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Myeloma
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A RESEARCH DIVISION OF THE IMF

Outcome and survival of myeloma patients diagnosed 2008-2015. Real-world data on 4904
patients from the Swedish Myeloma Registry.

Incidence, characteristics, and outcome of solitary plasmacytoma and plasma cell leukemia.
Population-based data from the Swedish Myeloma Register.

Propensity score matching analysis to evaluate the comparative effectiveness of
daratumumab versus real-world standard of care therapies for patients with heavily
pretreated and refractory multiple myeloma.

Natural history of relapsed myeloma, refractory to immunomodulatory drugs and
proteasome inhibitors: a multicenter IMWG study.

IMWG consensus on risk stratification in multiple myeloma.

’//\ LAKEMEDELSVERKET ~ Regional differences in the survival of patients with MM in Sweden.

MEDICAL PRODUCTS AGENCY

OWN

15 different articles



2009 The prognostic significance of 8p21 deletion in multiple myeloma.

2010 Impact of chromosome 13 deletion and plasma cell load on long-term survival of patients with
multiple myeloma undergoing autologous transplantation

2011 Clinical impact of chromosomal aberrations in multiple myeloma

2013 In search of the molecular consequences of 8p21 deletion in multiple myeloma: commentary

on Gmidéne et al.

2015 Deletion of Chromosomal Region 8p21 Confers Resistance to Bortezomib and Is Associated with
Upregulated Decoy TRAIL Receptor Expression in Patients with Multiple Myeloma.

2016 Proteasome inhibitors and IMiDs can overcome some high-risk cytogenetics in multiple myeloma

but not gain 1g21.

Variants in ELL2 influencing immunoglobulin levels associate with multiple myeloma.
Genome-wide association study identifies multiple susceptibility loci for multiple myeloma.

The multiple myeloma risk allele at 5q15 lowers ELL2 expression and increases ribosomal gene expression



Multiple Myeloma

Gene regulation, Epigenetic and Genetics
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The Multiple Myeloma Phenotype

lation

A combinatien of genetics, epigenetics and gene regu
% " CH5CO
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Computational
predictions and
RT-PCR
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. .

RNA polymerase

Long-range regulatory elements cis-regulatory elements 5
(enhancers, repressors/ silencers, insulators) (promoters, transcription N int
factor binding sites) ke o

WGS: Mutation identification in coding and non-coding regions
ATACseq: DNA accessibility assay. Identify open chromatin regions

ChIP-seq: Mapping chromatin modifications and regulatory elements genome wide.
H3K27ac (active enhancers, promoters)

= RNA-seq: Gene expression
9 P Modified from the ENCODE project

2019-02-18 13

Robert Mansson-Hareth Nahi



Wide-spread de-compaction of chromatin

A novel myeloma specific feature

avg.MM avg.Norm
memB.D1+ NN N | ! [ |
memB.D2+ [N [ W ] ! '
mem.03 1 0 ! "I ChromHMM State
PB.OT ; [ | | ;
PE.02 { --. ! | 1 Active Promoter
PE.03 { - N ! I 2 Weak Promoter
pPC.D1 4 I I . : I. 3 Poised Promoter
Eggg 1 I _-. | -l 4 Strong Enhancer
D3 { I
MMt - | W] ! [ ] 5 Strong Enhancer
Mm2 - I I 6 Weak Enhancer
vvs { I ] 7 Weak Enhancer
MM4 - < I |
8 Insulator
s | . |
e | ] [ ] 9 Transcription Transition
Mv7 - I [ 10 Transcription Elongation
mmg {1 I I I— 11 Weak Transcription
1 I [ O ] [
12 Repressed
MM10 | I I I
M1 . o 18 Heterochromatin/io
MM12 -+ I [ ] 14 Repetitive/CNV
UGERE | [ B [~ 15 Repetiti
petitive/CNV
MM14 | I I —
MM15 - [ W] ! [ ]
MM17 - I [ ]
UUERR | [ ] !
MM20 ;[ [ W] !
Mm21 - I
MM23 | I
0.00 0.25 0.50 0.75 1.00 40k 20k 10k 0
Fraction of ATAC-seq peaks Number of ATAC-seq peaks
All (excluding insulator) 8 Insulator 13 Heterochromatin

0 2 4 6 8 10

log2(H3K27Ac signal)

log2(ATAC-seq signal)

2019-0Rekrt Mansson- Hareth Nahi
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The Core Gene regulatory Network

Super-enhancer regulated transcription factors underpin myelong gene regulation
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» | %
SE of TFd L % ; ' :

{ VRN
g\g@ .4 \b\" * 0 10
@ @ - 1@ s
1 log2 FPKM
Construct core network for individual sample A/ o

2019-0%e}rt Mansson- Hareth Nahi



Future plans

Replace FISH analysis with phased WGS (10x Genomics Chromium).

Investigate epigenetic subgroups of MM to identify specific gene regulatory
patterns and features.

Investigate genetic and epigenetic changes connected to relapse and disease
progression.



History + future of drugs in Multiple Myeloma

Vincristine,
doxorubicin,

Melphalan and
prednisone

Lenalidomide

Thalidomide l Pomalidomide

~ (Pomalyst)

1984

1983 1986 1999 2003 | 2005 2012 § 2013

Carfilzomib

Bortezomib

e

‘melphalan | Dexamethasone

o P

2019

NK-cells
CAR-T

CAR-NK




Cancer Immunotherapy

Cytokines

Adjuvants

T-cell Checkpoint Modulators Checkpoint modulators

T-reg Therapies
T-Cell Redirecting mABs
Adoptive T-Cell Therapy
Oncolytic Viruses

Antigen Specific Cellular Immunotherapy

NK Cell Therapies




Cell Therapy Innovators Have Access To Capital for Go To Market

Strategy

Market Cap of Leading Biotechs
in T-Cell Space by Technology (2014)

20 000 -
18 000 - $17B

16 000 - ]
—

14 000 -

12 000 -

10 000 -

8000 -

Market Cap ($M)

6 000 -

Bi-spedific CART TR CTL Other T cell TIL
therapy

Bloomberg.com

u ZioPharm
u Takara Bio
Sangamo Biosciences
= MolMed
= MacroGenics
m Lion Biotechnology
m Kite Pharma
® Juno Therapeutics
1 Emergent Biosolutions
® Cellular Biomedicine Grp
u Cellectis
m Bluebird Bio
m Bellicum
m Atara Biotherapeutics
= Affimed Therapeutics



Immunotherapies — Hype or Hope?

* Immunotherapies can be a better way of
treating cancer.

— The immune system is specific. It can learn and adapt.

— Chemotherapy can be toxic and affect the whole body.



Antibodies-Antikroppar




The NEW ENGLAND
JOURNAL of MEDICINE

The NEW ENGLAND
JOURNAL of MEDICINE

The NEW ENGLAND
JOURNAL of MEDICINE

The NEW ENGLAND
JOURNAL of MEDICINE

The NEW ENGLAND
JOURNAL of MEDICINE

Targeting CD38 with Daratumumab Monotherapy in Multiple

Myeloma.
Dratumumab, Lenalidomide, and Dexamethasone for Multiple

Myeloma.

Oral Ixazomib, Lenalidomide, and Dexamethasone for Multiple
Myeloma

Carfilzomib, lenalidomide, and dexamethasone for relapsed
multiple myeloma.

Lenalidomide and dexamethasone in transplant-ineligible
patients with myeloma.



18 February 2019

CD38 expression after Dara

treatment
=
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Percentage of NIK celis in PEMC (%)

T and NK cells decrease immediately at

Patient 1

BREEEE XL ETTTTY

Days

Dara infusion

- CO8* Tcols
* CO4 Teols
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Percentage of CO16" NK cofs
3
§
Percentage of T celis in PBMC (%)
g 2
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Days

Numbers of circulating NK cells drop after Dara treatment

Percentage of CD16* NK cells are stable
Decrease in CD4*/CD8"* T cells
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Patient parameters and outcome

n or mean (% or

range)
Total number of
) 23 (100)
patients
Age, mean 63 (34-82)
Gender, female 6 (29)
Viral reactivation 7 (30)
75.00
50.00
é 2500 I
8
Y
§ 0.00
Ss
£3
E 2-25.0077~W7«~
b1
!
2 s HHHHHH
S
B0 A HHAAEAA
10000 -
=
>MR=16 (70%) P02 8%)
>PR=14(61%)
SVGPR=T (30%) SD=5(22%)
CR=4(17%)

18 February 2019
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Natural Killer (NK) cells




Natural Killer cells
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NK cell abnormalities in cancer: Born
or licensed to kill?

Disease

Decreased cytotoxic activity  NSC lung Ca Cervical Ca

HCC Ovarian Ca
CRC AML
H&N Ca ALL
Breast Ca B-CLL

Squam. cell Ca CML
Bronchogenic Ca MM
Defective expression of HCC AML
activating receptors M. melanoma MM

Defective proliferation Renal Ca Nasopharyn. Ca
Neuroblastoma CML
Increased number of H&N Ca Breast Ca
CD56bright
Defective expression of Cervical Ca Prostate Ca
signalling molecules CRC AML
Ovarian Ca CML
Decreased NK cell counts Nasopharyngeal CML
Ca ALL (Pediatric)
Neuroblastoma
Defective cytokine AML CML

production ALL



The expansion process developed at KI

Day 0 Detailed phenotypic characterization of NK
CellGro SCGM cells

5% Human AB Pegranulption and cytotoxicity assay4

L serum i I I
‘A I L- 2 ( 5 OO U/m | ) 13.6 Day 2 1.48 15.6 Day & 291 396 ’ Day 10 14.7 537' ,?1y1f 19.7 _72._{_._ Day 2 6.58
| O KT3 ( 10 ‘4,: g e }’I:: w».‘ e .4\‘

. | e S [
182, g l66.7] 174 641 |2.36

i
L \ ng/ml) ‘Q ’& 7 AL e, W 433 J0.39 26:2 137 196
E"/j o A

Every 2-3 days
Additional medium with IL-2, without
OKT3




How large?




Different strategies for scaling up




cGMP certified expansion

process




ACP-001 gy

Nordic Pharmaceuticals AB

. .  Apheresis €= Patientuisit | 1 —(g}- s '@ (it each infusion:
* First-in-man, Phase | 1 ) | A A A
. > Chemotherapy Before infusion —\3 /- S -<J>
* Open, single arm stuc | aw [ 2 4
p ’ g expansion i - 30 min. post-infusion ﬁ\s/\- 5
* Primary objective: | | W& o st ()= 5
— Safety and tolerabili | seite | s o -
Quality G-CSF _ VvV N

) Se CO N d a ry O bj ective . , control , stimulation

— Effect on serum g le ' Tpniesis ®
-

&
19 @@%@WW

. Cryoprotection
° I n Cl u S I O n : Conditioning
— 20 MM patients elig R P | 99999999
ASCT A’icl - )s & | & é\ ( !I!
. Y 4 A 4 A 4 \/ /
3 escalating Ll T L
. . . 1. Subchinical relapse after CR S _ YO VO VAVARVAVAVATATAY 15 > End of
infusions/patient (We | 2on TS
— 10°,5X107 and 108 ¢ o
o Eva | U ati O n : Legend @Urine sampling
— 4 weeks after infusic

1 | Patient visit s Serum sampling

— 6 months follow up.

/\ :
{ B )Blood sampling Bone marrow sampling
V.

18/02/2019 Hareth Nahi-Evren Alici 33



Chimeric Antigen Receptors (CARs)




“

T-Cell

Receptors
(TCRs)

—

Tumor
Infiltrating
Lymphocytes
(TILs)

Isolate and expand
tumour-infiltrating

lymphocytes (TILS).

Harvest T cells from
biopsy or blood.

) A

Immune depletion
with chemotherapy
or radiation allows
introduced T cells
to take hold and
multiply.

or —)rty‘ or yAR <€

Add T cell receptor
(TCR) for a cancer antigen.

\ @ Genetically

@ ©engineer cells.

Add a chimaeric antigen
receptor (CAR), which recognizes
a specific cancer antigen.

MHC

complex
presents
antigens
to

CD3 complex sends
activation signal

T cell

cells

Co-stimulatory
molecules boost
the T cell response

Teell

L
T-cell activation

4

) A

Infuse cells back into paftient,

where they attack the tumour.

o~

T-cell activation

Hareth Nahi

Chimeric
Antigen
Receptors
(CARs)



IMPROVING LENTIVIRAL AND
RETROVIRAL GENE DELIVERY TO NK
CELLS



CAR NK cells

Chimeric Antigen Receptors

CD28 ot

4-1BB Al

I CD3§

1st 2 3rd Generation CAR-T cell constructs

NSC

NSA cell

1st Generation CAR-NK cell construct
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NK-92 and clinical approaches

Infusion of the allogeneic cell line NK-92 in
patients with advanced renal cell cancer or
melanoma: a phase | trial

S Arai, R Meagher, M Swearingen, H Myint, E Rich, ] Martinson and H Klingemann

Rush University Medical Conter, Chicaga, liwois, USA

Cytotherapy, 2013; 15: 15631570 International Society for Cellular Therapy _9 &

ISCT

Treatment of patients with advanced cancer with the natural killer cell
line NK-92
TORSTEN TONN"?", DIRK SCHWABE™", HANS G. KLINGEMANN', SVEN BECKER'?,

RUTH ESSER*", ULRIKE KOEHL"’", MEINOLF SUTTORP*, ERHARD SEIFRIED'?,
OLIVER G. OTTMANN’ & GESINE BUG’

7 Soaasennie ] Cyvodherapy (2003) Vol. 5, No. 3, 259272 ‘"’""""""““

ISCT— &

Ex vivo expansion of the highly cytotoxic human
natural killer cell line NK-92 under current good
manufacturing practice conditions for clinical
adoptive cellular immunotherapy
YK Tam, JA Martinson, K Doligosa and H-G Klingemann

Michael Chrobok
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B-cell maturation antigen (BCMA)

L
BcMA Myeloma
N




Durable clinical responses in heavily pretreated patients with relapsed/refractory
multiple myeloma: Updated results from a multicenter study of bb2121 anti-BCMA
CART cell therapy

Jesus Berdeja MDY, Yi Lin, MD, PhD?, Noopur Raje, MD3, Nikhil Munshi, MD#, David
Siegel, MD, PhD>, Michaela Liedtke, MD®, Sundar Jagannath, MD’, Marcela Maus, MD,
PhD3, Ashley Turka$,

Lyh Ping Lam, PharmD&, Kristen Hege, MD?, Richard A. Morgan, PhD2, M. Travis
Quigleys,
and James N. Kochenderfer, MD1°

1- Sarah Cannon Research Institute and Tennessee Oncology, Nashville, TN,
2- Mayo Clinic, Rochester, MIN, 3- Massachusetts General Hospital Cancer Center, Boston, MA, 4- Dana Farber Cancer Institute, Boston, MA, 5-
Hackensack University Medical Center, Hackensack, NJ, 6- Stanford University Medical Center, Palo Alto, CA,
7- Mount Sinai Medical Center, New York, NY, 8- bluebird bio, Inc., Cambridge, MA, 9- Celgene Corporation, San Francisco, CA,
10- Experimental Transplantation and Immunology Branch, National Cancer Institute/National Institutes of Health, Bethesda, MD



CRB-401 Study Design and Status

3 + 3 Dose Escalation of CAR+ T Cells Study St?tus
Escalation

150 x 10° 450 x 10° 800 x 10° 1200 x 10%
sox 1o Y vsox o J asox 1o il auo - o+

#1200 x 10° dose cohort no longer planned

m 1St Res po n Se prior o infusi;a;i:g

. manufacturing  bb2121
Leukaphere5|s Manufacturing infusion Assessment (Wk 4)
. (10 days) + release sa':gj,fs‘jﬁf,"g‘;';i;,‘;;;g o
Screening U”” Ll | |
Flu 30 mg/m2 | | | O 4
Cy300mgimz ||| PO Evaluable for Response

BM BX BM BX
(Wk 2) (Wk 4) N=21

Vianufacturing success rate o

Days -5,-4,-3

Expansion Cohort Initiated in August 2017
* 12 additional patients have been collected and dosed in the Expansion Cohort as of 02
Nov 2017



Clinical Response: Deepening of Response over Time

Dose Escalation: Cohorts 2150 x 10 CAR+ T Cells

Etficacy Pararnzier

Time (months) to First Response

Statistic

Median (min,

max)

Rasuly
1.02 (0.5, 3.0)

Time (months) to Best Response

Median (min,

max)

3.74 (0.5, 13.7)

Time (months) to Complete
Response

Median (min,

max)

3.84 (0.5, 13.7)

Duration of Response Median (min, max) NR
Progression free survival Median (min, max) NR
Progression free survival rate 0
% 81%
@ 6 mos
Progression fr: rvival r
ogression free survival rate o 219%

@ 9 mos

NR, not reached

Objective Response Rate

Subjects Treated in Escalation — Cohorts 2150 x 106

ORR=100%
100 4 . ORR=94%
>CR [
80 - | 27%
. = CR/sCR
>
60 - 56%
40 - >VGPR - " VGPR
74%
—_— >VGPR
20 - 89%
L = PR
0 — T
04 MAY 2017 (N=15) 02 OCT 2017 (N=18)

Note: Objective Response defined as attaining Stringent Complete Response, Complete Response,
Very Good Partial Response, or Partial Response. Including unconfirmed responses.



First-in-class anti-BCMA agent with
multiple modes of action

Key
attributes

GSK’916 is a humanised IgG1 antibody

targeting BCMA (B-cell maturation antigen)
— Linked to the anti-mitotic agent MMAF
— Afucosylated to enhance ADCC

BCMA plays a key role in plasma cell survival

It is found on the surfaces of plasma cells and is
overexpressed on malignant plasma cells

Not expressed in healthy tissues

New modality in multiple myeloma: first ADC
Easy and convenient to administer: 1h infusion q3w
No pre-medication for infusion reactions
— Pre-medication with steroid eye drops
New MoA enabling diverse combinations

ADC, antibody-drug conjugate; ADCC, antibody-dependent cell-mediated cytotoxicity; BCMA, B-cell
maturation antigen; MMAF, monomethyl auristatin-F

Four mechanisms of action:

1. ADC mechanism

2. ADCC mechanism

3. BCMA receptor signaling inhibition
4. Immunogenic cell death

Cell death

10
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American Society of Hematology

Helping hematologists conquer blood diseases worldwide

Phase 2 Study of Venetoclax Plus Carfilzomib and
Dexamethasone in Patients With
Relapsed/Refractory Multiple Myeloma

Luciano J. Costa,* Edward A. Stadtmauer,? Faith Davies,? Gregory Monohan,? Tibor Kovacsovics,® Nicholas Burwick,®

Andrzej Jakubowiak,” Jonathan L. Kaufman,® Mehrdad Mobasher,® Kevin J. Freise,1? Jeremy A. Ross,° John Pesko,*® Wiijit
AMisnacinaha 10 Cabath riuidinati 10 Carahlh AMiuidA 10 NrlanAdAAC Ritana 10 Chaii ¥ Viirmaar 11



OUbjective Responses in Patients Based
Status

on Cytogenetic

BN sCR ®=m CR mm VGPR

ORR = 100%

ORR = 79%

non-t(11;14)

t(11;
N =34

All Patients”

14)+°
N =42 =8

(e PItnl Swd withun (e (sl J wewta of dowrg. A0 dets svailabie

@m PR

ORR = 83%
ORR = 76%

2CR

High-Risk Standard-Risk
Cytogenetics® Cytogenetics®®
N=12 N=29

Ha 140 or 1416) or dell 1 Pu)







American Society of Hematology

Helping hematologists conquer blood diseases worldwide

] N : 3
Phase 3 Randomized Study of Daratumumab Plus Lenalidomide and Dexamethasone (D-Rd)

Versus Lenalidomide and Dexamethasone (Rd) in Patients With Newly Diagnosed Multiple
Myeloma (NDMM) Ineligible for Transplant (MAIA)’

Thierry Facon,’ Shaji Kumar,2 Torben Plesner,3 Robert Z. Orlowski,* Philippe Moreau,® Nizar Bahlis,® Supratik Basu,” Hareth Nahi,?
Cyrille Hulin,® Hang Quach, ' Hartmut Goldschmidt,!" Michael O’Dwyer,'2 Aurore Perrot,'3 Christopher P. Venner,'* Katja Weisel,'®
Joseph R. Mace,'® Tahamtan Ahmadi,'” Christopher Chiu, '8 Jianping Wang,'® Rian Van Rampelbergh,2°Clarissa M. Uhlar,8
Rachel Kobos, ! Ming Qi,'® Saad Z. Usmani?"

1Service des Maladies du Sang, Hopital Claude Huriez, Lille, France; 2Department of Hematology, Mayo Clinic Rochester, Rochester, MN, USA; 3Vejle Hospital and University of Southern Denmark, Vejle, Denmark 4Department of Lymphoma-
Myeloma, University of Texas M.D. Anderson Cancer Center, Houston, TX, USA; SHematology, University Hospital Hoétel-Dieu, Nantes, France; SUniversity of Calgary, Arnie Charbonneau Cancer Institute, Calgary, AB, Canada; Royal
Wolverhampton Hospitals NHS Trust, Wolverhampton, United Kingdom; 8Karolinska Institute, Department of Medicine, Division of Hematology, Karolinska University Hospital at Huddinge, Stockholm, Sweden; °Department of Hematology,
Hospital Haut Leveque, University Hospital, Pessac, France; 1°St. Vincent's Hospital, University of Melbourne, Melbourne, Australia; ''University Hospital Heidelberg and National Center of Tumor Diseases (NCT), Heidelberg, Germany; '2Dept.
of Medicine/Haematology, NUI, Galway, Republic of Ireland; '3Hematology Department, University Hospital, Vandoeuwe Les Nancy, France; '4Division of Medical Oncology University of Alberta, Edmonton, AB, Canada; '*Universitaetskinikum
Tuebingen der Eberhard-Karls-Universitaet, Abteilung fuer Innere Medizin Il, Tuebingen, Germany; '6Florida Cancer Specialists & Research Institute, St. Petersburg, FL, USA; 7Genmab US, Inc., Princeton, NJ, USA; '8Janssen Research &
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the jaw was 2.8 per 100 patient-years in the denosumab arm and 1.9 per
100 patient-years in the zoledronic acid arm’
* Hypocalcemia AEs were reported in 16.9% vs 12.4% of patients in the
denosumab and zoledronic acid groups, respectively

* Denosumab has been shown to be noninferior to zoledronic acid in the
prevention of SRES in patients with NDMM

* When added to antimyeloma therapy, denosumab provided improved PFS vs
zoledronic acid in patients with NDMM by almost 11 months

~ The observed benefit of denosumab was independent of the first-line novel
therapy used

* The observed benefit of denosumab vs zoledronic acid on PFS was also
observed in patients with the intent to receive an autologous stem cell transplan

* Taken together, these positive PFS results suggest that denosumab should be
considered as an alternative to zoledronic acid in the standard treatment of
patients with NDMM to protect from debilitating bone complications, adding
clinical meaningful benefit on top of anti-myeloma therapy

* Further translational research might contribute to understanding of PFS benefit,
such as assessments of risk based on cytogenetics and effects of depth of
response on PFS

* Inthis analysis, no factors or imbalances were identified between the treatment

arms that appeared to influence PFS, indicating the mechanism of action for
denosumab may indirectly benefit patient outcomes by influencing the

Americ:

Helping hemato

bone/tumor environment
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BiSpecific Antibodies (BiTe)

Target site

Molecules:
cytokines, growth factors

Molecules:

antigens, enzymes, drugs, cytokines,
toxins, radionucleotides, plasma proteins,
Cellular targets:

Cells: Receptors, adhesion molecules
T-cells, Natural Killer cells, macrophages,
neutrophils Organisms:

Viruses, bacteria, parasites



