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Background/ Introduction



Background/ Introduction

1. Malignant cells are easily differentiated from normal cells
by unique cell surface markers

2. Tumor cells and immune cells are easily accessible to
study effects of iImmune targeting strategies

3. Graft versus Leukemia (GvL) effect after Allogeneic stem
cell transplant used to treat hematological malignancies
has helped identify important principles in immunology
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Background/ Introduction

Table 1: Antigens frequently analyzed in the immunophenotyping of hematopoietic

malignancies

Antlgens with broad exprassion

Panmyeloid antigens CD13, €033, CDwe5, MPO

Pan-B-cell antigens cyCD22, CD 19, cyCO78a

Pan-T-cell antigens cyCD3, CD2, CD7, CD&

Antigens associated with immaturity or activation

Immaturity TdT, CD34, HLA-DRA

Antigens with lineage speclfic and maturation dependant expression

Myeloid cells CD14, CLH 5, glycophaorin A, TD41, CDA1
B-cells CD20, CD23, FMC7, cylgy, slg

T-ceflls CD1a, Ch4d, CD8

NK cellsb CO1a, CDS8, CO57

2constitutive expression on monocytes and B-cells, Pin ahsence of CD3

cy cytoplasmic, slg surface membrane immunglobuling
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European Society of Hematology Consesus statement on
Immunenotyping of Hematological Malignancies, 2001




Causes of Death after Autologous
Transplants done in 2011-2012

m Primary Disease

m [nfection

®m Organ Failure

m Second Malignancy
m Other
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Causes of Death after HLA Match
Sibling Transplants done in 2011-2012

®m Primary Disease

m GVHD

m [nfection

m Organ Failure

m Second Malignancy
m Other
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Causes of Death after Unrelated Donor '
Transplants done in 2011-2012

® Primary Disease

m GVHD

m [nfection

m Organ Failure

m Second Malignancy
m Other
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Immunotherapy for Hematological Malignancies

Preliminary efiicacy and safety of EBV-targeted CTLs effective
ipilimumab in R/R lymphomas!®5-157 in B cell lymphomas?0%-212
| |
* GV] effect Whole-tumour-cell GVAX effective | | Pidilizumab effective || =« Obinutuzumab
CireolBell recognized as in post-transplantation AML%! in R/R DLBC1 183 approved for
Unrelated lymphoma basis of allo-HSCT L[ €L
donor allo- with anti- efficacy!® FcR polymorphisms GVAX effective in = Blinatumomab
HSCT used in | | idiotype * DLlinduces CML || PRTN3 is a leukaemia- | | predict rituximab post-transplantation approved for
leukaemia’® mAb remissions® associated antigenma‘ response*4? ClL| 148 R/R B-AL| 553

1980 1981 1982 1986 1990 1992 1996 1997 2000 2002 2003 2009 2010 2011 2013 2014

CDz0 (1086-1088) Personalized First mAb NK cell alloreactivity Ofatumumab Pidilizumab plus
discovered* Humanized anti-idiotype vaccine | | (rituximab) affects allo-HSCT approved for rituximab effective
murine induces lymphoma approved for outcomes’® R/RCLL*® in R/R FL™7
antibodies*** regression’3! cancer I g
treatment™ | | WTlasa (2011-2014) CAR T cells induce Nivolumab in
leukaemia- remissions in CLL, B-ALL and R/R cHL after
l:' Direct targeting of I:' Activating tumour 5559Ciﬂt1€u§! DLBCL; BTD for R/R B-ALL®™" ASCT&r.rd
tumour surface antigens antigen-specific immunity antigen ‘ brentuximab'®*%
— R |
l:' Boosbtlng :n;lir;]une _eﬁ—ectcr |:| F}vercomlng mhlt?ttory Brentuximab approved for & Systematic
numoer an unction Immune suppression Rer CHL 'ﬂnd 5ALCL53'54 identi‘ﬁcatim‘l Cll:
;3 Approved or granted BTD status by the US FDA CLL neocantigens®*!
° Bachireddy P, Burkhardt UE, Rajasagi M, Wu CJ.

S Itc Haematological malignancies: at the forefront of
immunotherapeutic innovation.
Nat Rev Cancer. 2015 Apr;15(4):201-15
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Immunotherapeutic Strategies
to Target Hematological
Malignancies



Immunotherapeutic Strategies to Targe

Hematological Malignancies

Improve

) Increase
Function and Tumor
Number of Antigenicity
Immune Cells
Hematological
Malignancies
Overcome
Target Tumor Immune
Antigens Suppression
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ldeal Tumor Antigen

1. Expressed on tumor cells
2. Not expressed or minimally expressed on normal cells

3. Targetable
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Target Tumor Antigen

Targeting Tumor Antigen has led to development of :
1. Antibodies

1. Immune Conjugates

2. Bispecific Antibody Armed Activated T cells

3. Bispecific T cell Engaging Antibodies

4. Chimeric Antigen Receptor T cells
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Antibodies — Mechanism of Action

Phagocytosis

Complement

Macrophage

Receptor

Receptor antagorst
agonist

Fcreceptor -3 5 ADCEC
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Granzyme
and perforin

:i Cenetically
; 7 modified T cell
T cell

2
Conjugated : Cross presentation
! and T cell activation
antibody
Dendritic
Scott AM, Wolchok JD, Old LJ. Antibody therapy of cancer cell

Nature Reviews Cancer 12, 278-287 (April 2012) | d0i:10.1038/nrc3236



Binding of type | and Il anti-CD20 mADbs.
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Mark S. Cragg Blood 2011:118:219-220 e
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Immune Conjugates

Y 5\ i Immunotoxin (IT) I Protein toxin

Monoclonal Immunoconjugate

Antibody
= Disulfide bond — Linker
— Light chain Bl Effector Radio-immunoconjugate (RIC) *R-‘ldiﬂ'ﬂ“ﬁ"d'

= Heavy chain

Antibody-drug conjugate (ADC) Y Small :mhcuh
rug

Palanca-Wessels MC, Press OW. Advances in the treatment of hematologic
malignancies using immunoconjugates. Blood. 2014 Apr 10;123(15):2293-301



The BITE antibody principle.

a-CD3
monoclonal

antibody

T-cell activation

single chain

*
BIiTE antibody
composed of two
antibodies A

a-target
monoclonal

antibody

I

Redirected
lysis

Cytotoxic
granule

CD3

Cytolytic synapse

Tumor-associated
antigen

cD19

EpCAM

Her2/neu

EGFR

CEA

EpHA2

CD33

MCSP

Cancer Research Reviews

Patrick A. Baeuerle, and Carsten Reinhardt Cancer R es

2009;69:4941-4944

©2009 by American Association for Cancer Research
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Targeted Killing by T cells with BiAbs

Anti-CD3

Chemical Heterconjugation
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Chimeric Antigen Receptor T Cells

First Second Third
Generation Generation Generation
CAR CAR CAR
Linker
scFv
hinge
One Costimulation Domain ([ }} Two costimulation domains
(4-1BE or CD28) cD27
cD28
o
CD3g 0X40
cD3c

) Maus MV, Grupp SA, Porter DL, June CH. Antibody-modified

B T cells: CARs take he front seat for hematologic malignancies
Society for Immunotherapy of Cancer good, 2014 Apr 24;123(17):2625-35..



Chimeric Antigen Receptor T Cells

Total
white cells
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Checkpoint Inhibitors

Antigen-presenting cell ‘ T cell Peptide {F KIR —_——>
PDL1 or PDL2 @ D 7 —_ MHC class 1 or Il e TCR Signal 1
L ‘ l: LAG} ——@—>
PDL1 or PDL2 ¢ 3@ | ) PDl —— e , | e
CD80 or CD86 c;‘:“',::)&_.__“—"’_:_‘) CD28 ——@—> o |1 D
CD80 or CD86 CIEE=) T CllAG —Q—>

CD70 —-‘bcmr —_——

r i 8 I _-(.E:.'—..bv
BIRP1 L._.:I:—-—- ICOS ——P—— D40 h Ch40L
B7-H3 ¢ Q 2 GALY

Adenasing sy
B7-H4 « & » b7 —_—C—

HVEM c—::ﬁi) I BTlA  ———p
|

S Itc Pardoll DM. The blockade of immune checkpoints

in cancer immunotherapy. Nature Reviews Cancer
Society for Immunotherapy of Cancer 12, 252-264



Clinical Experience



FDA Approved Antibodies

1. Rituximab (Anti CD 20)
2. Ofatumumab (Anti CD 20)

1. Alemtuzumab (Anti CD 52)
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FDA Approved Antibodies

Obinutuzumab

» Anti CD 20, Type 2 Antibody
» Approved for use in CLL for pts with Co morbidities

=

Patients with a Response (%)

P<0.001

P<0.001

G-Clb

G-Clb
] Complete response
M Partial response

Clb
[l Complete response
B Partial response

R-Clb
[] Complete response
M Partial response

Clb R-Clb
(N=238)  (N=118)  (N=233)

) Valentin Goede, M.D., Kirsten Fischer, M.D., Raymon de Busch et al.
Obinutuzumab plus Chlorambucil in Patients with CLL and Coexisting

Soc}ety for Immunotherapy of Cancer ConditionsN Engl J Med 2014; 370:1101-1110



Promising Antibodies

Daratumumab

»Anti CD 38, Type 2 Antibody

»Phase 2 study reported at ASCO 2015

» 106 Pts with MM, refractory to = 3 lines of therapy
»ORR was 29.2%, with 3 sCR, 10 VGPR, and 18 PR

»Median duration of response was 7.4 months
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Promising Antibodies

Elotuzumab (Anti SLAM F-7 Antibody), Phase 3 Study RD vs
RD+ Elotuzumab

A Progression-free Survival

1.0 1-Yr progression-free 2-Yr progression-free
. survival survival
= 0.9 |
2
E 03 Hazard ratio, 0.70 (95% Cl, 0.57—0.85)
b P<0.001
g 0.7
-
5 0.6-
v
v
g 05 !
g :
o 0.4+ !
s . SRRSOt AA Elotuzumab group
z 0.3+ | '
= I
‘B I 127% CEm oo
E 0.2+ E i &5 - -0 Control group
£ o1 i l
I |
0.0 — T T T 1T 1 T T 1T T T 1T T T T T T T 1
0 2 4 6 & 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
Months
No. at Risk
Elotuzumab group 321 303 279 259 232 215 195 178 157 143 128 117 85 59 42 32 12 7 1 O
Control group 325 295 249 216 192 173 158 141 123 106 89 72 48 36 21 13 7 2 0 O

C si
S Itp Sagar Lonial, Meletios Dimopoulos., Antonio Palumbo et al.

Elotuzumab Therapy for Relapsed or Refractory MM
Society for Immunotherapy of Cancer ~ NEJM, June 2, 2015



Radioactive Immune Conjugates
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Antibody Drug Conjugates

Antibody Target Drug Indication Stage of development

B 0030 Monomethyl auistatinE HL, ALCL Approved 2011

BT062 (D138 DVM (Maytansioid) i Phase 2 NCT01001442, NCT01638936
Polafuzumab vedotin (DCDS4301A) 0079 Monomethyl aurisatin E DLBCL, FL Phase 2 NCT01691698

G0 008 Calcheamich AML Anproved 2000; withdrawn June 2010
INO (CHC544) 002 Callcheamich B¢l NHL, Bcall AL~ Phase 3 NCTO1564784, NCTO1232556
IMGNG9 G037 DM (Matansinoie Bcoll NHL, Bcall CLL ~ Phase 1 NCTO1534715
Mituzumab-dovorubicin (\LLI-Dox; IMMU-110) -~ CD74  Dexerubicn M, CLL, NHL Phase 112 NCTOT015%4

PV (DCOT29805) 002 Monomethyl auistainE DLBCL, FL Phase 2 NCTO1691898

SAR-3419 CO19 DV (Maytansioid) DLBCL, Bal ALL ~ Phase 2 NCTO1472887, NCTO1440179
SGN-CD1 G019 Monomethyl auistain F B¢oll NHL, Bcall AL~ Phase 1 NCTO1786135, NCTO178609

SGN-CO33 (033 Pymlobenzodazepine dimer ML Phase 1 NCT01902329



Blinatumomab

» Approved in Dec 2014 for use in Ph negative B cell ALL
» Given as a continuous infusion for 4 weeks

» Response rates of around 30% were observed in
relapsed/ refractory setting

» Side effects include cytokine release syndrome
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CAR T Cells

> Most clinical data 1s available for CAR T cells directed at
CD19

» Used for CLL, ALL, DLBCL, PMBCL

» Very effective but can cause cytokine release syndrome

» Pts treated with CD19 CAR T cells need lifelong 1VIg
replacement as they have no B cells
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CTLO19 - Expansion after Infusion
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Csi
S Ip Shannon L. Maude, Noelle Frey, Pamela A. Shaw et al. Chimeric

Antigen Receptor T Cells for Sustained Remissions in Leukemia
Society for Immunotherapy of Cancer N Engl J Med 2014; 371:1507-1517
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S Itc Shannon L. Maude, Noelle Frey, Pamela A. Shaw et al. Chimeric

Antigen Receptor T Cells for Sustained Remissions in Leukemia
) N Engl J Med 2014; 371:1507-1517
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Checkpoint Inhibitors

» Promising results in some hematological malignancies
» In Hodgkin Lymphoma these agents have been tested Iin

pts who relapsed post Auto transplant and most pts were
previously treated with Brentuximab Vedotin

> ORR for Nivolimumab was 87%
> ORR for Pembrolizumab was 65%

» Potential to cause auto immune phenomenon
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CYTOKINE RELEASE SYNDROME

> Seen with CAR T cells and BITEs

» Characterized with high fevers, altered mentation and high
levels of pro inflammatory cytokines

» Can be fatal if not recognized and treated emergently

» Treatment consists of steroids, IL-6 antibody and
supportive care
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Points to Ponder

1. Durabllity of responses
2. Rationale Combinations and Toxicities

3. Personalized Strategies
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Conclusions



1.

Immunotherapy for Hematological

Malignancies

Immunotherapeutic strategies may provide response In
setting where conventional chemotherapy has failed

Rationale combinations of immune therapeutic strategies
with chemotherapy may improve outcomes in the future

Effective strategies to deal with side effects of iImmune
therapeutic strategies will lead to more patients being
treated with these modalities
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