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Immunotherapy

Breakthrough of the Year

Cancer
Immunotherapy

T cells on the attack
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Immunotherapy: overview

Active immunotherapy
» \Vaccination
» Cytokines

» |Modulatory immunotherapy: checkpoint inhibitors

Passive immunotherapy
» Monoclonal antibodies
» Allogeneic stem cell transplantation

» [ cell therapy

- TIL/PBL
- | TCR/CAR transduction of circulating T cells
- Antigen specific T cells from stem cells

CAR, chimeric antigen receptor; PBL, peripheral blood lymphocytes; TCR, T cell receptor; TIL, tumour infiltrating lymphocytes.
Galluzi et al. Oncotarget. 2014;5:24:12472-508.
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Checkpoint inhibitors
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“for their discovery of cancer therapy by inhibition
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Checkpoint inhibitors in hematology

» Reimbursed in Belgium for relapsed Hodgkin’s lymphoma

» Conflicting results in clinical trials for multiple myeloma
(toxicities)
» Under evaluation in clinical trials for various cancers, including:

- Multiple myeloma, T-NHL, DLBCL, AML, and MDS
- Combination of checkpoint inhibitors and ...

AML, acute myeloid leukaemia; DLBCL, diffuse large B-cell ymphoma; MDS, Myelodysplastic syndromes; T-NHL, T-cell non-Hodgkin lymphoma.



Checkpoint inhibitors in hematology

Table 1 Motable ongoing clinical trials in hematological malignancies

Malignancies Clinical trial #  Phase  Drug Study description Other name
Lymphoid neoplasm  WCT02181738 2 Mivolumab Clirical activity of anti-PD-1 antibody in B/R CHL patients CheckMate 205
MCTO1953692 2 Pembrolizumab  Clinical activity of anti-PO-1 antibody in R/R CHL patients KEYNOTED13
MCTO2857428 2 Mivolumab Anti-PD-1 antibody in R/R PCNSL and PTL
MCTO2576530 2 Pembrolizumab  Antl-PC-1 antbody in R/R PMEBL KEYMNOTE-170
NCTOZ220842 1 Atezolizumab Anti-F0-L1 antibody in combination withlan‘.i-CD}_‘U antibody

to RR DLRCL ar F

Plasma cell neoplasm NCT02036502 1 Pembrolizumab _Clinj fyity of anti-PD-1 Jlenalidornide and low-dose KEYMOTE-023
dexamethasonefin AR PO pal
NCTOZ2903381 2 Mivolumab Lenalidomide, low-dose dexamethasone lurc anti-P0-1 antibody

NCTO1592370 1 Mivolumab Clinical activity of anti-PD-1 antioody in R/R PCM patients
MCTOZ726581 3 Mivclumab lF’DmaIIdamide and dexamethasunelmth or without anti-PC-1 CheckMate 602
anticady n patlents
MOTO25 79863 3 Pembrolizumab |Pomalidomide and dexamethasonsfwith or without anti-PD-1 KEYMOTE-185
0dy 0 treatment-naive FLM patients
Myelzid neoplasms NCTO2530463 2 Mivelumakb ilimumat, and anti-PD-1 antibody in MDS patients
NCTD1953692 1 Pembrolizumab Anti-PD-1 antibody in HMA-failed MDS patients
NCT02845297 2 Pemnbrolizumab  Anti-PD-1 wit R/R AML patients
MCTO2275531 2 Mivolumak Anti-FD-1 antibody as post-remission therapy in AML patients
RCTO2117219 1 Curvalurmaks Anti-PD-L1 anLibady.[I—M& and 1remelimumab]in MDS patients

R/R relapsed refractory, PCNSL primary central nervous system lymphoma, PTL primary testicular lymphoma, PMBL primary mediastinal large B cell lymphoma,
DLBCL diffuse large B cell ymphoma, FL follicular iymphoma, PCW plasma cell myeloma, HAA hypomethy lating agent, MO5 myelodysplastic syndrome, AML acute
myeloid leukemia

Chi Young Ok and Ken H. Young, J Haematol & Oncol, 2017

Disclaimer: Any off-label data shown are used to support the educational message of the presentation and not intended to endorse use of any therapy in any way
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Immune-related adverse events
(focus on checkpoint inhibitors)

Lg

Myocarditis,

Hepatitis
pericarditis, vasculitis

w%”ﬂ

neutropenia,
hemophilia

. r’:! Anemia, ‘h - Nephritis
b d thrombocytopenia, r

-
\909)

Colitis, ileitis, Hyper- or hypothyroidism,
pancreatitis, gastritis hypohysitis, adrenal
insufficiency, diabetes

Uveitis, conjunctivitis,
scleritis, episcleritis,
blepharitis, retinitis

e ) Rash, pruritus, L

ﬁ \ _‘i psoriasis, vitiligo,
= DRESS, Stevens-

Johnson syndrome

a

Arthritis, &"'—’ Pneumonitis, pleuritis, Neuropathy, Guillain-
1' dermatomyositis ~ sarcoid-like - Barré syndrome,
e granulomatosis myelopathy, meningitis,
encephalitis, myasthenia

Multidisciplinary irAE team
irAE database

DRESS, drug reaction with eosinophilia and systemic symptoms; irAEs, immune-related adverse events. ?
1. Postow et al. N Engl J Med 2018;378:158-68. 2. Champiat et al. Ann Oncol 2016;27:559-74. 3. Haanen et al. Ann Oncol. 2017;28:iv119-iv142. R
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CAR T cells: the process

An overview of the CAR T-cell immunotherapy clinical process
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Apheresis of T cells are selected CAR construct is transferred Transduced CAR CART cells are reinfused
and activated in vitro into the T cells T cells are expanded into the patient

mononuclear cells

1. Davila et al. Oncolmmunology 2012;1:1577-83.
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ens in vivo?

CAR T cell therapy: what happ

X (2) In the laboratory,
- thechimeric antigen
to the patient's T cells.

Chimeric antigen
~. receptor (CAR)

Keuhn B JAMA. 2017;318:22:2167-69.
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Four generations of CAR T-cell design

SECOND THIRD FOURTH
FIRST (DUAL SIGNALING)  (MULTIPLE SIGNALING)  (ARMORED - TRUCK)
j ;"M_"'_ : c C c c
c_mr::;]

irard
Introduced TCR Introduced CAR Endogenous TCR

Gene-modified T cells

Adapted from Fujiwara H. 2014. »

Adapted from artwork by Steven
Van Schandevyl.

CAR, chimeric antigen receptor; IL-12, interleukin 12; scFv, single-chain variable fragment; TRUCK, T cell redirected for universal cytokine mediated killing.
1. Fujiwara H, Pharmaceuticals, 2014. 2. Kerre T. Belgian J Hematol 2017;8:94—101. Figure adapted, with permission, from original artwork kindly provided by Steven Van Schandevyl.
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CAR T cell therapy: antigen targets in clinical trials

Hematologic malignancies’

Antigen

BCMA

CD123
CD138
CD16V
CD19

CD19/CD20
CD19/CD22
CD20

CD22
CD30
CD33
CD382
CD70
CD1232
Ig k
IL-1RAP
Lewis Y

NKG2D ligand

ROR1

Cancer

MM

AML, leukemia, lymphoma

MM

DLBCL, MCL, PMBCL, FL

CLL, NHL, ALL, DLBCL, PMBCL, MCL, DLBCL transf. FL,
lymphoma, FL, PLL, DMBCL, leukemia, SLL, BAL, HL, MLBCL, MM
DLBCL

Leukemia, lymphoma

ALL, CLL, PLL, DLBCL, FL, MCL, leukemia, Lymphoma, SLL, MZL,
NHL

FL, ALL, NHL, DLBCL, MCL, leukemia, lymphoma

NHL, HL, lymphoma, CD30+ cancer

AML

B cell malignancies

CD70+ cancer

B cell malignancies

CLL, NHL, MM

CLL

MM, AML, MDS

AML, MDS, MM

CLL, SLL, MCL, ALL

Solid malignancies'

Antigen

CAIX

CEA
C-MET
EGFR
EGFRuvIII
EpCam
EphA2
ErbB2/Her2
FAP

FR-a

GD2
GPC3
IL-13Ra2
L1-CAM
Mesothelin
MUC1
MUC16ecto
PD-L1
PSCA
PSMA
ROR1
VEGFR-2

I
1. Hartmann et al. EMBO Mol Med 2017;9:1183-97. 2. ClinicalTrials.gov. Available from: https://clinicaltrials.gov/ct2/show/NCT03125577. Accessed April 2018.

Cancer

Renal cell carcinoma

Liver metastases, liver, adenocarcinoma, gastric,
colorectal, breast

Breast

EGFR+ solid tumors, GBM, glioma

Glioma, GBM, glioblastoma

Liver, stomach, breast

Malignant glioma

HER2+ malignancy, sarcoma, GBM, head and neck,
breast, glioblastoma, Metastatic mesothelioma
Ovarian

Neuroblastoma, sarcomas

Hepatocellular carcinoma, LSCC, GPC3+ solid tumor
Malignant glioma, brain and CNS

Neuroblastoma

MPM, MPDAC, malignant pleural disease, pancreatic,
breast, mesothelin+ tumors

Hepatocellular carcinoma, NSCLC, TNBC, PC,
malignant glioma, CC, GC

Ovarian

GBM

Pancreatic

Prostate

NSCLC, breast cancer (TNBC)

various

%
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CAR T cell therapy in hematology

» B cell malignancies (CD19, 20, 22)

» Multiple myeloma (CD138, CD38, CD56, LeY)
» AML (CD33, CD123, LeY, NKG2D ligands)

» Hodgkin lymphoma, T cell lymphoma (CD30)

» Challenge! > TRUCKs
> .....
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Efficacy of CAR T-cell therapies: additional
challenges for solid tumors

» [he anatomical location
/

» The heterogeneity of the tumor cells

&
Fourth
. . (armored TRUCK)
» [he iImmune-suppressing ’

microenvironment
RRIRIAN TTT T
J, ST

I
Ui
®
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Adapted from artwork by Steven
Van Schandevyl.

1. Kerl BIg nJ He mtI2017894 101. Figure adapted, wthp rmission, from original awork kindly provided by Steven Van Schandevyl. |
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CAR T cell therapy: selected adverse events

Cytokine —=

Nt

Release of cytokines
from immune cells

Time ——=

To date,
following infusion of CAR T cells is

the onset of immune activation, known
as 1 (5.6-90% in clinical trials)?

Several

have also been described, including
secondary cutaneous malignancies?

aplasia

— N
Tumor cell
eradication

The severity of reported events
has ranged from manageable

lineage depletion (B-cell aplasia) to severe toxicity
(death), depending on the target’

antibody

Both
have been demonstrated due to the

immunogenicity of foreign protein. Host reaction
can manifest as !

CAR, chimeric antigen receptor; CD, cluster of differentiation; CRS, cytokine-release syndrome.
1. Bonifant et al. Mol Ther Oncolytics 2016;3:16011. 2. Kerre. Belgian J Hematol 2017;8:94-101. 3. Rubin et al. J Am Acad Dermatol 2016;75:1054—7

The development of , including
confusion, delirium, expressive aphasia,
obtundation, myoclonus, and seizure, has been
reported in patients who received CD19-specific
CART cells' (12-48% in clinical trials)?

The risk of following gene
transfer into T cells is seemingly

low; however, investigators must remain vigilant
and adhere to strict monitoring®

GEIDW



CAR T cell therapy: clinical trials and targets

vovvvvwvwwe 2 4 CAR T cell trials registered
cscescocce > at clinicaltrials.gov

® o000 000 ‘ ‘

T EEEEEEEE > 8 CAR targets mveghgated
ecseooceoe e In preclinical studies
vvvvvwvwwwe Biotech companies with
-0 >4 an active CAR program
oo cse oo

eeocececscee 2 CAR targets investigated
eeesoe0cee > in clinical trials

Sadelain M. Cell 2017;171:7:1471.



CAR T cell therapy: timeline

Primary T cell engineering Second-generation CARs (CD28-based)
FDA approval of CD19
First case report of CA19 CAR therapy for
Demonstration of CD19 CAR therapy in NHL pediatric ALL and NHL

as valid CAR target
First-generation CARs

: EMA approval of CD19
(CD3C-based) First case report of CA19

. CAR therapy for
CAR therapy in CLL L
Second-generation CARs Py pediatric ALL and NHL

(CD4-1BB-based)
First case report of CD19

First IND for CD19 CAR therapy in ALL
CAR therapy
N
1990 1995 2000 2005 2010 2015

Adapted from Sadelain M. 2017

2
Sadelain M, Cell 2017;171:7:1471. R? *
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CAR T cell therapy: CAR at UZ Gent

» First CAR T cell therapy began 3 years ago
» 12 trials:

- 1 closed

- 5 actively recruiting

- 6 start-up

» 16 patients
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CAR T cell therapy: challenges

In vivo phase of clinical procedure [ In vitro phase of T-cell manipulation ]
Suitable patient [ Proper Ag choice ]
selection
[ Proper gene-transfer system ]
N
Persistance/exhaustion o T cell harvest /selection [ Naive or Tcm or memory stem cells? ]
] (
vy .
t [ Optimised artificial APCs/Culture system ]
Ir__hmlg'mosuppre'é]si\{e _
Tumourtaficking | gy | wmor S —
|'m_i-br[oenvironrpé{1t'| %Q
'ja'»l' "' | \ Iv"‘j' TCR-T CAR-T
N f | v
- | - |
B Lymphodepleting — o—
On/off-target AEs [ | ) —

/I I preconditioning
, | | | Optimised avidity Optimised intra-

Vo (affinity) cytoplasmic domain
N
/WS Braking system

Infusion schedule

Fat

Additional gene-modification
targeting stromal/vasculature cells

AE, adverse event; Ag, antigen; APC, antigen presenting cells; CAR-T, chimeric antigen receptor therapy; Tcm, central memory T; TCR-T, T cell receptor therapy.
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CAR T cell therapy: procedure

CLINIC

» Establish COI/COC
» Prescriptive workflows

p Generate & link
identifiers

» Upload forms

» Electronic data capture
» Notifications

» Book capacity

+ B

INCOMING

» Courier/COP
integrations

» Chain of custody

» Automates order &
pick-up time

» Real-time status
updates

» Shipping container
data capture

» Excursion monitoring
» Notifications

Maintain COI/COC
Prescriptive workflows
Milestone reporting

Capacity scheduling &
forecasting

Inbound product
visibility

Drug product label
printing

Notifications

g ]

OUTGOING

» Courier/COP
integrations

» Chain of custody

» Automates order &
pick-up time

» Real-time status
updates

» Shipping container
data capture

» Excursion monitoring
» Notifications

INFUSION

» Complete COI/COC

» Prescriptive workflows
» Upload forms

» Electronic data capture
» Shipper return

» Close therapy

COP, Cell Orchestration Platforms, COP.
Lamb M et al. Cell Gene Therapy Insights 2017;3:10:815-33.
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Click on the vials to discover the different forms of

checkpoint inhibitors

immunotherapy.

-
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CAR T-cell therapy

Back to start
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solution: CAR T-cell therapy.

Fortunately science has found a l

| -




In the lab a genetic code is
implanted for a new kind of
receptor (the CAR).




The modified T-cells are now
CAR T-cells...







...and are reintfroduced in the
patient’'s body.







Thanks to the new receptors (the CAR) they can now
identify the disguised cancer cells.




AT TACK




The CAR has also
made the T-cell
stronger.




As aresult, the cancer cells
are destroyed very efficiently.




As aresult, the cancer cells

are destroyed very efficiently.
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The CAR T-cells will sometimes also attack healthy
cells that exhibit characteristics that are similar to the
cancer cells.







The T-cells have fulfilled their mission, the
cancer cells are destroyed.
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Disclaimer

While Bristol-Myers Squibb uses reasonable efforts to include accurate and up-to-date
information in this material, Bristol-Myers Squibb makes no warranties or representations as to its
accuracy. Bristol-Myers Squibb assumes no liability or responsibility for any errors or omissions
in the content of the material. Neither Bristol-Myers Squibb nor any other party involved in
creating, producing or delivering the material is liable for any direct, incidental, consequential,
indirect or punitive damages arising out of your access to, or use of, the material.

You should assume that everything you see or read on this presentation is copyrighted, unless
otherwise noted, and may not be used without mentioning the source. Bristol-Myers Squibb
neither warrants nor represents that your use of materials displayed on the Site will not infringe
rights of third parties not owned by or affiliated with Bristol-Myers Squibb.

Nothing on these presentations should be construed as the giving of advice or the making of a
recommendation and it should not be relied on as the basis for any decision or action. BMS, nor
other parties involved, accepts no liability for the accuracy or completeness or use of, nor any
liability to update, the information contained on this Presentation. These materials are provided
"AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE, OR NON-INFRINGEMENT.
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