e UNIVERSITY OF
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CART HUCRELERI
KIT"DEN ONCEMIi?,SONRA MI?, SIRASINDA MI?

‘Abramson Cancer Center




For ALL, anything has to be better than DLI...
CAR T cells AFTER allogeneic SCT

10

» Response of
relapsedALL to

Collins, et al BMT 2000
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00 05 10 15 20 25 30
Years post DLI

Figurel Actuarial survival with 95% confidence intervals in 44 ALL
patients treated with DLI




After: CAR T cells highly effective in
relapsed ALL

3087 89% * 27 patients post-
allo SCT

T cells collected
from patient

— 6 months post-SCT

Median donor
chimerism 100%

*—— No GVHD to date

Dramatically
Posti\llof R superior to DLI

250

2
£
&
a
s

@  Maude, Grupp et al, unpublished (Dec 2015)



After: CAR T cell response is not
dependent on prior allo

CR,BMRD-3 * 27 patients post-

= CR,MMRD+2
s ) allo SCT
¥ Relapsel@

W

&

T cells collected
from patient

— 6 months post-SCT

Median donor
chimerism 100%

No GVHD to date

e | Dramatically
Postilof No@\lloE superior to DLI
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@  Maude, Grupp et al, unpublished (Dec 2015)




After: CART T cells effective for relapsed
ALL and RFS is not dependent on prior allo
RFS by Prior Allo SCT
10
~ 8
= - 2-yr RFS:
Ijg 60—
® ] i 1_ 51%, n=19
E 40m 50%, n=36
&
E} 20 -t No Allo
—iem  Allo
O T r, r . Iree—rTr
0 3 6 9 12 15 18 21 24
I Months I

UNIVERSITY OF
Maude, Grupp et al, unpublished (Dec 2015) . PENNS YLVANIA

oo Mbrammson Cancer Center




CAR T Cells are an effective “Bridge to
Transplant”
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Before: Is transplant after CAR T cells necessary?

Relapse after CAR T cells

* In CLL, no patient with CR has relapsed with follow-
up 6-65 months (Penn)

* In ALL, ~1/3 of patients relapse after CTL0O19




Instead: Overall survival similar with or without
allo SCT after CAR T Cells (MRD-CR Patients)

100 No HSCT
Median 0S=10.6 months

With HSCT
s Median OS=NR

= SSe)

501 a &

% Overall Survival

OS Rate at 6 mos: 0.80 (0.50, 0.93)

OS Rate at 6 mos: 0.79 (0.38, 0.94)

Time Since CAR T Cell Infusion (Months)

RSITY OF

{ §rrsv \SYLVANIA

Abramson Cancer Center




* 59 r/r pediatric ALL pts:

* 55in CR at 1 mo (93%)

* Medianf/u 12 mo

* 6 mo RFS: 76% (95%ci 65-89%)
* 12 mo RFS: 55% (95%ci 42-73%)
* No relapses past 1 year

* 18 patients in remission
beyond 1 year,

* 13 without further therapy

* 6 went to subsequent
transplant, 1 to DLI

Probability

S
S
4

0.0 -

Overall Survival

12=-month OS
79% (95% CI: 69,91)

T T T T T T T

6 9 12 15 18 21 24 21 30

Months since infusion
2 3 W 2 18 15 12 6 4

@H The Children’s Hospisal
of Philadelphia”




Summary: CTLO019 for B cell malignancies

» Massive CTL019 expansion (1000 — 10,000 fold in vivo)
— E:T ratio 1:1000-93,000

« Eradication of bulky tumor

» Overall response rate 21/4

* Overall CR 0%
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Summary: CTLO019 for B cell malignancies

« CAR T cells for relapsed ALL AFTER transplant dramatically
more effective than DLI

» Response, OS and RFS not dependent on pnor allo SCT.
. CAR T
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Immiin tedavide alisilmamas toksisiteler

SITOKIN SALGILANMA SENDROMU

Hem Blinatumomab hrm de CAR T -hiicre infiizyonundan sonra goriiliir.

Tiumor yikiyle direkt iligkilidir.

Erken olusur (Tedaviden sonraki ilk 3-5 giinde)

Siklikla ciddi, bazen yagsami tehdir edicidir.

NOROLOJIK BULGULAR

Genellikle kisa, genellikle uzun siireli sekel birakmadan kendiliginden iyilesir.

Blinatumomab tedavisinden sonra olusur, ciddiyeti erigkinlerden azdar.




Recruiting trials for CAR CD19 in the
paediatric setting
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AR-CD19 Phase Vil clinical trials with
paediatric patients and clinical data




CAR-CD19 Phase Wl clinical trials with
paediatric patients and clinical data

Infusion of donor -derived CO19-redirected virus-specific T cells for
‘\1 8-cell mafignancies relapsed after alfogenesc stem cedl transpiant:
A a phase 1 study
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CAR CD19 trials with clinical results:
construct and manufacturing specifications

Sayior College of
Medcine’

Type of construct
Type of vector

Starung matenal

Purification of ceils
Cytlohine during
producaon
ACSvavon

Total days of
production
Status before
infysicn




CAR CD19 trials with clinical resulits:
clinical trial specifications
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CAR CD19 trials with clinical resulits:
outcomes

NCVKite Pharma’ CHOPUPeNY
Novarus Baylor College
Mo photogrcal 14720(T0%) 27730.(90%) of Medicine’®
CR 2t 1 month
MRD- by Piow 12720 {60%) 2228(7N) 1) CRx Imonths
2] Progressive disease
Sustained 10°720 1S0%) 19730 163%) 3 CRx 2months

remssion™
9720 (45 & 12 months) 2030 (87T at § months)

oS B 1020(52% at 10 months) 23730 (78% at & months)

Reiapse CD19% 310 /80%) ¥7 (43%)

Stucy Teiated None Nome

degths

Grade 1-2CRS 1021 (48%) 22130 (73%)
821 28%) 830 (Z7%)

Grade 3-4CRS




Summary of available data for CAR T cells
in paediatric r/r or MRD+ ALL

19-28z CTLO19
MSKCCllunc CHOPUPenny
n=t11) Novarus: n=5%
Poputaton Chvildrenvyoung Chidren'young acuts.
adults (2-22 yr) ‘3ge "ot spec:hen)
included some MRD-negatve catents Not reported Yes'
pnor to CAR T-cell restment?
CR/CRi 7111 (84%) SSS9(9ANF
MRD-negatity (v evaiuabie padents; ST (T%) SOSS(9T%YF
Allogenesx HSCT NR S8 (10%F
Clincally ssgrwficant'severe CRS 29% 838%™
Neuwrotomcity (%) NR 4%




T-cell mediated inflammation of the CNS is a
possible cause of the neurological events seen

with T-cell engaging immunotherapy

Association between KTE-C19 levels in the CSF

and neurotoxicity m R/R ALL
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Mabs vs CARs

* Hiucre Omrunun uzamasinin kal1c111g1

* Gegici etki

Solid dokulara aktif gecis

- * Vicutta sinirl dagilim

* Digiik antijen varliginda timor

* Hedef molekiilde yiiksek

hiuicrelerini tanima

ekspresyon ihtiyaci

Hedefi tanidiktan sonra ¢oklu litik

aktiviteler




Frequency of detection of DNA viruses after HSCT

Best therapeutic option = adoptive T-cell therapy

HSV1 Herpes simplex virus 1 :
HSV2 Herpes simplex virus 2 =
\7AY Varicella-zoster virus - . u - : : ! SRy
Hsvi V&V HHV6 EBV Epstein-Barr virus + antiviral drugs limit but do not clear infection and associated with severe side effects |
2% (13%) 1% (1-18%) 26% (15-48%) CMV Cytomegalovirus ey
HEvG Heipeswius 6 + elimination of viruses only achieved by recovery of cellular immunity o
PVB19 Human Parvovirus B19 oo
EBV ANV Human A lenovirus A-G 167) ';1 I
23% (8-65%) aBlEs L ; =i " =7 fre52 :
s !
T
| HHV7 8,
\_10% (8-29%) o
=
g b
S il N
/ L‘i.\o} 2 e : .::.‘
b g s
CMV : ™ B D B S
16% (5-30%) PVB19 Kibkecien | WolN  (DedwidADV | Fealtydony

7% (4-10%)

= Can adoptively transferred virus-specific T cells effectively restore immunity

80% of viral infection/reactivation after HSCT caused by Herpes viruses ) o o . )
5 VSR and control established infection or virus-induced malignancies after

» 15% of patients positive for 2 1 virus (up to 5 viruses reported) ‘
fransplantation?

YES, they can!

modified from Lion, ESH-EBMT, 2014; Papadopoulou et al., Sci Transl Med 2014 ]

» overall mortality of viral infection after transplantation 17-35%




Status quo:

Methods to generate clinical-grade virus-specific T cells

e 6’“5’1?; @ — %?Q

in vitro restimulation CD8 and/or CD4
~4B ) % =gy
%, ?

@ pMHC Multimer

Antiviral CD8 (or CD4)
memory T cells Recipient
Donor | /
(seropositive) \

' AT, CD8 andlor CD4
Cytokine Secretion
System (CCS)

Feuchtinger et al. (2006) Br J Haematol Moosmann et al. (2010) Blood

Barker et al. (2010) Blood Feuchtingeret al. (2010) Blood
Peggs et al. (2011) Lancet Quasimetal. (2011) BrJ Haematol  pussssssm
Icheva et al. (2013) J Clin Oncol Tischer et al. (2014) J Trans! Methods

Feucht et al. (2015) Blood



Manufacturing of clinical-grade virus-specific T cells A

for adoptive immunotherapy post transplantation

cytokine

secretion | . | W
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l 'I ﬂ T-cell donor

Donors Selection Leukapheresis In vitro Restimulation
stem cell, family or donor lymphocytes antigen-specific
alloeell donor T-cell activation

(=0.01-0.03% antiviral T cells) (1x103 cells) | (overiapping peptide pool)

Manufacturing license, MHH

2014 cmv
(pp65, first ATMP at MHH)

2015 EBV, ADV, CMV/ADV

(EBNA1/Consensus, Hexon, pp65/Hexon) Enrichment
cytokine capture system
2015 CMV /EBV/ADV/others (CCS)

{pp65/EBNA1/Consensus/Hexon/others)

Tischer, Priesner et al., JIM 2014




Patient 1: EBV-specific T-cell transfer from third party donor in

a patient with primary CNS PTLD

Patient 1: EBV-specific T-cell transfer from third party donor in

a patient with primary CNS PTLD

11-year-old boy after Liver-tx 2005 (Alagille syndrome)
Tacrolimus + MMF
04/2015 headache and vomiting

Patrick Hundsdorfer
Karlheinz Seeger
Charité Berlin

diffuse large B cell lymphoma, CD20+, EBV+

consolidating treatment with EBV-specific T cells

systemic Rituximab + intrathecal Rituximab + AraC + MTX + prednisone

Donor Recruitment
- EBV-seropositive mother with insufficient numbers of EBV-specific T cells

- 8 potential donors from aééo@€Ll (= 5/10 HLA match)

HLA-
A A B B C C DRB1 DRB1 DaB1 DQB1 Match
patient *03 03 *07 “14 *07 *08 *15 *01 *05 05 5M10
donor *03 11 07 07 *07 07 5 *16 05 “06

- negative crossmatch

Pretesting for EBV-specific T-cell enrichment using cytokine secretion assay (CSA)

Antigen % CD3*IFNy*  %CD4*IFN-y* Y CDBHIFNy*
EBNA-1/Consensus Pool (before enrichment) 125 044 248
EBNA-1/Consensus Pool (after enrichment) 48 .35 16.83 68.71

Manufacturing and adoptive T-cell transfer

- EBNA-1- and Consensus-specific T cells (25 x 102 CD3+ T cells/kg bw; 50% CD3+IFN-y+ T cells

- manufacturing of 1 T-cell product which was given as 5 T-cell doses (1 fresh, 4 cryopreserved, = 4 weeks)
- no acute or delayed side effects

- detection of EBV-specific T cells in patient’s blood with and/or without expansion




Goal: Explore Methods to Expand NK Cells for
Clinical Use in Humans with Cancer

'i‘% ‘5?* 4.?3,%

Developed a method to
expand highly-activated
clinical grade NK Cells using
EBV-LCL feeders under GMP
Conditions

M. Berg and R. Childs et al Cytotherapy 2009
R. Childs and M. Berg M. Hematology ASH Educ

Program 2013
R. Childs and M. Caristen M. Nature Reviews Drug

Discovery 2015

Automated the NK Cell
expansion method using
the Miltenyi Prodigy
instrument

M. Granzin et al. Cytotherapy 2015

3
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Demonstrated IL-21
dramatically enhances NK
cell expansion using EBV/

LCL feeder cells

M. Granzin et al Submitted for publication 2016

Developed a method to
expand NK cells from a
minute fraction of
selectively accessed
cord blood

fold Bapansion NK Cells from
3 mi of Cerd Blood

S_ Vasu and R. Childs Cytotherapy 2015




SWOT : Threats (1)
« Manufacturing, production and distribution of I— ,_W
cellular therapies of somatic cell therapies and =
gene therapies by industry — similarly to e

| manufacturing of drugs - challenges the FACT-
JACIE model.

Clinical ~ Bone Mamrow | Apheresis  Processing
Collection
~ * * * Manufaciuring
Clinical Bone Marrow Apheresis
(mA Marseille SI?IC’.”;" Collection




Cytokine Activated EX VIVO EXpanded

| NK Cells (eemc ) | NK Cells |
[I"I'D Expansian] ‘ CD3+ Depletion -
[ Cytokines Alone/MNo Feeders ]
h'J h l
IL-2 Activated K562 Feeders PBMC Feeders NAM + Cytokines
(overnight) (Genetically Modified) (alle or auto) {No Feeders)
- 4-1-BBL/IL-15
- mbiL-21
- other
Y
CD56+ Selection |
alr - - —
-~ BTN
or ’! i \ ¥
- I PBMC Feeders
[ Infused Fresh IL-2 Activated \ [ EBV-LCL Feeders ] 7 (CD3+/CD56- cell]
{overnight) ~ »
S~ o
e
! CD19+ Depletion
|
— IL-2 Activated
{overnight) Childs R., Berg M. Hematology Am Soc Hematol Educ Program. 2013;2013:234-46
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REVIEWS

Quality compliance in the shift from cell transplantation to cell therapy
in non-pharma environments

JOAQUIM VIVES, IRENE OLIVER-VILA & ARNAU PLA
Banc de Sang § Teixits, Barcelona, Spain

Along with scademic and chantable organizatons, ransfusion centers have ventured into the stem cell field, with the aim of v iateins
testing of novel cdl-based thempeutics i a clinical setting for future marketing approval. The fact that quality management o Al
structures, which are required for compliance with good sdentific practice regulations, were originally designed for product s

dewelopment in corporate environments represents a majpor chalenge for many developers, In this Commenzary, challenges
thar non-pharmacecutical nstitutions must overcome o transiare cell-based producs intw clinical therapies will be discussed
from a quality standpoint. Furthermaore, our development experience for 8 mesenchymal soromal cell ~based therapy will be
shared & a case study,

I Key Words: wil-bawed tharapeures, Good Laboratory Practices, Good Mamfactunng Proctics, product devdopment, guality
compliance —




https://dinicaltrials.gov/ct2/results?term=immunotherapy +leukemia +pediatric c Q Arama ﬁ B J H 9 (V) > ¥ =
1 Active, not A Pediatric Trial of Genetically Modified Autologous T Cells Directed Against CD19 for Relapsed CD19+ Acute
recruiting Lymphoblastic Leukemia
Condition: B Cell Leukemia
Intervention: Biological: Autologous CD19 CAR+ EGFTt + T cells

2 Recruiting A Pediatric and Young Adult Trial of Genetically Modified T Cells Directed Against CD19 for
Relapsed/Refractory CD19+ Leukemia

Condition: CD19+ Acute Leukemia
Intervention: Biological: Patient Derived CD19 specific CAR T cells also expressing an EGFRU

3 Recruiting T-Lymphocytes Genetically Targeted to the B-Cell Specific Antigen CD19 in Pediatric and Young Adult Patients
With Relapsed B-Cell Acute Lymphoblastic Leukemia

Condition: Relapsed B-Cell Acute Lymphoblastic Leukemia

Interventions: Procedure: leukapheresis or collection of PBMCs; Drug: cyclophosphamide based
chemotherapy regimens; Biological: modified T cells

4 Recruiting Therapy for Pediatric Relapsed or Refractory Precursor B-Cell Acute Lymphoblastic Leukemia and Lymphoma

Conditions: Recurrent B-Cell Childhood Acute Lymphoblastic Leukemia;
Recurrent Childhood B-Lymphoblastic Lymphoma

Interventions: Drug: dexamethasone; Drug: vincristine sulfate; Biological rituximab; Drug: clofarabine;
Drug: cyclophosphamide; Drug: etoposide; Biological: aldesleukin; Drug: pegaspargase;
Drug: methotrexate: Drug: mercaptopurine; Drug: cytarabine; Drug: mitoxantrone;
Drug: teniposide; Drug: vinblastine; Biological: natural Killer cell infusion;
Other: laboratory biomarker analysis; Drug: therapeutic hydrocortisone; Procedure:
allogeneic hematopoietic stem cell transplantation

5 Recruiting  Salvage Therapy With Chemotherapy and Natural Killer Cells in Relapsed/Refractory Paediatric T Cell
Lymphoblastic Leukaemia and Lymphoma

Condition: Relapsed/Refractory Paediatric T Cell Lymphoblastic Leukaemia and Lymphoma
Intervention: Biological: Expanded haploidentical natural Killer cells (NKAES)




i) @ | https://dinicaltrials.gov/ct2/results?term=immunotherapy +leukemia +pediatric ¢ Q Arama B8 +$§ & © 9 » § -

Intervention: Biological: Expanded haploidentical natural Killer cells (NKAES)

6 Completed  Pilot Study of Haploidentical Natural Killer Cell Infusions for Poor Prognosis Non-AML Hematologic

Conditions: Acute Lymphoblastic Leukemia; Chronic Myelogenous Leukemia;
Juvenile Myelomonocytic Leukemia; Myelodysplastic Syndrome; Non-Hodgkin's Lymphoma
Interventions: Other: NK Cell Infusion; Biological: Immunotherapy:.

Device: Miltenyi Biotec CliniMACS device. Drug: Interleukin-2 (IL-2). Drug: Clofarabine;
Drug: Cyclophosphamide; Drug: Etoposide

7 Completed Pilot Study of Expanded, Donor Natural Killer Cell Infusions for Refractory Non-B Lineage Hematologic
Malignancies and Solid Tumors
Conditions: Leukemia, Myeloid, Acute; Leukemia, Lymphocytic, Acute, T-Cell;
Juvenile Myelomonocytic Leukemia Lymphoblastic; T-cell Lymphoblastic Lymphoma;
Myelodysplastic Syndrome

Interventions: Procedure: Haploidentical donor derived natural Killer cell infusion; Drug: Chemotherapy;
Device: CliniMACS

8 Recruiting Anti-CD22 Chimeric Receptor T Cells in Pediatric and Young Adults With Recurrent or Refractory
CD22-expressing B Cell Malignancies

Conditions: Follicular Lymphoma; ALL; NHL; Large Cell Lymphoma
Intervention: Biological: CD22-CAR

9 Completed  Efficacy and Safety Study of StemEx®, to Treat Subjects With High Risk Hematologic Malignancies, Following
Myeloablative Therapy
Conditions: Hematologic Malignancies; Acute Myeloid Leukemia: Lymphoid Leukemia;
Chronic Myeloid Leukemia; Hodgkin's Disease; Non-Hodgkin's Lymphoma;
Myelodysplastic Syndromes

Intervention: Drug: StembEx®

10 Completed Late Effects of Treatment for Sarcomas in Children

143 -
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. o _ _ Background—Novel therapies are needed for chuldren with relapsed or refractory leukemia. We
Natural Killer Cell Therapy in Children with Relapsed Leukemia . L o _ o .
therefore tested the safety and feasibility of haploidentical natural killer cell therapy m this patient
Jeffrey E. Rubnitz, MD, PhD, Hiroto Inaba, MD, PhD, Guolian Kang, MS, Kwan Gan, RN,
Christine Hartford, MD, Brandon M. Triplett, MD, Mari Dallas, MD, David Shook, MD, Tanja pUplllﬂtiOll.
Gruber, MD, PhD, Ching-Hon Pui, MD, and Wing Leung, MD, PhD
Departments of Oncology, Bone Marrow Transplantation and Cellular Therapy, Biostatistics, ant ] . . .
Pathology. St. Jude Children's Research Hospital: and Department of Pediatrics, University of Procedure—Twenty-nine children who had relapsed or refractory leukemia were treated with

Tennessee Health Science Center, College of Medicine, Memphis, Tennessee

chemotherapy followed by the infusion of haploidentical NK cells. Cohort 1 included 14 children
who had not undergone prior allogeneic hematopoietic cell transplantation (HCT), whereas Cohort
2 included 15 children with leukemua that had relapsed after HCT.

Results—Twenty-six (90%) NK donors were KIR mismatched (14 with one KIR and 12 with 2
KIRs). The peak NK chimerism levels were >10% donor in 87% of the evaluable recipients. In
Cohort 1. 10 had responsive disease and 12 proceeded to HCT thereafter. Currently, 5 (36%) are
alive without leukemia. In Cohort 2, 10 had responsive disease after NK therapy and successtully
proceeded to second HCT. At present. 4 (27%) are alive and leukemia-free. The NK cell infusions

Acknowledgments

_ _ | and the IL-2 injections were well-tolerated.
Supported i part by the National Institutes of Health Cancer Center Support (¢

01 GM092666, and RO1 CA115422_ a Center of Excellence Grant from the ¢ ) ) ) . ) ) ) )
Foundation of Memphis, and the American Lebanese Syrian Asseciated Charit — Conclusions—NK cell therapy 1s safe. feasible, and should be further mvestigated i patients
American Cancer Society Professor.

with chemotherapy-resistant leukemla
We thank Elaine Coustan-Snuth and Dario Ca.ulpana for lJEI'fOl'ﬂl‘lﬂE minimal rfesiwuar wiscasc ALIALY 3T3, UL Ll ar, r
laboratory, and research office colleagues for data collection; and the many patients and parents who participated n

the transplantation and cellular therapy research program.
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Immunotherapy with the trifunctional anti-CD20 x anti-CD3
antibody FBTAO5 (Lymphomun) in paediatric high-risk patients
with recurrent CD20-positive B cell malignancies

Friedhelm R. Schuster,"* Michael Stan-
glmaier,l'* Wilhelm Woessmann,” Beate
Winkler,' Meinolf Siepermann,' Roland
Meisel,' Paul G. Schlegel,’ Jurgen Hess,’
Horst Lindhofer,™ Arndt Borkhardt'
and Raymund Buhmann®’

| o
“Department of Paediatric Oncology, Haematolo-

gy and Immunology, University of Duesseldor,
Duesseldorf, TRION Research GmbH, Martins-
ried, ;Dcpur.'mur:l of Paediatric Haematology
and Oncology, Justus-Liebig Umniversity, Giessen,
*Department of Paediatric Haematology, Oncol-
ogy and Stem cell Transplantation, University of
Wuerzburg, Wuerzburg, "TRION Pharma
GmbH, Munich, "Department of Medicine II1
and Transfusion Medicine, University Hospital
Grosshadern, LMU, and “Helmholtz Zentrum
Munich, German Research Centre for Environ-

mental Fealth, Munich, Germany

Received 14 July 2014; accepted for publication

Summary

Children with B cell malignancies refractory to standard therapy are known
to have a poor prognosis and very limited treatment options. Here, we
report on the treatment and follow-up of ten patients diagnosed with
relapsed or refractory mature B-cell Non Hodgkin Lymphoma (B-NHL),
Burkitt leukaemia (B-AL) or pre B-acute lymphoblastic leukaemia (pre B-
ALL). All children were treated with FBTAO5 (now designated Lympho-
mun), an anti-CD3 x anti-CD20 trifunctional bispecific antibody (trAb) in
compassionate use. Within individual treatment schedules, Lymphomun
was applied (a) after allogeneic stem cell transplantation (allo-SCT, n = 6)
to induce sustained long-term remission, or (b) stand alone prior to subse-
quent chemotherapy to eradicate residual disease before allo-SCT (n = 4).
Nine of ten children displayed a clinical response: three stable diseases
(SD), one partial remission (PR) and five induced or sustained complete
remissions (CR). Five of these nine responders died during follow-up. The

other patients still maintain CR with a current overall survival of

874-1424 days (median: 1150 days). In conclusion, despite the dismal clin-

ical prognosis of children refractory to standard therapy, immunotherapy
with Lymphomun resulted in a favourable clinical outcome in this cohort

by
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Patent2 DLBCI 857 d
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Patient4 DLBCI 1366 d
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W CR

Patient 6 BL S d B PR
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Patient 8§ B-Al 9394 PD
Patient 9 BL 874 4d ‘ Still alive
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Lethally Irradiated NK precursor cell
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NK cell activation
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Expanded Activated NK cells

Cartoon Illustrating Mechanism of Peripheral Blood NK Expansion by K562-mbIIL15-41BBL
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—  FIGURE 1 {A) Racepiors and Igand rmvoved n N« celd-mecatad
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Thirtean AML patients, five with active giseese, two In rnolecuisr reiepsa, end
siv In morphoiogica compiate ramission (CR) were ireatad with aloreactive
NK ceis after Rudarabing/cycophosphamios mimunosuppressive
chemotherepy. Only one of tha ive petients witn ecive diEeese achieved
ransient CF, wharses e other four patiants had no dinical benatt. On the
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Alloreactive natural killer cells for the
treatment of acute myeloid leukemia:
from stem cell transplantation to
adoptive immunotherapy

Loredana Ruggeri®, Sarah Parisi®, Elena Urbani' and Antonio Curti**

:"frontiers o MINIREVIEW

in Immunology




TABLE 1 | Clinical trials with expanded allogeneic NK cells in haploidentical SCT.

Diseases

Phase of trials

Cells

Combined therapy

Institute

High-risk solid tumors

Hematological malignancies
Leukemia and
myeloproliferative disease
ALL

AML and ALL

Relapsed/refractory
pediatric acute leukemia

Myelodisplastic syndrome
and leukemia

Ongoing phase 2

Ongoing
Ongoing phase 1/2

Ongoing phase 2

Ongoing phase 1/2
Ongoing phase 2

Completed phase 1/2

Ex vivo expanded NK cells

Phase-1 IL-2-activated NK cells

Haploidentical HSCT, TBI and
chemotherapy

K562-mb 15-41 BBL and IL-2
stimulated NK cells

Ex vivo expanded

Activated and expanded
NK cells

IL-2-activated NK cells

Haploidentical HSCT, RIC
and IL-2

Haploidentical HSCT and RIC
Ex vivo expanded NK cells

Haploidentical HSCT and
chemotherapy

NK-cells haploidentical HSCT
Haploidentical HSCT and
salvage chemotherapy
Haploidentical HSCT,
chemotherapy and IL-2

Samsung Medical Center,
Korea

Institut Paoli-Calmette, France
M.D. Anderson Cancer
Center, USA

National University Health
System, Singapore

Asan Medical Center, Korea
Hospital Universitario La Paz,
Spain

M.D. Anderson Cancer
Center, USA
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REVIEW
« Cell-based strategies to manage leukemia relapse: efficacy and
isolation of PBMC & feasibility of immunotherapy approaches
Qo':b toz8 A Rambaldi', € Dlagl®, © Bonine’, A Blondi’ and M Introna’
on-40
| | c-own
|
|C d
CD123-CAR

Chimeric receptor
Engineered
CIK cells

CcD123

AML cells

Figure 1. Design of CIK cell differentiation and modification protocol to induce the ectopic expression of anti-CD123 CAR by SB system for the
clinical application. Peripheral blood mononuclear cells (PBMCs) from healthy donors are isolated and modified at day 0 by electroporation with
the SB system composed of the SB11X transposase-encoding plasmid and the anti-CD123 CAR-encoding SB transposon. The SB11X transposase
catalyzes the integration reaction of the third-generation (CD28-OX40-L chain) anti-CD123 CAR into the genome of the electroporated cells. After
nucleofection, the cells are cultured for 21 days in the presence of IL-2, following the CIK cell differentiation protocol and becoming at the end
CIK cells engineered to stably express anti-CD123 CAR. As a future clinical application, anti-CD123 CAR™" CIK cells will be injected into the
patients, where they will specifically target CD123 " AML cells while sparing the hematopoietic stem cell compartment.
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Future development: combination therapy

Nonimmunogenic tumor
microenvironment
|
— I
f '
LCombination therapies
wiihagents that create
Imrurogenis tumor
, migreenvircnment and

* Blockade of several immune
checkpoints

+ Cancer vaccines

| Mg checkpaint therapy TR
+ Adoptive T cell transfer T cal T el
Tumnoe CoO3 wth CDASRO
+ Targeted therapies e TOoRH  expression

with FD-L1 with PO-L)
Ey ey T cxpresson

* Oncolytic viruses

* Chemotherapy (immunogenic Immunogenic tumor
cell death) microenvironment

* Radiotherapy

' I

Inmmune (."18:5‘.(:0!"‘1 "‘«JUI Durable clinicat beretit
and durabse cinical benatit )

Sharma and Allison, Science 2015




Pediyatrik AML

CD33 antikor-ilag konjugasyonu (Gentuzumab ozogamisin) gec¢tigimiz
yillarda AML tedavisinde basariyla kullanilmisgtir.

Bu deneyimden sonra AML hiicresinin degisik antijenlerine kars1
antikorlarla preklinik ve erken klinik ¢aligsmalar yapilmaistit.

Hedefli Kimerik antijenik reseptor ekprese eden T hiicreleriyle veya,

Modifiye T hiicre reseptor genleriyle olusturulan yeniden diizenlenmisg
T hiicreleriyle adoptif immunoterapi ve kanser agilar1 direngli AML
hastalarinda gelistirilen yeni stratejilerdir(7).

Buckley SA, Walter RB. Update on Antigen-Specific Immunotherapy of Acute

Myeloid Leukemia. Curr Hematol Malig Rep 1065-75,2015
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Safety and tolerability of allogeneic dendritic cell vaccination with
induction of Wilms tumor 1—specific T cells in a pediatric donor and
pediatric patient with relapsed leukemia: a case report and review of the
literature

Chyrotherapy, 20155 17: 330—335 International Society for Collular Therapy g ao

SHOJI SAITO'", RYU YANAGISAWA '“, KENTARO YOSHIKAWA'",
YUMIKO HIGUCHI', TERUTSUGU KOYA', KIYOSHI YOSHIZAWA', e
MIYUKI TANAKA®, KAZUO SAKASHITA”, TAKASHI KOBAYASHI',
TAKASHI KURATA , KOICHI HIRABAYASHI ', YOZO NAKAZAWA", e
MASAAKI SHIOHARA ', YOSHIKAZU YONEMITSU ', MASATO OKAMOTO", Ty
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Figure 1. Clinical course of the patient. Allogeneic DC vaccination initated 13 months after the third HSCT. BMT, bone marrow T T e e ————————

transplantation; CBT, cord blood transplantation; Flu 150, fludarabine 150 mg/mz; CY 120, cyclophosphamide 120 mg/kg; TBI 8, total
body irradiation 8 Gy; CA 10, cytarabine 10 g/m?; IDA, idarubicin 36 mg/m?; BU 16, busulfan (intravenously) 16 mg/kg.
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