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MOLECULAR SEGMENTATION TO IMPROVE OUTCOMES FOR MM:
WHY WE SHOULD!

Gareth J Morgan, Director Myeloma Research.
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Definition of debate

a formal discussion on a particular matter in a public meeting or legislative assembly, in which opposing
arguments are put forward and which usually ends with a vote.
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h Molecular segmentation?



Why do we need disease segmentation in multiple myeloma

Asymptomatic Symptomatic
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Myeloma remains as incurable disease for most patients

Durie BGM, ed. Multiple Myeloma Concise Review 2007. International Myeloma
Foundation. American Cancer Society.

MGUS, monoclonal gammopathy of unknown significance; M protein, myeloma protein. Cancer Facts & Figures, 2008.



Why do we need disease segmentation in multiple myeloma
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First-line therapy Second-line therapy Third-line therapy

Myeloma is curable in a significant fraction of patients

Durie BGM, ed. Multiple Myeloma Concise Review 2007. International Myeloma
Foundation. American Cancer Society.

MGUS, monoclonal gammopathy of unknown significance; M protein, myeloma protein. Cancer Facts & Figures, 2008.



Molecular segmentation of multiple myeloma

; e o~
____—.._N
ND‘;:NER - \vi  iFISH and mutational panels are widely available.
- : ~N « Segmentation is in common use in lung, colon and
breast.

« Segmentation is readily applicable in MM.
» Applicable at presentation and relapse.

* Good evidence for use of segmentation.

» We should get on and apply it in the clinic.
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Different considerations operate in older adults where most MM occurs.

Disease-related
*  Genetic

+ Epigenetic

*  Metabolic

Patient related

*  Frailty

. Chronic illnesses
*  Hospitalization

*  Psycho-social

Treatment related
*  Metabolism

*  Drug interaction
+  Toxicity profile

Patient-related
Aging
. Other
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| am arguing for making informed treatment decisions based on data!

ADLs

Frailty score
IADLs

Comorbidities/organ function
Performance status

Support system
Geriatric
assessment

2 Depth of response
Cﬂogem‘?tlcs and stage Dose modifications
ﬁ:t;eﬁiz:::mia Eligibility for transplant
Impending bone fractures MVE|OI‘T\E Treatment Ln:::;ﬁ;zfgergm::fgoals
Infection _ presentation deci sions Potential side effects
Renal dysfunction

Supportive care



Molecular segmentation with iFISH is rather simple!
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Main mutations are in RAS/MAPK pathway and can be therapeutically targeted

25 4

u t(4,14)
u t(11;14)
u 1(14;16)
u 1(14;20)
B CN1

= CN2

NRAS

Morgan et al Blood 2018. Nature Reviews Cancer 2017.
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Don’t be dissuaded by discussions of evolutionary

biology and gardening analogies

BRAF/MEK
inhibitors
RAS Pathway Acquired
Mutations Mutations
Gene E ; Secondary _ MYC
ey ranslocations | inhibitors
Changes )
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Primary
Translocations/ /~ MMSET/CCNDx
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Hyperrdiploidy

e

Target the trunk not the branches!
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N
We can target cell death - the t(11;14), bcl2 and venetaclax
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Risk stratified therapy of multiple myeloma?

. High Risk
— Median OS 3 years
) Multiple myelonigaa iy L — Behaves like standard risk
hai ]
rﬂﬁ* Normal plasma cellspntibodies " chain . .
% QM proteins Heavy ° Ultra ngh RISk
‘ 5 a “;w ‘ Y Er chains )
o PN — Median OS 2 years
it .J)L N -
7 i<
‘f‘-fA T\ _ i
) %};; Sultiple myeloma cells Extramedullary disease
N .
i » — Plasma cell leukemia
— Primary refractory
Bone
matrow — Early relapse post Rx

- Biology different from standard risk and could be
exploited therapeutically.
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There are good reasons for applying risk stratification

Progression-Free Survival by Protocol Progression-Free Survival by Protocol
GEP-70 Low Risk Only GEP-70 High Risk Cnly
1 00% _t\‘ 5_Year 1 00% L 5.Yea|'
I Events /N Estimate Events /N Estimate
TT2-Thal  127/156 41% §33, 49; TT2- Thal 19/20  10% EO, 20;
80%- T2 +Tha 98 /149  39% (51,67 80% TT2 +Thal 237126 19% (5,33
Logrank P-value <.0001 Logrank P-value =.10
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Risk stratification is straightforward and is a standard of care

Hyperdiploid Non-Hyperdiploid
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Amplification of 1q (10%) not simply gain: We still have things to learn

Morgan et al Nature Reviews Cancer 2017.

Blood 2018.
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Loss of 17p and the role of biallelic TP53 mutations

Overall Survival
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Integrating DNA based data “Double hit”

Sialelc P53

EEEEE | ~rRee
CNVs SNVs BiAllelic Clinical SVs
6% NDMM

Double hit MM

1) Obtain significant features by univariate tests
2) Assess significant features by multivariate model

W00 100%
Stratified partioning for
age, ISS, study L [
g 605 g B0% !
Recursive Partioning Model for Risk Stratification o 8
(n=784) - s

\ « Sensitive.

« Specific.
e Suitable for trial inclusion.

LR Er"g""’
Low Intermediate Double bt ‘k 7‘ )
Risk Risk Hit e

Morgan et al Blood 2018 and Leukaemia 2018.
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There is a general consensus on entry criteria for clinical
trials and on the way forward for the treatment of high
risk multiple myeloma

PERSPECTIVES ON THE RISK-STRATIFIED TREATMENT OF
MULTIPLE MYELOMA

Davies FE, Pawlyn C, Boyle E, Usmani SZ, San Miguel JI, Einsele H, Corre J, Avet Loisseau H, Anderson
KA, Auclair D, Lonial S, Sonneveld P, Cho H, Stewart K, Bergsagel L, Kaiser M, Costa L, Weisel K, Ghobrial

I, Orlowski R, Landgren O, Gay F, Chari A, Costa L, Walker BW, Bruno B and Morgan GJ.
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or MRI
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Structural variants may improve risk stratification

Chromothripsis Chromoplexy Templated Sequence
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Expanding therapeutic toolbox

Anthracyclines| Alkylators

Thalomid Velcade . . Farydak Empliciti
(thalidomide) (bortezomib) Lol el Dexamethasone . hinostat)  (elotuzumab)
ol SIS (i ?:g)éirlnal Bendamustine Prednisone Aplres LRI
(lenalidomide) (carfilzomib) doforubicin) (vorinostat) (daratumumab)
Pomalyst Ninlaro XPOVIO Sarclisa
(pomalidomide) (ixazomib) Melphalan (selinexor) (isatuximab)

Blenrep*
Melflufen (belantamab
mafodotin)

*Antibody-drug conjugate
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Expanding therapeutic toolbox

Novel Agents Immunotherapies

Clinical Bispecific
Phase Immuno- Antibody- antibodies
modulatory Naked drug and bispecific Checkpoint
agents antibodies conjugates T-cell engagers [CAR T-cell therapies| inhibitors
Idecabtagene
vicleucel

(ide-cel; bb2121)
Phase 3 Venetoclax*® Melflufen

Nivolumab
Ciltacabtagene
autoleucel (cilta-cel;
JNJ-4528)
AMG 420
- Selected list: AMG 701 Selected list:
Abemaciclib* CLR 131 AO-176 BFCR4350A ALLO-715
Cobimetinib* Ibrutinib BMS-986016 CC-99712 CC-93269 bb21217 "
Dabrafenib INCB001158 CC-92480 BMS-986207 FOR46 CCC-99712 Descartes-08 Avelumab
Phase 1. 2 Enasidenib* INCBO53914 Iberdomide CJM112 Lintuzumab-Ac225 HPN217 Descartes-11 slimueD
’ Erdafitinib* Molibresib NKTR-255 SAR442085 MED12228 ISB 1342 JCARH125 Pembrolizumab
Idasanutlin ONC201 TAK-573 SEA-BCMA STRO-001 Teclistamab JNJ-68284528 TTI-622
Trametinib Pemigatinib TAK-079 TAK-169 Talquetamab NKR-2
Vemurafenib Ruxolitinib Tiragolumab PF-06863135 P-BCMA-101
REGN5458/49 UCARTCS1A
TNB-383B
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Percent 3-year OS in novel agentarm

We can optimize the use of current therapies based on risk
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Total therapy and aims of treatment
Achieving MRD- status is critical in high-risk MM

CRat months B (R at 24 months
100% 100 Ttaung g,
W‘“ ““um.:um“'w”-
- %“‘““M 80% i M“'«n
gy .“% ‘Mu,m ly
.
= ““lu«..“ o T ‘m““« 1
T Ly ML 2 60%-| umu L
: T g
a a
b2z
= % Vedan  5Year T 4% Median  5-Year
] Deahs/N inMonths  Estimate g Deaths /N inMonths  Estimate
3 CRWitin8 Morths 59257 136 (131,.) 85% (81, 90) 3 CRWithin24 Months ~ 80/398  NR  85% (62,59}
20% NoCR Within 8 Months 122 /452 NR 7% (73,81) 20% No CR Within 24 Months 68 / 260 NR  71%(85,78)
Logerank Prvalue=04 Log-rank P-value=.0005
% T T T 0% T T T |
0 3 6 9 12 0 3 6 9 12
Years after 8-month landmark Years after 24-month landmark
C MRD at 8 months D MRD at 24 months
100% + 100% +
— Ly
\ b w
Y —
80%-| L 80% 1
v
= 5 fm
2 4 2 4
g g o
3 a
T %] Wedian  5-Year T 4% Median  5-Year
] Dealhs /N inYears  Estimate [ Deaths/N inYears  Estimate
3 Negative 5/25  NR  84%(70,98) 6 Negaive /43 NR  93%(85,100)
20%- Posiive  12/50  NR  86% (76, 96) 20%- Postive  9/26  NR  64%(45,83)
Log-rank Pvalue=72 Log-rank P-value=.009
0% T T T T 1 0% T T T
0 2 4 6 8 10 0 2 4 6 8

Years after 8-month landmark

GEP70 low-risk

Schinke...Morgan, Haematologica 2017

Years after 24-month landmark

A

Overall Survival

Overall Survival

CRat 8 months CR at 24 months
100% 4 B 100%4
. Median  S-Year Median  5-Year
0% Deaths /N inNonths  Estimate a | Doahs /N inMonhs  Estimale
CR Within 8 Months 36/49  37(24,68) 40% (26, 54) CR Within 24 Months. 37160 43(23,58) 34% (20,47)
No CR Within 8 Months -~ 42/67 35 (25, 63) 39% (27, 52) _ L\ o CRWithin 24 Months ~ 20/34 ~ 42(11,55)  26% (7,44)
\, T
80% 1 Log-rank P-value= 69 % 60% H , Log-rank P-value=.35
i
5
@
40% T 4% ]_‘L‘
R y g
[s] | S -
20% I ' 20%-
0% T T T , {3 T T T 1
0 3 8 9 12 0 3 6 9 12
Years after 8-month landmark Years after 24-month landmark
MRD at 8 months MRD at 24 months
100% 7 D 100%+
I
80% 80%
K}
80% % 80%-
1 3
L‘ a
40% Medan  5-Year T 0%
Deaths /N I Years _Estimate g Median 5-Year
MNegaive  7/13  6(3,) 60%(dd 04) Dealhs/N inYears  Estimale
20% Posive  18/21  2(1,3) 24%(6,42) 0% Negative  7/17 NR 59% (35, 82)
Logerank Prvalue=01 L Positive on NR 100% (100, 100)
0% T T T T d 0% T T T 1
0 2 4 8 [} 10 0 2 4 6 8

Years after 8-month landmark

Years after 24-month landmark

GEP70 high-risk
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Guiding Principles for HR therapy

Induction.
4 drug chemo immuntherapy combinations.

@/ Consider double ASCT.
Consolidation.
Assess response risk status and tolerability at day 60-80 and choose appropriate

©
combination
) Maintenance.
Based on similar considerations choose appropriate maintenance and duration.

Q

~
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Mutation signatures in multiple myeloma

5’ nucleotide

= o e

Maura F et al 2021.

Substitution
class

3’ nucleotide

B & & E

Example C>A
16 mutation types

AlCAlA]

P oenecd I

lc lc-A

A

‘T?E>i [

BEDE b 5

SBS1 - Ageing SBS2 - APOBEC

I 0 e

SBS9 — nc-AID

SBS2 - Ageing

il

SBS13 - APOBEC

il

SBS35 - Platinum

sk

SBS8

N

——

SBS18 — ROS SBS-MM1 — Melphalan

NEXT GENERATION
SEQUENCING

MUTATIONAL
SIGNATURES

Bolli M. et al. Nature Communications 2014
Walker B. et al. Nature Communications 2015

=)

Whole exome from patients with newly
diagnosed multiple myeloma

=

APQBEC and aging signatures |

| Weinhold N. et al. Blood 2016

=

Whole exome from patients with newly
diagnosed and relapsed multiple myeloma

=

APOBEC, aging, new signatures
enriched at relapse (i.e. SBS-MM1)

Bolli . et al. Nature Communications 2018
Maura F_et al. Nature Communications 2019

=

Whale genome from patients with newly
diagnosed and relapsed multiple myeloma

=

APOBEC, germinal center
signatures, oxygen radical stress,
aging. SBS-MM1 enriched at relapse

Rustad et al. Nature Communications 2020
Bachisio Z. et al. Blood Advances 2020
Landau L. et al. Nature Communications 2020

=

Whole genomes and exomes from cell
lines and patients with newly diagnosed,
relapsed or end-stage mutiple myeloma

|:>|

SBS-MM1 is caused by melphalan
exposure

A

Samur MK, et al American Society of
Hematology Annual Meeting 2020

=

Whale genome from patients with newly
diagnosed and relapsed multiple myeloma

=

Poos A M et al American Society of
Hematology Annual Meeting 2020

=

Whole genome from patients with newly
diagnosed and multi-refractory multiple
myeloma

Validation of the association between
SBS-MM1 and melphalan exposure,
and enrichment of SBS-MM1 in
multi-refractory myelomas

With increasing potential for long term survival in MM and improved therapies able
to induce deep responses the identification of a melphalan signature must make
us re-evaluate the role of alkylating agents and high dose melphalan front line in

standard risk patients.
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Melphalan can drive clonal outgrowth and relapse

Single cell

. [ SBS-MM1 present but
expansion model

undetectable in bulk
sequencing

SBS-MM1 present
and detectable in bulk
sequencing

SBS-MM1 not present
and undetectable in
bulk sequencing

Landau et al 2021

mutations

x

Proportion of SBS-MM1

L4

Relapsedfrefractory multigle

Relapsedirefractory multiple
myelomawith prior
exposure to melphalan

Proportion
Proportion

e —
T

Relapsed/refractory multiple

SBS1
SBS2
SBSS
SBS8
SBS9
S$BS13
5BS18
SBS-MM1

Relapsedirefractory multiple

myelomawith prior

exposure to melphalan
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-
High-Risk clinical trials in MM

: \-:?  Thereis a congensqs definitior'w of I—!R. |
o ._ N » There are multiple trials exploring different therapeutic
NO BRAINER \t options for HR planned or in set up.
| « SWOG - 1211 (VRDelo).

* Optimism (Chemo plus Dara)

« TT7 (Chemo plus Dara).

« KarMMA 4 (Abecma).

» Concept Study (Chemo plus Isa).

« BMT - CTN SOSS (Car T).

« HATT trial — (Talgetamab + ASCT).
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Make informed treatment decisions !

You already do this and disease segmentation is just
another component - we can do better going forward!

ADLs

Frailty sc

IADLs

Comorbidities/or, g n functio
Performance statu:

S ort system

Geriatric
assessment
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Husband and wife have a fight.
The wife calls her mom up
and says,

"Mom, he fought with me again.
I am coming to live with you."

The Mom says ""No darling he
must pay for his mistakes. I'm
coming to live with you."
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