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Biological characterization of Ph- ALL considering
CRLF2 overexpression event

Frequency of B-ALL subtypes in AYAOA

BCR-ABL1 B-Other

MLL
t(4;11)....
16%

B 57:6%

ETV6-RUNX1
t(12;21)
1%

Ph-like

reraemal  ERG 24%
3% 2%

~ viodiTiea rTrom Koperts ka et al., J Clin Oncol. 2017



How to rapidly and in a simple way identify the Ph-like ALL ?
Which molecular lesions are sensitive
to Inotuzumab or Blinatumumab?

Ph-like 25-30% of ALL; poor prognosis

Ph-like ALL

50% 50%
CRLF2 Overexpression Non-CRLF2cases
50%

JAK2 (JAK2R683) Fusions—ABL1,ABL2,JAK2, EPOR,

JAK1 Mutations _ PDGFRB
Mutations —=IL7R, FLT3, RAS

Add MoAb/BCL-2 Add TKIif ABL fusions
inhibitor MoAb/BCL-2inhibitor



Gene Expression Profile in ADULT B-ALL
TRIPLE Negative

G E P * Negative for

BCR-ABL1 t(9;22)
TCF3-PBX1 t(1;19)

54/280 Ph_/_/_ *(51 ots) MLL-AF4 t(4;11)
25/250 Ph+
7/120 Donors




Ph-/-/- GEP clustering :
Top ranked 10 genes

CTGF -6.04 1.65E-07 /.65E-09

CD200 -5.99 1.96E-07 1.42E-09

CD200 high expression is associated

With Blinatumumab resistence
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IF of three surface markers identify triple
negative ALL (Ph-/-/-)
clustering

with PH like ALL
CRLF2, CTGF, CD200 | CRLF2, CTGF, CD200 1

002 -
L

- .-'* “'.' '.'.. ® & L
0.00 "ﬁh:':; . e ,

0.02 - . "PH like’ \

002 -001 000 0.01 0.02 0.03 0.04

Grl Gr 2

..then RNA pan Cancer
sue  ldentified drugable fusion genes

SCIENTIFIC®
ROMAGNOI@®

PER LCBE?%/P/{QRE LA CURA Ferrari A. et Al. AACR 2018



UNEXPECTED HIGH RATE OF KNOWN AND UNKNOWN REARRANGEMENTS IN
ADULT TRIPLE NEGATIVE ACUTE LYMPHOBLASTIC LEUKEMIA IDENTIFIED
THANKS TO A EFFICIENT TRANSCRIPTOME FOUR TOOL PIPELINE ANALYSYS

Author(s): Anna Ferrari, Silvia Vitali, Andrea Ghelli Luserna Di Rora, Carmen Baldazzi, Nicoletta Testoni, Valentina Robustelli,
Eugenio Fonzi, Michela Tebaldi, Cristina Papayannidis, Mariachiara Abbenante, Giovanni Marconi, MariaChiara Fontana,
Antonella Padella, Maria Teresa Bochicchio, Alessandra Santoro, JM. Hernandez Rivas, Giorgia Simonetti, Gastone Castellani,
Daniel Remondini, Daniele Calistri, Giovanni Martinelli

EHA Library. Ferrari A. 06/12/20; 294277; EP358

We identified 65 fusion genes, not otherwise detected, in 41 pts with a very high fusions rate of
65.1% (41/63).

ZNF384-TCF3/EP300/TAF15, MEF2D-BCL9, KMT2A/MLLT1, ABL1/RCSD1, IGH-MYC, DUX4-IGH,

P2RY8-CRLF2 and PAX5/ETV6) or in other diseases (n 10; i.e. NONO/TFE3 B-ALL and in Renal cell
carcinoma).

Furthermore we detected and validatea new CSF1R fusion: NUMA1-CSFI1R .
Ph-/-/- fusion detection help to sub-classify our patientsin new B-ALL subgroups. We found a)

Rare MLL fusions and BCL2/MYC rearranged (r): 3.2% (2/63); b) DUX4 and MEF2Dr: 1.6% (1/63);
c) ZNF384 r: 11.1% (7/63); d) Ph-like fusions: 4.8% (3/63).

(DT PUTHEE | |  arvcars TN DS 7 N
—.jexon1.52AA

Aintron 17, 513 AA

_;" exon 2 exon 2, 395 AA

o i D nRace [ T1 T




Tiieeeiis ISTTUT@®

::EEE:: SERVIZIO SANITARIO REGIONALE ROS/\%ECI\BJIHE)CL:
piisesii: EMILIA-ROMAGNA | o PER LO STUDI® E LA CURA
......... Istituto Scientifico Romagnolo per lo Studio e la Cura dei Tumori DEI TUM@R)

Istituto di Ricovero e Cura a Carattere Scientifico

Pediatric blood & cancer > Pediatr Blood Cancer. 2023 Oct;70(10):e30546. doi: 10.1002/pbc.30546.
Epub 2023 Jul 6.

Detection of a novel SNX2 gene breakpoint in the
SNX2::ABL1 fusion transcript in Ph-like B-cell acute
lymphoblastic leukemia

Gadha K Leons 1, Preity Sharma ', Sanjeev Kumar Gupta !, Ritu Gupta 1, Lata Rani 2,
Smeeta Gajendra 1, Anita Roy 2, Ranjit Kumar Sahoo 4

Affiliations + expand
PMID: 37414723 DOI: 10.1002/pbc.30546
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Fig. 3. Regional association and linkage
disequilibrium plots for 4 new loci
associated with acute myeloid

leukemia.

Chromosome 11 position (kb)

7 l
sitd, - 100 316768 ity
Seas 10 § Pe1507e-10 03444
eD3-04 od2-¢4
*0.0-02 *00-02
- 80 s 1
e o
o
& - »
605 io, 6 4 °
& L
g ©
g §
R
40 ~ 4
g O "
=
<
° ‘E’ 4
o
LR u
s o I ZDE 2 ‘Q
. &
0 0 | Hiheie
(BRI NN § | e s
HLA-DOAL L LEIELT] W
- - &= & PSNN -
p mT1ss MA-DRES MUA-DOS1-AS1 HLA-DGH2 Paven MLA-DIMA
PF . - . . - LOCI94)4
3 HUA-DRBE HLA-D08) HLA-DOAZ MB3-AS)
we -— - - - IArL -
: ’;"‘J HLA-DRS1 HLA-DON MLA-DMB
T I T
68100 32500 32700 32900

Chromasome 6 position (kb)

5 &

I
~
S

Recombination rate (cM/Mb)



Top ranked 3 genes:
CRLF2 - cytokine receptor like factor 2




Top ranked 3 genes:
CRLF2, CTGF and CD200

CTGF - Connective Tissue Growth Factor-

Is an extracellular matrix (ECM)-associated protein

B-ALL

Low CTGF, N=26, §-y 58%

| 1 ] LAl .

Int CTGF, N=26, 5-v 42%
L----JH
G e 1

; High CTGF, N=16, 5.y 12%

) Ll ! I 1 | ] 1 I

| 1 |
4 72 96 120
Months After Registration
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CTGF expression levelsin acute leukemias and normal controls, and overall survival of a series of adult ALL patients by CTGF expression levels
Nat Cell Biol. 2002 Aug; 4(8): 599-604.



Top ranked 3 genes:

CTGF -Connective Tissue Growth Factor

Merlin

Hippo LATS2 = PISK
Pathway '

Dream
complex >




Top ranked 3 genes:
CRLF2, CTGF and CD200

CD200 - encodes a type | membrane glycoprotein

of anti-tumor activity CD200:CD200R1
binding and signaling
lead to blockade of
immune cell functions

under-expression when compared
to normal B-cell progenitors in 55%
of cases

BLINATUMUMAB

(Personal comunication)




Immunohistochemistry staining of
CD200 protein

CD200 (dark brown) subcellular localization: membrane/cytoplasmatic
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Weak-moderate Negative-GEP 5.9 Strong Pos-GEP 12.9

Donor GEP Mean: 6.1

Courtesy to SimonaRighi and Elena Sabattini

*Reactive Lymph node



Triple negative ALL (Ph-/-/-) clustering identified two well
distinct subroups by GEP

CRLF2, CTGF, CD200 | CRLF2, CTGF, CD200 1
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K-means clustering of 2 or 3components PCAof 10selected genesin Ph- samples
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How Might Future Optimal
ALL Regimens Look Like?

Intensive Phase

IIII ll Il MiniHCVD

1 - 3 - 5 6
B B . Mini-MTX-cytarabine
Consolidative Phase | BlMEIMETELS
7 B8N SN I 12 I CAR-T cell Rx
B B
Consolidative phase Il l Inotuzumab Total dose  Dose per day
C1 (mg/m?) 0.9 0.6 D2 & 0.3 D8
CAR-T
C 2- 4 (mg/m?) 0.6 0.3D2 & D8

e Total Rx 10-11 mo; Chemo Rx minimal =4 mo

Possible better CD19, CD22, CD123 MoAb or bispecific Ab
constructs



Potential targets on triple negative (Ph-/-/-)
Gr2 ALL

Group 2 (Ph-/-/-) AL

xperimental. anti-CbZ00

Inotuzumab L—; ~ CD19

Blinatumumab ; ) CD69



Potential targets on 3c-UP
(Ph like included)

Inotuzumab

CDK4-6 Inhibitors SREECRERE
: Phase 1 dosing
(experimental)
& ____ Blincyo

Blincyto

a-CTGF
(Pancreatic Cancer
Phase 3)
FIBROGEN
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AM E3-5G3249
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ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA




AM E3-5G3249

«  AM E3-SG3249 was potently cytotoxic (ECsy = 40pM) against a panel of
hCRLF2-rearranged B-ALL cell lines in vitro.

« Upon single injection in xenograft models, AM E3-SG3249 showed strong
anti-tumor activity proportional to receptor density.

 Moreover, AM E3-SG3249 treatment extended survival of hCRLF2-
rearranged B-ALL orthotopic xenografts over standard induction therapy
combining vincristine, dexamethasone, and L-asparaginase (VXL).

« The ADC surrogate mB4 AM23-SG3249 was also efficacious and well-
tolerated in xenograft models engineered to overexpress murine CRLF2.

« Conclusions:

« AM E3is a novel monoclonal antibody with ideal features for the
development of a first-in-class a-CRLF2 ADC therapy. AM E3 conjugated
with the cytotoxic agent tesirine (SG3249) demonstrated remarkable anti-
tumor efficacy and a reasonable therapeutic window for the treatment of
CRLF2-rearranged Ph-like B-ALL.

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA
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Qg fondazione GIMEMA"

U per la promozione e lo sviluppo della ricerca scientifica
sulle malattie ematologiche. FRANCO MANDELLI

First Report of a GIMEMA LAL1811 Phase Il
Prospective Study of Combination of Steroid with
Ponatinib in Frontline Therapy of Elderly or Unfit

Patients with Philadelphia Chromosome-Positive Acute
Lymphoblastic Leukemia

Giovanni Martinelli, MD,

Alfonso Piciocchi?’, Cristina Papayannidis, MD, PhD3, Stefania Paolini, MD, PhDY, Valentina
Robustelli, PhD#*, Simona Soverini, PhD'>, Carolina Terragnal’, Roberto M Lemoli, MD®, Fabio
Guolo, MD¥¢*, Paolo Di Bartolomeo, M.D’, Monia Lunghi®*, Paolo de Fabritiis®*, Anna Candoni,
MD10* Carmine Selleri, MD!, Federico Simonetti, MD12*, Monica Bocchial®, Antonella Vitalel#,
Luca Frison!®*, Alessandra Tedeschi®", Antonio Cuneo, MD1”*, Massimiliano Bonifacio, MD18",
Brunangelo Falini, MD*°, Stefano D’Ardia?%, Silvia Trappolini?!*, Patrizia Tosi, MD?%*, Piero
Galieni, MD2%*, Francesco Fabbiano, MD?4, Maria Chiara Abbenantel®, Giovanni Marconi??,
Chiara Sartor26*, Michele Cavo, MD?7*, Robin Foa, MD?28*, Paola Fazi?®", Marco Vignetti3®* and
Michele Baccarani, MD1

ASH 2017

American Society of Hematology Annual meeting



Steroid + Ponatinib In
Ph-Positive ALL. Patients’ characteristics

Parameter (N=42) N (%)/ Median [range]
Age (yrs) 67 (27-85)**
Sex Male 20 (47)
Female 22 (52)
PS 0-1 37 (87)
2 5 (13)
WBC (x 107/L) 4960 (0.18-347.800)
CNS + 0(0)
CD20+ ND
Transcript pl90 26 (61)
p210 4 (10)
pP190/p21 12 (29)*
0

**Q (21.4%) patientViaH Hpeks yASH 2017



Gimema 1811 Survival
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months estimate lower 95%Cl Upper 95%CI
12 89.2 79.7 99.8

g 10 12 14 16 18 20

months

MartinelliG. ASH 2017



Gimema 1811

Duration of Complete Molecular remission

probability (%)

100

o

20

25

Duration of CMR

months estimate lower 95%CI Upper 95%CI
12 81.7 67 99.7

O 2 4 & S 10 12 14 16 18 20

months from CMRE achievement



Overembatinib

TKis in development
for CML in the 3L:

« PF-114
-« KO706 ATP-binding site

TKis approved for CML
inthe 3L:

Bosutinib

Dasatinib

Nilotinib

Ponatinib

Non-TKI therapies approved
for CML in the 3L:

« Allo-SCT

* Omacetaxine

Myristoyl pocket (STAMP) inhibitor Myristoyl pocket
in development for CML in the 3L
« Asciminib

» .
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KATG6 is overexpressed in Ph Leukemias

Graphical abstract

HDAC HDAC HDAC HDAC HDAC

CTx-648/PF-9363

- P Q

KATG6A amplification
and over-expression

‘/"/'--_
, ] KAT6A
e S
INGS BRPF1 )H3K23Ac
AC AC - AC '

Estrogen signaling
Cell cycle regulation
MYC signaling



Conclusions

We identified a new signature, related to CRLF2 high
expression, to classify triple negative (Ph-/-/-) ALL B-based
on 10 genes.

One group (Gr2) represents 11.3% of all B-ALLand it is
characterized by high expression of three main top genes:
CRLF2, CTGF and CD200

The second group (Grl) represents 46% of all B-ALL

Gene Expression of the Gr2 is similar to Ph+ one, and have
CRLF2, CTGF, FLT3, ABL, BLK, CD19,CD22,CD200as a

potential targets for specific therapies

This new triple negative (Ph-/-/-) classification identify a new
class of adult ALL potential sensitiveto Ponatinib and
Inotuzumab.
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IMPACT-AML

IMPACT on
Relapsed/Refractory
Acute Myeloid
Leukemia: the urgency
of a new therapeutic
paradigm

impactaml.eu
impactaml-stream.eu
impact-aml@irst.emr.it

SERVITID SAMITARSD REGDMNALY

i Lk
. . LN U 1Y g
e Lo * 9R s EEN Loukentoniets <
, EUf Mired b Bambing Gesd bt
r AT . e a fy =

0SHO

KAUNO J
KLINIKOS AL

(charite (_‘q"',......_ TIMELEX MH__ @ ’\V’\ a’ G\



European

-
E I—- N LeukemiaMNet"™ ? NEXT GENERATION SEQUENCING
il — /7
SEVENTH FRATVEWORK
PROGRAMME

Acknowledgments

GRUPPO DI RICERCA PRENDI UN APPUNTAMENTO contatti | partner | privacy | credits _]
Ricevi informazioni senza impegno

Y CURA DELLE LEUCEMIE o) ifaimuied) &
€D E MIELODISPLASIE .

HOME PAGE CHI SIAMO ATTIVITA’ CLINICHE PER | PAZIENTI RICERCA

Attenzione, dedizione e innovazione:
i nostri modi di prenderci cura di te.

+393487704650
Giovanni.martinelli2#unibo.it

for Targeted Personalized
Therapy of Leukemia

Supported by: FP7, European LeukemiaNet, AIL, AIRC, FIRB 2006, Fondazione del Monte di Bologna e Ravenna






Thanks to all of you

® anna.poetsch@tu-dresden.de ° grazia fazio@unimib.it
@ anna.poetsch@tu-dresden.de @ graziafazio@unimib.it
® carinadantas@shine2.eu Irene Azzali
@ corinadantas@shine2.cu “ irene.azzali@irst.emr.it
4 cllat:jzjla.glje:hbh[jaiilélt\|m.lf.un|-rigen§burg.de @ iribera@carrerasresearch.org
@ claudia.gebhard@klinik.uni-regensburg.de @ jribera@carrerasresearch.org
® 30"135-"_3_'t;9k,;i@ka}:_“_‘i“"'l"k"s-"‘ @ michelabardini@unimib.it
W domas.vaitiekus@kaunokdintkos.lt @ richolabardini@unimibit
[ ] ellgwnesatntag?@e?enfc.pt ® milda.rudzianskiene@kaunoklinikos.It
@ claincsantana@esenfe.p @ milda.rudzianskiene@kaunoklinikos.It
Eugenio Fonzi
eugenio.fonzi@irst.emr.it
filipaventura@esenfc.pt
[ ]
@ filipaventura@esenfc.pt
+393487704650 @ iovanni.cazzaniga@unimib.it
- - - . - - @ giovanni.cazzaniga@unimib.it
Giovanni.martinelli2#unibo.it
® giovanni.martinelli2@unibo.it
@ giovannimartinelli2@unibo.it
" . ey . . @ Orazia.fazio@irccs-sangerardo.it
anna.femari@irstemr.it’ <anna.fermmari@irst.emr.it> @ oreriafezio®irccs-sangerardoit



