PRE-TRANSPLANT MANAGEMENT?‘
: ENHANCING ALL PATIENT OUTCOMES

PRE-TRANSHM_ANT PRE-TRANS1LA )
MANAGEMENT (0 it ANSLANT .+ PRE-TRANSPLANT
& o % “l AL i o @ . ® MANAGEMENT
....... 1 83—} " N o ‘ =
........ i J 7 -

| PRE—T‘A@S‘.;lANT ‘NANAG EMENT
L [ | ENHANCING |
. . . : a?e + o ALL PATIENT = PRE-TRANSPLANT

THANAWAT RATTANATHAMMETHEE

Division of Hematology, Department of Internal Medicine

Faculty of Medicine, Chiang Mai University C“U

} I
@ Email: thanawat.r@cmu.ac.th m
CHIANG MAI UNIVERSITY



OUTLINE

Introduction

Brief overview of ALL

Risk factors

Pathophysiology

Diagnosis
Risk stratification

Diagnostic tools

Significance of
risk stratification
in treatment planning

1 2 3 4

Therapeutic
strategies

ELN2024
Ph negative ALL
Ph positive ALL

Ph-like ALL
T-ALL/LBL

Role of SCT

Conclusion

Summarize key point



cm CHIANG MAI
UNIVERSITY

1 Introduction

* Acute lymphoblastic leukemia (ALL)

uncontrolled proliferation of abnormal, immature lymphoid cells
resulting in clonal accumulation in the BM, blood, and extramedullary sites

* Occurring in both children and adults, more frequent in children

A peakincidence in those aged 1-4 years
The lowest incidence in those aged 25-45 years

* The two main types of ALL
B-cell ALL (B-ALL) and T-cell ALL (T-ALL)

Malard F. Lancet 2020;395(10230):1146-1162.  Puckett Y. Acute Lymphocytic Leukemia. StatPearls;2023  Terwilliger T. Blood Cancer ) 2017;7(6):e577.
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Incidence of acute lymphoblastic leukemia

Incidence rate Age-standardized incidence rate (ASIR)
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Thailand ~1:100,000 population
Population: 71 million ‘ Estimated incidence of ALL =700** patients/year

Pagliaro L, et al. Nat Rev Dis Primers 2024;10(1):41.
https://www.worldometers.info/world-population/thailand-population/
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Global incidence Global prevalence

Approximately ALL is estimated at In 2019, the global incidence of ALL was

5,960 o 1.6
new ca:es diagnosed per 100,000 1 53 ,3 2 0

inthe USin 2018 population in the US
I Ranking amongst most common cancers I I Mean age of incidence I
The highest incidence
. < 1% of ALL is in children .
Accounts for all cancers in the US aged 1'4 '
I Sex differences relating to incidence I I 5-year survival rate I
545)) Aratioof 45.4, 90.0 25.00 D Today,
% 2L % % % .
focusing on adults ALL
, (excluded R/R ALL)
Male Female Children Adults (>50 years)

Malard F. Lancet 2020;395(10230):1146-1162. Terwilliger T. Blood Cancer J 2017;7(6):e577. Hu Y. HematolOncol 2022;40(1):92-104.
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Somatic

o fusion genes A ?enetic risk }
i actors
Inhentgd Epigenetic

genetic e

susceptibility

Environmental
factors
Pesticides, air
pollution, Birth weight,
paint, sex
smoking

EX;trI:f?JZIXCIOW High/moderate
q y dose ionizing

m?iilrliestlc radiation ‘

Low/very low
dose
ionization

Environmental exposure:
Benzene, ionizing radiation,
Previous chemotherapy, pesticide
EBV, HIV

Risk factors of ALL

Congenital syndrome:

Down’s syndrome, Fanconi anemia,
ataxia telangiectasia, Bloom syndrome,
Nijmegen breakage syndrome

Inherited variants:
RID5B, IKZF1, CEBPE, CDKN2A or CDKN2B
PIP4K2A, ETV6

Constitutional translocation:
rob(15;21)(g10;910)

Single nucleotide polymorphisms:
rs12402181 in miR-3117
rs62571442 in miR-3689d2

Rare germline mutations:
PAX5, ETV6 and p53

Malard F. Lancet 2020;395(10230):1146-1162.
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Pathophysiology: sighaling pathways involved in ALL
B-cell ALL

(75-80%)

T-cell ALL

Hedgehog signal NOTCH
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Pagliaro L, et al. Nat Rev Dis Primers 2024;10(1):41.
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Diagnosis and Risk stratification

> Flow cytometry
Tcell

W @
A 0 | |
N \J/ f
Monocyte 4 ,w /f' O RBC

& ) < Neutrophil

T lymphoblasx\ 4 ﬁ )
Eosmoph:l B 2 et ol Basophl

B lymphoblast

AR Blood tests Bone marrow testing ——> Phenotypic evaluation
: . To determine whether a
Patient history bone marrow aspiration is

needed
-
. Diagnostic g
S categorization :
M Test results will g (@3
determine specific N
Treatment subtypes Z?:::':Z‘:L‘:iﬁ"

Molecular tests

aspirate

r‘-

< { In coo
0 o

Q

Risk stratification is crucial

Acute
myeloid

Acute
lymphoblastic

Mixed
phenotype

to optimize treatment

G icch ization

NOTCH1
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ELN2024 recommendations (Adults ALL)

Diagnostic work-up

Classification

Clinical: ALL, LL, CNS+ or -
Subsets and subtypes:
Ph/BCR::ABL1+,
B/T-precursor Ph/BCR::ABL1-,
KMTZ2A rearrangements

Response

Hematologic response
Extramedullary response
MRD response

Standardized
definitions

- Morphology
3 Immunophenotyping
c Cytogenetics/Molecular genetics
§ Establish MRD assay
;
Clinical features
I
I
g‘ Extended genomics
% Biobanking
3
o
@
T
c
]
%
w

EGIL classification
5t WHO classification
ICC-2022 classification

Prognostic factors
(Main: age, WBC, genetics, MRD)

Integrated risk stratification

\/

Optimal subset and risk-oriented
management

Basic standard:
All should be performed

MRD:
At diagnosis and followed pt

MRD: Measurable residual disease
LL: Lymphoblastic Lymphoma

Gokbuget N. Blood 2024;143(19):1891-1902.
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Immunophenotyping 2 MFC

Pro-B: CD10- - often assoc. t(4;11)/KMT2A
O CD19, CD22, cCD79a (minimal requirement) Common-B: CD10+/ clgM-
B-lineage ALL ‘ ] )

Pre-B: clgM+/ slg- = often assoc. t(1;19)/TCF3::PBX1
TdT, CD10, CD20, clgM, slg kappa or lambda ght+/ slg (1:19)
(aberrant coexpression of Mature-B: slg+, CD20+

myeloid markers can be detected ~40%)

Pro-T: only cCD3+, CD7+]~ ETP-ALL

T-lineage ALL cCD3, CD7 (minimal requirement) Pre-T: CD2+, CD5+ + weak CD5

TdT, CD1a, CD2, CD5, CD4, CD8, TCR /B or y/8  CorticalT (thymic): CD1ar *= 1M ensiemesimarer
Mature-T: sCD3+, CD1a-, CD4+ and/or CD8 +

Cytogenetics and molecular testing

(karyotyping, FISH, reverse transcriptase PCR, NGS)

Gokbuget N. Blood 2024;143(19):1891-1902.
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Prognostic factors of ALL

(High risk or Adverse risk)

I S T

Patient-related
. . Disease-related
Age (y) >30-60 y (continuous variable) WBC (x10°/L) >30 (B), >100 (T)
| | Iderl '
=89 Y (elear celils Ee, el Immunophenotype Pro-B, CD20™ (B), pro/pre-T, ETP, and mature-T (T)

Performance (ECOQ) >1 Cytogenetics and Ph*, t(4;11), hypodiploidy, and complex*
fluorescence in situ
hybridization

Genetics BCR::ABL1*, KMTZ2Ar
Risk factors Ph-like, mutated CLRF2/TP53/JAK-STAT, adverse CNA profile (B),

unmutated NOTCH1/FBWX?7, and abnormal RAS/PTEN (T)

S L R L T e e e e b, Misce”aneous CNS involvement
i Corticosteroid sensitivity Poor prednisone response (PB count =1 x 10%/L at the end of P r dund ducti d del

(prephase) prephase) oor treatment compliance and undue treatment reductions ana aelay
Early/incomplete blast cell Day 8-15 or end of induction BM blasts >5% Ph ics (affecti . bolite dispositi
i dearance (BM morphology) armacogenomics (affecting antimetabolite disposition)
Time to CR (number of >1 cycle (late CR) | . .
OIS E e et e e e e mmune marrow microenvironment

MRD (molecular/flow MRD positivity (from end of induction onwards): Drug response profiling
cytometry) >0.19%/0.01% after induction
20.01%/positive after/during consolidation and pre/post-allogeneic
S

Gokbuget N. Blood 2024;143(19):1891-1902.
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Main genetics subtype of B-ALL

BCR-ABL1 Philadelphia

Frequency

2-5% children, 6% AYAs; >25%

Mutation

BCR-ABL1 fusion gene, common

Prognosis

Poor (improved with

chromosome, adults deletions of IKZF1, CDKN2A, CDKN2B, | tyrosine kinase
t(9;22)(q34;q11) —_— and PAX5 inhibitors)
Rearrangements of CRLF2 (about
50%), ABL-class tyrosine kinase
: - o - e o genes (12%) and JAK2 (10%);
Philadelphia chomosome-like | 10% children; 25-30% AYAs; 20% mutations of EPOR (3-10%); .

acute lymphoblastic leukemia

adults

mutations activating JAK-STAT
(10%) and RAS (2-8%) signalling
pathways

DUX4 and ERG-deregulated
acute lymphoblastic leukemia

5-10% acute lymphoblastic
leukemia

DUX4 rearrangement and
overexpression, ERG deletions

Favorable, including
if coexistence of
IKZF1 mutations
(about 40% of
patients

Frequency Mutation Prognosis
R ibloid (gain of =5 25% children; 3% AYAs and adults R.TK-RAS SIgnalllng e Favourable
chromosomes) e} histone modifiers
Near-haploid (24-31 2% children; <1% AYAs and adults | RAS-activating, IKZF3 Poor
chromosomes)
Ea el Tplel <1% children; 5% AYAs; >10% adults | TP53, IKZF2, RB Very poor
(32-39 chromosomes) —
>80% infants; <1% children; 4% MLL.(.KMUA) iy rrangement, few
MLL (KMT2A) rearrangements AYAs: 15% adults additional mutations Very poor
> (PI3K-RAS signalling pathway)
ETV6-RUNX1I translocation
) 0, % o 0, -
£(12:21)(q13:922) 30% children; <5% AYAs and adults | ETV6-RUNX1 Favorable
TCF3-PBX1 translocation
, 0, H —
£(1;19)(q23;p13) 5% children, AYAs and adults TCF3-PBX1 Favorable
e <1% acute lymphoblastic leukaemia | TCF3-HLF Poor

t(1;19)(q23;p13)

MEF2D-rearranged acute
lymphoblastic leukemia

49 children; 7% AYAs and adults

MEF2D is fused to BCL9 (most
frequent fusion event), HNRNPUL1,
SS18, FOXJ2, CSF1R, or DAZAP1

Poor

ZNF384-rearranged acute
lymphoblastic leukemia

5% children; 10% AYAs and adults

ZNF384 rearranged with a
transcriptional regulator or
chromatin modifier (EP300, CREBBP,
TAF15, SYNRG, EWSR1, TCF3, ARID1B,
BMP2K, or SMARCA2

Intermediate

Poorer prognosis mutations appear in AYA and Adults ALL compared to childhood ALL

Malard F. Lancet 2020;395(10230):1146-1162.
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ALL subset

B-lineage ALL
BCR::ABL1/t(%;22)(q34;q911.2) (Ph™)

Ph-like

TCF3::PBX1/4(1;19)(q23;p13)
KMT2A(MLL)::AFF1/4(4;11)(921;923.3),
KMT2A-rearranged/t(v;11923.3)
IGH::MYC/t(8,14)(q24;932)
TCF3::HLF/t(17;19)(922;p13.3)

IAMP21

1432 translocations

9p13 deletions/translocations

7p12.2 focal deletions/mutations
DUX4-rearranged and ERG-deregulated
MEF2D-rearranged ALL
ZNF384-rearranged ALL

CDX2::UBTF

Prevalence and prognosis

20%-50%, increasing with age; improved
by tyrosine kinase inhibitor therapy

25%-27%

Unfavorable/controversial for current
regimens

10%-15%

Favorable with intensive therapy

~5%

Unfavorable

1%-5%

Unfavorable in B-precursor ALL

<1%

Unfavorable

~2%

Intermediate/unfavorable

<5%, higher in adolescents Intermediate/
unfavorable

~25%

No impact on outcome

50%; 80% in Ph* and Ph-like
Controversial prognosis
3%-7%

Favorable

3%-4%

Poor

6%-7%

Intermediate

2.7%-4%
Poor

Related aberration(s)

BCR::ABL1 rearrangement

Gene expression profile like BCR:ABL1T" ALL but
without BCR::ABL1 rearrangement

TCF3::PBX1 rearrangement

KMT2A::AFF1 or KMT2A-other partner gene
rearrangement

IGH::MYC rearrangement

TCF3::HLF rearrangement

IGH fusion with partner genes CRLF2, ID4, CEBP,
BCL2, EPOR, LHX4, and IL-3

PAXS5 fusion with partner genes ETV4, ELN,
POM121, PML, FOXP1, MLLT3, JAK2, C200rf112,
AUTS2, CHFR, SOX5, and POM121C

Deletions of IKZF1

ERG and IKZF1 deletions

Partner gene EP300, CREBBP, TAF15, SYNRG,
EWSRI1, TCF3, and ARID1B

High expression of CDX2 and gain (1q);
UBTF::ATXN7L3; CDX2-cis-deregulation

Molecular

subgroup of
B-ALL

Gokbuget N. Blood 2024;143(19):1891-1902.
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ALL subset

T-lineage ALL

TAL and LMO rearrangements/del(1)(p32),
(1;14)(p32;911),

(1,7)(p32;934),

(7;9)(g34;932),

H11;14)(p15;q1), t(11;14)(p13;91),
(7;11)(g35;p13)

HOXA aberrations/inv(7)(p15934),
t7:7)(p15;934),

(10;11)(p13;914),

tv;11923),

del(9)(g34)

TLX1-10924 rearrangements/t(7;10)(q34;924),
£(10;14)(q24;911)

ETP ALL
TLX3-5g35 rearrangement/t(5;14)(g35;932)
t(8;14)(g24,q11)

ABLT rearrangements

LYL/MEF2C rearrangement and immature
cluster/t(7;19)g34;p13), del(5)(q14)

Prevalence and prognosis

30%-40%
Favorable and partly depending on
additional lesions

20%-25%
Outcome depending on additional
lesions

20%-30%
No impact on prognosis
10%-15%
Unfavorable/controversial

10%

No impact on prognosis

1%

Unfavorable

~3%

Potentially targetable by tyrosine kinase
inhibitors

3%-17%

Unfavorable; improved by intensive
treatment

Related aberration(s)

SIL-TAL1 rearrangement, TCR rearrangements with
TAL1, TAL2, LMO1, and LMO2

TCR-HOXA rearrangement, MLLT10 and MLL
rearrangements with various partners,
SET-NUP214 rearrangement

TCR-TLX11 rearrangement

Deregulation of myeloid transcription factors, of
members of RAS pathway and of epigenetic
regulators

TLX3-BCL11B rearrangement

MYC involvement

NUP214, EML1; ETVé

TCR with LYL1
MEF2C rearrangements

Molecular

subgroup of
T-ALL

Gokbuget N. Blood 2024;143(19):1891-1902.
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Therapeutic strategies

Induction Consolidation Intensification Maintenance
Glucocorticoid Glucocorticoid Glucocorticoid Glucocorticoid
Vincristine High-dose methotrexate Vincristine Methotrexate
L-asparaginase Low-dose cytarabine Asparaginase Mercaptopurine

Anthracycline Asparaginase Anthracycline Vincristine
Intrathecal Intrathecal Intrathecal Intrathecal
chemotherapy chemotherapy chemotherapy chemotherapy

Allogeneic hematopoietic stem cell transplantationis a consolidation treatment primarily
undertaken by high-risk patients or those with persistent MRD.

Malard F. Lancet 2020;395(10230):1146-1162.



CM CHIANG MAI
UNIVERSITY

Importance of pre-transplant management

‘Treatment is usually risk-adapted using prognostic factors
and course of MRD for treatment decision’

(regarding intensity of chemotherapy, use of immunotherapies, indication for stem cell transplantation)

Management of ALL in Adults: 2024 ELN

Recommendations from a European Expert Panel

Gokbuget N. Blood 2024;143(19):1903-1930.
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ELN2024 treatment recommendations
(Adults ALL)

Diagnosis

Diagnostic confirmation and classification \

Clinical Age Biologic

Features ! Features Relapse
Rk Model Molecular relapse Recommended for adult ALL
Treatment Decision / Clinical Trial
I L] L]

i Pediatric-based

Early Conlsolidation | Adaptations — ngé% Age (AYA’ O ld e r)
- Fregnancy
Corstgsson ST i / \ Subset (Ph, Ph-like)

|

Maintenance Risk Subgroups
class and - LBL

s an
course of MRD -T-ALL
- Ph/BCR:ABL1+

Follow-up / Late effects -Ph-Like

Supportive Care
CNS Prophylaxis
Response Assessment/MRD

Conclusions: Pediatric-based, age, subset, and MRD risk-adapted
therapy is recommended for adult ALL. Treatment modifications
in case of persistent or recurrent MRD are of utmost
importance. Inclusion in multicenter study group :
trials at diagnosis and in early-phase trials at relapse ¢ blOOd
should be fostered. Visual

Gokbuget et al. DOI: 10.1182/blood.2023023568 Abstract Gokbuget N. Blood 2024;143(19):1903-1930.




Ph negative ALL

Infant regimen

Modified interfant-06

Adults regimen
In — Bln —> 1B > MARMA —> OCTADAD —> Ma
l Hyper-CVAD

Repeat A and B for a
total of four times

A — B — - Ma

Medium and

high risk g EET
Older Adults regimen
Pediatric regimen
Repeat A and B for a
COG UKALL A » B > total of four times g “E
In —> Co —>ImM—> D —> IM2 —> Ma EWALL
InPhl = InPh2 —> A B A B A B—> Ma
St Jude total XV/XVI

In — Co = Continuation1 — Continuation 2

AYA regimen

SWOG

n —» Co — M — DI — |IM2 — Ma

GRAALL

In —> Co —> Co —> DI —> Co —> Ma

b

Blin HSCT
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Ph positive ALL

Adults regimen

Pediatric regimen

Hyper-CVAD

EsPhALl Ph-positive A —s B Repeat A andl Bfora Ma
total of four times
R 1 G2y 1365

T

In1A = In1B — C01,2,3=—= DIl = IM — DI1 —= Ma

Imatinib

COG ‘Ph-like’

Second- or third-generation TKI

(iley @ Second- or third-generation TKI

GIMEMA

PDN +IT = Post-induction

HSCT

GIMEMA D-ALBA

In — Co — IMM —= DI — IM2 — Ma

PDN +IT — Blin Blin Blin Blin Blin

“

HSCT

Gokbuget N. Blood 2024;143(19):1903-1930.



Ph negative ALL



CM CHIANG MAI
UNIVERSITY

Pediatric-based chemotherapy in adults ALL

* Meta-analysis 25 out of 27 reports
=» favored pediatric-based approach as standard of care (SoC)

* Up to 45 to 55 years, overall survival (OS) improved ~ 60%

The typical compounds are
corticosteroids (especially dexamethasone [Dexa])

vincristine
antimetabolites (6-thiopurines, cytarabine,and methotrexate) CR~90%
asparaginase (ASP; pegylated or not) - Refractory ~5%

plus 1 Induction death~5%
intensive supportive care
avoidance of inappropriate dose reductions/delays
arisk-adapted SCT

-

Siegel SE. JAMA Oncol 2018;4(5):725-734.
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Consolidation

* Outcome is best with rotational multidrug cycles consisting of
HD-MTX and HD-AC (CNS-penetrating agent)
PEG-ASP and other drugs

f N
HD-AC 4-8 doses at 1-3 g/m?

HD-MTX 1-1.5 g/m?
(higher up to 3-5 g/m?)
=>»prefer for high-risk and T-ALL

* Average duration 26 months (6 to 8 total courses)

* HD-AC, HD-MTX, etoposide, and cyclophosphamide
=» improve outcome of high-risk subsets & T-ALL

No single regimen can be recommended as SoC
(Heterogenous protocols with comparable results) _ _—

HD-MTX: high-dose methotrexate n— N ——
HD-AC: high-dose ara-C (cytarabine) Gokbuget N. Blood 2024;143(19):1903-1930.
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Frontline targeted therapy in Ph-negative B-ALL

* Anti-CD20 antibodies (Rituximab/Ofatumumab)
* Anti-CD22 conjugated calicheamicin (Inotuzumab)
* Bispecific CD19/CD3 antibody (Blinatumomab)
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Anti-CD20 antibodies (Rituximab/Ofatumumab)
CD20: Surface of all B-cell > 30-50% of adult B-lineage (B-LIN) ALL = express > 20% poor OS, higher relapse

ALL subset

Combination
treatment

CRD/

FUP

Annotations

Study (reference)

Rituximab/ofatumumab
(anti-CD20 antibody)

MDACC?’

GMALL®

GRAALL-2003%7

DKALL14 %

MDACC?'

CD20* B-ALL

CD20" B-ALL

CD20" B-ALL

CD20*~ B-ALL
(29% Ph™)

Gl B

Hyper-CVAD + R

cycles 1-4, x4 in
maintenance cycles 6,
18

GMALL 07/2003 + R

(SR), x3 (HR) in
induction/consolidation

A: SOC

B: SOC +R uring
induction/corsolidation

A: SOC

B: SOC + R x4 in induction

using R irrespective of C

Hyper-CVAD +

ofatumumab %8 in
induction/consolidation

Rituximab should include = 8 doses

J

15-55

40
(24-53)

25-65

D20 express

41 (18-71)

68

117

105
104

288
289

jon = failed ta

46 CD20"
23 CD20"

CR (%)

100

94

94
92

92
94

demonstrat

93

RFS (%)

70

64

e a benefit

OS (%)

5

5

50
61

66
70

EFS (%)

43
55

42
48

61
65

3y

4y

3y

4y

Better outcome vs no R patients
(P < .001 for CRD, P = .003 for
0S); outcome not improved by
R in patients aged 60+

Better outcome vs no R patients
(P < .009 for CRD), with better/
faster MRD clearing (MRD <
0.01% 60% at day 21)

Better outcome vs no R patients
(P < .04 for EFS, P =, 02 for
relapse incidence)

No overall benefit from R
(P = .28), better outcome with R
after MAC SCT (EFS 72% vs
50%, P = .03)

CD20": EFS and OS with R 43%
(P =.119) and 48% (P = .123);

CD20-: EFS and OS with R 50%
(P = 89) and 62% (P = .61)

Decrease relapse risk, leading to increase rate of SCT

» Gokbuget N. Blood 2024;143(19):1903-1930.
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Anti-CD22 antibody (Inotuzumab)
CD22: Surface glycoprotein inhibit B-cell signaling = nearly all of adult B-ALL - express approx. 70% blasts

INO-VATE: approved for R/R B-ALL 0.8 mg/m?d1then 0.5 mg/m?d8,d15 (21-day cycle)

. InO vs. standard chemo if CR/CRi: 0.5 mg/m? d1,d8,d15 (28-day cycle)
CD2 receptor ﬂg J?Q CR/CRi 80.7%vVs. 29.4%
- -~-...,, - CMC-544 binding/ MRD negative 78.4% vs. 28.1%

o CD22 saturation

/  3.Renewed

\ \," “expression Frontline InO-based in B-ALL
!

7 3
% > o~ , 2. nertazato o

ﬁ"—@ 4. Lysosomal degradation 60
5. Drig ffii. ¢ and activation of 40 m CR
20 -~ 6. DNA calicheamicin (%)
o 9 " intercalation 20 ® MRD neg
' MO\, 7 Apoptosis 0 m 0S (2Y)
w ~ ® EFS (2V)
N
Q w
. _— S W
AE of special interest: Veno-occlusive disease N K\ .
InO induction x 3 then < INO+mini-CVAD
Age-adapted chemotherapy  |n0+low dose chemo. then InO+Blinatumomab

Age-adapted chemotherapy
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Blinatumomab

CRD/
RFS (%)

Combination

ALL subset treatment CR (%) OS (%) EFS (%) FUP Annotations

Study (reference)

Gokbuget N. Blood 2024;143(19):1903-1930.

Blinatumomab
GIMEMA LAL 23173 CD19* B-ALL | SOC -llblinatumomab x2] 18-65 146 90 56-87 65-91 48-85 1.5y |95% MRD negative after
in consolidation blinatumomab | (P = .001); OS
by age (P = .0009) and DFS/EFS
by Ph-like (P = .006) and MRD
(P = .0002)
GRAALL-2014- CD19* B-ALL | SOC 4 blinatumomab x5 | | 35 (18-60) 95 NR 69-90 92 — 1.5y |74% MRD negative after
QUEST®? (high risk) in consolidation/ blinatumomab; DFS by high or
maintenance very high risk class (P = .018)
MDACC* B-ALL Hyper-CVAD + 34 58 100 84 85 — 3y |76% and 95% MRD negative after
(17-59) (20 with InO) cycle 1 and overall, resp.; no
after iInduction and/or relapse/death in InO-treated
x2-4 after group (OS 100%)
consolidationf = R/ .
ofatumumab (CD20™) =
claumumab (CD207) Increase MRD response
consolidation
MDACC™® B-ALL Hyper-CVAD 4 cycles (50% | 37 (29-45) 38 100 73 81 — 3y | Amended to Hyper-CVAD 2
ldwmﬂ_‘tl' cycles (75% dose reduction) in
blinatumomab x4 Jafter HR patients; overall MRD
induction and [x3 after | negativity 97%; OS 88% no HR
¥ feature vs 76% any HR feature
ofatumumab (CD20+) in
induction/consolidation
HOVON?** CD19* SOC + [plinatumomab =2 | 53 71 77 — 53 68 (Ph7) 2y | 53% and 91% MRD negative after
B-ALL (37% (prephase and after (18-70) (Ph™) blinatumomab | and II, resp.;
Ph+) consolidation ) EFS and OS 71% and 73% in
patients <60 years
GMALL08*’ CD19* B-ALL lBIinatumomab 1 czcle'in 18-35 63 all CRr/ — — 71 3y [55% molecular CR after
(MRD MRD positive patients MRD+ blinatumomab I; subsequent
positive) after consolidation | SCT indicated in all patients
ECOG-ACRIN CD19* B-ALL A: SOC consolidation 51 (30-70) 112 81 — NR — 5y [CRrate on all study patients (n =
(phase 3)*® (MRD B: SOC consolidation + 112 71.4 488); median OS arm B not
negative) |b|inatumomab x4| reached (NR, >70% at 5 years)
vs 71.4 months (P = .003)

Improve survival !!
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E1910-ACRIN Phase lli

Consolidation chemotherapy * Blinatumomab in MRD negative Ph-neg B-ALL

Stratified by age (<or >55 yr), CD20 status, rituximab use,
HSCT intent, MRD at randomization
: Consolidation Maintenancef

. e : Blinatumomab +

. Induction Intensification v :
Patients aged 30-70 yr Chemotherapy P

with newly diagnosed _ : HD-MTX + MRD- (n=112) ,
BCR:ABL1-negative __, BFM-typeregimen* CR/ CRI | PEG-ASP (n = 224) 4-cycle O
B-ALL (N =488) (n = 333) \ § ™
(N = 488) 1 Chemotherapy P

(n=112)
MRDT'\H 4—cycle

*Regimen adapted from E2993/UKALLXII trial, including extended remission induction, addition of PEG-ASP for patients <55 yr of age, and addition of rituximab for CD20+ disease. TMRD
assessed centrally by 6-color flow cytometry, with cutoff of <0.01% for MRD negativity. "286 patients underwent MRD assessment, with 224 being negative and

62 being positive. 'After blinatumomab regulatory approval in March 2018 for MRDros BCR::ABL1"e€ B-ALL, MRDP°s patients were assigned to blina arm and no longer randomized. ¥Two 28-day
cycles of blina> 3 cycles of CT~> 1 cycle of blina~> 1 cycle of CT=> 1 cycle of blina; 72% received 72-hr or 96-hr infusions. SFour cycles of consolidation CT.

12.5 yr of maintenance POMP timed from start of intensification. Patients could undergo alloHSCT at discretion of treating phy sician, ideally after first 2 cycles of blina in experimental arm or at

any time following intensification in control arm.

Primary endpoint: OS in MRD"¢€ patients
Secondary endpoints: MRD status, RFS Litzow MR, et al. NEJM 2024;391(4):320-333.



4-cycle of Blinatumomab
+

4-cycle of chemotherapy

2x Blinatumomab

3x Chemotherapy <

1x Blinatumomab

1x Chemotherapy

1x Blinatumomab

Induction Cycle 1 (28 days|
Cytarabine, 70 mg intrathecally on day 1 o (28 days)

Daunorubicin, 25 mg/m? intravenous push on days 1, 8, 15, and 22

Vincristine, 1.4 mg/m? of body-surface area intravenously on days 1, 8, 15, and 22 (cap each dose at 2 mg total)
Dexamethasone, 10 mgjm? orally on days 1-7 and 15-21 (cap at 20 mg/day; days 1-7 only if =55 yr of age)

Methatrexate, 12.5 mg intrathecally on day 14 only, with a window of +1 day

Pegaspargase, 2000 |U/m? intravenously or intramuscularly on day 18 (omitted if =55 yr of age) (cap dose at 1 vial or 3750 1U)
Rituximab, 375 mg/m? intravenously on days 8 and 15 if CD20-positive (optional)

CHIANG MAI
UNIVERSITY

CM

¥

Induction Cycle 2 (42 days)
Cyclophosphamide, 1000 mg/m? intravenously on days 1 and 29 (give 800 mg/m? per dose if >60 yr of age)
Cytarabine, 75 mg,fm2 intravenously or subcutaneously on days 1-4, 811, 29-32 and 36-39
Mercaptopurine, 60 mg'fm2 orally on days 1-14 and 29-42
Methotrexate, 12.5 mg intrathecally on days 1, 8, 15, and 22, with a window of +1 day
Pegaspargase, 2000 IU/m? intravenously or intramuscularly, on day 15 (omitted if =55 yr of age) (cap dose at 1 vial or 3750 1U)
Rituximab, 375 mg/m? intravenously on days 8 and 15 if CD20-pesitive (optional)

+

Intensification (28 days)
Methatrexate, 3 g/m? intravenously on days 1 and 8

Leucovorin rescue therapy, 10 mg/m? intravenously every 6 hr for 4 doses, beginning 22-24 hr after completion of methotrexate;
then 10 mg/m? orally every 6 hr for 72 hr

Pegaspargase, 2000 IU/m? intravenously or intramuscularly on day 9; 1000 IU/m? if =55 yr of age (cap dose at 1 vial or 3750 IU)

I 4-cycle of chemotherapy I

¥

Band,

ion to Consolidati
Blinatumomab+chemotherapy group (MRD-positive patients also assigned to this group) or chemotherapy-only group

Blinatu momab+Cl:emothempy Group Che mothemﬁy-Only Group

Consolidation Cycle 1 (28 days)
Blinatumomab, 28 pg/day by continuous infusion for 28 days

14 Days off
hd

Consolidation Cycle 2 (28 days)
Blinatumomab, 28 pg/day by continuous infusion for 28 days

¥

Consolidation Chemotherapy Cycle 3 or Chemotherapy-Only Group Cycle 1 (28 days)
Cytarabine, 75 mg/m? intravenously or subcutanecusly on days 1-5
Etoposide, 100 mg/m? intravenously on days 1-5
Methotrexate, 12.5 mg intrathecally on day 1, with a window of 1 day
Pegaspargase, 2000 |U/m? intravenously or intramuscularly on day 5; 1000 IU/m? if =55 yr of age (cap dose at 1 vial or 3750 IU)
Rituximab, 375 mg/m? intravenously on day 5 if CD20-positive (optional)
+

12

Consolidation Chemotherapy Cycle 4 or Chemotherapy-Only Group Cycle 2 (28 days)
Cytarabine, 75 mg/m? intravenously or subcutaneously on days 1-5
Etoposide, 100 mg/m? intravenously on day 1-5
Methotrexate, 12.5 mg intrathecally on day 1, with a window of +1 day
Rituximab, 375 mg/m’ intravenously on days 5 if CD20-positive (optional)

¥

Consolidation Chemotherapy Cycle 5 or Chemotherapy-Only Group Cycle 3 (42 days)
Daunorubicin, 25 mg/m? intravenous push on days 1, 8, 15, and 22
Vincristine, 1.4 mg/m? intravenously on days 1, 8, 15, and 22 (cap each dose at 2 mg total)
Dexamethasone, 10 mg/m? orally on days 1-7, and 15-21 (cap at 20 mg/day; days 17 only if =55 yr of age)
Methotrexate, 12.5 mg intrathecally on day 2, with a window of +1 day
Cyclophosphamide, 650 mg/m? intravenously on day 29
Cytarabine, 75 mg/m? intravenously or subcutaneously on days 30-33 and 37-40
Mercaptopurine, 60 mgl,'m2 orally on days 29-42
Rituximab, 375 mg,fm2 intravenously on day 8 if CD20-positive (optional)

+

Consolidation Cycle 6 (28 days)
Blinatumomab, 28 pg/day by continuous infusion for 28 days

+

Consolidation Chemotherapy Cycle 7 or Chemotharapy-Only Group Cycle 4 (28 days)
Cytarabine, 75 mg/m? intravenously or subcutaneously on days 1-5
Etoposide, 100 mg/m? intravenously on days 1-5
Methotrexate, 12.5 mg intrathecally on day 1, with a window of +1 day
Rituximab, 375 mg/m? intravenously on day 5 if CD20-positive (optional)

r
Consolidation Cycle 8 (28 days) ‘

Blinatumomab, 28 pg/day by continuous infusion for 28 days
¥

> 4x Chemotherapy

J

J

TAZImienance 1nerapy
Vincristine, 1.4 mg/m? intravenously on day 1 every 3 mo (cap each dose at 2 mg/dose) with prednisone
Prednisone, 60 mg/m? orally on days 1-5 every 3 mo

Methotrexate, 20 mg/m? orally or intravenously once per wk

Mercaptopurine, 75 mg/m? orally once per day continuously

Methotrexate, 12.5 mg intrathecally on day 1, with a window of +3 day every 3 mo

Litzow MR, et al. NEJM 2024;391(4):320-333.




PRIMARY END POINT

3-Year Overall Survival
Hazard ratio for death, 0.41 (95% ClI, 0.23-0.73)
M Blinatumomab + Chemotherapy M Chemotherapy only
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-

o

o
|

|

(00}
o
|

N
e
=
Ig
)
1)
Q.
—
(o)
Q
(o))
(1]
i
=
5
P -
()
o

I I I I I

12 24 36 48 60 72 84
Months since Randomization in Step 3

CMU Saiversity

RELAPSE-FREE SURVIVAL

3-Year Relapse-free Survival
Hazard ratio for relapse or death, 0.53 (95% CI, 0.32-0.87)

Percentage of Patients

Blinatumomab + Consolidation
Consolidation Chemotherapy = Chemotherapy

Litzow MR, et al. NEJM 2024;391(4):320-333.
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OS in Patients Who Were MRD(-): <55 Years of Age OS in Patients Who Were MRD(-): = 55 Years of Age
3-year OS: 95%
v 1.00
3-year OS: 70%
£ § 0.75 Y
3 3 O
8 2 H"—L..,
o 3-year OS: 70% = i
& = 090 3-year OS: 65%
2 2
g . . o6 =2 025 . e Blinatumomab arm (n=46)
a : g;::::::zgzy i:;;(arlfm (:255) [Z¢] m== Chemotherapy only arm (n=47)
HR: 0.16 (95% CI: 0.05-0.47) 0,004 HR:O-68 (7% CL0.33-1.35)
Months From Step 3 Randomization Months From Step 3 Randomization
Blinatumomab arm Blinafumomab arm
Nomber 66 54 63 43 29 . Number 46 42 36 22 12 8 4 0
;’ moer Chemotherapy arm at risk Chemotherapy arm
at risk 47 38 35 23 12 3 1 0

65 58 50 30 16 12

* RFS benefit was also observed in patients with MRD negativity, regardless of if they were < 55 years or = 55 years
— <55 years of age: 3-year RFS was 87% in the blinatumomab arm vs 70% in the chemotherapy only arm (HR: 0.31 [95% CI: 0.14-0.69])
— 2 b5 years of age: 3-year RFS was 69% in the blinatumomab arm vs 57% in the chemotherapy only arm (HR: 0.74 [95% CI: 0.39-1.43])

OS and RFS benefit in only subset of < 55 years of age/
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Table 2. Treatment-Related Toxic Effects during Consolidation Therapy in Patients with MRD-Negative Status.*

Blinatumomab + Chemotherapy Chemotherapy Only N EU RO PSYCHIATRIC EVENTS
Event (N=112) (N=112)
Grade 3 Grade 4 Grade 5 Grade 3 Grade 4 Grade 5 Patients With Grade 3_5 Treatment'ReIated
percentage of patients Neurologic or Psychiatric Adverse Events
Anemia 20 1\ 0 /35 2 \ 0 (P<0.001)
Leukopenia 4 27 0 2 52 0 100
Neutropenia 3 55 0 1 86 0 ﬂ
Lymphopenia 3 8 0 6 17 0 S 80
Thrombocytopenia 9 40 0 10 59 0 "C'u'
Febrile neutropenia \16 1) 0 \21 2 J 0 (o B
Sepsis 0 4 1 0 6 1 "5 60
Hyperglycemia 3 1 0 6 2 0 Q
Fatigue 3 0 0 4 0 0 o)
ALT increased 3 0 0 5 1 0 S 40
c
AST increased 1 0 0 1 2 0 Q
Hypertriglyceridemia 0 3 0 1 3 0 e
Nausea 3 0 0 1 0 0 g 20
Vomiting 2 0 0 3 0 0
Headache 3 0 0 5 0 0
Syncope 3 0 0 3 0 0 Blinatumomab + Consolidation
Other infection 2 1 0 2 1 0 Consolidation Chemotherapy = Chemotherapy
Catheter-related infection 1 0 0 3 1 0 N=111 N=112
Upper respiratory tract 1 0 0 3 0 0

infection

Litzow MR, et al. NEJM 2024;391(4):320-333.
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E1910-ACRIN: Conclusion

0—0.—-0,0_&

Blinatumomab-based
consolidation

MRD negative Ph neg B-ALL

improved survival

The addition of blinatumomab to
consolidation therapy improves survival

Litzow MR, et al. NEJM 2024;391(4):320-333.
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Frontline targeted therapy in Ph-negative B-ALL

* Anti-CD20 antibodies (Rituximab/Ofatumumab)

=» Rituximab: at least 8 doses, most studies combined to Adults regimen

=» Ofatumumab: failed to demonstrate survival benefit
(historically compared to Rituximab)

* Anti-CD22 conjugated calicheamicin (Inotuzumab)

* Bispecific CD19/CD3 antibody blinatumomab (Blinatumomab)
=» encouraging results
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Maintenance therapy (MT)

* MT is strongly recommended in all patients !
* Long-term drug exposure to eradicate MRD !

* MT was not tested in randomized trials but
any attempts to omit maintenance = inferior outcomes
insufficient MT = worsen OS

MP, MTX - main drug
POMP (MP, MTX, Prednisolone, Vincristine)

2-2.5years is recommended
Landsburg D). AJH 2013;88(8):657-660.

3-month interval of MRD is suggested Schmiegelow K. J Ped Hemato Oncol 2014;36(7):503-517.
Hayakawa F. Blood Cancer ) 2014;4(10):e252.
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Ph negative ALL

* Preferred pediatric regimen
* Add on frontline targeted therapy (CD20,CD22,CD19 targeting)
* Maintenance therapy



Ph positive ALL
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Frontline treatment Ph+ ALL

* Intensive chemotherapy strategy
* Intensive chemotherapy + TKI

* De-intensified regimen
* Low intensity chemotherapy + TKI
e Steroids + TKI induction followed by chemotherapy

* Chemotherapy-free strategy
e Steroids + TKI
* Blinatumomab + TKI
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Frontline treatment Ph+ ALL

* Intensive chemotherapy strategy HyperCVAD, GMALL
* Intensive chemotherapy + TKI Pedia”z'cadapted

* De-intensified regimen TKls
* Low intensity chemotherapy + TKI Duration
e Steroids + TKIl induction followed by chemotherapy Dosing
» Chemotherapy-free strategy Choice

e Steroids + TKI
 Blinatumomab + TKI
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Key phase 3 randomized studies in Ph+ ALL

np : Age in years, . Molecular alloHCT,

Group/study/years TKI Randomization question | N el ianse) CR (%) Early mortality (%) gk CR1 (%) RFS/EFS (%) OS (%)
GRAALL (SAKK) IM Induction intensity: low | 266 47 (18-59) 94.8 5.6 (day 60) 25.8 (MR4, C2) | 63.3 371 (5-yr EFS) 45.6 (5 yr)
GRAAPH-2005 (vincristine, dex) vs high | 135 low (A) | 45 (18-59) 98.5 2.2 28.6 61.6 42.2 (5-yr EFS) 48.3 (5 yr)
NCT00327678 (hyper-CVAD) 133 high (B) | 45 (21-59) 91.0 9.0 22.6 65.3 32.1(5-yrEFS) | 43.0 (5yr)
2006-2011 IMATINIB p=0.006 | p=0.017 p=0.35 p=0.53 | p=0.13 p=0.37
GRAALL (SAKK) NIL Consolidation intensity: | 156 47 (IQR 39-54) | 94.2 3.2 (day 60) 26.4 (MR4, C4) | 60.0 - -
GRAAPH-2014 low (HD-MTX) vs high 79 low (B) | 47 (IQR 39-54) | 94.9 2.5 2.1 59.5 58.5 (4-yr RFS) | 73.4 (4 yr)
NCT02611492 (HIDAC, HD-MTX) 77 high (A) | 49 (IQR 39-54) | 93.4 3.9 28.9 60.5 76.2 (4-yr RFS) | 79.4 (4 yr)
2016-2019 NILOTINIB p=0.7 | p=0.68 p=0.59 p=0.97 | p=0.029 p=0.27
China IMwvs DAS | IM vs DAS with chemo 189 7.8 (IQR 5-11) 96.8 1death (IM arm) - None - -
CCCG-ALL2015 97 IM S B e a8 48.9 (4-yrEFS) | 69.2 (4-yn)
ChiCTR-IPR-14005706 92 DAS - ppealL | 987 71.0 (4-yr EFS) 88.4 (4-yr)
2015-2018 DASATINIB p=0.21 p=0.005 p=0.04
Global IMvs PON | IM vs PON with 245 54 (19-82) - 0 (MR4, C9) 32.7 - -
PhALLCON low-intensity chemo 81 1M 52 (19-75) 44,9 37.0 Med EFS 29mos | Med OS NR
NCT03589326 163 PON 54 (19-82) 62.1 30.5 Med EFS NR Med OS NR
2018-2022 (HR 0.65, 95% | (HR 0.76, 95%

PONATINIB Cl10.39-1.1) Cl 0.38-1.5)

Chemo intensity: TKls: (compared to IM)
Induction Lower intensity = higher CR, lower early death, similar survival DAS: Higher EFS & OS

Consolidation Higher intensity = similar CR & early death, but higher EFS (not OS) PON: Higher MR4, similar survival
(short f/u time)

Luskin MR. ASH Edu Program 2024.page 78-85.
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Molecular Allogeneic
Reference Treatment CR rate (%) response (%) SCT rate (%) RFS/EFS (%) Survival (%)
Dasatinib
70 mg BID Foa etal, 2011"*° | 53 54 Prednisone 15 (d 85) 42 22 (20 mo) 31 (20 mo)
(24-77)
50 mg BID/100 mg QD | Ravandi et al, 72 55 Hyper-CVAD 96 65 17 44 (S5y) 46 (Sy)
100 mg QD-70 mg QD 20153 (21-80)
50 mg BID/100 mg QD | Ravandi et al, 97 44 Hyper-CVAD 88 — 42 623y 69 3y)
70 mg QD 2016'% (20-60)
140 mg QD; Rousselot et al, 71 69 EWALL backbone 24 10 28 (5y) 36(5y)
>70y: 100 mg QD 2016'* (55-83)
140 mg QD Foa et al, 2020'*? 63 54 Corticosteroids 98 60 (2 cycles of 38 88 (18 mo med. | 95 (18 mo
(24-82) blinatumomab FU) med. FU)
Nilotinib
400 mg BID Kim et al, 2015'# 90 47 Intensive chemotherapy 91 77 (3 mo) 63 72(2y) 72 2y)
17-71)
400 mg BID Ottmann et al, 72 66 EWALL backbone 94 58 <0.01 33 42 (4y) 47 (4y)
2018 (55-85)
Ponatinib
45-30-15 mg QD Jabbour;t al, 76 47 (39-61) Hyper-CVAD 98 83 20 67 (5y) 71(5y)
2018
30-15 mg QD Ribera et al 30 49 (19-59) Intensive chemotherapy 100 71 at week 16 87 703 y) 96 (3y)
20225 alone
45-30-15 QD Martinelli et al, 44 66.5 90.9 at week 47.7 at week 6 11 (transplant 48 (3 y) 58 (3y)
20222 6,864 at 40.9 at month 6 unplanned)
month 6

Gokbuget N. Blood 2024;143(19):1903-1930.

CHIANG MAI
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2G (DAS,NIL) and 3G (PON) TKI based — Ph+ALL
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2G (DAS,NIL) and 3G (PON) TKI based — Ph+ALL

Molecular Allogeneic
Reference Treatment CR rate (%) response (%) SCT rate (%) RFS/EFS (%) Survival (%)
Dasatinib
70 mg BID Foa et al, 2011'%° 53 54 Prednisone 15 (d 85) 42 22 (20 mo) 31 (20 mo)
(24-77)
50 mg BID/100 mg QD | Ravandi et al, 72 55 Hyper-CVAD 96 65 17 44 (Sy) 46 (S5 y)
100 mg QD-70 mg QD | 2015™** (21-80)
50 mg BID/100 mg QD | Ravandi et al, 97 44 Hyper-CVAD 88 — 42 62(3y) 69 (3y)
70 mg QD 2016'% (20-60)
140 mg QD; Rousselot et al, 71 69 EWALL backbone 24 10 28 (5y) 36(5y)
>70 y: 100 mg QD 2016'%° (55-83)
140 mg QD Foa et al, 2020'** | 63 54 Corticosteroids 98 60 (2 cycles of 38 88 (18 mo med. | 95 (18 mo
(24-82) blinatumomab FU) med. FU)

Gokbuget N. Blood 2024;143(19):1903-1930.
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2G (DAS,NIL) and 3G (PON) TKI based — Ph+ALL

Molecular Allogeneic
Reference Treatment CR rate (%) response (%) SCT rate (%) RFS/EFS (%) Survival (%)
Nilotinib
400 mg BID Kim et al, 2015'* 0 47 Intensive chemotherapy 91 77 (3 mo) 63 72 (2y) 72 (2y)
(17-71)
400 mg BID Ottmann et al, 72 66 EWALL backbone 94 58 <0.01 33 42 (4 y) 47 (4y)
2018'% (55-85)
Ponatinib
45-30-15 mg QD Jabbour et al, 76 47 (39-61) Hyper-CVAD 98 83 20 67 (5y) 71 (5y)
2018'%
30-15mg QD Ribera et al 30 49 (19-59) Intensive chemotherapy 100 71 at week 16 87 703y) 96 (3y)
Bl alone
45-30-15 QD Martinelli et al, 44 66.5 90.9 at week 47.7 at week 6 11 (transplant 48 (3 y) 583y
PN P 6,864 at 40.9 at month 6 unplanned)
month 6

Gokbuget N. Blood 2024;143(19):1903-1930.
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2G (DAS,NIL) and 3G (PON) TKI based — Ph+ALL

NIL-based

- Low- Age in years,
DAS b a s e d Group (study) intensity Phase | Regimen N median CMR (%) e | By 0S (%)
4 o CR1 (%) EFS (%)
induction? (range)
Eow Age in years, e KAALLWP (Korea) No 2 In':ifcons: NIL+ 90 44 (17-71) 86 (best) &3 72 (2-yr RFS) 72 (2yn
Group (study) intensity Phase | Regimen N median CMR (%) CR1 (%)' EFS (%) OS (%) et S
induction? (range) 2009-2012
GIMEMA (Italy) Yes 2 Ind: DAS, pred 53 54 (24-77) 23 (best) 34 51 (1.7-yr DFS) 69 (1.7 yr) EWALL (Europe) Yes 2 Ind: NIL, vinc, pred | 72 65 (55-85) 14 (end ind) 33 42 (4-yr EFS) 47 (4 yr)
LAL1205 Cons: per Pho2 Cons: NIL, low-int 58 (end cons)
NCT00391989 investigator NCT01528085 chemo
2006-2008 2012-2020
MDACC (US) No 2 Ind/cons: DAS+ | 72(63") | 55(21-80) | 65 (best) 7 42 (SyrEFS) | 46(5yn) CRAALL (SARK) .. | Yes 3 Ind: NIL, vine, pred | 156 | &7 (39-54 | 26 (TPA) 60 A76 (byr RFS) | A:79 (6 yr)
NCT00390793 hyper-CVAD 44 (5-yr DFS) GRAAPH-2014 Cons: NIL+high- IQR) B: 58 (4-yr RFS) | B: 72 (4 yr)
2006-2012 NCT02611492 (8) vs. low- (B) int p=0.028 p=0.88
2015-2019 chemo (1:1)
EWALL (Europe) Yes 2 Ind: DAS, vinc, dex | 71 69 (59-83) 24 (MRD2) 10 27 (5-yr EFS) 36 (Syr)
Pho1 Cons: DAS, low-int 28 (5-yr RFS)
NCT02888977 chemo
2007-2010
SWOG (US) No 2 DAS +hyper-CVAD | 94 (60°) | 44 (20-60) | - 52 55(3-yrEFS) | 69 (B3 yn) P O N - b ase d
SWOG 0805 62 (3-yr RFS)
NCT00792948 R e
2009-2013 Group (study) intensity Phase | Regimen N median CMR (%) :IL‘:'—:QC‘-.I:' E:f{:fs/ 0S (%)
CALGB (US) Yes 2 Ind: DAS, dex 65 60(22-87) | 40 (end course | 48 37 (SyrDFS) | 48 (Syn MDACC (US) No 2 PON + hyper-CVAD | 86 (66%) 46 (21-80) 87 (best) 23 65 (6-yr EFS) | 75(6yr)
c10701 Cons: alloHSCT V) NCTO1424982 80 (6-yr DFS)
NCT01256398 or autoHSCT; or 2011-2019
2010-2014 chemo (>70 yrs)
i GIMEMA (Italy) Yes 2 PON +pred by 67 (26-85); 41 (week 24) 14 14.3 mo (med, NR (median)
GIMEMA (ltaly) Yes 2 Ind: DAS, pred 60 42 (19-59) 18 (end ind) 37 47 (S-yr DFS) 56 (5 yr) INCB4344-20/ 80%260 yrs 829% (overall) EFS)
TOTAL Therapy Cons: if CMR > LAL18T
LAL1509 DAS; no CMR > NCTO1641107
NCT03318770 DAS plus HSCT or 2014-2017
2011-2013 chemo
PETHEMA (Spain) No 2 PON + high- 30 49 (19-59) 47 (ind) 87 70 (3-yr EFS) 96 (3 yr)
DFCI Yes 1 Ind: DAS, ASC, 22 64 (33-85) = 33 63 (2-yr EFS) 75(2yr) PONAFIL int chemo 71% (cons)
DF/HCC 18-170 pred NCTO2776605
2018-2022 Cons: DAS, ASC 20172090
PhALLCON Yes 3 PON vs IM +low- 245 54 MRA4.5 after C9 | 31(PON) | Med EFS 29.0 Med OS NR
(Global) int chemo (2:1) 46 (PON) 37 (IM) Med EFS NR Med OS NR
NCT03589326 26 (IM) (HR 0.65, 95% (HR 0.76, 95%
2018-2022 Cl 0.39-1.1) Cl1 0.38-1.52)

Luskin MR. ASH Edu Program 2024.page 78-85.
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2G (DAS,NIL) and 3G (PON) TKI based — Ph+ALL

Low- Age in years,
Group (study) Mty i i N B e CMR (%) dEsIgy, | bRyl o5 (%)

a ; CRI1(%) | EFS (%)

induction? (range)
GIMEMA (Italy) Yes 2 Ind: DAS, pred 53 54 (24-77) 23 (best) 34 51 (1.7-yr DFS) 69 (1.7 yr)
LAL1205 Cons: per
NCTO00391989 investigator
2006-2008
MDACC (Us) No 2 Ind/cons: DAS + 72 (63%) | 55 (21-80) 65 (best) 17 42 (5-yr EFS) 46 (Syr)
NCT00390793 hyper-CVAD LA (S-yr DFS)
2006-2012
EWALL (Europe) Yes 2 Ind: DAS, vinc, dex | 71 69 (59-83) 24 (MRD2) 10 97 (S-yr EFS) 36(5yr)
Pho1 Cons: DAS, low-int 28 (S5-yr RFS)
NCT02888977 chemo
2007-2010
SWOG (US) No 2 DAS +hyper-CVAD | 94 (60°) | 44 (20-60) - 52 55 (3-yr EFS) 69 (3yr)
SWOG 0805 62 (3-yr RFS)
NCT00792948
2009-2013
CALGB (US) Yes 2 Ind: DAS, dex 65 60 (22-87) 40 (end course | 48 37 (5-yr DFS) 48 (5yr)
c10701 Cons: alloHSCT V)
NCT01256398 or autoHSCT; or
2010-2014 chemo (>70 yrs)
GIMEMA (italy) Yes 2 Ind: DAS, pred 60 42 (19-59) 18 (end ind) 37 47 (S-yrDFS) | 56 (5yr)
TOTAL Therapy Cons: if CMR »
LAL1509 DAS; no CMR »
NCTO03318770 DAS plus HSCT or
2011-2013 chemo
DFCI Yes 1 Ind: DAS, ASC, 22 64 (33-85) - 33 63 (2-yr EFS) 75(2yr)
DF/HCC 18-170 pred
2018-2022 Cons: DAS, ASC
KAALLWP (Korea) | No 2 Ind/cons: NIL+ 90 46 (7-7) 86 (best) 63 72 (2yrRFS) | 72 (2yr)
NCT00844298 chemo
2009-2012
EWALL (Europe) Yes 2 Ind: NIL, vinc, pred | 72 65 (55-85) 14 (end ind) 33 42 (4-yr EFS) | 47 (b yr)
Pho2 Cons: NIL, low-int 58 (end cons)
NCTO01528085 chemo
2012-2020
GRAALL (SAKK) Yes 3 Ind: NIL, vine, pred | 156 47 (39-54 26 (TP4) 60 A:76 (L-yr RFS) | A: 79 (4yr)
GRAAPH-2014 Cons: NIL+high- 1QR) B: 58 (4-yr RFS) | B: 72 (4 yr)
NCT02611492 (A) vs. low- (B) int p=0.028 p=0.88
2015-2019 chemo (1:1)
MDACC (US) No 2 PON+hyper-CVAD | 86 (66%) | 46 (21-80) 87 (best) 23 65 (6-yr EFS) 756y
NCTO01424982 80 (6-yr DFS)
20112019
GIMEMA (Italy) Yes 2 PON+ pred [ 67 (26-85); 41 (week 24) 14 14.3 mo (med, NR (median)
INCB4344-20/ 80%=60 yrs 82% (overall) EFS)
LAL18TT
NCTO0164107
2014-2017
PETHEMA (Spain) | No 2 PON+ high- 30 49 (19-59) 47 (ind) 87 70 (3-yr EFS) 96 (3 yr)
PONAFIL int chemo 71% (cons)
NCT02776605
2017-2020
PhALLCON Yes 3 PON vs IM + low- 245 54 MR4.5 after C9 | 31 (PON) | Med EFS 29.0 Med OS NR
(Global) int chemo (2:1) 46 (PON) 37 (IM) Med EFS NR Med OS NR
NCTO03589326 26 (IM) (HR 0.65, 95% (HR 0.76, 95%
2018-2022 Cl1 0.39-1.1) Cl10.38-1.52)

Nilotinib Dasatinib || Ponatinib
CMR(%)
100

+ High-intensity chemo
40
20

0S (%) - : 0 : AlloSCT CR1 (%)

EFS/DFS/RFS (%)

Luskin MR. ASH Edu Program 2024.page 78-85.
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2G (DAS,NIL) and 3G (PON) TKI based — Ph+ALL

Low-

Age in years,

+ Low-intensity chemo

- - - AlloSCT CR1 (%)

Group (study) Mty i i N B e CMR (%) dEsIgy, | bRyl o5 (%)
i CR1(%) | EFS (%)
induction? (range)

GIMEMA (italy) Yes 2 Ind: DAS, pred 53 54 (24-77) 23 (best) £ 5107-yrDFS) | 69 (17 yr) . . . . s
Gons:per Nilotinib Dasatinib Ponatinib
NCT00391989 investigator
2006-2008
MDACC (US) No 2 Ind/cons: DAS+ | 72 (63%) | 55 (21-80) 65 (best) 7 42 (5yrEFS) | 46(Syr) C M R (%)
NCT00390793 hyper-CVAD 4k (5-yr DFS)
2006-2012 6 O
EWALL (Evrope) | Yes 2 Ind: DAS, vinc, dex | 71 69 (59-83) | 24 (MRD2) 10 27 (SyrEFS) | 36(5yn)

hot Cons: DAS, low-int 28 (5-yr RFS)
NCT02888977 chemo
2007-2010 50
SWOG (US) No 2 DAS+hyper-CVAD | 94 (609) | 44 (20-60) | - 52 55(3yrEFS) | 69 (Gyn)
SWOG 0805 62 (37 RFS)
NCT00792948
2009-2013 4()
CALGB (US) Yes 2 Ind: DAS, dex 65 60 (22-87) | 40 (end course | 48 37 (5yrDFS) | 48(Syr)
c10701 Cons: alloHsCT v)
NCTO1256398 or autoHSCT; or 3 0
2010-2014 chemo (>70 yrs)
GIMEMA (italy) Yes 2 Ind: DAS, pred 60 42 (19-59) 18 (end ind) 37 47 (SyrDFS) | 56(5yn)
TOTAL Therapy Cons: if CMR »
LAL1509 DAS; no CMR » 20
NCTO03318770 DAS plus HSCT or
20112013 chemo
DFCI Yes 1 Ind: DAS, ASC, 22 64 (33-85) | - 33 63 (2yrEFS) | 75(2yr)
DF/HCC 18-170 pred 10
2018-2022 Cons: DAS, ASC
KAALLWP (Korea) | No 2 ind/cons: NIL+ 90 46 (17-7) 86 (best) 63 72 (2yrRFS) | 72(2yn)
NCT00844298 chemo OS (9/ ) ; p O
2009-2012 0
EWALL (Europe) | Yes 2 Ind: NIL, vine, pred | 72 65(55-85) | 14 (end ind) 33 42 (byr EFS) | 47 (byn)
Pho2 Cons: NIL, low-int 58 (end cons)
NCTO1528085 chemo
2012-2020
GRAALL (SAKK) Yes 3 Ind: NIL, vin, pred | 156 47 (39-54 26 (TP4) 60 A 76 (yr RFS) | A: 79 (4 yr)
GRAAPH-2014 Cons: NIL+high- IQR) B: 58 (4-yr RFS) | B: 72 (4 yr)
NCTO2611492 (A) vs. low- (B) int p=0.028 p=0.88
2015-2019 chemo (1:1)
MDACC (US) No 2 PON+hyper-CVAD | 86 (669 | 46 (21-80) 87 (best) 23 65(6yr EFS) | 75(6yn)
NCTO1424982 80 (6-yr DFS)
20112019
GIMEMA (italy) Yes 2 PON+pred 4 67 (26-85); | 41 (week 24) | 14 14.3 mo (med, | NR (median)
INCB4344-20/ 80%=60yrs | 82% (overall) FS)
LAL18T
NCTO1641107
2014-2017
PETHEMA (Spain) | No 2 PON+high- 30 49 (19-59) 47 (ind) 87 70 GyrEFS) | 96 (Gyn) ]
PONAFIL int chemo 71% (cons)
NCT02776605
2017-2020
PhALLCON Yes 3 PONvs IM+low- | 245 54 MRG.5 after C9 | 31 (PON) | Med EFS29.0 | Med OS NR
(Global) int chemo (2:1) 46 (PON) 37(M) | MedEFSNR | Med OSNR
NCT03589326 26 (IM) (HR 0.65,95% | (HR 076, 95%
2018-2022 C10.39-1.1) C10.38-152) E FS/ D FS/ R FS (%)

Luskin MR. ASH Edu Program 2024.page 78-85.
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Choice of TKls (in chemo + TKI)

E Event-free survival I] Overall survival
? ; ) -
1G TKI 2G TKiIs D e —e—— e
Imatinib Dasatinib “ o ™ % Y
Nilotinib % 60 ® 6o 69%
HyperCVAD HyperCVAD, JALSG, t ., AYEFS 49% £ | 4ros
20 20
IM DAS HR, 2.36 (95% Cl, 1.27-4.40): 2-sided P =.007 HR, 2.26 (95% Cl, 1.02-4,99): 2-sided P =.04
CR 90-93%, AlloSCT 30-46% | CR 88-100%, AlloSCT 17-7< % 1 2 3 4 " ] 2 3 3
. Time Since Diagnosis, y . Time Since Diagnosis, y
5Y-OS 38-43% 5Y-OS 46-81% “g;;;;j'; - - a - " NS;::JQ?: 0 . . . ,
Imatinib 97 60 40 10 0 Imatinib 97 72 47 13 0
NIL DAS IM
CR 83%, AlloSCT 53% Any relapse  19.8% 34.4%
5Y-OS 45% 4Y-CIR [ 2G7TKIs A
Isolated CNS 2.7% 8.4% ) . .
o Higher remission
CIR: Cumulative incidence of relapse
| Allow more AlloSCT
Daver N, et al. Haematologica 2015;100:653-661. _ ]
Fielding AK, et al. Blood 2014;123:843-850. Sugira |, et al. Blood Adv 2022;6:624-636. Superior survival
Ravandi F, et al. Cancer 2015;121:4158-4164.

Liu B, et al. Ann Hematol 2019;98:633-645.

Ravandi F, et al. Blood Adv 2016;1:250-259. Shen S, et al. JAMA Oncol 2020;6:358-366.
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Choice of TKls (in chemo + TKIl)

1.0 1.0
3G TKI s o8
g -
Ponatinib % all i P g >
N ué ............................. - .
g 041 0 S 0.4+
HyperCVAD SY-EFS 68% : 5Y-0OS 73%
0.2+ 0.2
CR 100%, CMR 84% o e
AllOSCT 22% e 86 2? 70% (59:.’»-79%} IEE (55-77) : : i : 0o 86 20I TR, (66:.4:56%) 73:,5 (60%-32“/:] | | I
! i e » 48 ¢0 n 84 96 0 12 24 36 48 60 72 84 96
Months Months

Trend better survival in non-AlloSCT (6mo-analysis)

Non-AlloSCT  AlloSCT

5Y-OS  86% 69%
(p=0.08)

Jabbour E, et al. Lancet Oncol 2015;16:1547-1555.
Jabbour E, et al. Lancet Hematol 2018;5:e618-e627.
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Ponatinib vs. Imatinib as Frontline Ph+ ALL

Matching adjusted indirect comparison (MAIC) study

3G TKI

Ponatinib [ - )
r 12 Ponatinib studies I—\

Phase 2: Phase 2:
MDACC GIMEMA LAL1811

(n=287) (n=44)

\Pona + HyperCVAD  Pona + Steroid | Baseline characteristics
Clinically validated prognostic factors

Propensity score-like regression

1G TKI

Imatinib

( 3 Imatinib studies \

Phase 3: Phase 2: Phase 2:
GRAAPH-2005 NCT00038610 CSI57ADE10

(n=133) (n=54) (n=55)

IM + HyperCVAD M + HyperCVAD IM monotx then
\_IM+RIC (n=139) Age-adapted chemo+IM)

Ribera JM, et al. Adv Ther 2023;40:3087-3103.
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Ponatinib vs. Imatinib as Frontline Ph+ ALL

Overall survival analysis

+ HyperCVAD + Steorid/Age-adapted chemo

e . .
A 1.00 D 1.004 Pona+steroids unadjusted

«#  Pona+HyperCVAD unadjusted =  Pona+steroidsadjusted

=#.  Pona+HyperCVAD adjusted =k |M+chemotherapy

B ] IM+HyperCVAD

0.75+ 0.75-
S g
2 2
=3 =
2 050+ 2 050+
s L s
0257 Number at risk %7 Number at risk
=87 80 67 59 54 51 43 37 29 28 26 24 20 13 6 2 0 0 0 0 0 0 0 0 0 0 i A na 5 s o . P
=40 37 34 32 30 30 26 25 20 18 17 15 11 6 2 1 0 0 0 0 O O O O O O -7 16 15 13 13 12 11
000- = 54 51 47 35 32 27 26 24 22 22 22 22 22 21 21 20 20 18 18 17 17 16 16 16 16 16 0.00+ w28 21 14 10 4 2 2
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102 108 114 120 126 132 138 144 150 S P 1 15 24 30 35 P 48 54 60
Time (months) 3 Time (months)

3G TKI + Chemo
Better survival than 1G TKI

Ribera JM, et al. Adv Ther 2023;40:3087-3103.
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Ph+ALL key points

'themo intensitD - TKls (compared to IMD
Induction
Lower intensity = higher CR, lower early death, similar survival Preferred ZG or 3G TKIS
Consolidation

Higher intensity = similar CR & early death, but higher EFS (not OS)
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Ph+ ALL

Diagnostics/evaluation Patient: Age, fitness/frailty, cardiovascular risk factors, support
Disease:

Genetic risk: cytogenetic, molecular (IKZFT; IKZFT plus)

MRD monitoring: RT-PCR p190 vs p210; NGS or PCR for clonal tracking

When possible, (a) enroll on clinical trial, (b) follow published regimen

Phase: Induction TKI: DAS or PON or clinical trial
Goal: Complete remission (CR) PLUS: Low intensity (steroids, steroids + vincristine, steroids + blinatumomab)
Phase: Consolidation TKI: DAS or PON or clinical trial
Goal: Prolong CR (indefinitely) -If DAS, consider change to PON if inadequate response
-If PON, dose reduce to 15 mg after achievement of CMR
PLUS:

1. TKI alone (if alloHCT planned or palliative goal)
2. Chemotherapy (age adjusted)

3. Blinatumomab (within 3 months)

4. AlloHCT

CNS prophylaxis IT chemotherapy (12-15)
High-dose methotrexate and/or cytarabine

Monitoring BCR::ABLTRT-PCR
NGS, to establish presence of CML-like biology, and if present to supplement BCR::ABLT transcript monitoring

Gokbuget N. Blood 2024;143(19):1903-1930.
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Chemotherapy-free & Blinatumomab in Ph+ ALL

Age in
Group (study) Phase | Regimen Years N )::;is;n CMR (%) ?:I:T:;Z;' RFS/EFS (%) | OS (%)
(range)

SWOG (US) 2 Ind: DAS, pred x 84 days 2015-2021 | 24 73 (65-87) | 63 (12/19, 3.8 77 (3-yr DFS) | 87 (3-yn)
SWOG 1318 Cons: DAS, blinax3C anytime)
NCT02143414 CNS: 8 IT chemo
GIMEMA (Italy) 2 Ind: DAS, pred x 85 days | 2017-2019 | 63 54 (24-82) | 60 (blina C2) | 38.1 75 (4-yr EFS) | 81 (4-yr)
LAL2116 D-ALBA Cons: DAS, blinax5C 82 (blina C4)
MDACC (US) 28 Ind/cons: PON + blina 2018- 60 (39°) | 55 (20-83) | 83 (98 by 3.3 77 (3-yr EFS) | 91 (3-yr)
NCT03263572 §81-C5) to date NGS)

CNS: 12 IT chemo

A
DFCI (US) B Ind: DAS, ASC, predx1C 2022- 152 Eligibility: | - Per treating | - =
DF/HCC 18-170 Cons: DAS, ASC, (blina >18 physician
NCT03595917 blinax5C cohort)

CNS: 12 IT chemo
ECOG-ACRIN (US) | 3 Ind: DAS or PON + pred 2020- 3482 Eligibility: | - Per treating | - =
EA9181 Cons: DAS or PON + 18-75 physician
NCT04530565 hyper-CVAD vs blina (1:1)

CNS: IT chemo +

HD-MTX intensification

1€
GIMEMA (ltaly) 32 Ind/cons: PON +blinavs | 2021- 236° Eligibility: | - Based on - -
ALL2820 IM +chemo (2:1) >18 IKZF1 plus
NCT04722848 CNS: 15 IT chemo and MRD
GRAALL (SAKK) 32 Ind: PON, blina, chemo - - - - Randomize | - -
GRAAPH-2024 Cons: alloHCT vs ifin CMR

chemo/blina (NGS)

CNS: IT and systemic

chemo

a@ongoing studies

[ Dasatinib+Blinatumomab (SWOG)
Dasatinib+Blinatumomab (GIMEMA)

B Ponatinib+Blinatumomab
CMR(%)
100

0S (%) 0 AlloSCT CR1 (%)

EFS/DFS/RFS (%)

Luskin MR. ASH Edu Program 2024.page 78-85.
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Role of SCT in ALL (overall)

1.
? SCT: No - blue line Effect of stem cell transplantation in Adults ALL
Yes - red line (NCDB: national cancer database)
Be 0.8 N = 17,504
® 0.6 10y adjusted survival Relative to patients who were treated with
'g ' chemotherapy only, the patients who got
o Chemo+SCT 50% chemotherapy and stem cell transplant
© 0.4 had a decreased risk of mortality by 39%.
P HR 0.61 (95%CI: 0.55-0.67)
(I:) 0.2 Chemoonly 30%
Of the 5,409 patients aged of 18 and 39 years
0.0 i.e. adolescent and young adults (AYA),
0 2 4 6 8 10 no statistically significant survival difference

Survival in years was found between patients treated with stem
cell transplant and those not.

Master S. Anticancer Research 2019;39(4):1899-1906.
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AlloSCT in CR1: Phneg ALL

 Most of the trials demonstrated a beneficial effect of MSD-SCT
(vs. AutoSCT or Chemotherapy)

 However, these studies were performed before the era of
routine assessment of MRD and with non—pediatric-based
comparator arms
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AlloSCT in CR1: Ph neg ALL (pediatric-inspired Rx)

1.00
1.00
1

0.50 0.80
|

0.60 0.80
1 1

RFS

probability of AFS
-I:

0.40
L
0.40
1

probability of survival

0.20
0.20
1

0.00
1
0.00

# at risk # atrisk

ni BCT 522 no SCT 505 178 127
o SCT 0 248 180

ER
3]

Dhedin N. Blood 2015;125(16):2486-2496
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AlloSCT in CR1: Ph neg ALL (pediatric-inspired Rx)

RFS

Subgroup of MRD response>

OS

A .8.‘ == MRD1<10-3, n0SCT = ==-ssesss MRD1<10-3, SCT B §” == MRD1<10-3,no SCT = ---=---=- MRD1<10-3, SCT
MRD1>=10-3, no SCT MAD1==10-3, SCT MRAD1>=10-3, no SCT MRD1==10-3, SCT
8 - 8
° .................. ° .....................................
B | NN i R e s e Tl O\ Ry | Tpocccccccea iy tmeseecas
Bl N\ Yy 1 .
1 SO My /U T4 ecccccnncese
2> )
2o AlWloSCT £o AlloSCT
‘go‘ ) g i T
c
8 - — 8 - —
= ¢ | MRD+: HR 0.41 (0.23-0.74); p =0.002
MRD+: HR 0.40 (0.23-0.69); p = 0.001 ( kP
8 - § g
0 i 2 3 4 5 0 1 2 3 4 5
years years
# at risk # atrisk
MAD1<103,no SCT 173 59 43 33 24 12 MRD1<103, 70 SCT 170 67 46 36 7 13
MRD1<103,SCT 0 74 48 3 2 12 MAD1<10:3,SCT 0 80 53 a7 2 12
MRD1>=10-3,n0 SCT 105 19 9 5 B 3 MRD1>=10-3,r0 SCT 08 27 18 14 5 3
MRAD1>=103,5CT 0 48 3 20 14 9 MRD1>=10-3,SCT 0 54 &%) 2 16 11

AWloSCT in CR1: Survival benefit in MRD-positive after pediatric-inspired Rx

Dhedin N. Blood 2015;125(16):2486-2496
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AlloSCT in CR1 or CR2 (Ph+) [(n=102) p = 0.002

Long-Term Follow-up of Allogeneic Hematopoietic
Stem Cell Transplantation for Patients with
Philadelphia Chromosome-Positive Acute
Lymphoblastic Leukemia: Impact of Tyrosine Kinase
Inhibitors on Treatment Outcomes
Partow Kebriaei,' Rima Saliba,’ Gabriela Rondon,' Alexandre Chiattone,’
Rajyalakshmi Luthra,” Paolo Anderlini,' Borje Andersson,' Elizabeth Shpall," Uday Popat,’

Roy ]ones,'r Laura Worth,> Farhad Ravandi,* Deborah Thomas,* Susan O’Brien,
Hagop Kantarjian,* Marcos de Lima,' Sergio Giralt,® Richard Champlin'

[AIIoSCT IN CR1 = better OS benefit ]

0.9

CR1 vs. CR2
5Y-0S: 43% vs. 16%

0.8

S
lh.l

=
2}

ettt > CR1, N=71

Cumulative Proportion Surviving
o o
F-Y ]

037

02

——i=—0 Active disease, N=31

0.1F CR2, N=11

0.0
0 5 10 15 20 25

Years Post Transplant

Figure I. OS by disease status at time of HSCT. OS rates at 5 years for
patients in CR1, CR2, and active disease were 43%, 9%, and 16%, respec-
tively.

Kebriaei P. Biol Blood Marrow Transplant 2012;18:584-92
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AUoSCT in CR1 better OS

Reference TKI Phase N MedianAse, Allo-HSCT, % 0S DFS
yr (Range)
Chalandon, 2015 I 3 268 47 (18-59) 63 p=0.02(5yr)* p=0.036 (5yr)*
Fielding, 2014 I 3 175  42(16-64) 60 52% vs. 19% (4 yr) * 69% vs. 18% (4 yr) *
Bassan, 2010 I 2 59 47 (19.5-66) 63 42% (5 yr) vs. 29% (3 yr) * 46% (5 yr) vs. 8% (3 yr) *
Tanguy, 2013 I 2 45 45(16-59) 51 76% vs. 33%; p=0.17 (4yr)*  71%vs. 33%; p = 0.26 (4 yr) *
Daver, 2015 I 2 45 51 (17-84) 30 NA 63% vs. 43%; NS (5 yr)
Chiaretti, 2016 I 2 51 45.9 (15-60) 42 p=0.03* p=0.06*
Lou, 2017 I 2 153 40 (18-68) 39 73% vs. 22%; p < 0.0001 3yr) *  66% vs. 16%; p < 0.0001 * (3 yr) #
Hatta, 2018 1 2 99 45 (15-64) 61 NA 54% vs. 36%; NS (5 yr)
Ravandi, 2015 D 2 72 55 (21-80) 17 33% vs. 49% (5 yr, NS) NA
Kim, 2015 N| 2 90  47.0 (17-71) 63 80% vs. 72%; NS (2 yr) 78% vs. 49%, p = 0.045 (2 yr) *
Jabbour 2018 P 2 65 47 (39-61) 20 70% vs. 87%; NS (5 yr) NA
I: Imatinib, D: Dasatinib, N: Nilotinib, P: Ponatinib * Support the role of AlloSCT at CR1 in Ph+ ALL
#EFS

[This benefit were less clear in 2G & 3G TKls combination]

Saleh K, et al. Cancers 2022:14:1805
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Impact of CMR in Ph+ ALL

N (%) Median RFS 4-year RFS rate

100 A
Non-AlloSCT analysis HyperCVAD + TKis e Wl o e
o 804 —— NoMMR 46 (54) 26.1 mos 39%
Sy P=.04
= - + s
n =85, ND-Ph+ ALL o N : w0 |
MRD assessed at CR & 3-month 'EAS E ]
= %
(RQ-PCR for BCR/ABL1) Mg
20
At CR
Molecular response _ PRe L % ®  w m
Time (months)
MMR: 3-log reduction BCR/ABL1 (<0.1%) 0S N (%) Median OS 4-year OS rate
100 - —CMR 29(34) NR 62%
CMR: MRD negative (<0.01%) ~—MMR 10(12) NR  6T%
80 - —i— No MMR 46 (54) 46.7 mos 45%
3 P=.11
- : FU study —= ' et
- CMR at 3-month: Better RFS, OS Ry L.L
=
4Y-RFS: 63% Ponatinib 2 | S
. Less relapse g
\_ (even not receive AlloSCT !!) AlloSCT- not prognostic! At CR
0 4'8 9'6 1:14 152

Short N, et al. Blood 2016;128:504-507.

Sasaki K, et al. Cancer 2021;127:2648-2656.

Time (months)

Relapse-free survival (%)

Overall survival (%)

100 A

80 -

60 -

40 -

20 A

100 A

80 A

60

40 -

20

N (%) Median RFS 4-year RFS rate

— CMR[V] 51(60) 125.7 mos 63%
—— MMR  16(19) 26.1 mos 39%

—i— No MMR 18(21' 12.1 mos 26%

At 3-mo

48 96 144 192
Time (months)

N (%) Median OS 4-year OS rate

~ie CMR 51 (60) 126.5 mos 66%
— MMR  16(19) 38.6 mos 43%
—i— No MMR 18 (21) 20.4 mos 32%

At 3-mo

48 96 144 192
Time (months)
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Ph+ ALL in the new era

[ Dasatinib+Blinatumomab (SWOG)

Nilotinib Dasatinib [I Ponatinib Nilotinib Dasatinib [] Ponatinib Dasatinib+Blinatumomab (GIMEMA)
CMR(%) CMR(%) B Ponatinib+Blinatumomab
100 60 CMR(%)

50 100

0S (%) AlloSCT CR1 (%)

0S (%) AlloSCT CR1 (%)

0S (%) - AlloSCT CR1 (%)

EFS/DFS/RFS (%)
EFS/DFS/RFS (%) EFS/DFS/RFS (%)

+ High-intensity chemo + Low-intensity chemo Chemo-free Rx
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Ph+ ALL

Diagnostics/evaluation Patient: Age, fitness/frailty, cardiovascular risk factors, support
Disease:

Genetic risk: cytogenetic, molecular (IKZFT; IKZFT plus)

MRD monitoring: RT-PCR p190 vs p210; NGS or PCR for clonal tracking

When possible, (a) enroll on clinical trial, (b) follow published regimen

Phase: Induction TKI: DAS or PON or clinical trial
Goal: Complete remission (CR) PLUS: Low intensity (steroids, steroids + vincristine, steroids + blinatumomab)
Phase: Consolidation TKI: DAS or PON or clinical trial
Goal: Prolong CR (indefinitely) -If DAS, consider change to PON if inadequate response
-If PON, dose reduce to 15 mg after achievement of CMR
PLUS:

1. TKI alone (if alloHCT planned or palliative goal)
2. Chemotherapy (age adjusted)

3. Blinatumomab (within 3 months)

4. AlloHCT

CNS prophylaxis IT chemotherapy (12-15)
High-dose methotrexate and/or cytarabine

Monitoring BCR::ABLTRT-PCR
NGS, to establish presence of CML-like biology, and if present to supplement BCR::ABLT transcript monitoring

Gokbuget N. Blood 2024;143(19):1903-1930.
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Diagnostics/evaluation

Patient: Age, fitness/frailty, cardiovascular risk factors, support
Disease:

Genetic risk: cytogenetic, molecular (IKZFT; IKZF1 plus)

MRD monitoring: RT-PCR p190 vs p210; NGS or PCR for clonal tracking

When possible, (a) enroll on clinical trial, (b) follow published regimen

Phase: Induction
Goal: Complete remission (CR)

TKI: DAS or PON or clinical trial
PLUS: Low intensity (steroids, steroids + vincristine, steroids + blinatumomab)

Phase: Consolidation
Goal: Prolong CR (indefinitely)

TKI: DAS or PON or clinical trial

-If DAS, consider change to PON if inadequate response
-If PON, dose reduce to 15 mg after achievement of CMR
PLUS:

1. TKl alone (if alloHCT planned or palliative goal)

2. Chemotherapy (age adjusted)

3. Blinatumomab (within 3 months)

L AlIHCT

gt
/ AlloHCT, in CR1

\.

Favoring yes

1. High-risk genetic features (chromosomes: complex, "double" Ph; IKZF1 plus)
2. No achievement of CMR by 3 months (with TKI+/- chemotherapy)
3. Fit, appropriate donor

4. No blinatumomab available or not tolerated

Favoring no

1. No high-risk genetic features

2. Achievement of CMR by 3 months (with TKI+/- chemotherapy)

3. Blinatumomab

Unknown

1. Poor response to TKI+/- chemo but CMR with blinatumomab

2. High-risk genetics but optimal MRD response

CNS prophylaxis

T chemotherapy (12—15-)
High-dose methotrexate and/or cytarabine

Monitoring

BCR::ABLTRT-PCR

NGS, to establish presence of CML-like biology, and if present to supplement BCR::ABLT transcript monitoring
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(BCR::ABL1-like ALL)
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Ph-like ALL (BCR::ABL1-like ALL)

10-30% of B-ALL
(B-other: Ph neg without defining molecular abnomalities e.g., KMT2A, hypodiploid, hyperdiploid)

|

/

Gene expression profile: similar to Ph+ ALL /

Diagnosis
110 gene probe sets  pyegiction analysis of microarrays (PAM) classifier ‘ |dentify poor outcome patients

and tyrosine kinase fusion genes
257 gene probe sets (only 9 probe sets overlapped between 2 lists) Y &

1.0 Total Died Median
—— Phlike 37 26 234
o o —— B-Others 41 19 945
JAK/STAT | RAS | CRLF2 15-gene LFS (Low-density array: LDA) gene expression card 9
I I (87% concordance to PAM) £ oe+
BCR/ABLI-like non-BCR/ABLI-like p-value _E'
JAK/STAT pathway members mutated cases 11/25 (44%)" 023 P<0.001 £ 04
JAKI/2 mutati 7125 (28%) 023 p=0.007 . . .
CRLFJrnr:::Ez:z 4/25(16"/:) 0/23 p=0.065 BCR::ABL 1".' ke pTEdICtOr USIﬂg RT'q PCR @
IL7R mutations 2/25 (8%) 0/23 ns . 02
RAS pathway members mutated cases 325 (12%) 6/23 (26.1%)* ns _ (USl ng 9O ove rexpressed genes)
FLT3 mutations 025 1/23 (4.3%) ns
KRAS/NRAS mutations 3/25 (12%) 6/23 (26.1%) ns 0.0 . . .
IKZF] deletions 15/17 (88.2%) 6/14 (42.8%) p=0.01 0 12 24 36 48 60 72
EBFI deletions 8/17 (47%) 1114 (7.1%) p=0.018 Months
BTGI deletions 6/17 (35.3%) 114 (7.1%) p=0.029 No. At Risk
CRLF2 overexpressing cases 17/26 (57.7%) 4/26 (7.7%) p<0.001 Ph-Like 37 25 15 8 6 5 4
B-Others 41 30 27 23 21 19 14

Remain challenging and there is not standard of testing!!

Jain N. Blood 2017;129(5):572-581.
Gokbuget N. Blood 2024;143(19):1903-1930.
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Frequency of Ph-like ALL subtype

(KRAS, NRAS, NF1, PTPN11, and BRAF) Ras

5-7%\/:;:‘ =

Other
(FLT3, IL7R, SH2B3, JAK1/3, JAK-STA

TYK2, IL2RB, and TSLP) " 41 8%

: EPORr
5 major subclasses 3.4%

1. CRLF2 alterations (50%)

6.99
2. ABL 1-class fusion (11-14%) 5

3. JAK2 rearrangment (7-8%)

4. EPOR rearrangement (3%)

5. Others JAK/STAT, Ras (25-29%)

Unknown
13.7%

26%

/

/
ABL1-class fusion
11.5%

(ABL1,ABL2, CSF1R, and PDGFRB)

Hunger S. Blood 2015;125(26):3977-3987.
Gokbuget N. Blood 2024;143(19):1903-1930.

21%

CRLF2r JAK2 mut CRFL2rearranged JAK2 mutant

CRLF2 rearrangement
~ 50% of Ph-like ALL

CRLF2r_JAK2 WT CRFL2 rearranged JAK2 wild-type
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Ph-like ALL

JAK-STAT pathway

alterations

* P2RY8::CRLF2
* IGH::CRLF2
* CRLF2 F232C

* JAK-STAT pathway
mutations/indels

° JAK1, JAKZ, JAK3

e |L7R
° SH2B3
= |L2RB

* JAKZ fusions
* EPOR fusions

T

JAK inhibitors

ABL-class
alterations

* ABL1 fusions

¢ ABI 2 fusions

* CSF1R fusions

* PDGFRA fusions
* PDGFRB fusions
s GATAZ2D::LYN

* G3BP2::KIT

T

ABL inhibitors

Children NCI HR
(10-15 years)

AYAs
(16-39 years)

Other alterations

Children NCI SR
(1-9 years)

Adolescents
(16-20 years)

Young adults
(21-39 years)

!

Rare kinase
fusions

l

* NTRK3 fusions
* DGKH fusions
* PTK2B fusions

T

Specific kinase
inhibitors

!

Ras pathway
mutations

g0

s FIT3

* NRAS

* KRAS

* BRAF

* PTPN11
* NF1

T

FLT3 inhibitors
MEK inhibitors

- AYA-ALL

Tran TH. Blood 2025;145(1):20-34.
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A [otaliptiontsland fraquency Ph-like ALL incidence (PAM-classifier) in US cohort
ge group (y) of Ph-like ALL in B-other
162 o, .
Robertsieral, 201 lonod 1) Younger adults (AYA) 21-39Y : 28%
21-39 46 (27%)
Older adults >39Y :20-24%
Herold et al, 2014'¢° 16-20 5 (19%)
21-39 12 (18%)
40-55 4 (9%)
55-84 5 (7%)
Roberts 2014(16-20Y) [I] Roberts 2014(21-39Y) [l Herold 2014 [l Boer 2015 [l Jain 2017
Boer et al, 2015"7 16-20 6 (25%)
1.39 9 (19%) . B Roberts 2017 (40-59Y) [l Roberts 2017 (60-86Y) [l Chiaretti 2018 [l Stock 2019 [ Chiaretti 2021
- ! 66
4071 6 (11%) . 63
Jain et al, 2017"%* 15-39 33 (42%) 60
40-84 16 (24%)
50
Roberts et al, 2017'¢° 21-39 96 (28%)
40-59 62 (20%) 40 o =
60-86 36 (24%)
Chiaretti et al, 2018 0-15 2 (9%) 30
15.35 29 (29%) 20 22
35 23 (31%)
Stock et al, 2019° 17-39 41 (31%) 10
Chiaretti et al, 2021'¢¢ 18-65 28 (32%) 0 NA NA
5Y-EFS (%) 5Y-0S (%)

Gokbuget N. Blood 2024;143(19):1903-1930.
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MRD response and prognosis (Ph-like ALL)

e 70% of Ph-like ALL =» remained MRD positive

* Inferior EFS and OS

* Impact of MRD response are conflicting

* Aiming MRD negativity retains prognostic importance

Gokbuget N. Blood 2024;143(19):1903-1930.
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Ph-like ALL: treatment

Several of preclinical data and anecdotal reports

Imatinib .. Blinatumomab
Ruxolitinib

Dasatinib (preclinical) Inotuzumab

Ponatinib JAK2 fusion

EPOR rearrangement
JAK/STAT

ABL1-class fusion

For clinical practice = identify ABL1-fusion (FISH) + MRD-based Rx modification
Offering AlloSCT and/or targeted tx

(because of poor MRD response in most of patients) /

No studies confirming SCT benefits

Gokbuget N. Blood 2024;143(19):1903-1930.
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T-ALL and T-LBL

* T-ALL: 25% of adults ALL = LBL 80-90% are T-cells (T-LBL)
* Treatmen: similar to B-ALL including pediatric inspired regimen

T-ALL T-LBL

HLA-DPA1, CSTF3, ZNF79, CARD10, APOE, SEPP1, _— .
CAV1, ANKRD15, PCNT2, WDR3, THRAP1, ZNF278, HSMPPS, Male P redominance

NRF1, CSRP2, GOSR1, MAN1A1, RBPMS, NR2F1, EMS1,

EEIGESINNERSS ™ | 90% mediastinal bulky mass

CYR61, FN1, C1S, NNMT, IGFBP7, DKK3, GALNAC4S-6ST,

APOC1, TGFBI, CXCL14, VCAM1, GJA1,NFIB, FYCO1, TJP1, T_ LB L
SEPT10, ACTA2, SPARC, LAMB1, COL6A3, COL1A2, COL3A1,
CALD1, VWF, SPARCL1, A2M, COL4A1, COL4A2, LAMA4

70% thymic subtype (favorable)
RGS5, ZNF248, CSE1L, RABEP2, LARS2, RFP, TNPO1, 1 8% ea rly T Subtype (Worse)

NUP62, MAP3K4, PSMD12, LCMT2, PIASY, DUSP7, MLL,
TULP3, MAT2A, IRLB, COX7A1, ZNF189, SF3B3, FN3KRP,

PPFIA1, MRPS30, CGI-01, EIF4G3, CNOT4, KPNB1, IFNAR?2, 9% mature T su btype (WO rse)
TAF15, KIF138, SIK2, NCOR1, HERC2, ABL1, HSPBAPA,
NP220. FEM1B, NUP98, GEM IN4, KHSRP, p66alpha, CTSB,

CTBP1, NFS1, PLA2G4C, GTF3C2, PSME4, ZFYVE26, R 7 0/
SAFB2, ZBTB3, SAFB, LARP, ZCWCC1, DGCR2, CHERP, - 0
ZNF573 )

5Y-EFS 60-70%
SPPL2B, GYPC, BNIP3L, RAB5A, HMGCS1, FDX1, 1D,
RAP2B, GOLGA7, CGI-127, DSIPI, CAMLG, DSTN, SNRPN,
ZNF277, UBE2D3, PTP4A 1, UNC84A, M98, TOMM20, CD47, (0)
TXNL2, SKP2, UFD1L, COX7C, SKP1A, PPP1R2, FEM1B, - - 0
H3F3B, DUSP12, UQCRFS1, EIF3S2, TRIP15, IGBP1, ERBP,
SAP18, TAF9, GRINL1A, RNF139, SUI1, CDC42, STK17B,

HHBE BN, FOR CON, 251 8, NRRE0, Raetz E. Pediatr Blood Cancer 2006;47:130-140.
Gokbuget N. Blood 2024;143(19):1903-1930.
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Study (reference)

ALL subset

treatment

CR (%)

RFS (%)

OS (%)

EFS (%)

FUP

Annotations

Nelarabine (T-specific
nucleoside analog)

MDACC?

UKALL 14 (Phase 3)*°

T-ALL/LBL

T-ALL

Hyper-CVAD + nelarabine
after course 8 (x2) or 5
and 7 (x1 each)

A: SOC
B: SOC + nelarabine x1
after induction Il

30 (13-78)

25-65

81

75
69

NR

90
87

57/

61
65

52

57
61

S5y

3y

OS non-ETP 63% vs ETP 32%
(P < .001); non-ETP: QS
nelarabine 83% vs no

nelarabine 38% (P = .003)

No benefit from single nelarabine
course (3 doses), all P values not
significant

Nelarabine

for non-ETP ALL (when + HyperCVAD)

Improve survival in 2-course after C8 or after C5,7 (1xeach)

No survival benefit in 1-course after induction |l

Gokbuget N. Blood 2024;143(19):1903-1930.
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4 Conclusion

* MRD status = most important factor driving SCT indication
* High efficacious Rx achieving MRD negativity is the key

* Phneg ALL Ph-like ALL: TKI+MRD guided
* Prefer pediatric regimen (+supportive care for regimen’s toxicities) T-ALL: as Phneg ALL
* Targeting CD20/22/19 (no study combine to pediatric regimen now)

* Ph pos ALL

* Prefer Low inten-induction, High inten-consol + 2G/3G TKI
* Chemo-free: Blinatumomab + DAS/PON

e Role of AlloSCT in CR1

* Benefitin MRD positive

* Early CMR (3-month with RQ-PCR <0.01% in Ph+ALL), Blinatumomab
= maybe no benefit from AlloSCT in CR1



Thank you for your attention
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