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Overview

* Diagnosis
* Risk stratification

* Treatment:
* Ph Positive ALL
* Ph negative ALL
* Relapsed/Refractory ALL
* Future treatments



Epidemiology -SEER

Percent of New Cases by Age Group: Acute Lymphocytic Leukemia

Acute lymphocytic leukemia is most
frequently diagnosed among people
aged <20.

Median Age
At Diagnosis

17

Percent of New Cases

* More common in children and
adolescents than adults. {1 R —
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* Median age at diagnosis =17.
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The percent of acute lymphocytic

* 0.3% of all cancer cases.
* 0.2% of all cancer deaths.
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Age and outcome in ALL

(A) Al ALL by Decade

1.00- Strata Total Event  5-y Overall Survival Median Log-rank Test
= -+ 1980-1989 2861 1675 51% (95% Cl: 49.5-53.1) 70 months P < 0.001
-+ 1990-1999 3280 1493 61% (95% Cl: 59.4-62.8) Not reached ] P < 0'001
-+ 2000-2009 3586 1303 67% (95% Cl: 65.7-68.8) Not reached ] '

710 72% (95% Cl: 69.7-73.5) Not reached 1 © < 0-001
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Sasaki K et al Am J Hematol 2021




Overall Survival

Overal Survival

Overall Survival

SEER All ALL: Age 0-14

Decades
1980-1989
1900-1999
2000-2009
2010-2017

Number at risk
1082 1527
102 1840
2002 1928
wn 7

2

Decades
1980- 1589
19001999

2000-2009
2010-2017

155 90
169 120
188 25
"5 ”

2 24 38

SEER All ALL: Age 40-59

Decades

1980-1969
1990-1599

20002008
20102017

Number at risk

245 16

5.y Overal Survival Medan  Logeank Test
73% (9% CL 70 7.75.0)Not reached | o 6 o
A5% (95% C1 53 286 4) Not reached ] Pe 605'
G1% (39% CI 85 952 4) Not reached ] P00t
B3% (36% CI 91.7.54.7) Not reached

Sy Overall Survival Medan Logeank Test
33% (95% C1 26.9.30.7) 27 months
44% (95% Ct 37 850 4) 37 montts
A48% (99% C1 382450 %) IS months
50% (35% CL 50 648 2) Not reached

5.y Overal Survival Moden  Logeank Tost
14% 39% C1 106-18.6) 10 months . ~
21% (35% CI: 17.5:26.3) 14 months : ﬁ:g‘;ﬁ
20% (96% CL 252.339) $8menths | o _ o ot
43% (95% C1 37,349 1) 38 menm | F <000

Overall Survival

Overall Survival

SEER All ALL: Age 15-19

oy

Decades
1980-1689
1990-1999

2000-2009
2010-2017
12

Number at risk
211 175
158 167 143
20 0 Fik
18 155
0 12 24

SEER All ALL: Age 30-39

Decaces
16801689
1690.1699

2000-2009
2010-2017

Number at risk

158 e
e 10
pzzd 165
178 19

SEER All ALL: Age 60-69

Decades

1980-1689
1990-1959
2000-2009
2010.2017

Number at risk
150
162
18
2%

Sy Overall Survwval Mesan
45% (95% CL 39 953 5) 45 months
S5% (95% CI 48 362 3) 244 months
T1% (99% C1: 65 3-70 4) Not reached
T4% (95% CI: 66.0-22 0) Not reached

Sy Overall Survival Medan
24% (95% CL 18.4-319) 15 monta
0% (95% CI: 24 2-37 9) 19 montss

Log-rank Test
| P»

A% (99% CL 41.7.55.1) 4 montrs |
55°% (99% CL: 50 089 0) Not reached *

Sy Overall Survval
10% (99% C1 6.2-16.2) 7 monthe
14% (95% CL 9.7-20.7) € monthe

!
22% (95% CI. 16.4-28 €) 10 menws |

20°% (95% CL 22536 4) 18 menths
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SEER All ALL: Age 70-

2010-2017

umber at risk

2 41
244 35
20 56
184 49

pe PO

Sy Overall Survivel

IN(GS%CL1868) 1 month 2

A% 5% C12275)  tmostn | D102
2 1 RSN CL AT 11T) 2months {9-002;
13% (95% C1 82:217) 4 months

Medan  Log-rank Test

Sasaki K et al Am J Hematol 2021



Adult ALL is different from pediatric ALL

W Ph-like ZNF384 W TCF3-PBX1
Ph positive MEF2D W ETV6-RUNX1
m Other DUX4/ERG W Hyperdiploid

* Higher incidence of T W
comorbidities ] .

* Concomitant medications

* Higher incidence of treatment
related complications
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* Higher frequency of less
aggressive disease in older
adults

* Different molecular drivers of \
d |Sea Se Age Distribution

lacobucci and Mullighan, JCO 2017



Standard risk (SR)

B precursor ALL
Cytological CR on day 22 (after induction 1) and
« WBC < 30,000/pL and
e noproB-ALL or t(4;11 ) /IMLL-AF4 pos. ALL* and
« not(9;22)/BCR-ABL pos. ALL
or

Thymic T-ALL

High risk (HR):

B precursor ALL
« Cytological CR only on day 44 (after induction 11)** or
« WBC > 30,000/pL or
e proB-ALL or t(4;11)/MLL-AF4 pos. ALL*
« not(9;22)/BCR-ABL pos. ALL
or

Early T- or Mature T-ALL

PH/BCR-ABL positive (PH)

All patients with 1(9:22)/PH/BCR-ABL-positive ALL

Lymphoblastic
Lymphoma (LBL)

All patients with LBL (BM involvement < 25%)

*or possibly other MLL translocations

** Patients with late CR

Risk
Stratification

pB-ALL (or unknown immunophenotype)

- early High Risk (early HR)
no complete remission on day 33 or
positivity for KMT2A-AFFT or
positivity for TCF3-HLF' or
hypodiploidy <45 chromosomes or
FCM-MRD in BEM on day 15 2 10% and not ETVE-RUNXT positive or
IKZF 1" and PCR-MRD at TP1 positive or inconclusive and not positive for
ETVE-RUNXT, TCF3-PBX1T or KMT2A rearr. other than KMT2A-AFFT or
» PCR-MRD at TP1 2 5x10 or
« age <1 year and any KMTZ2A rearrangement
High Risk (HR)
+ no complete remission on day 33 or
« positivity for KMT24-AFF1 or
positivity for TCF3-HLF' or
hypodiploidy <45 chromosomes or
FCM-MRD in BM on day 15 2 10% and not ETVE-RUNXT positive or
IKZF 1= and PCR-MRD at TP1 positive or inconclusive and not positive for
ETVE-RUNX1, TCE3-PBX1T or KMTZ2A rearr. other than KMT2A4-AFF1 or
« PCR-MRD at TP1 2z 5x10* and positive < 5x10* at TP2 (PCR-MRD SER) or
» PCR-MRD at TPZ z 5x10 or
« age <1 year and any KMTZ2A rearrangement

Standard Risk (SR)

« no HR criteria and

+« PCR-MRD at TP1 negative for all investigated markers with at least one marker
with a quantitative range of = 10 or
inconclusive PCR-MRD result at TP1 and PCR-MRD not positive at TP2 and FCM-
MRD in BMd15 < 0.1%

T-ALL

- early Standard Risk (early SR)
+ complete remission on day 33 and
» FCM-MRD in BM on day 15 <10% and
* Prednisone Good-Response and
* PCR-MRD at TP1 negative for all investigated markers with at least one marker
with a quantitative range of < 10 or
+ inconclusive PCR-MRD result at TP1 and FCM-MRD in BM d15 < 0.1%

- High Risk (HR)
+ Mo complete remission on day 33 or
* FCM-MRD in BM on day 152 10% or
+ Prednisone Poor-Response or
« PCR-MRD at TP2 z 5x10°

- non-High Risk (non-HR)
+« No HR criteria




75

50 Sib allo HSCT 44%

-
=z
[T}
(&)
o
w
o

Philadelphia positive B-ALL

25

R T —

Chemotherapy 19%

0

0 5
At risk:

* 2-3% of children, up to 30% of adults

MUD allo HSCT 12
Chemotherapy

* Historically — poor outcomes due to
resistant disease and early aggressive
relapse. Better outcomes with allo-SCT.

Percent surviving

2 3 4 5 6 7 8 9 10

* TKl-era —improved outcomes:

° RedUCtion in ChemOthera py- Pr:itn:i::wib 266 144 81 67 57 54 49 46 41 40 35

* Elderly patients — better outcomes with Ph+ e
than Ph- ALL. % ks . Protocol alloHSCT

* Role of allo-SCT — controversial in patients
with a deep and rapid response. -

At risk:

Protocol alloHSCT

. . Non-protocol RIC alloHSCT
Fielding A et al Blood 2009, 2014 Mo aloHSCT 3




Ph-like B-ALL -

* Subgroup identified in 2009 in
studies examining “B-other” ALL
patients with poor outcomes.

* A similar gene-expression profile to
Ph positive B-ALL

* Genetic aberrations in kinase and
cell signaling pathways:

* ABL-class tyrosine kinases —ABL1/2,
CS FlR, etc JAK-STAT Signaling Other Signaling

- JAK-STAT pathway — CRLF2, EPOR, @ N
JAK1/2 etc. -
- Other signaling pathways —Ras, FLT3 P

Den Boer M et al Lancet Oncol 2009, lacobucci and Mullighan, JCO 2017



Ph like B-ALL

* Worse outcomes in Ph-like B-

ALL patients:

* More MRD positivity
e Shorter median EFS, OS

* Tyrosine kinase inhibitors for

Children

Other kinase
4%

Unknown

Young adults

None
Other kinase Ras identified

10%

ABL-class
14%

Other JAK-
STAT

CRLF2_JAK
mut
24%

/

e CRLF2_JAK WT

13%

Other JAK-

S \ 8%

10%

2 0,
Other:«nase identified
- 3% W -\ 1% Unknown
-class \ <

17%

11%

~ CRLF2_JAK
mut

CRLF2_JAK WT

39%

2% 5%
ABLclass 2% N & °
10% __ o

Other JAK-
STAT
7%

EPORr
10%
|

Older adults
ABL-class Other kinase
% 3%

STAT
3%

EPORr _—

3% / \
JAK2r

5%

CRLF2_JAK WT _—2
42%

Unknown
3%
CRLF2_JAK
/ mut
15%

S

CRLF2_JAK WT
37%

None
Ras  jdentified

OtherJAK-s\\ | /‘5% /8% Unknown

11%

CRLF2_JAK
mut
17%

ABL class rearranged
* JAK inhibitors for JAK-STAT

pathway.

lacobucci and Mullighan, JCO 2017
Roberts KG et al JCO 2017

Event-Free Survival (%)

No. at risk:

Non-Ph-like ALL 207

Ph-like ALL

133

=i NON-Ph-like ALL (n = 207)

Ph-like ALL (n = 133)

2 4 6 8
Time Since Diagnosis (years)

146 117 102 73 53 47 35 28
70 39 32 19 15 14 N 8

Overall Survival (%)

No. at risk:

=t NON-Ph-like ALL (n = 207)
Ph-like ALL (n = 133)

2 4 6 8
Time Since Diagnosis (years)

Non-Ph-like ALL 207 162 127 107 80 60 51 37 29 20 14
Ph-like ALL 133 82 49 40 23 17 16 9 B 3




Early T cell precursor ALL

T-ALL Total Died Median

* Absence of CD1a/CD8 - —ETP 15 10 1.69

— Non-ETP 61 23 6.89
p=0.037

* Weak expression of CDg
(<75% positive lymphoblasts)

o
o®

* The presence of 1 or more
myeloid or stem cell markers
(CDa17, CD34, HLA-DR,
CDa3,CD33, CD11b, or CD65)
on at least 25% of
lymphoblasts
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Jain N et al Blood 2016



Principles of treatment

* Cytoreductive prephase

* Induction of remission

* Consolidation/Re-intensification
* CNS prophylaxis

* MRD-qguided therapy

* Maintenance therapy



Pediatric / Pediatric inspired protocols

AIEOP-BFM ALL 2009 ___[[Standora-Chemtherapi]

n Kons i Kons IV KonsV  Kons Vi

+ pCRT * HDMTX HDACICP HDMTX HDAC/CP HDMTX
|—I SlI ASP-MP Reinduktion ASP-MP ASP-MP
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Imatinib

SCT _ZNS-ProphyIaxe
DNX-FLA + SCT |

/ Ly | alle SR [
10 12 20 22 £l 13 53 " 104 wks. Wo.19  Wo.21
Prot. IA {with Pred and 4 DNR m Prot. 1A (with Daxa and 4 DNR # or immunophenatyps unknown
doses on day 8, 15, 22 and 23) doses on day 8, 15, 22 and 23) * bCRT 12 Gy if age = 2 yrs/ in selected subgroups no pCRT +
Prot. IA° (with Pred and 2 DNR - 6 i.th. MTX/ in patients with CNS disease (CNS 3) tCRT
doses on day B and 15) EFEO{E_L_B—AAE;SPT (with 4 x 2500 with 12 Gy or 18 Gy (dose age-adapted) KM/ . * v .K1 N ‘h K
i 2] ’ for eligibilty for randomizati otocal MRD  Diag.  verlPl or K1 Nac
Drot. 1A gy (with Prad, 4 DNR §for eligibility for randomization see protoc
IACPH doses and 1 dose CPM onday 10) [[[[[[] PEG-L-ASP given for 20 wasks % see protocol




Hyper-CVAD

HYPER-CVAD REGIMEN

Thomas DA et al. Blood 2004



Treatment - Ph negative ALL — Adolescent/young adults

* Pediatric protocols — higher
doses of steroids, vincristine,
asparaginase, methotrexate

* Adult protocols — higher doses
of cytotoxic drugs —
anthracyclines, cytarabine,
etoposide, cyclophosphomide
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* Wider indications for alloSCT

in adult protocols.
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ST s 700

Ram R et al, Am J Hematol 2012



Ph negative ALL — Adolescent/young adults

* Several studies assessing outcomes of patients age 15-
21 treated on either pediatric or adult protocols reported
significantly better outcomes of pediatric protocols.

Table 2. Comparison of pediatric and adult trials including adolescents in their study populations

Trial Years Study age range, y Adolescent agerange,y N CR, % HSCT,% EFS, % (y) DFS,%(y) O©OS,%(y) Reference

| wewn | wm  |w| w9 | as | ws | es |
17

MRC ALL97/99

UKALL XII/E2993

Boissel and Baruchel Blood 2018, Stock W et al Blood 2008

7-year EFS RHR Log Rank p
= CCG (n=197)  63%(Cl:24%-44%) <0.0001
=~ CALGB (n=124) 34%(Cl:55%-72%) 2.2(Cl:1.6-3.0)

2 (CCG)
6 (CALGB)

Years Followed

Overall Survival

7-year Survival HR Log Rank p
- CCG 67%(Cl1:58%-75%) 0.0002
~= CALGB 46%(Cl:36%-56%) 1.9(Cl:1.3-2.7)

At Risk:
197 151 2 (CCG)
124 84 8 (CALGB)




Response assessment and response adapted therapy

(do) <ma>>e gy
* Patients are tested at several time T
points during treatment to assess
whether they have achieved certain
milestones:
* Prednisone Good Response
 Early BM blast clearance
* End of induction
* Week 10-12 MRD

< F o
L
.

Figure 1 Flow-char for identification of the treatment group
{*or immunophenctype unknown)



Measurable (Minimal) Residual Disease

Number of
leukemia Methods of MRD detection

cells
2

10

Light microscopic
evaluation
_/ Morphological

1070 disease

Multicolor flow
cytometry

Measurable residual

disease T Real time PCR

| ) “ 1 Next generation
"""" W T R " T sequencin

. Non-quantifiable | e 9 2

. / uclectide

measurable residual’

disease ] MRD not quantifiable or
' non-detectable with current methods

10

Non-detectable

“disease
\_ CURE

Saygin C et al Haematologica 2022



TCR/Ig gene ASO-PCR

DH JH Cu
66 1234 27 123456

- DH — JH rearrangement

tion

)
C > /

IGH mRNA

VH3-21 (germline) insertion DH3-3 (germline) insertion  JH4-1 (germline)

GTATTACGATTTTTGGAGTGGTTATTATACC

TGTATTACTGT A CGATTTTTGGAGTGGTTATTATA / TGACTACT
TGTATTACTGTGCG / TTACGATTTTTGGAGTGGTTATTATAC AT CTTTGACTACT
TGTATTACTGTGC SGACTG TTTTGGAGTGGTTATTATACC 5G] ACTACTTTGACTACT
TGTATTACTGTGCGAG TATTACGATTTTTGGAGTGGTTAT > TTTGACTACT
TGTATTACTG A \ CGATTTTTGGAGTGGTTATTATA STAG ACTTTGACTACT
TGTATTACTGTGCG TACGATTTTTGGAGTGGTTATTAT 3CTAA TGACTACT
TGTATTACTGTGCGA 3 TTACGATTTTTGGAGTGGTTATTATACC TACTTTGACTACT

Van Dongen JJM et al. Blood 2015



MRD assessment methods

Multi-color flow qPCR for fusion ASO-qPCR for IG/TR High-throughput
cytometry genes genes NGS

Sensitivity 104 10410 10> 10%to 10= 10°
Applicability >90% 40-50% 90-95% >90%

Advantages - Rapid - Sensitive - Sensitive - Very sensitive

- Relatively inexpensive - Standard primers used - Applicable to most - Applicable to almost

- DfN method does not  for specific fusions patients all patients

require access to dia- - Standardized - Clone-unbiased (can

gnostic specimen guidelines in Europe track multiple clones
and evolution)
- Only US FDA-appro-
ved assay (ClonoSEQ)
- Data for MRD use in
peripheral blood

Limitations - Variable sensitivity - Not applicable to all - Time-consuming - Expensive
- Requires technical patients - Expensive - Longer turn-around
expertise - Relies on pre-treat- time than MFC
- Fresh cells required ment sample - Requires diagnostic
- Less standardized - Requires extensive pre-treatment sample
- Immunophenotypic experience and labor
shifts can lead to false
negative results

ALL: acute lymphoblastic leukemia; ASO: allele-specific oligonucleotide; DfN: different-from-normal; FDA: Food and Drug Administration; IG:
immunoglobulin; MFC. multicolor flow cytometry; NGS, next-generation sequencing; qPCR, quantitative polymerase chain reaction; TCR, T-
cell receptor.

Saygin C et al Haematologica 2022



Clinical application of MRD - prognosis

NILG

[T
;

- [P
R

T —

[P

day+11
: p(trend)<0.001

1 2 3
Years Years
n 3-year DFS (95% CI) n 3-year DFS (95% Cl) n 3-year DFS (95% Cl)

—— negative u 91.7 (76.1-100) —— negative/<10* 75 68.6 (55.0-82.2) 73 55.1 (41.1-69.1)

-2
<10 28 51.9(21.4-824) 82 37.8 (24.5-51.1) 38 32.9(11.1-54.7)
71 33.1(18.7-47.5)

MR: MRD <10

Ve surviva

MR,: 10*<MRD <10

Cumulat

Years

: -3
M RQ . M R D 2 1 O MRD n 3-year DFS (95% CI) n 3-year DFS (95% Cl) n 3-year DFS (95% Cl),
—— negative/<10™ 115 59.2 (47.6-70.8) — negative/<10™* 110 65.5 (63.9-77.1) — negative/<104 101 65.4 (54.1-76.7)
] L) 36 28.1(7.2-49.0) 12.2 (0.0-27.4) 25 11.8 (0.0-31.6)

12

week+30
o p<0.001

Bassan R et al Blood CancerJ 2014, N v

n 3-year DFS (95% Cl) n 3-year DFS (95% Cl) n 3-year DFS (95% Cl),

Bruggemann M et al Blood 2006 — negative/<10* 110 64.3 (53.4-75.2) —— negative/<10% 90  69.6 (58.6-80.6) —— negative/<10“¢ 113 67.9(56.9-80.6)

21 22.7 (0.0-47.5 18 34.0 (6.2-61.8) 8 11 14.6 (0.0-40.0




Clinical application of MRD — Allogeneic HSCT

1.00
1
1.00
1

0.80
1

0.80
1

0.60
1

0.60
1

probability of RFS
0.40
1

0.40

probability of survival

0.20
1
0.20
1

0.00
1
0.00
1

# at risk # atrisk

MRD1<10-3, no SCT 12 MAD1<10-3, no SCT 45
MRD1<10-3, SCT 12 MAD1<10-3, SCT 53
MRD1>=10-3, no SCT 3  MRD1>=10-3, no SCT 19
MRD1>=103, SCT 9 MRD1>=10-3, SCT 34

MRD1<10-3, no SCT MRD1<10-3, SCT MRD1<10-3, no SCT MRD1<10-3, SCT
MRD1>=10-3, no SCT e MRD1>=10-3, SCT w— MRD1>=10-3, no SCT e MRD1>=10-3, SCT

Table 3. Effect of SCT on 5-year outcome of patients in the SR and HR groups with molecular failure after consolidation (week 16)
No SCT

Parameter % = SD , G M A L L
8

Continuous complete remission 12+5

Continuous complete remission (landmark analysis) 17 =7
Disease-free survival 11+4
Disease-free survival (landmark analysis) 16+7

Gokbuget N et al Blood 2012

Overall survival 3aB3+7

Dhedin N et al Blood 2015




Relapsed/Refractory ALL

e Dismal outcomes for R/R ALL

With chemotherapy — 20-45%
of patients achieve CR2

e Better outcomes with AlloSCT

* Favorable prognostic factors:
* Young age
* Duration of CR1 >2 years
* No previous transplant

Oriol A et al Haematologica 2010

Proportion alive

Proportion alive

Age < 30 years vs. 30-55 years £=0,011

Age < 30 years vs. age > 55 years £=0.022

Age 30-55 years vs. age >38 years PNS

Age < 30 years. N=121

Age 30-55 years. N=78
Age > 55 years. N=19

9 12
Years from relapse

P<0.001

Relapse > 2 years after CR1. N=49

Relapse 1 to 2 years after CR1. N=61

Relapse <1 years after CR1, N=138

6 9 12
Years from relapse

Proportion alive and in CR2

Proportion alive and in CR2

Age < 30 vs. age 30-55 P=0.043
Age > 55 not evaluable

Age<30. N=69

Ae20: 08 Age<30-55. N=40

6 9 12 15
Years from second complete remission

£<0.001

Relapse > 2 years from CR1. N=30

Relapse 1 to 2 years from CR1. N=31

Relapse <1 years from CR1. N=52

6 9 12 15
Years from second complete remission




Chimeric Antigen ReceptorT Cells

CHIMERIC ANTIGEN RECEPTOR (CAR)

- 'f'
CD19 MHC-indapendamnt

jrnﬂg'l,‘.'rr dngagemen
and indiction of signalling

\51: Fv

4-1BB (CD137)

:;a " ﬂmmmm
a f,
T cell T cell CTL function,
fumaor lysis

Maude SL Blood 2015

CAR T-cell Therapy

Remove blood from T cell
patient to get T cells

gy _/

e ——

CAR T cells bind to cancer
cells and kill them
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CART cell
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’ Infuse CAR T cells
Cancer cell - into patient

Make CAR T cells in the lab

Insert gene for CAR
bdY

oY \ T cell

-

Chimeric antigen
receptor (CAR)

¥
CAR T cell - .
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CD19 CART

ELIANA trial — children/AYA RR ALL ZUMA-3 - Adult RRALL

B Event-free and Overall Survival
1.0 Median overall survival
(95% Cl), months

0.9

— Patients with CR or CRi (n=39) NR (16-2-NE)
— Patients without CR or CRi (n=16)  2-4 (0-7-NE)
— All treated patients (N=55) 18-2 (15-9-NE)

0.8

0.7 Overall survival

0.6
Event-free survival

0.5

Probability

0.4

0.3 No.of No.of Median
Patients Events Survival Rateat6 Mo

0.2 mo % (95% Cl)

Overall Survival 75 19 19.1 90 (81-95)
0.19 Event-free 75 27 not 73 (60-82)

Survival reached
0.0 012 3 45 6 7 8 9101112 13141516 17 18 19 20 21 22 23

Time since KTE-X19 infusion (months)
39 39393938 38 38383632323229242319 1613
1

1610 9 555555 43322211
55 49 48 44 43 43 43 43 41 36 35 35 31 26 25 20 17 14

4 6 8 10 12 14 16 18

Months since Tisagenlecleucel Infusion

No. at Risk
Qverall survival 75 72 64 58 55 40 30 20
Event-free survival 75 64 51 37 33 19 13 8

Maude SL et al. NEJM 2018
Shah BD et al. Lancet 2021



CD1g CART

* Approved for
* RRALL age 3-25 (tisagenlecleucel)
* RR adult ALL (brexucabtagene autoleucel)

* High Remission rates, prolonged OS, RFS even in heavily pretreated
patients

* Most trials report response and survival rates regarding patients
transfused with CART cells, not according to ITT.

* Toxicities — CRS, ICANS

* Mechanisms of relapse:
* CDag+ - correlation with lack of CART persistence / duration of B cell aplasia
* CD1g- clonal selection — mutation / epigenetic silencing



Blinatumumab

Anti-CD3 antibody Anti-CD19 antibody

% Blinatumomab %
\(ali-CDw BIiTE®)
1

Effector: normal T cell
(©membrane CD3¢)

Target: B-precursor ALL cell

=membrane CD19)
(C/

1 )
Z

.

iy

Kapoor A et al CClJ 2014



Blinatumomab — outcomes in R/R ALL

° CR/CRp/CR| . 44% W|th A Overall Survival | |
- 0 . Median Overall Survival (mo)
blinatumomab vs. 25% with Blinatumomab 7.7 (95% Cl, 5.6-9.6)
C h em Ot h era py . Chemotherapy 4.0 (95% Cl, 2.9-5.3)

Hazard ratio, 0.71 (95% Cl, 0.55-0.93)
* 25% in each group underwent P=0.01
subsequent alloSCT

* Median OS 7.7 months with
blinatumomab vs 4 months
with chemotherapy.

* Blinatumomab AEs: | 6 9 15 18
C S Months since Randomization
R No. at Risk

¢ NeUI’OtOXiCity Blinatumomab 271 176 124 79 45 27
Chemotherapy 134 71 41 27 17 7 4

Blinatumomab

VL L T
Chemotherapy

©
=
-
S
v
©
S
o
>
O
(o
o
=
=
©
)
o
b
a

Kantarjian H et al NEJM 2017



Blinatumomab for MRD — BLAST trial

* Phase |l trial

* 118 pts with ALL in CR but with
MRD = 10-3.

* 78% complete MRD response
after 1 cycle

Overall survival by MRD response during cycle 1, without censoring at allogeneic HSCT and post-blinatumomab chemotherapy

1: MRD complete responder at cycle 1 (N = 85); Median (95% Cl) 38.9 (33.7-NR)

= 2: MRD nonresponder at cycle 1 (N = 22); Median (95% CI) 12,5 (3.2-NR)
HR (95% Cl) = 2.63 (1.40-4.96); P = .002

©
-
5
>
o

COCOOO0O0O0000=
CLudwerLON®OD

survival probability

* Good prognostic factors:

= CRl ': 15 18 21 24 27 30 33 36 39
Study month (landmark analysis beginning at study day 45)
* MRD response after cycle 1

Gokbuget N et al. Blood 2018



A Overall Survival among Patients with MRD-Negative Status

Future Directions: -
blinatumomab for MRD ;
negative patients [

104 P=0.002 by log-rank test

0 T T T T T
0 12 24 36 48 60

70+
60+

Percentage of Patients

Months since Randomization in Step 3
| Step 1: Induction | No. at Risk
J Blinatumomab 99 65 41 19
l Chemotherapy only 85 53 28 15

Step 2: Intensification

Figure 1. Schema

B Subgroup Analysis

l Chemotherapy
a Subgrou Blinatumomab Onl Hazard Ratio for Death (95% CI
Step 3: Randomize Eroup y (95% Cl)

/ no. of deaths/total no.
\ All MRD-negative patients 17/112 40/112 0.41 (0.23-0.73)

Age
<55 yr 4/66 21/65 0.16 (0.05-0.47)
=55 yr 13/46 19/47 0.66 (0.33-1.35)

l Combined molecular risk

Favorable 0/19 6/28 0.00
{ Consolidation x 3 cycles Intermediate 2/22 5/19 0.32 (0.06-1.65)
l Unfavorable 12/50 24/45 0.39 (0.19-0.78)
BCR::ABL1-like genotype
Blinatumomab x 1 cycle BCR::ABLI-like 2/16 7/15 0.28 (0.06-1.36)
Consolidation x 1 cycle Not BCR::ABLI-like 15/96 33/97 0.40 (0.22-0.74)

Transplantation intended
Blinatumomab x 1 Cycle 6/36 13/35 0.40 (0.15-1.05)
No 11/76 27117 0.37 (0.18-0.75)
B CD20 status
Step 4: Maintenance ‘ Positive 7/45 16/46 0.43 (0.18-1.04)
‘ Negative 1/26 7/26 0.13 (0.02-1.05)

Rituximab use

Blinatumomab x 2 cycles Consolidation x 4 cycles

5/33 14/36 0.38 (0.14-1.06)
No 3/38 9/36 : 0.28 (0.08-1.03)
1

2.00

Blinatumomab Chemotherapy Only

Litzow M et al ASH 2022, NEJM 2024 Better Better




Future Directions
incorporation of novel agents into 1% line therapy
blinatumomab - GMALL BOLD

Table 1: Results of Remission Induction Figure 1: Overall Survival BOLD vs GMALL Standard of Care

Bllna |
"
Hematologlc CR 38 (76%) 40 (85%)

Earlydeath | 2(4%) | 2(4%) |
Molecular CR
Molecular IMR

BOLD:  N=47

*  Evaluable pts with remission control after the respective cycles " Standard: N=186
** Pt with evaluable MRD les] after the respective cycle, calculated in
relation lo CR pls; Molecular CR (MoICR): MRD negative with sensilivity of
0.01%; Molecular Failure (MolFaid). MRD positive above 0.01%; Intermediate
Risk (IMR): MRD below 0.01% or not guantifiable; Molecular not evaluable:
egabve with sansilivily above 0.01%, lack of marker or material

Goekbuget N et al ASH 2023



Inotuzumab Ozogamicin

Selectively
Stable Linker

Allows for selective

4

release inside the cell

v
”,

Calicheamicin
ol

Y
Lo o

Enables potent

cytotoxicity by

inducing ONA “
damage SN Anti-CD22 Humanized
) Monoclonal Antibody

Facilitates specific binding to

CD22-expressing cells




Inotuzumab Ozogamicin for R/R ALL

A Duration of Remission
1

° CR 80% Wlth IO VS 29% Wlth § g:gi;gratio,QSS(9S%CI,0.31—0.96)

Hazard ratio, 0.45 (97.5% Cl, 0.34-0.61)

8

chemotherapy

* MRD negative in 78.4% with

1O vs 28.1% with

chemotherapy ok
* Longer DoR and PFS with IO [

group group

* HR for OS with IO vs. _ -
ChemOthera py I 0.77 E E:(Z)a(;j ratio, 0.77 (97.5% Cl, 0.58-1.03)

* 41% of patients treated with ¥
IO proceEdEd to a”OSCT VS. ;E | Inotuzumab ozogamicin group
11% with chemotherapy - P

* Liver toxicity —11% VOD

group
Standard-therapy 162

Kantarjian H et al NEJM 2016 group




Future Directions — incorporation of novel
agents into 1°t line therapy - HYPER-CVAD +

blina +/- IN0  RAERGE T
(4 44 43

o

Total INO dose = 2.7 mg/m?

Maintenance phase
13 W 57 W 9o-11 EPN 13-15 KI5

Jabbour E et al. Cancer 2019 +«——— 18 months




Future Directions — incorporation of novel agents into 15t line
therapy - HYPER-CVAD + blina +/- ino

Table 1: Patient characteristics and responses

Characteristic N (%) / median
[range]

Overall
(N=75)

HCVAD + Blina
(N=38)

HCVAD + Blina + INO
(N=37)

Age (years)

33 [18-59]

37 [18-59]

25 [18-57]

Male

50 (67)

26 (68)

24 (65)

ECOG performance status 0-1

64 (85)

30 (79)

34 (92)

WBC (x10¢/L)

4.7 [0.5-553]

3.1[0.5-360.9]

7.6 [1.0-553]

CD20 expression =20%

34/67 (51)

17/33 (52)

17/34 (50)

CD19 expression =50%

65/66 (98)

31/32 (97)

34/34 (100)

CD22 expression

94.8 [0.2-100]

94.7 [23.4-99.9]

95.110.2-100]

TP53 mutation

14/74 (19)

10/37 (27)

4/37 (11)

CRLF2 overexpression by flow

9/70 (13)

6/33 (18)

3/37 (8)

JAK2 mutation

4/74 (5)

2/37 (5)

2/37 (5)

Karyotype
Diploid
High hyperdiploidy
Low hypodiploidy/near triploidy
KMT2A rearranged
Complex
Others

24 (32)
5(7)

8 (11)
6 (8)

6 (8)
26 (35)

11 (29)
3(8)

6 (16)
3(8)
3(8)
12 (32)

13 (35)
2(5)
2 (5)
3(8)
3(8)
14 (38)

Responses

CR after induction®

50/59 (84)

26/32 (81)

24/27 (89)

CR at any time

59/59 (100)

32/32 (100)

27/27 (100)

Flow MRD negativity after
induction™

43165 (66)

25133 (76)

18/32 (56)

Flow MRD negativity at any time

60/65 (92)

32/33 (97)

28/32 (88)

NGS MRD negativity at any time

25/36 (69)

2/4 (50)

23/32 (72)

*Six patients in HCVAD+Blina cohort were CR at start, 10 patients in HCVAD+Blina+INO were CR at start
**Five patients in HCVAD+Blina cohort were MRD negative at start, 5 patients in HCVAD+Blina+INO were MRD

negative at start

Abbreviations: HCVAD, hyper-CVAD:; Blina, blinatumomab; INO, inotuzumab ozogamicin; ECOG, Eastern
Cooperative Oncology Group; CR, complete remission; MRD, minimal residual disease; NGS, next generation

sequencing

Nguyen D et al. ASH 2023, Kantarjian H et al Am J Hematol 2025

| ——

Probability of Survival

Total Events 3-year
- Overall Survival 759 90%
-1 Relapse Free Survival 75 14 82%

Time (months)

(€)

1.0+

Probability of Survival

Total Events 3 year
—L Inotuzumab added 37 0 100%
-1 No Inotuzumab 38 9 82%
p=0.01

T T T T T
12 36 48 60

Months from treatment start

[T - .|

Probability of Survival

-1 No Inotuzumab
p=0.06

Total Events 3 year

- Inotuzumab added 37 3 90%

38 1M1 74%

L) U
12 24

T T 1
36 48 60

Months from treatment start




Future Directions

incorporation of novel agents into 1% line therapy
inotuzumab — GMALL INITIAL-1

Event-Free Survival Overall Survival
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Overall Survival (probability)

6 12 18 24 30 36 42 48 54 6 12
Follow-Up Duration (months) Follow-Up Duration (months)

No. at risk: No. at risk:
43 42 38 34 28 20 11 7 5 1 43 43 39 38 32 24 15 9 5 1

Stelljes M et al JCO 2023



Alliance A041703: Study Design

= Multicenter, nonrandomized, multicohort phase Il trial (data cutoff: January 1, 2023)

Cohort 1 Response Response Response
assessment assessment assessment
D18-21 D25-28 D81-84

Patients aged 260 yr with
newly diagnosed Ph-,
CD22+ B-ALL; no plan for Induction Consolidation
Course IB: InO

Induction [®:¥/e:110.5/0.5/0.5 mg/m? Consolidation CR/CRi to IB/IC 28 ug/d CIv
2 x 42-d cycles

HCT; no active CNS/
testicular leukemia;
no hx of other active

malignancy with 2 yr, Course IA*: B

Course lllA: Blina

Adequate ALL D1/8/15

-»> Course ll:

chronic liver disease, - S Course IC: InO i CR/CRi but no ALL Course IIB: Blina
VOD/SO0S, significant — RTINS No CR/CRi [SRJARTI RN t-7ink 28 ug/d CIV cytoreduction with IA 28 pg/d CIV
cardiac disease, or mg/m? D1/8/15 2 x 42-d cycles, or refractory to IB/IC 3 x 42-d cycles
cIinicaIIY re!evant DNVEJAIIN _,. Failure to achieve g O ug/dlead-in C1l S R/R » Off treatment/follow-up
neurologic disorder; ALL cytoreduction
ECOG PS 0-2 CNS prophylaxis: IT MTX 15 mg x 8.
(N=33) *>50% reduction in marrow lymphoblasts and/or <20% marrow cellularity.

= Primary endpoint: 1-yr EFS estimated with KM curve, 2-sided 90% Cl using Greenwood formula
— If lower bound exceeded null rate of 10% (historical rate), regimen to be further investigated

= Secondary endpoints: OS, RFS, MRD-, CR rate, safety

. . Slide credit: clinicaloptions.com E
Wieduwilt. ASCO 2023. Abstr 7006. NCT03739814.

powered by C€a



http://www.clinicaloptions.com/

| A/B/C
(85%) 28

N=33

Composit
e CR*

CR (45%) 15

CRh (33%) 11

CRi (6%) 2

"9%) 3

Refractory
1-yr EFS

1-yr OS

Wieduwilt. ASCO 2023, JCO 2025.

Il
(97%) 32

(568%) 19
(36%) 12

(3%) 1

75% (95% Cl 61-92%)

84% (95% Cl 72-92%)

EFS KM curve 90%

Time Point KM Est (30% Cl) Events/Total Median (30% Cl)
12 74.7 (63.0 to 88.6) 16/33

0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42

Time {months)
No. at risk:

33 32 31 29 27 25 23 23 21 19 18 17 16 16 14 14 13 11 11 11 10 9

Median
(90% CI)*

30.9 (17.4 to NE)

Survival Estimates
(90% Cl)*

12:74.7 (63.0 to 88.6)

Event/Total
16/33

*KM method;

No. at risk:

0S KM curve 95% CI

Time Point KM Est (95% Cl) Events/Total Median (95% CI
IE)

12

84.5 (73.0 to 98.0)

1333

]
)

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42

33 32 31 31 30

KM method;

Time (manths)

29 27 27 27 26 26 23 22 21 20 20 19 19 18 18 18 18

Event/Total
13/33

Median
(95% Cl)*

NE (31.5 to NE)

Survival Estimates
(95% CI)*

12:84.5(73.0 to 98.0)




Nelarabine
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* CR rate —36%

* 1year OS —24%

* Patients proceeding to HSCT in CR — 3 year OS 31%
* Neurotoxicity in 16% of patients

Goekbuget N et al Blood 2011



Mini-Hyper-CVD+Venetoclax

Repeat Intensive chemotherapy
up to 8 cycles

'————————— _ amm amm

i
I Optional HSCT
l {minimum of 2 intensive
| [ chemotherapy cycles required)

Response
l evaluation t

s Consolidation (D1-28)

m > Mini Hyper-CVD (D1-28)* msnd » = | =) CR
r' Up to 24 cycles

NDALL(220% ' block A (_—_) 4 block 8
blastsinBM) - (cycle 1,3,5,7) " (eycles 2,4,6,8)

POMP (D1-28)

P2: 2 55y (2 50y * Vin2mgD1,8 *  Ara-C0.5g/m’ BID, D2-3 « MTX 10 mg/m2 per week

if BMI 2 35 kg/m?) * Dex20mg/d, D1-4,8-11 *  M-Pred 50 mg BID, D1-3 « 6-MP 50 mgBID
+ «  Pred 50 mg/d, D1-5

- &+ Vin2mgD1
L Venetoclax (D1-21)*** *

Overall survival probability

—
: : Venetoclax (per DL, D1-28)
P1: 2 60y * CTX150 mg/m’BID,D1-3 +« MTX 250 mg/m’ D1**
(an)
8

*  P1-per DL (DL1400; DL2 600) . . ,
o o P2-400 mg/d No CR/CRi/PR after i 0 B 2 18 24 30 36 42
& Rituximab 375 mg/m’ D2,8 Cycles 1-4 In CD20* B-ALL ‘e—b , ., ction cycles " Off trial Months from registration

Figera, Trastmant sabame, *minl SyperCVD started DB [P1) or DE (P2) in 17 oyche [after rampupl. D1 n ol subseguent Opties; * *with lescowarn restue. ** “ramp up 01.3 in 1" cycle up to target DL ND — newly dlagnosed: ALL - acute
Nmphoblastic leubemia. P~ phase: v — peary, BMI - body mass indes] D = darys. CTX = cychophosphamide: Vin - vincrstine, DEX — dessmethasone; MTX - methatresate; Ara € - oytarsbioe: M gred - methyiprednisolone; HSCT -

slogeneic tem cell tramplantation; 6-MP « & mercaptopuring; pred = predeisone; CR - complete resgome. (R ~ CR without iIncomplete count recovery; PR = partial terponse; CNS = central servous syvtem

i 20 11 Survival
Figure 1 Trial Schema =l S

Luskin MR et al ASH 2023




Treatment —Ph positive B-ALL

Changed chromosome 9

Choice of TKI

Normal
chromosome 9 Chromosomes break

chromosome 22 chromosome)

é bcr-abl

Chemotherapy —intensive [ reduced dose | l

without chemotherapy
Duration of TKI
Role of Allogeneic stem cell transplantation

Overall Survival

>

Pre-imatinib versus imatinib, p=0.0003

imatinib

Percent surviving

=
z
=
o
=
=

Time (years
At risk: v )

Goldstone H et al, Blood 2008 Pre-imatinib 266 144 81 67 57 54 49 46 41 40 35

Imatinib 175 115 81 69 53 31 17 9 4 0 0

Fielding AK et al, Blood 2014



Choice of TKI
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3 4 5 6 7 8 9 10 11 12 13

Years Numberatrisk 76

fnumber censored) (0

Imat|n|b+Hyper CVAD Dasat|n|b+Hyper CVAD Ponat|n|b+Hyper @Y/\D)
N= 54 (28% after induction NEly ) N= 76 (protocol amended to
without TKI. * CR-96% reduce ponatinib dosing after

* CR-93% e AlloSCT —17% 37 pts.)

e AlloSCT —30% e Median overall survival - 47 e CR-1200%

* 5yearOS-43% months e AlloSCT-20%

e 5yearOS—-71%

Daver N et al Haematologica 2015
Ravandi F et al Cancer 2015

JabbourE et al Lancet Haem 2018



JAMA

QUESTION Is frontline ponatinib superior to imatinib when combined with reduced-intensity chemotherapy in adults with newly diagnosed
Philadelphia chromosome-positive (Ph+) acute lymphoblastic leukemia (ALL)?

CONCLUSION Ponatinib had superior minimal residual disease (MRD)-negative complete remission at the end of induction vs imatinib

when combined with reduced-intensity chemotherapy in adults with newly diagnosed Ph+ ALL.

POPULATION

133 Women
112 Men

Adults with newly
diagnosed Ph+ ALL

Median age: 54 years

LOCATIONS

77
Sites
worldwide

INTERVENTION

245 Patients randomized
232 Patients analyzed

S 154
Ponatinib treatment
Ponatinib, 30 mag/d (15 mg/d
after MRD-negative complete

remission), with reduced-intensity
chemotherapy

Imatinib treatment
Imatinib, 600 mag/d,

with reduced-intensity
chemotherapy

PRIMARY OUTCOME

MRD-negative complete remission (£0.01% BCR::ABL1 [MR4]
assessed by reverse transcriptase-quantitative polymerase chain
reaction and complete remission maintained for at least 4 weeks)

FINDINGS

MRD-negative complete remission

Ponatinib Imatinib
treatment treatment
53 of 154 patients 13 of 78 patients

Between-group difference
was statistically significant:

Risk difference, 0.18
(95% Cl, 0.06-0.29); P=.002




1315l mutation

 EWALL-PH-o01 trial - Rousselot P et al. Blood 2016:
* 71 elderly patients (age>55, median 69)
» Dasatinib + reduced chemotherapy.
* CR 96%, 5yOS 36%.
* 36 patients (56%) relapsed:
* 24 tested for T35l
* 75% positive foe T315|
* 43 patients assessed for T315l at diagnosis:
* 10 patients positive at 0.05% or higher
* 8/10 patients relapsed

>

Cumulative incidence
of relapse

48 60
Time (month)

OhareT et al Cancer Cell 2009 B 2 17

Rousselot P et al, Blood 2016

72

4

imatinib

Sanger sequencing

Relapses
n - 24 —|l‘1y‘|L1I'l‘|-|ll-|.‘|

Il 13151 (n=18)

Bl F317L(n=1)

B v299L (n=1)

= Compound without T315l (n = 1)
1 No mutation (n=23)

1 No sequencing (n = 12)

End of
induction M1 M2 M3 M4 M5

oooool—O—I
0—0—0—0—0—0—0—0+@{Fr]
@—O0—0—0—0—0—0—O-H{ Unrelated deatn |

o)

Mé Maintenance Post M

T3151 Mut.

Cumulative incidence
of relapse

o— — — — — — —@r]
&—o—o—0—0of.i oo+
000000 0]

84 0 12 36 48 60

Time (month)

3 Atrisk: T315I mut. 18 4
Atrisk: Others 49 35 17



Blinatumomab+TKI

>
W

Proportion of patients (%)

Total Events Medianevent-free 1-yearevent-free
survival survival (95% Cl)

Not reached 95% (80-99)

DFS Probability (%)
0S Probability (%)

6 12 18 24 30 36 42 48

Numberatrisk 40(0)  31(7) 23(15) 14(24) 8(30) 731 5(33) 335 137
12 24 36 48 60 12 24 36 48 60 number censored)

Time Since EQI (months) Time (months) B

No. at risk: No. at risk: 100

C

Overall survival (%)

Total Events Median overall 1-year overall
survival survival (95% Cl)

Not reached 95% (80-99)

EFS Probability (%)

18 24 30 36 42 48

Time since the start of therapy (months)

Numberatrisk 40(0)  31(7) 23(15) 14(24) 8(30) 7(31) 5(33) 335 1(37)
number censored

24 36 48 60 72

Time (months)
No. at risk: Foa R et al NEJM 2020

Foa et al JCO 2023
Jabbour E , Short NJ et al Lancet Haematol 2023




Role of allogeneic stem cell transplant

A
* UKALL/ECOG trial — AlloSCT improves ;
outcomes in TKI treated patients :
* GRAAPH 2005 — overall benefit of g .
alloSCT. Patients achieving major = aser T S8 wotreoeen HE ) o s
. R T 50%
molecular response — no benefit I

Months

MoHSCT 39%

* MDACC data —Short NJ et al Blood
2016- achievement of complete
molecular response by 3 months was
associated with a median OS of 127
months without alloSCT

. . = ASCT 17 5 Mot reached  77% - an
Fielding A Blood 2014 —NOASCT 63 18  Nutreached  ras | P= 927

ChalandonY et al, Blood 2015 . 5 " - =
. 7 1 1]
Months

Sasaki et al Cancer 2021
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