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Walker et al, Journal of Clinical Oncology, 2014 B M
Walker et al, 8lood, 2018
Chapman et al, Nature 2013
Lohr et al, Cancer Cell 2015

Bustoros et al, Journal of Clinical Oncology 2020 M . B u Sto I’OS, I M W 2 0 2 1

Manier et al, Nature reviews Oncology, 2017
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why do we need to know about MM genomic heterogeneity?

Is stratification based on
genomics ready for primetime?

A. Yes
B. No

Asymptomatic: Symptomatic

100 /

10 years

\/REFRACTORY
1st RELAPSE RELAPSE

5 years

Plateau
remission

11
2 years

First-line therapy Second-line therapy Third-line therapy

Durie BGM, ed. Multiple Myeloma Concise Review 2007. International Myeloma

G. Morgan & F. Davies, IMW 2021
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—> to target the disease biology
—> to decrease therapy intensity in patients with low-risk features

—> to consider CURABLE a significant fraction of patients & Morgan, IMW 2021
s
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genomics' added value over FISH
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risk stratifier

* INTERNATIONAL MYELOMA WORKING GROUP (IMWG)
- 1SS, FISH (del(17p), t(4;14), t(14;16)), LDH, IgA, histology, cytogenetics,
GEP, Labeling Index, MRI/PET scan, SNP/CGH

* mSMART 3.0 (MAYO)

- HIGH: FISH (del(17p), t(4;14), t(14;16), t(14;16), amplq, TP53 mutations,
GEP, R-ISS3, double and triple hit mutations

- INTERMEDIATE: FISH (t(4;14), cytogenetic del (13q), hypodiploidy, PCLI>3%

* R-ISS combining ISS with FISH (ESM02016, EMN, IFM)

- 1SS, FISH (del(17p), t(4;14)), MRD?

- “...novel approaches based on molecular technology should be used to
achieve a more powerful prediction”

* ULTRA-HIGH RISK
-> Presence of multiple HR lesions

* R-ISS_2 combining ISS with FISH (ESM02016, EMN, IFM)
1SS, FISH (del(17p), t(4;14), amp(1q)), MRD?

mentation

F. Maura et al.,, Nat Comm 2019
G.Morgan, IMW 2021
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definition of “high-risk” disease

* INTERNATIONAL MYELOMA WORKING GROUP (IMWG) Desilan e EER EEE
- 1SS, FISH (del(17p), t(4;14), t(14;16)), LDH, IgA, histology, cytogenetics, Dead in Syr
GEP, Labeling Index, MRI/PET scan, SNP/CGH SKY92 | i
* mSMART 3.0 (MAYO) UAMS70 |
- HIGH: FISH (del(17p), t(4;14), t(14;16), t(14;16), amplq, TP53 mutations, UAMS80
GEP, R-ISS3, double and triple hit mutations IEM15 | T

- INTERMEDIATE: FISH (t(4;14), cytogenetic del (13q), hypodiploidy, PCLI>3%

* R-ISS combining ISS with FISH (ESM02016, EMN, IFM)

1SS, FISH (del(17p), t(4;14)), MRD? _

- “...novel approaches based on molecular technology should be used to Sancac Tastis Amigen 1]
achieve a more powerful prediction” HM19 _ 11

o ULTRA-HIGH RISK 10 20 30 40 50 60 70 80 S0
- Presence of multiple HR lesions 9% MVRF coves

Centrosome Index

Proliferation Index |

* R-ISS_2 combining ISS with FISH (ESM02016, EMN, IFM) high-risk (%) median OS
- ISS, FISH (del(17p), t(4;14), amp(1q)), MRD?
0

. [—— ISS 33.6% 29 months
-> expression of 70 genes affecting overlapping functions important for IMWG* 20% 35% 4-years 0Ss

relapse: cell-cycle regulation, angiogenensis, cell adhesion, cell

migration and proliferation R-ISS** 10% 40% 5-years 0S
* SKY92/ISS (SkylineDx) _ o SKY92/ISS 20.9% 50% 2-years OS
-> expression of 92 genes both directly and indirectly related to the

disease + ISS IFM PI*** ca. 19% <50% 2-years OS
* IFM PI (IFM) _ , double-hit**** 6.1% 48% 1.5-years OS
- definition of a Prognostic Index (Pl) based on the parameter estimates

based on the multivariable Cox model computed for del(17p), t(4;14), *del(17p) t(4;14) t(14;16)

trisomy 3, trisomy 5, trisomy 21, gain(1q), del(1p32) ** 1SS del(17p) t(4;14)

*** del(17p) 1(4;14) trisomy 3, 5, 21 gain(1q) del(1p32)

* DOUBLE HIT (UAMS) ***+ |38 ||| bi-allelic TP53 amp1q

-> bi-allelic inactivation of TP53 or ISS3 & CKS1B amplification (=4N)

Van Biers E.H..et al, Lymphoma & Myeloma International Congress 2017; Pawlyn C. et al., Leukemia 2020
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Myeloma patients: ¢
Standard risk
High risk

Novel agent/approach

F

Primary endpoint
(powered for
standard risk population)

Standard of care Primary endpoint

(powered for
whole population)

Standard of care

Myeloma patients:
| Standard risk
I High risk

Novel agent/approach A

Standard of care

Standard of care

Novel agent/approach 8

{

Standard of care Primary endpoint

(powered for
hngh risk population)

Standard of care

different genomic patterns

}

different expression pathways

}

different myeloma sub-types

«trial design for high-risk
patietns, who are
identified UP-FRONT and
entered into dedicated

protocols»

F.Davies, IMW 2021
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“informed treatment decision based on data”

Cytogenetics and stage
Cytopenias
Hypercalcemia
Impending bone fractures
Infection

Renal dysfunction

ADLs
Frailty score
IADLs
Comorbidities/organ function
Performance status
Support system
Geriatric
assessment
N
AN Depth of response
.\ Dose modifications
=3 Eligibility for transplant
Mye|0m a Treatment Intensity of regimen
R . . Patient preferences/goals
presentation decisions Potential side effects
Supportive care

G. Morgan, IMW 2021
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NGS panel for the daily clinical practice

=> UMA panel, NGS Unique Molecular Assay has been
designed* to detect all the currently validated and
suspected genomic DNA aberrations with prognostic value

in a single assay (all-in-one panel)

Number GENE Mean cov Min cov Max cov Number GENE Meancov  Min cov Max cov
1 ATM 255 27 816 42 KDM6A 142 4 358
2 ATR 253 11 643 43 KMT2B 168 1 537
. . . 3 BAX 167 10 512 44 KRAS 217 33 409
- . 4 BCL7A 161 3 368 45 LEMD2 180 12 522
CNAs: pipeline steps and analysis tools that take B E - e (TR w2 o
6 BIRC3 243 9 886 47 MAX 164 23 411
7 BRAF 235 13 689 48 Mmyc 202 65 520
advantage of off-target reads to compute a whole 5w [ 2w | o owem | a0 s s
9 CARD11 173 22 559 50 NF1 222 4 534
10 CCND1 145 36 607 51 NFKB1 206 9 544
M M M 11 CD19 156 25 415 52 NFKB2 156 19 396
genome Log2ratio signal precise enough for ARM- T C - S e C n
13 D38 196 18 502 54 NOTCH2 199 11 642
14 CDKN1B 194 47 446 55 NRAS 222 83 402
I I I I 15 CDKN2C 193 43 368 56 PIK3CA 266 13 675
eve Ca S 16 CKS1B 188 53 496 57 PRDM1 196 31 533
17 CRBN 233 25 582 58 PRKD2 182 29 601
3 . . . 18 cuLaB 172 6 425 59 PSMB5 227 41 489
- IgH traslocations: custom design on IgH region to T I A I
20 DDB1 237 32 757 61 PTEN 175 2 417
21 DIS3 183 25 402 62 PTPN11 189 1 450
H H H 22 DNAH5 239 10 622 63 RASA2 234 2 599
m I n I m IZe COStS 23 DTX1 138 17 330 64 RB1 173 1 389
24 DUSP2 110 18 239 65 RBX1 209 42 430
d d I . I. I d I.d d 25 EGR1 219 60 492 66 RPL10 155 29 434
- SN V I . 26 EVIS 185 31 428 67 RPLS 169 26 455
an n e s' plpe Ines a rea y va I ate 27 FAF1 197 7 441 68 SAMHD1 229 31 479
28 FAMA46C 223 92 373 69 SETD2 240 13 715
29 FANCA 181 3 476 70 SF3B1 225 35 467
(Mutect, Strelka, Seurat) B ot | o s e | m sem =10
31 FGFR3 81 3 312 72 SNX7 176 3 434
32 HIST1H1B 133 29 303 73 SP140 194 1 457
33 HIST1H1D 159 42 367 74 STAT3 218 57 512
34 HIST1H1E 125 47 243 75 TGDS 178 19 413
35 HIST1H4H 278 106 539 76 TNFRSF17 188 42 413
36 IDH1 230 56 454 77 TNFSF12 95 7 373
37 IDH2 190 1 735 78 TP53 144 10 423
38 IGLLS 68 0 344 79 TRAF2 187 16 624
39 IKZF1 227 36 672 80 TRAF3 184 6 421
40 IL6ST 245 28 670 81 XBP1 173 12 389

*in collaboration with N. BO”I, UniMi — = = = . = = =
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bi-allelic BCMA loss after CAR-T cell therapy
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M.Samur et al., 2021 M.Da Via et al., 2021
Affymetrix 500K (n=192) 14.06%
Affymetrix SNP 6.0 or Cytoscan HD (n=1103) 8.43% BO dataset
Deep WGS (n=280) 7.85% (CNAs profile by SNPs array)
Low Pass WGS (n=883) 7.81% 171/471 de|16p (36%)
Deep WGS mMM (n=388) 6.40% 25/471 del BCMA (5%)
0.00% 5.00% 10.00% 15.00%

M.Samur, IMW 2021
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bi-allelic BCMA loss co-occurs with other high-risk events

mono-allelic del(16p) co-occurs with several deletions, mainly del(17p) and
del(1p)

- del(16p) extension varies among patients => local genomic instability??

- is del(16p) the consequence or the cause of this genomic instability?

- mono-allelic del(16p) at baseline do not correlate with more frequent relapse
after anti-BCMA therapy (but more data are needed)

M.Samur, IMW 2021
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' — Amplificatien
\
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c L02 Pancreatic  Prostate Cutaneous Uterine = Focal-Deletion
o . . AdCa AdCa Melanoma EndoCa
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3 ®9o e
0.2 b B
L2 0254 1q neg M
04 = == 1Q pOS
Chromosomes HR, 2.00 (95% Cl, 1.56 to 2.58), P < .001
& I Translocation }_ MM subtype 0 2 4 6 8 10
A4 05 0 +05 + Hyperdiploid o Time (years)
 at ris
1q neg 348 304 238 188 84 "
1q pos 172 124 87 56 20 3

Broad and MMRF COMMPASS data. A. Mahdipour & R. Tiedemann, Unpublished Data, IMW 2021

H. Avet-Loiseau, JCO (2012) 30, 1949-1952
R.E.. Tiedman, IMW 2021
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iFISH images
®1q21

Relationship chromosome 1 and
the 1q21 amplicon in MM cell

Abnormal distribution
of chromosome 1
during mitosis??

—, A) Tiisomy
of chromosome 1

00

gainlq (3 copies)

Normal
clu’omosome 1

Y,

B) Isochromosomes

Gam of 1q and loss of 1p

) =

ca.30% NDMM

O ( ) of 1q
i i 1q12 De-condensation of /
I I1 21 hetelocluomatm of lql" C) Jumping '
\ translocations
of 1 (JT1q)
I D) Tandem
duplications

of 1q12-21

To centromere with loss of
a receptor chromosome arm

O. K

To telomeric end
0. @
]

amp (4 copies)

E) Combination of
above events,
and others

H. Hanamura, Cancer 2021

ca.8% NDMM

Insertion of
the 1q21 amplicon

FISH cut-off = 10% (20%)
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1g CNAs & FORTE trial

PFS

Gain1q vs. Normal 1q: HR 1.65, 95% CI 1.16 - 2.34, p=0.0052
Amp1q vs. Normal 1q: HR 3.13, 95% CI 2.08 - 4.69, p<0.0001
Amp1q vs. Gain1q: HR 1.90, 95% CI 1.27 - 2.84, p=0.0020

0s

Gain1q vs. Normal 1q: HR 1.71, 95% CI1 0.97 - 3.01, p=0.066
Amp1q vs. Normal 1q: HR 4.99, 95% CI 2.8 - 8.87, p<0.0001
Amp1q vs. Gain1q: HR 2.92, 95% CI 1.69 - 5.04, p=0.0001

1.00 7 1.00 7

g

€ 0751 _ 075

2 2

8 5

T 0.50 . o 0.50 A

[ o=l ' H = H

o : H @© H

7} g $ o ]

2 H : > !

o = Normal 1q : : a = Normal 1q :

2 0254 = Gainlq 5 v 0.25 4 = Gainlq H

a = Amp1q ; ; = Amp1q :

0.00 : 121.2 i 53 0.00 . 153.5 .
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Months Months
Normal 1q 219 (0) 205 (3) 185 (5) 168 (7) 149(12) 89(65) 10 (140) Normal 1q 219 (0) 213 (3) 206 (6) 198 (9) 186 (18) 112(85) 12(184)
Gain1q 129 (0) 112 (4) 97 (5) 79 (6) 66 (9) 37 (33) 2 (65) Gain 1q 129 (0) 120 (4) 115 (7) 107 (8) 99 (13) 52 (52) 4 (99)
Ampiq 52 (0) 33(0) 26 (0) 23 (0) 17 (0) 10 (5) 3(10) Amp 1q 52 (0) 42 (0) 34 (1) 29 (1) 24 (4) 18 (11) 4(21)
Number at risk (number censored) Number at risk (number censored)
Abbreviations. PFS: progression-free survival; OS: overall survival; y: year; HR, hazard ratio.

M. D’Agostino, IMW 2021
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1g CNAs & 2,596 trial patients meta-analysis

@ gain ® amp @ gain ® amp
Study n Progression free survival P P P, Study n Overall survival P R Puy
HD4 80 | S i 3 4.8x10°03 HD4 80 —— | 2.1x100
(n=341) 28 S re—— 1 0.016 (n=341) 28 S - 9.1x1003
MM5 164 S 1.6x10°7 MM5 164 —— | 1.1x10%0
(n=539) 52 | — | : 1 2.2x1005 (n=539) 52 —_— £ 1.7x1008
MyXI 460 o o 3.9x109 MyXI 407 —o— : | 3.4x10
(n=1716) 117 | —— ‘ ‘ 3.6x1003 (n=1543) 112 — i 3.2x1005
Meta 704 - 24x109 79% 0.009  Meta 651 - @ | 2.6x10% 61% 0.08
(n=2596) 197 = 1 4.8x10%4 57% 0.1  (n=2423) 192 e . 5.8x10% 75% 0.02
0.5 1.0 30 50 10.0 0.5 1.0 30 50 10.0
Hazard ratio (95% Cl) Hazard ratio (95% ClI)

= «..gain(1qg) and amp(1q) are independently associated
with poor outcome, with no discernible differences...»

N. Weinhold, Haematologica 2021
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gain(1q) => biological significance

UAMS TT3 MM tumor cohort (n=350)

scCRNAseq

S,

1 MDM4 _>® \

No +1qg +1qg ANTI-APOPTOSIS ,chi'.mggg
+11q22 +1q \
+11q13 -1p22
+5q14 -13g12
+8g24 1 ATP
Hyperdiploid MM* Proliferative (PR) MM* t ROS
t(11;14) MM* t(4;14) MM* T MCL1 » | ENERGY
— STRESS \
COoXx20
T IFNY response ™ E2F targets s i 1 tumor metabolic
T IFNa. response ™ G2M checkpoint st efficiency
™ IL6 JAK STAT3 1 MYC targets FMRLY ) &
M Inflammatory response ™ Mitotic spindle s 1 Immurlel-evasion,
™ WNT B-catenin signaling 1 anti-apoptosis
1 Estrogen late response TIEN /
4 Spermatogenesis TABAR RESPONSE REJECTION
T UPR 116055 (0AF) INFLAMMATION
T Oxidative phosphorylation :g:m Jcomplement W?Il\\ﬁ/:ggt
/ Cholesterol homeostasis i  activation,
1 SELL inflammation
T MCLl A. Mahdipour & R. Tiedemann, Unpublished Data, IMW 2021

R.E. Tiedman, IMW 2021
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1. MM genomic heterogenelty needs to be explored (aka, know your enemy)
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Multiple Myeloma Research Unit
prof. Michele Cavo

Bologna

MOLECULAR BIOLOGY LAB
Carolina Terragna
Marina Martello
Enrica Borsi
Silvia Armuzzi
llaria Vigliotta
Barbara Taurisano
Ignazia Pistis

AIRC

ASSOCIAZIONE ITALIANA
PER LA RICERCA SUL CANCRO

CLINICAL
RESEARCH UNIT
Elena Zamagni
Paola Tacchetti

Lucia Pantani
Katia Mancuso
Serena Rocchi

: S llaria Rizzello
BIOINFO NERDs sy R # Gabriella De Cicco
Vincenza Solli ’ | Margherita Ursi
] CYTOGENETIC LAB DATAANALYSIS IMMUNOLOGY LAB
Andrea Poletti Nicoletta Testoni and MANAGEMENT Mario Arpinati

Giada Giulia Riso
Simona Barbato
Federica Pedali

Gaia Mazzocchetti Giulia Marzocchi Gabriella Chirumbolo



