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R/R Ph+ ALL: the magnitude of this issue accross different treatment eras
Foa R. N EnglJ Med 2025
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At first relapse, RESEARCH ARTICLE -* WiLEY
Total N = 57 patients N (%) - Median {Range]
Philadelphia ch positive acute lymphoblastic
CNS Involvement 209 @ leukemia at first relapse in the era of tyrosine kinase inhibitors
Isolated CNS rolapse 14 (25)
’ lrman Abou Dabe' © | Magzp M Kastadfan®' © | Nichoba ) Shert' & |
MRD recurrence/persistence belore 24 (A2%) Marvw Korookeve' | Nitn Juka' | Golbermo Gandia Marwire' | Mebecca Garrds® |
avert relapse W G’ | Jarge © Contes’ | Saman OBriea” | Partow Mabrisei® | Tapan Kacla® |
Time from MRD recurrence to ovest 39105-26) 4 SRS ) Stvite
relapse (months)
Phase of treatment Overall, 20-30% of patients receiving Hyper-CVAD combined with TKI
Consolidation phase 1@ experienced relapse
Malntenance phase 42(73)
After afogeneic stem cell 509 Patients who received MRD-directed treatments had a longer time to
traraplantation overt relapse (5.3 vs 2.4 months, p=0.002)
Completed therapy 5%
None - Noncompliance 35 In 53% of the examined cases, ABL1 kinase domain mutations were
Blinstumomab 102 detected, mainly T315I
TKI recetved at the time of relapse
Imatinib 14 (283' 75% patients received TKI in combination with other salvage
Dasstinib 10 (53) treatments, with CR2 rates with incorporation of TKI ranging from
Nilotinib 204) 80% to 100%. Of note, only 56% of patients changed to a different TKI
Ponatiniy 3(5)
None 4010) Abou Dalle et al, Am J Hematol 2019




% 200 N OEvet medianRES  F o0 N Event median RFS .
3 PR 105 mos 3 “ MMRacMevd 20 15 125m08 Survival outcomes
§ ™ § s ~- MMRrotachewed 21 19 Gimos . ) )
MMR was achieved in 66% of patients after
g % g ® P a median of 1.8 months from start of salvage
‘é - '§ - treatment.
g o & o4 41% of patients received allo-HSCT in CR2
0 24 4 7 6 [ 24 4 72 w0
Time (months) Time (months) Abou Dalle et al, Am J Hematol 2019

Multivariate Model for OS Multivariate Model for RFS
Variables HR (95% ClI) Pvalue  HR(95% Cl) P value
Duration of CR1 2 12 months 1.28(0.56,2.89) 56 - -
LDH = 1200 IU at relapse 2.82(1.11,7.1¢) .029' - -
ECOG status at relapse (22 vs <2) 1.98(0.88,4.47) 097 - -
MMR achieved at CR2 0.39 (0.16,0.94) 035 g 0.48 (0.23,0.98) 04'
Imatinib or No TKI vs others 2.39(1.07,5.39) .034' 1.53(0.64,3.66) .33

“Ponatinib—based approaches in R/R Ph-positive ALL”
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Ponatinib-based therapy In adults with relapsed or refractory Philadelphia
g o chromosome-positive acute lymphaoblastic leukemia:

A Phase 2 Trial of Ponatinib results of the real-life OPAL study
in Philadelphia Chromosome-Positive Leukemias
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Ponatinib and blinatumomab for Philadelphia chromosome-
positive acute lymphoblastic leukaemia: a US, single-centre,
e single-arm, phase 2 trial Lancet Haematol 2023
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D Ph-Positive ALL
B Total W Resistance or side effects TI1SI —Total — Resistance or side effects —T31351 ~Total — Resistance or side effects —T315!
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Single-agent ponatinib in R/R Ph+ ALL.:
results from the PACE trial
Cortes et al, N Engl J Med 2013
Major hematologic response in 41% of patients
1-year OS 40%, 1-year PFS 7%
~f-lL:f.,1A;:::{,£1-g:V“
L

Ponatinib alone or combined with mild chemotherapy:

results from the OPAL retrospective analysis
Tavitian et al, Leuk Lymphoma 2020

- 93% of the 29 patients had previously received at least one 2G-TKI

- BCR::ABL1 kinase domain mutations in 57% of evaluable cases
- 91% of patients achieved morphologic CR

Discase-free survival

Median OS 9.9 months
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Ponatinib monotherapy for
hematologic (55 cases) or MRD
(24 patients) relapse: a real-world

retrospective analysis
Min et al, Acta Haematol 2025

- CR obtained in 60.7% of patients
- CMR in 47.8% of cases

- Poor 2-year OS 29.5%

- Allo-HSCT performed in 38
patients, with 2-year OS 29.1%

- In MVA age under 60 years and
MRD response better than MMR
were linked to improved OS

An effective chemotherapy-
free regimen of ponatinib plus
venetoclax for relapsed/
refractory Philadelphia
chromosome-positive acute
lymphoblastic leukemia

Short et al, Am J Hematol 2021

- 9 heavily pretreated patients (with a
median of 3 prior regimens, including
78% having received ponatinib)

- CRI/CRI in 56% of cases

- l-year OS 72%, a result comparing
favorably with the PACE trial
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Newly diagnosed Ph-  Relapsed or refractory
positive acute Ph-positive acute
lymphoblastic lymphoblastic
leukaemia cohort leukaemia cohort
(n=40) (n=14)

Haematological responses™

Overall response 27/28 (96%) 12/13(92%)

Complete response 26/28 (93%) 11/13 (85%)

Complete response with 1/28 (4%) 1/13(8%)

incomplete hematologic recovery

Partial response o (1]

No response 0 1/13(8%)

Early death 1/40 (3%) 0

Molecular responsest

Complete molecular response '

Overall 33138 (87%) 11/14 (79%)

After cycle one 26/38 (68%) 10/14 (71%)

After cycle two 31/38 (82%) 11/14 (79%)

After cycle five and maintenance 33/38 (87%) “

Major molecular response or better  36/37 (97%) 12/14 (86%)

No major molecular response or 1/38 (3%) 2/14 (14%)

complete molecular response

Survival analysis '

1-year event-free survival 95 (80-99) 57 (28-78)

Number of events 2(5%) 7 (50%)
1-year overall survival 95(80-99) 79(47-93) '
Number of events 2(5%) 5(36%)
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Blinatumomab + ponatinib for relapsed/refractory Philadeiphia
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Efficacy of a chemo-free
approach based on ponatinib and
blinatumomab also in R/R Ph+
ALL: the MDACC experience

Jabbour et al, Lancet Haematol 2023

85% of patients obtained CR, after
one treatment cycle

CMR in 79% of cases

46% of responders (6 cases)
proceeded to allo-HSCT

Encouraging survival outcomes

- Morphologic CR 96.2%
- CMR rate 88.5%
- 8 (32%) patients underwent allo-HSCT

N 26Ph  ALL '

Median age: years (range}
Gender
MaleNemale
Status at diagnosis
De novo Ph + ALL/Blast crisis of CML
Central nervous system disease
Extramedullary disease
p190 protein/p210 protein/unknown
Status at the time of blina/pona
First redapse
Secord relapse or mare
Primary refractory
Previous allograft (sibling/MUD)
Previous autograft
Molecular status
No matation
p.13151 mutation
p.T3151 + p.E255K
p.¥253H4 mutation
p.E255K mutation
pF371L + Y253H mutations
Previous TK|
1
2
3

58 (18-8)
14012

22/4
1
2
16491
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More on immunotherapeutic strategies: the ALCANTARA study

Martinelli et al, J Clin Oncol 2017; Martinelli et al, Eur J Cancer 2021

16 of 45 (35.6%) patients

Nadian OS5, montrs

obtained CR/CRh within the N penen
. . g Putmnts with CRICRN " 2350 [126-NE
first two Blinatumomab cycles Puturi W 0 CRCRY 30 5703485
- N:Svm;owuma “ NE (12 B-NE}
1.(+{o-
Median RFS 6.8 months = ol N W
5.
tZ dax
) 5% o0sd ¥ 1
Median OS 9.0 months for the 23 ¢ “
whole cohort §‘-‘ ;i
0.24
MRD response observed in 14 R RV TR Y Pm T o m ey m
% 1 151 1
(87.5%) CR/CRh responders —_— Time (months)
PoentewthCIUCHN 16 18 1 14 16 MM IS IS AW S 32T TN e Y Fen 40
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More on immunotherapeutic strategies: the 1010 and INOVATE trials

Kantarjian et al, N Engl J Med 2016; Stock et al, Cancer 2021

Study 1022 Study 1010
Efficacy Endpoints nO ?2} SCin=27) P N0 n - 16)
CRCHL n {% [84% CO) 16{72.7 |[49.8-89.3]) 15 (886 [35.3-T4.8) 1078 9{56.3 [299.80.3))
CA, n (% [95% CIp) 10 {45.5 [24 467 .8]) B (266 {13.8-50.29 1265 42504
CRI, 0 [ [95% CID 84273 [107-50.2] TR 1463 A577 5813
MRD negativey, n (% @5% Co° 13481.3 |54 4.96,0{) 5333 [11.8.61.8) poe 9(100.0
|66.4-100.00)
os
Median, mo 85% Cl) 0.7 3.6-141) B4GB0-14.3) 7443113
MR B5% CH 117 10.64-2.14) 0012 -
PFS
Modian, mo 5% CH) 392182 1162 4418469
HA (86% Ch 065 (0.04-1.25) 0eea -

A . . . .
# 104y o o s il - Higher CR/CRI and MRD-negativity rates with
E o 3 R a. a asi Inotuzumab-Ozogamicin
i 60] Bt .,’ L;q:r:::od MR 1 ART (07 3% C1 05832 1N .

g 40 y - HSCT rate in study 1022 was 41% versus 19% for
£ o R — InO versus SC.
é ol
¢ s Ml n:‘." 5 ' B Z 2R L - However, there was no benefit in survival
il outcomes (median OS: 8.7 vs 8.4 months)




More on immunotherapeutic strategies: anti-CD19 CAR-T cells
Shah et al, Lancet 2021

15 of the 55 (27%) patients who received Brexu-cel infusion in ZUMA-3 trial were Ph+.

CHR achieved on 71% of patients, and BCR::ABL1 positivity had no impact on response, RFS and OS
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More on immunotherapeutic strategies: anti-CD19 CAR-T cells
Roddie et al, N Engl J Med 2024

- 36 of the 127 (28%) patients who received Obe-cel infusion in FELIX trial were Ph+.

- Median EFS 11.9 months, with estimated 12-month EFS 49.5%.
- Median OS 15.6 months, with estimated 12-month OS 61.1%
- BM burden before lymphodepletion correlated with survival outcomes
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What about Ph+ ALL relapsing after
frontline ponatinib containing treatments?
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. L. L Ponatinib and blinatumomab for Philadelphia chromosome-
Frontline combination of ponatinib positive acute lymphoblastic leukaemia: a US, single-centre,
and Hyper-CVAD: 80-months follow-up single-arm, phase 2 trial Jabbour et al, Lancet Haematol 2023

results of MDACC phase 2 study

Kantarjian et al, Am J Hematol 2023

First results of the Phase Il GIMEMA ALL2820
trial comparing ponatinib plus blinatumomab to
imatinib and chemotherapy for newly diagnosed
adult Ph+ acute lymphoblastic leukemia patients

S. Chiaretti, M. Di Trani, C. Skent, L. Ela, G. Aimici, |. Della Starza, D. Cardinall, V. Bellomarino, S. Soddu, M.
Messina, M.R. Marino, M.S. De Proptis, E. Borfenghl, F. Di Raimando, M. Ansuinelll, C. Alati, D.G. Mattel, V.
Mancini, P. Chiusolo, B. Scappini, M.P. Martelli, P. Salutari, M. Cerrano, B. Serio, A. Cucca, M. Luppl, D. Valiisa,
C. Pasciolla, C. Romani, M. Chiarucel, F. Mosna, M, Bonifacio, N.S. Fracchiolla, M. Bocchia, S. Imbergamo, C.
Calfano, G.R. Nunzata, M. Annunziata, A. Mulé, P. Zappasodi, F. Giglo, D. Pietrasanta, M. Della Porta, M,
Musso, M. Lunghi, F, Zaja, E. Todisco, C.M. Basllico, A. Piclocchi, P. Fazi, A. Rambaidi, R. Fod
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Oral communication, ASH Congress 2025




GIMEMA ALL2820 Phase Ill Trial

Frontline treatment of adult Ph+ ALL (218 years, no upper age limit) with ponatinib plus
steroids followed by blinatumomab compared to chemotherapy with imatinib

)

| B § Do

; Pamaaet 5 e vt - Protocol closed to enrolment in
| B l{"‘ et me January 2025.
T - - Last patient reached primary

endpoint in June 2025.

- CNS prophylaxis strengthened:
15 triple medicated lumbar punctures
18 if CNS+ at diagnosis.

GIMEMA ALL2820. Hematologic responses

End of induction (d #70) | Experimental arm Control arm
(n=158) (n=78)
CHR 149 (94.3%) 62 (79.4%)
4 (2.59 8(10.2°
Deaths (2.5%) (10.2%) 0.004
Refractory & . 1(1.3%)
Off-treatment 5 (2.8%) 7 (8.9%) E




No '
molecular
responses

Experimenal |
am
(n=158)

' (%)
84 (53.2)

After 2 blina
cycles

(n=78)

End of
|

{30.4)

46 (29.1) 82 30(19)
(51.9)

CMR PNQ Overall

melecular
responses

26
(16.5)

48 74 (46.8)

112 (70.9)

GIMEMA ALL2820. Molecular responses by ITT

D-ALBA
(n=63)!

End of
Induction

Control arm ‘ ‘ Pt -
p= <0.001 ; ) "‘" ’ CANNG e 11
44 (56.4) 28 6(7.7) 34 (43.8) roeuia
(35.9) =4

After 4/8 CHT 40 (51 3)

20 9(115)  38(487)
(372)

“Depanding on ags

After 2 blina 33 (52.4)

Overall
molecular
responses

(%)

17 (26.9)

C o O e e

e
m-nu']cmm )
= 7

e B y

EN-T U8 TV (-

GIMEMA ALL2820. Relapses and deaths in CHR

Relapses Experimnental Control arm (n=862)
arm (n=149) |
Overall 9 (6%) 3(8%)
On trial 6 5
Off treatment 3 -
Modian tme to relapse 56 (2.6-21.9) 11.3(3.5-15.8)
BMWCNS/cther enz 500
Age 53 57
WBC x10%/1 (median, 36 (2-207) 12(10-27)
range)
190210 81 2
IKZF1ona 4 2
Mutations 3 (2 3151, 3 (2 E255K, H295P)
1E255X +
Y253H)
Ph- relapse 1 1

Deaths

Overal
Age

Causes of death;
Pneumonia
Cardiac arest
Seplic shock
Post-NloSCT
Pulmonary

hemarragy
MO=

Experimental arm Control arm
(n=149) (n=62)
7 (4.7%) 5(8%)
61(40.8-83.8) 72 (80.6-74)
2(1viral, 1 -
bacterial)
1
3
4 <
= 3
= 1




EFS 0sS
’ 79 1
il ) — ‘ 00% (86-85%) 100% e : 7% (90- 00%
=2 e 94% (81-88%)
74% (65-85%) 77% (66-91%)
50% 50%
2% p=0.0018 2% p= 000011
0% 0%
] 6 12 18 24 0 3% 42 48 a G 12 16 24 30 36 42 43
Months Months
Exp. ™| 158 146 129 9% 0 47 27 2] 1 El; = 158 1,51 134 100 ?'| 47 27 9 1
e e PSR GCPEBRERETL
& & 12 18 M 2 38 42 48 0 & 12 18 24 30 38 43 48
Months Months
Median follow-up: 23.4 months (0.1 - 48.5)
Chiaretti et al, ASH Congress 2025 ’
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Characteristics and outcomes of patients with relapsed f 1
Philadelphia chromosome-positive acute lymphoblastic """':":"' ""'::‘""
leukemia after failure of a frontline ponatinib-containing
therapy Short et al, Am J Hematol 2024 I r 1
T s aaage | NG e sage B mews vage |
r=d Ve T, -0
22 out of 201 (10.9%) patients experienced treatment —— —_
failure following ponatinib-containing regimens (16 in Sctbumd Sestad e B Sy — o Ressome
combination with chemotherapy and 6 chemo-free e 1) iy d
regimens). No patients had prior allo-HSCT. T —

7 cases (32%) extramedullary relapse (mainly CNS) =,

5 SedmOS JewxDs Ty O%

T315I in 31% of analyzed samples

All patients received TKl-based salvage therapy,
ponatinib in 40% of cases, but not TKI monotherapy

Ovnrall survivel (W)
&
A

80% of cases received blinatumomab, InO or CAR-T

Second remission in 90% of cases

Five patients (28%) proceeded to HSCT in CR2 o
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D e st of Wity § oy L 2 Jourmal of Hematology &

T Quxofony * Among the 76 treated patients,
13% experienced relapse

2 ® * Median time to relapse 18 months
Molecular characterization and predictors = . lated CNS rel ins
of relapse in patients with Ph+ALL after Isolate relapse in 5 cases
frontline ponatinib and blinatumomab * CD19 expression remained high at
relapse in all patients
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A focus on CNS relapse

Chiaretti and Foa. Blood 2025; Foa et al, N Engl J Med 2020; Jabbour et al, Lancet Haematol 2023

While overall improving survival, chemo-free regimens, which omit systemic HD-MTX and Ara-C, could
predispose to a higher relative risk of CNS relapses (nearly half of relapse cases)

CNS penetration with targeted compounds is less effective

Number of lumbar punctures with prophylactic TIT increased to 15 in recent clinical trials

Suggestion to administer 2 cycles of HD chemotherapy to patients with WBC count >70 x 10%L

Molecular profiling to identify patients at higher risk of CNS dissemination (Sapienza et al, Hematol Oncol 2023)

Upregulation - '

— ’ oo N

AR A

Downregulation O

Further strategies for R/R Ph-positive ALL.:
allosteric BCR::ABL1 inhibitor or newer 3G-TKI as

monotherapy or in combinational approaches
Kondo. Br J Haematol 2024

1G-TKI Imatinib
2001 FDA
2001 EMA
2G-TKI Dasatinib Nilotinib Bosutinib Radotinib Flumatinib
2006 FDA 2007 FDA 2012 FDA 2012 Korea 2019 China
2006 EMA 2007 EMA 2013 EMA
Neither nilotinib nor bosutinib is approved for Ph-positive ALL
3G-TKI Ponatinib Olverembatinib
2012 FDA 2021 China
2013 EMA
STAMP-| Asciminib .
2021 FDA

Specifically Targeting the ABL Myristoyl Pocket — inhibitor
& v Argeng Y Y ) 2021 EMA
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613. ACUTE LYMPHOBLASTIC LEUKEMIAS: THERAPIES EXCLUDING ALLOGENEIC TRANSPLANTATION

Ascininib foe relapsed or refr phia-positive acute lymphoblastic loukemia (Ph+ ALL) and lymphoid
blast erisis of chronic myelold leukomia (LBC.CML) in italy: A Campus ALL real life study

Marteo Dragery |, Fatrima Chassole ', Giula Rivol |, Marco Caerand |, Lira Agelle ', Erka Barlenghi |, Banedarta Cambd

Philad aleshi
F

Elmancea De Sollis | Maczia Dedng | Ludovics Fucds”, Rachede GiubGohni *. Carmuls Guraierl ', Cristing Papapsnnicls

Elsa Roncorom ', Marra Awors Wrbang =, Robin Fod . Sabinag Chiarett:

¢ 19 patients (11 hematologic relapse,
7 MRD persistence/recurrence, 1
MRD-negative)

* A median of 2 TKI (range 1-3) prior
to asciminib and immunotherapy in
most cases

¢ Mutation of ABL1 TK domain in
66.6% of cases

* Asciminib monotherapy in 63% of cases, in combination in 37% of patients
* CR achieved in 68.4% of patients (MMR in 7 of 13 cases, 53.8%)

* Estimated 1-year OS 62.9% in heavily pretreated patients, with survival benefit with
administration of asciminib in combination. Allo-HSCT consolidation in 4 cases.

Asciminib-based upfront
therapy in Ph+ ALL:

T chemo (25 doses)

Dasatinib -
Asciminib

encouraging activity in a
phase 1 study oy 1 ez

Luskin et al, Blood 2025
Bone marow
BCRABLT RT-gPCR ’ ’

T /T

Additional 28-day cycles —

.

No. of patients with response/total evaluable patients (%)

Day 28 Day 56 Day 84
Hamatologic CR 19720 (95) 18/18 {100} 18418 {100}
Cytogenetic CR 1417 (82) 1&/17 {94) 16716 {100}
Flow-nagative MRD (<10 o 12/20 (600 15/18 {B3) 16/18 {B9)
BCR:ABLT RT-qPCR
Maolscular response 1 18/20 900 1617 {94) 1919 {100)
Molgcular response 2 10/20 50 1417 (B2) 1819 {95)
Maolecular response 3 520 25) N7 1419 (7a)
Molecular response 4 320 15) N7 18 519 (28)
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Cytogenetic and molecular responses to olverembatinib monotherapy
in advanced Ph+ leukemias: a TKI option beyond ponatinib
Jabbour et al, ASH 2023
\L-CT T315] muation Ponatintb pretreated Asciminib pretreated
Tos Positive | Negative | Resistant | Intolesant | Resistant | Intolerant
Efficacy population 50 16 B 16 6 8 2
Cytogenetic response
No. of evaluable subjects-n RS 15 29 15 - 7 0
25
CCyR, n (%) (56 8) 9(60.0) (5156:) 8(533) 3(75.00 | 3¢429)
Molecular respoase
No. of evaluable subjects.n 49 16 i3 16 6 8 2
>
MMR, 0 (%) ey | 708| (o | 6079 | 1a6n [ 3019 | o
) - loul 73151 mutation Ponatimb pretreated | Ascumimib pretreated
At Tt Posttive | Negative | Resistant | Intolerant | Resistant | Intolerant
Efficacy population 13 3 8 9 2 6 0
Cytogenstic response
No. of evaluable subjects-n 11 5 6 7 2 3
MCyR, u (%) 40364 [ 12000 | 3(50.0) 3429 0 120.0) -
CCyR, n (%) 373 [120m | 2633 | 20286) 0 0 =
Molecular respoase
No. of evaluvable subjects-n 13 5 8 9 2 6 -
MMR. (%) 3(23.1) | 1Q200) | 2(25.0) 2(222) 0 0 - e
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Morphologic CR rate 71.4% in 14 patients with overt R/R disease
CMR achieved in 47% of 17 MRD-positive cases

Overall, 24 patients (77.4%) harboured BCR::ABL1 T315] mutation
Allo-HSCT (8 cases) may further improve survival outcomes

Possible combination strategies: olverembatinib and InO bridge to HSCT
Zhang et al, Am J Hematol 2025
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Case reports exploring further potentially effective combinational approaches
Chiaretti and Foa. Blood 2025; Abou Dalle et al, Leukemia 2025
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L SEVIER Bridge to Brexucabtagene Autoleucel and Maintenance
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Asciminib and ponatinib combination in Philadelphia chromosome-positive
acute lymphoblastic leukemia
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Algorithm of treatment decision for Ph+ ALL at relapse
Chiaretti and Foa. Blood 2025

* Management of relapse in the
era of modern targeted
therapy is challenging

* CNS relapse is becoming an
emerging issue

* Allo-HSCT resulted in lower
DFS and OS in patients
beyond CR1

* The availability of multiple
newer generation TKls in
addition to immunotherapic
approaches led to a global
improvement in survival
outcomes, though still
unsatisfactory




