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Objectives of the program

Understand current Uncover when genomic Understand the role of
treatment patterns for testing is being done for stem cell transplantation
acute leukemias acute leukemias, and how in acute leukemias as a
including incorporation these tests are interpreted consolidation in first
of new technologies and utilized remission

Comprehensively Gain insights into Discuss the Review
discuss the role antibodies and bispecifics evolving role promising novel
of MRD in in ALL: what are they? of ADC and emerging
managing and When and how should therapies in therapies in
monitoring acute they be used? Where is acute acute
leukemias the science going? leukemias leukemias

Explore regional challenges in the treatment of acute leukemias across Europe
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iktershBreakout — Pediatric ALL Patients (Day 2) 17.00-19.45

Chair — Franco Locatelli

Time CET Title Speaker/Moderator

17.00-17.15 Session open Franco Locatelli
17.15-17.40 How to use MRD and genetics for risk stratification and therapy guidance in pediatric ALL Rob Pieters

17.40-18.05 Frst-line treatment of pediatric ALL Martin Schrappe
18.05-18.30 Current treatment options for relapsed ALL in children, including HSCT considerations Franco Locatelli
18.30-18.55 Bispecific T-cell engagers for pediatric ALL Christina Peters

Moderator: Franco Locatelli
Case-based panel discussion on management of long- and short-term toxicities in pediatric ALL patients

18.55-19.25 » Casepresentationl: Francesca Del Bufalo Faculty panel:R. Pieters,
* Case presentation2: Natalia Zubarovskaya F. Locatelli, P. Brown, C. Peters,
M. Schrappe

19.25-19.45 Final discussion, Q&A, and session close Franco Locatelli
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Question 1: Which of the following subsets of first-relapse ALL patients can be
considered at very high risk?

a) All patients with B-ALL relapsing within 18 months from diagnosis
b) All patients with hypodiploidy

c) All patients with t(17;19) or t(1;19)

d) Each of the 3 previous subsets
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Question 2: Which assertion is correct for children with B-ALL?

a) Inotuzumab is approved for induction treatment of relapsed B-ALL in
childhood

b) Inotuzumab dosage is 3 mg/m?

c) Blinatumomab is approved for consolidation treatment before HSCT in
children with B-ALL

d) None of the patients relapsing later than 6 months after treatment
discontinuation should be transplanted
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Question 3: Which children with relapsed ALL should be transplanted after a
TBIl-containing regimen?

a) All children

0) Children above the age of 4 years
c) Children above the age of 10 years
d) Those with T-ALL
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Question 4: Which of the following statements is incorrect?

Leukemia recurrence in patients given CAR T cells is associated with
early disappearance of CAR T cells in peripheral blood

Leukemia recurrence in patients given CAR T cells is associated with
B-cell aplasia

Leukemia recurrence in patients given CAR T cells is associated with
disease burden at time of infusion

Leukemia recurrence in patients given CAR T cells is associated with
reappearance of MRD
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How to use MRD and genetics for risk-stratification and therapy
guidance

Rob Pieters
Chief Medical Officer



MRD and genetics to guide stratification and therapy

» Specific therapy protocols for high-risk genetic subgroups
« MRD-based choices of specific therapies

« Therapy reduction in MRD low-risk groups

* Therapy intensification in MRD high-risk groups

« Interdependency of MRD and genetics

N Princess
kY374 maxima
utb center

pediatric oncology
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a Question 1: Which of the following statements is NOT correct? e

a)

b)

d)

pediatric oncology

MRD at end of induction in infant KMT2A-rearranged ALL can be used to select the
most effective subsequent myeloid-like or lymphoid-like type of consolidation
therapy

MRD at end of induction and consolidation in BCR-ABL1-positive ALL is used to
select patients who do not need a SCT

The prognostic relevance of MRD at end of induction depends on the genetic
subtype of ALL

All types of BCR-ABL1-like ALL are sensitive to ABL-class tyrosine kinase inhibitors
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(ALL-like) induction leads to selection of patients

« Low MRD - “ALL-like leukemia” - benefit from ALL consolidation (IB)

« High MRD - “AML-like leukemia” - benefit from AML consolidation (ADE/MAE)




EsPhALL2 | EsPhALL2 | AALLO62 | AALL112
1 o = 6
AALLOO31 0042 0103 24 25 CCCG-ALL-2015
Phase 3 2 2 2 2 3
Imatinib
2
TKI Imatinib Imatinib Imatinib Dasatinib | Dasatinib 300 \r;;g/m
340 mg/m?2 | 300 mg/m?2 [ 300 mg/m2 | 60 mg/m2 [ 60 mg/m? Dasatinib
80 mg/m?2
. 2008- 2012-
Period 2002-2006 | 2004-2009 | 2010-2014 2012 2014 2015-2018
. 97 (imatinib)
Patients 91 160 155 60 106 92 (dasatinib)
CR1 HSCT 25% 83% 38% 32% 14% 0.5%
4-yr EFS: 49%
_ 71% o o o . (imatinib)
5-yr EFS (Cohort 5) 60% 57% 60% 55% 4-yr EFS: 71%
(dasatinib)
4-yr OS: 69%
_ 81% o o . . (imatinib)
5-yr OS (Cohort 5) 72% 72% 86% 82% 4-yr OS: 88%
(dasatinib)

1. Schultz KR, et al. Leukemia. 2014; 2. Biondi A, et al. Haematologica. 2018; 3. Biondi A, et al. Lancet Haematol. 2018; 4. Slayton
WB, et al. J Clin Oncol. 2018: 5. Hunger SP, et al. SIOP Virtual Congress. 2020: 6. Shen S, et al. JAMA Oncol. 2020.

pediatric oncology
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EsPhALL2017/COGAALL1631

SR: imatinib begins at day 15, and continues until the end of chemotherapy

Investigational COG Arm
HD-MTX Delayed | | Capizzi-MTX Maintenance
Interim Maint Inten Interim Maint until 24 months
from diagnosis
SR e
end IB MRD Consol || Consol | | Consol | | Delayed || Interim || Delayed|| Maintenance
=5x10+ Block || Block || Block || Imten || Maint || Inten (| until 24 months
#1 #2 #3 #1 #2 from diagnosis
Induction | |Induction
IA t‘ IB Standard EsPhALL Arm
end IB MRD
=5x10r

HR | Consol | | Consol | | Consol HSCT
Block | | Block | | Block
il #2 #3

HR.: imatinib begins at day 13, stops at time of HSCT imatinib restarts at day +36,
until day +365 post-HSCT

Note. MRD: Mmimal Residual Disease. SR:Standard Risk. HR: High Risk, R: Randomization, HD-
MTZX: High Dose Methotrexate, Maint: Maintenance, Inten: Intensification. Consol: Consolidation,
HSCT: Hematopoietic Stem Cell Transplant




Den Boer et al. Lancet Oncol. 2009
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COALL-treated patients

100 )
B-lineage - other
= - N = — - amm & ']
80 =
60 = 'h BCR-ABL positive
!
404 BCR-ABL-like
20 =
p=0.0001
0 r r r r T .

0 2 4 6 8 10 12
time from initial diagnosis (years)
DCOG-treated patients

100 =
h B-lineage - other
80 = . R T T W R TEYY
60+ BCR-ABL-like
40 =
| BCR-ABL positive
20 =
1 p<o0.0001
0 T T T T T T ]
0 2 4 6 8 10 12 14

time from initial diagnosis (years)



B Princess
Frequency of identified tyrosine kinase fusion genes in BCR-ABL1-like ALL and e
remaining B-other ALL
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Marker BCR-ABLI- Remaining
like (n=77) B-other (n=76)
ABL1/ABL2 fusion 3.9% 0%
ZMIZI-ABLI 1
FOXPI-ABLI 1
RCSDI-ABL2 1 12% with ABL-class fusions
PDGFRB fusion 5.2% 0% < Targetable with TKI eg, imatinib/dasatinib
EBFI1-PDGFRB 4
CSFIR fusion 2.6% 0%
SSBP2-CSFIR 2
JAK2 fusion 6.5% 0%
PAX5-JAK2 3 6% with JAK2 fusions
BCR-JAK2 1 Targetable with ruxolitinib????
TERF2-JAK?2 1
gﬁiii:iff 15.6% 15.8%
PARI1 deletion™* 10.5% 10.7%
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ALL-BFM 2000: Protokoll XK '/

Dexamethasone mg/m2
DEXA po/iv. 10mg/m?2/d XXX e
VCR iv  1,5mg/m2/d (max zomp) I | X X VCR 6 3 3 mg/m2
DOX pl(Ah) 0ma/mt/d r X X X Doxorubicin 120 60 0 mg/m2
ASP pi(1h) 10.000 E/m2/d A A A A
(E.coli- MEDAC/KYOWA) 2500 U/m2 3-As| Native Asp 40.000  40.000 0 U/m2
(Bei allerg. Reaktion s. Text)
CPM pi (1h) 1.000mg/m?2/d , |_| y PEG-Asp 0 0 2.500 U/m2

csriaes DR |

A n. pone i ¢ Cyclophoshamide 1.000 500 0 mg/m2
TG po (14 d) 60mg/m2/d 52 V A W yclop g
oA I 0y ¥ g araC 600 600 0 mg/m2
h MTXith. 6mg 8mg 10mg 1.2m9 m:ll;/o i e s ; ‘ i
T::'f:‘?:’"" Sy Tag : i '. - 15 22 2 30 a3 4 6'TG 840 840 0 mg/mZ



Therapy reduction (P-Il to P-lll) in AIEOP-BFM 2000: DFS and OS
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Outcome in MRD low-risk patients (25% of all patients) e
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8yr OS 98% 96% 97%
5yr DFS 96% 91% 93%
Syr CIR 4% 8% 6%

« Therapy reduction: relapse rate ~4% higher but survival not different

Dilemma
« Decrease of therapy for all MRD low-risk patients: an extra ~4% of them need relapse therapy

OR
« More intensive therapy for all MRD low-risk patients
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EFS ALL97/99 and UKALL2003 by genetic risk group
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UK copy number alteration (CNA) classifierin UKALL maxtma
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* High hyperdiploady
- ETVE-RUNX1

= TCF3-PRXT
= B-other
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All patients (n=2542) Intermediate Risk (n=745)
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MRD 0%: undetectable MRD by IG/TCR PCR

(
= Standard.risk group ETV6-RUNX1 ;:;0#1 MRD <0.1%
[a W - 0, - 170
= E> BCP ALL,MRD 0% » HeH and TP1 MRD <0.03%
c (Excl: HR genetics, CNS3, TLP+) GR-CNA and TP1 MRD <0.05%
BCP NCI Standard rISk - c T'ALL and TPZ MRD O%
© )
(3drug) T3u s \_ (Excl.HR genetics, CNS3, TLP+, 216 yr)
2 Intermediate-risk group T:;
E » BCP-ALL MR_D >0% and <_5% 2 ( IR high )
Diagnosis HR genetics = BCP-ALLwith HR genetics =) High-risk genetics
C:] IS T-ALL MRD <5% S » All IR patients >16 years —
"g’ N Remaining BCP-ALL patients
— _
'g - ~N \_ T-ALL and TP2 MRD >0% )
BCP NCl high risk - . .
X o High-risk group 9
T-cell patients (4drug) ] S| NCI HR and TP2 MRD 0.01% e
2 MRD 5% or TCF3-HLF » 152 MRD 50.05%
] k J
. ABL1, ABL2, PDGFRB, CSF1R fusions
ABL-class fusions =
GR-CNA profile )
High-risk genetics: KMT2A/MLL fusions, near haploidy, ¢ No deletion of IKZF1, CDKN2A/B, PAR1, BTG1, EBF1, PAX5, ETV6, RB1
low hypodiploidy,iAMP21 * Isolated deletions of ETV6, PAX5, BTG1
e ETV6 deletions with a singleadditional deletion of BTG1, PAX5, CDKN2A/B )
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Risk Patients, 5-yr 5-yr 5-yr
- EFS, % 0S, % relapse, % Treatment intervention

23% 99 4 Random: reduction doxorubicin

Random: reduction doxorubicin
(o)
S A 4 5 Random: reduction VCR/Dexa pulses

Random: intensification inotuzumab
Random: intensification 6TG/MP vs MP

36% 82 89 15 Down non-random: blinatumomab
ABL-class: non-random imatinib
4% 78 78 14 B-lineage: non-random CD19 CAR T

T-lineage: non-random nelarabine




MRD and genetics to guide stratification and therapy

» Specific therapy protocols for high-risk genetic subgroups
« MRD-based choices of specific therapies

« Therapy reduction in MRD low-risk groups

* Therapy intensification in MRD high-risk groups

« Interdependency of MRD and genetics
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a)

b)

c)

d)
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MRD at end of induction in infant KMT2A-rearranged ALL can be used to select the
most effective subsequent myeloid-like or lymphoid-like type of consolidation
therapy

MRD at end of induction and consolidation in BCR-ABL1-positive ALL is used to
select patients who do not need a SCT

The prognostic relevance of MRD at end of induction depends on the genetic
subtype of ALL

All types of BCR-ABL1-like ALL are sensitive to ABL class tyrosine kinase inhibitors
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First-line Treatment of ALL in
Childhood and Adolescence

Global Leukemia Academy 2021

Prof Martin Schrappe, MD
Pediatrics |, University Medical Center Schleswig-Holstein
Kiel, Germany

schrappe-office @pediatrics.uni-kiel.de
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Topics and Objectives

* Genetic subgroups of ALL - different by age

* Definitions for diagnostics and disease response - NEW
* Key components for stratification

* Key components of ALL therapy

e Contemporary trials for pediatric ALL in Europe

* Outlook

* Only examples can be provided for most issues!



Q Question 1

Genetic subgroups in pediatric ALL have been well described. Can you
pick the most appropriate definition for a novel entity, called IKZF1-plus?

A. Novel mutationin the bcr/abl fusion gene

B. Simultaneousdeletionsin IKZF1 and PAX5 and/or CDKN2A and/or CDKN2B and/or
CRLF2 (PAR), and negativityfor ERG deletion

C. Gain of functionin IKZF1

D. Novel term for hypodiploidy

E. Mutationin drug resistant patientswith ETV6/RUNX1 positivity



Q Question 2

Please indicate which of the following statements for positive testing of
MRD at a level of 0.1% is most appropriate:

A. At the end of induction therapy for ALL, such a level of MRD equalsinduction
failure

B. MRD at this level at the end of consolidation (approximately 12 weeks after start of
treatment) can be considered a very favorableresponse

C. MRD at this level after allogeneic hSCT is a normal observation when measured at
day +100

D. MRD at this level at any time of ALL therapy equals disease recurrence (relapse)

E. MRD at this level at the end of induction may indicatea more resistant leukemia, as
compared to others with no detectable MRD at the end of induction



All Patients Have Specific Leukemic Genetic Abnormalities
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The Molecular Landscape of pB-ALL
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Prognostic relevance?
Targetable activated signalling pathways?
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IKZFIP"" Defines a New Minimal Residual
Disease—Dependent Very-Poor Prognostic Profile in Pediatric
B-Cell Precursor Acute Lymphoblastic Leukemia
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Oskar A. Haas, Renate Panzer-Griimayer, Hélene Cavé, Richard S. Houlston, Gunnar Cario, Martin Schrappe,
and Martin Zimmermann, for the TRANSCALL Consortium and the International BFM Study Group
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IKZF1 del and IKZF1°'“s— Prognostic Impact

BFM
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IKZF1P"s and MRD: Impact on EFS

0.9 |
0.8
— 0.7
206
S 0.5
© 0.4
(=
— 0.3
0.2
0.1

EFS in MRD-SR Patients

s ————y

|

<<
(]
oy =
- =

— [KZF1del negative (1), 0.94; SE, 0.01 (n = 338, 28 events)
IKZF1del {2), 0.86; SE, 0.09 (n = 15, 3 events)
IKZF1°“% (3), 0.94; SE, 0.05 (n = 19, 1 events)

o)

EFS in MRD-IR Patients

e

1v2: P=.85
Tv3:P<.001

— [KZF1 del negative (1), 0.83; SE, 0.02 (n = 343, 60 events)
IKZF1 del (2), 0.86; SE, 0.06 (n = 37, 6 events)
e [KZETP% (3), 0.40; SE, 0.10 (n = 27, 17 events)

0

1 2 3 4 5 6 7 8 10
Time (years)

Stanulla M, etal.JClin Oncol. 2018;36:1240.

A: MRD —Standard risk (MRD neg at 5w & 12w)

B: MRD — Intermediate risk (MRD non SR/HR)

C: MRD — High risk (MRD pos > 10*at 12w)
C

1.0 4=
2 09
=
o 08
= I.Ll 1v2:P= 64
a = 0.7 1v3:P=.10
2 0.6
T
L 205 —
==
c 204
= =
= 0.3
5 0.2 — [KZF1 del negative (1), 0.56; SE, 0.10 (n = 28, 13 events)
& IKZF1 del (2), 0.55; SE, 0.11 (n = 20, 11 events]
0.1 —_— KZFTE (3), 0.30; SE, 0.14 (n = 10, 7 events)
1 1 1 1 1 1 1 1 1 1
0o 1 2 3 4 5 6 7 8 9 10

Time (years)




Remission, treatment failure, and relapse in pediatric ALL: An international
consensus of the Ponte-di-Legno Consortium

Swantje Buchmann', Martin Schrappe®®, Andre Baruchel’, Andrea Biondi’, Michael
Borowitz”, Myriam Campbell®, Gunnar Cario', Giovanni Cazzaniga®, Gabriele Escherich®,
Christine J. Harrison’, Mats Heyman®, Stephen P. Hunger’, Csongor Kiss™, Hsi-Che Liu'’,
Franco Locatelli*’, Mignon L. Loh™, Atsushi Manabe', Georg Mann™>, Rob Pieters™®, Ching-
Hon Pui'’, Susana Rives™®, Kjeld Schmiegelow™, Lewis B. Silverman®’, Jan Stary”', Ajay Vora”
and Patrick Brown®® on behalf of the Ponte-di-Legno Consortium

https://doi.org/10.1182/blo0d.2021012328
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Table 3.2: Bone marrow relapse (MRD unavailable)

BM #1 BM #2°
Cytomorphology others
M3 * *
M2 1 other test™ with 1% blasts *
M2 none M2
M1 2 other tests™ with 1% blasts *

*: not necessary to define relapse; AFISH/karyotype/PCR demonstrating leukemia-specific marker; ®second
evaluation at least one week later
| lto<5% | 0 or 1 other test with 1% blasts | 2 tests with 1% blasts |

~*: pot necessary to define relapse; "FCM/PCR/NGS-based MRD or FISH/karyotype/PCR derﬁonstrating lel
marker, or M2/M3 morphology; @second bone marrow evaluation at least one week later




F=n| v 1

e —  Relevance- An Fxample

Due to current criteria (in most
protocols):

- no relapse

- no event

- removed from protocol therapy to
pursue alternativetherapyand HSCT

£

DB-ALL Cytopenia
M1 marrow M1 marrow
t(1;19)(g23;p13.3) . .
TCF3-R by FISH FCM-MRD: < 0.01% FCM-MRD 4.8%
FISH: 4% with TCF3-R

New Consensus:

- meeting relapse criteria

- event (proposal)

- possible transitioninto relapse trial




Risk Stratification and Therapy

The 2 main differences in stratification systems in pediatric ALL relate to the use of
upfront criteria (e.g. NCl risk grouping) vs the use of “late” criteria such as response

New subgroups have been described which use either a series of genetic markers, or the
combination of genetic markers and treatment response: Ph-like or BCR/ABL-like pB-ALL;
IKZF1plus pB-ALL

Acute leukemias with ambiguous phenotype form another (rare) subgroup: MPAL

Early response (through prednisone response, morphological CR, and in particular MRD
detection) has been established as the strongest prognostic factor

Treatment quality has moved to the focus of clinical research to avoid late effects and
toxicity



5-¥Year

Mo. .
Study of Patients Survival (%) (Cl)*
AIEOP 1990  ALL: 5-Year Overall S»qrvwal By Protocek w24
DCOG 859 87.0 (84.5 to 89.6)
UK 2.783 ir.q 92.8 (91.3 to 94.4)
JACLS 1,246 o 88.8 (86.5 t0 91.2)
NOPHO 1,082 |-!-| 91.2 (89.0 to 93.7)
St Jude 488 :I—O—I 94.6 (91.6 to 97.8)
BFM 3,582 ] 92.0 (91.0 to 93.0)
COALL 910 |-:-| 90.0 (87.5 to 92.6)
COG 3,182 o 89.0 (87.5 to 90.6)
DFC] 492 |—!.—| 91.0 (88.5 t0 93.6)
Overall 16,623 i 90.8 ( 89.5 to 91.9)
| | | | |
0.0 25.0 50.0 75.0 100.0

H-year Survival

Test for heterogeneity: 2 (df = 9) = 61.88, P < .001 ( )

Vora A.J Clin Oncol. 2016;34:919-926.



5-Year
MNo. Cumulative (Cl)*
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Y Ingidgyice

AIEOP

DCOG 859 o 18.0 (15.7 to 20.8)
UK 2,783 o i 11.2 (9.4 to 13.6)
JACLS 1,246 Ho 19.1 (16.3 to 22.6)
NOPHO 1,082 o 20.0 (17.0 to 23.8)
St Jude 488 - — 10.8 (7.4 to 16.8)
BFM 3,582 G 16.0 (13.7 to 18.9)
COALL 910 r:HH 19.0 (16.6 to 21.8)
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DECI 492 n—:r-—u 19.0 (14.7 to 25.2)
Overall 16,623 I 17.4 (15.0 to 20.0)
| | | | |
0.0 25.0 50.0 75.0 100.0

5-year Cumulative Incidence
Test for heterogeneity: ¢? (df=9) = 161.2, P <.001

Vora A.J Clin Oncol. 2016;34:919-926.



Increased Knowledge Through Prospective
Randomized Trials
Examples

 Dexamethasonevs prednisone in induction
 Reduction of delayed intensification in pB-ALL



Regular Article

CLINICAL TRIALS AND OBSERVATIONS

Dexamethasone vs prednisone in induction treatment of pediatric
ALL: results of the randomized trial AIEOP-BFM ALL 2000

Anja Méricke,' Martin Zimmermann,® Maria Grazia Valsecchi,®* Martin Stanulla,? Andrea Biondi,"® Georg Mann,®
Franco Locatelli,” Giovanni Cazzaniga,® Felix Niggli,® Maurizio Arico,® Claus R. Bartram,'® Andishe Attarbaschi,®
Daniela Silvestri,®>* Rita Beier,>'" Giuseppe Basso,'? Richard Ratei,'® Andreas E. Kulozik,"* Luca Lo Nigro,'®
Bernhard Kremens,'" Jeanette Greiner,® Rosanna Parasole,’” Jochen Harbott,'® Roberta Caruso,”

Arend von Stackelberg,’® Elena Barisone,?° Claudia Réssig,?" Valentino Conter,"* and Martin Schrappe’*

1Department of Pediatrics, Christian-Albrechts-University Kiel and University Medical Center Schleswig-Holstein, Kiel, Germany; 2Division of Pediatric
Hematology and Oncology, Hannover Medical School, Hannover, Germany; 3Medical Statistics Unit, Department of Clinical Medicine and Prevention,
University of Milano-Bicocca, Monza, Italy; 4Department of Pediatrics, University of Milano-Bicocca, Ospedale S. Gerardo, Monza, ltaly;

5Centro M. Tettamanti, Clinica Pediatrica Universita Milano-Bicocca, Monza, Italy; ®Department of Pediatrics, St. Anna Children’s Cancer Research Institute
and St. Anna Children’s Hospital, Medical University School, Vienna, Austria; 7Department of Pediatric Hemato-Oncology, Ospedale Bambin Gesu, Rome,
University of Pavia, Pavia, Italy; EDepartment of Pediatric Oncology, University Children’s Hospital, Zirich, Switzerland; %Direzione Generale, Azienda
Sanitaria Provinciale, Ragusa, Italy; O|nstitute of Human Genetics, Ruprecht-Karls-University, Heidelberg, Germany; ”Depariment of Pediatric Hematology
and Oncology, University Hospital, Essen, Germany; 2Pediatric Hemato-Oncology, Department of Women'’s and Children’s Health, University of Padova,
Padova, ltaly; 13Hematology'/()ncology, Robert-Réssle-Klinik at the HELIOS Klinikum, Charité, Berlin, Germany; "“Department of Pediatric Oncaology,
Hematology and Immunology, University of Heidelberg, Heidelberg, Germany; SDepartment of Pediatric Hemato-Oncology, Azienda Policlinico-Ospedale
Vittorio Emanuele, Catania, Italy; ®Children’s Hospital of Eastern Switzerland, St. Gallen, Switzerland; 17Department of Pediatric Hematology and
Oncology, Santobono-Pausilipon Hospital, Napoli, Italy; Bpediatric Hematology and Oncology, Justus-Liebig University, GieBen, Germany; "“Pediatric
Hematology and Oncology, Charité Medical Center, Humboldt University, Berlin, Germany; 2°Department of Pediatric Hemato-Oncology, Regina Margherita
Children’s Hospital, Torino, Italy; and 2'Department of Pediatric Hematology and Oncology, University Children’s Hospital, Minster, Germany

Blood. 2016;127(17):2101-2112



AIEOP-BFM ALL 2000: DEX vs PDN in Induction Therapy

50

S 5y-CIR SE  relapsesjii] 95% ClI
?é 40 DXM  10-8% 0-7% 229 0 059-0-83
3 PDN  156% 08% 323
©
o 30
(&)
c
()
i)
2 20
(]
2
< 10
£
3 p(Gray) <0-0001

0

0 1 2 3 4 5 6 8 9 10
Time (years)
DXM PDN
N (%) N (%) P
Death before CR 37 (2-0) 50-8)  o-oo  EEEEEE
Death in 1st CR 42 (2-3) 217 0-24
related to induction 10 (0-5) 2 (0-1) 0-022

Moericke A etal. Blood, 2016. not related to induction 32 (1-7) 0(1-6) 0-80




Dexamethasone in Inductionin T-ALL

Prednisone good-response, T-ALL
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Reduced-Intensity Delayed Intensification in Standard-Risk
Pediatric Acute Lymphoblastic Leukemia Defined by
Undetectable Minimal Residual Disease: Results of an
International Randomized Trial (AIEOP-BFM ALL 2000)

Martin Schrappe, Kirsten Bleckmann, Martin Zimmermann, Andrea Biondi, Anja Méricke, Franco Locatelli,
Gunnar Cario, Carmelo Rizzari, Andishe Attarbaschi, Maria Grazia Valsecchi, Claus R. Bartram, Elena Barisone,
Felix Niggli, Charlotte Niemeyer, Anna Maria Testi, Georg Mann, Ottavio Ziino, Beat Schifer, Renate Panzer-
Griimayer, Rita Beier, Rosanna Parasole, Gudrun Gohring, Wolf-Dieter Ludwig, Fiorina Casale, Paul-Gerhardt
Schlegel, Giuseppe Basso, and Valentino Conter

DOl https://doi.org/10.12000C0.2017.
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AIEOP-BFM ALL 2000
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Relapse-free Survival in I-BFM-SG Study According to the
Combined MRD Information at Time Points 1 and 2 (n=129)
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A

H=tH

low risk group (n=55)

FAH==F

intermediate risk group (n=55)

high risk group (n=19)

L

0
0

I-BFM-SG Report: van Dongen JJM, et al. Lancet. 1998;352:1731-1738.
See also:vanDongen JIM, etal. Blood. 2015;125:3996.

20 40
months from time point 2

60 80

—l .
43% of patients
4% of relapses

43% of patients
42% of relapses

14% of patients
54% of relapses




Reduced Intensity
Delayed Intensification
Protocol Il

DEXA 10 mg/m?/d | |

VCR 1.5mg/m2/d | |
DOX 30 mg/m?2 /d I I

L-asp 10,000 u/m2/d | | | |
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CPM 500 mg/m?2/d 1
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Reduction of Treatment
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AIEOP-BFM ALL 2000: SR - As Treated
Event-free survival (EFS) at 5 years

100 1 R

80 1

60
(%)
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Log-Rank P =.041
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years

Reduced intensity (Prot. lll adm.), EFS 90.6% (SE=1.2), N=584, 62 events

Control: Regular DI (Prot. Il adm.), EFS 94.9% (SE=0.9), N=579, 42 events




Overall Survival by Type of DI
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SR-ALL Defined by PCR-based MRD: Recent clinical trials?3

5 :
% pts in SR N //'.’ Randon.mz. Cumul. incid. of relapses
randomized question
AIEOP-BFM 39.0 1164/ 86.5 P-1ll vs -II 7.5vs 4.1% 94.9 vs 90.6 .041
UKALL 38.9 521/49.2 1 Dl vs 2 DI 5.6 vs 2.4%" 94.4 vs 95.5 n.s.
DCOG 249 - - 6.2% 93.2 -

*Actuarial percentage (at 5y)

1. Schrappe M, etal.JClin Oncol. 2017; 2. Vora A, etal. Lancet Oncol. 2013; 3. Pieters R, et al J Clin Oncol. 2016.



Contemporary Trials For Pediatric ALL in Europe



EUDRACT number: 2018-001795-38

ALLTogether



NCHLR

INDUCTION VADexs

INDUCTION VADszaDNR

HCI-HR
T-call

| T3 for ABL-clas fuskons (1-2%) from d15 (430  225yrs).

Therapy overview ALLTogether—including interventions

b CONS 1
* NoTcen L"'Ph EEH“:I sg Nﬂ 1 wath Do
*  MRD notoe TPL P -
eodne o et wmoutoos | S
L e Tolal 41 Asp
Fre ]
: " ot (] - s Maintenance: VCR-Dex
* MAD-agorEhmiow  Cons U - IR -low part 1 with Ciox ~ Cons W pulses 2yrs komEQH
T HD-MTX Sgx2 Iw :
" CONS & * NoHR-genems Mo Asp J _ e qu}' * Maintenance: no VCR Dex
" . CNS3/TLR= > SWBL ] ) pulse
MRD pos bt <5% Koa s1d No Yotal 51 Asp 8 2y7s omEQ!
¢ INMIRD) ik AQwery EFl 35 6% -
™% | Masntenance: VR Do pulses dyrs
IR-high - fromEOH
- - Mamlenane
: ::”1"* II-:I?‘HT-JL 5-.;12” AlLTogethar Eg-:n‘.x 592 adw | P VCR-Dex pulses
* MAD/genectatue | 0% A$P 1 | type wn Do 9 n0) "'""“ 2913 + 6 wks Wom EO!
BN | Total 8x Asp | | Maintenance: VCR-Dax pulses -6TG-

| adamon (TEAM)  2yrs from EOU

_. An eitimated 0.5% of sl patients will be good enowugh fewpondersy for -high strstification, TEE trestment Theoughout therapy

..Mlﬂ*ll'lld 1.2% of all patients will be poor rewponder. Thew patients wop T and go 1o HR-thetapy + HSCT

HR-chemao
« BP . Wi
= *  MRD<005% _ Back-upd CAR-T not svanlable/T-csll || Maimt 1 | HR.DN }_,,,gm
INCILR) o HOPHO-blocks x 6 in lotal » HDM 3 3 wi Do EOH
. . MRD <00i% OaT '
CONS E N0 iy TR wndow®
. BIRD 5% v U e O (BCP —— | If successful: End of therapy
: Mod 54 a% )
" BFU Both arms
% HR-HSCT Back-up § CAR-T not avalanie/T-cel '
+ MBDHICT-critena * HOPHO-BloCEs 1 1-3 in total Ao HSCT
= Elfyeari=anyHR “Separute study



AIEOP-BFM ALL 2017

International collaborative treatment protocol for childrenand
adolescents with acute lymphoblasticleukemia

Stratification and Treatment Questions

A. Biondi (AIEOP), J. Stary (CPH), S. Elitzur (INS),
A. Kolenova (SPHOS), G. Mann (BFM-A), D. Barbaric (ANZCHOG),
F. Niggli (BFM-CH), M. Schrappe (BFM-G)

Sponsor:

University Medical Center Schleswig-Holstein (Kiel, Germany)
EudraCT Number: 2016-001935-12



AIEOP-BFM ALL 2017

Participating countries * Australia(ANZCHOG)
(study groups) «  Austria (BFM-A)
* Czech Republic(CPH)
« Germany (BFM-G)
* lsrael (INS)
* ltaly(AIEOP)
* Slovakia (SPHOS)
 Switzerland (BFM-CH)

Planned recruitment 5 years
Approx. 1000 pts p.a.

Start 7-2018




Recruitment in trial AIEOP-BFM ALL 2017

110, 2018 2019 2020
100

%0 Expected monthly accrual
80
70
60
50
40 |

30

CASES PER MONTH

20+
10

JUL18
JANT9
JUL19
JAN20 -
JUL20
JAN21

DATE OF DIAGNOSIS



AIEOP-BFM ALL 2017: Risk Criteria for pB-ALL

High Risk
(HR)

no complete remission on day 33 or

positivity for KMT2A-AFF1 or

e positivity for TCF3-HLF or

* hypodiploidy <45 chromosomes or

* FCM-MRD in BM on day 15 210% and not ETV6-RUNX1 positive or

* IKZF1P''s and PCR-MRD at TP1 positive or inconclusive and not positive for
ETV6-RUNX1, TCF3-PBX1 or KMT2A rearrangement other than KMT2A-
AFF1or

* PCR-MRD at TP1>5 x 10 and positive <5 x 10* at TP2 (PCR-MRD SER)

* PCR-MRDat TP2 >5 x 104(PCR-MRD-HR)

* age<lyearand any KMT2A rearrangement

MediumRisk ¢ no HRcriteria and
(MR) * PCR-MRD either positive at TP1 and/or TP2 or PCR-MRD not evaluable

Standard * No HRcriteria and

Risk P N P DD NADND nacativin A+ TDA1

— Combined use of FCM-based and ASO-PCR-based MRD-detection —



AIEOP-BFM ALL 2017

pB'ALL all precB-ALL
Overview of treatment

| Prot. IA-Pred |
I
[ Cytogenetics, early response + MRD TP1 ]
I

| Consol. A |
I

I
| earlynon-HR |

early HR

Random eHR
[ 1

Consol. B-short | Consol. B-ext | | Consol. B-extgzy |

precB-ALL: early HR (20%)

*+ nocompleteremissionon day 33, or

* positivity for KMT2A-AFF1 (MLL-AF4), or

* hypodiploidy <45 chromosomes, or

* FCM-MRD in BMon day 15 = 10%, and not ETV6-RUNX1 positive, or
e positivity for TCF3-HLF (E2A-HLF), or

KzF1Pes * IKZF1r'us and PCR-MRD at TP1 positive, or

Deletion of IKZF1 and: * PCR-MRD at TP1 2 5x10, or
—  PAX5 and/or * age <1lyearand any KMT2A (MLL) rearrangement
—  CDKN2Aand/or
—  CDKN2B and/or

—  CRLF2(PAR) and

- Negativity for ERG
deletion



AIEOP-BFM ALL 2017

pB'ALL all precB-ALL
Overview of treatment

| Prot. IA-Pred |
[

[ Cytogenetics, early response + MRD TP1 ]
I

| Consol. A |
I
[
| earlynon-HR | early HR
Random eHR
[ 1
Consol. B-short Consol. B-ext | | Consol. B-extgzy

Can pEFS in pcB-early HR pts be improved by additional therapy
with Bortezomib during an extended consolidation treatment
phase compared to a standard extended consolidation?




Extended Consolidation for early HR pB-ALL

Random eHR
Consol. A Consol. B,,, (+BZM)

[ ] l
Bortezomib i.v. 1.3 mg/m?/dose I I I I onlyin the experimental arm
Dexamethasone p.o. 10 mg/m?/day -
Vincristinei.v. 1.5 mg/m?/dose
(max. 2.0 mg/dose)
PEG L-ASP p.i. (2 h) 2500 IU/m?/dose I
ONCASPAR® (max. 3750 IU)
CPM p.i. (1 h) 1000 mg/m?/dose g g

ARA-C i.v. 75 mg/m2/dose I 1 i

6-MP p.o. (2 x 14 d) 60 mg/m2/day | | | |

MTX i.th. | |

MRD TP la
@)

A

Days 36 43 50 57 64 71 78




AIEOP-BFM ALL 2017

pB-ALL

| Prot. IA-Pred |
[

[ Cytogenetics, early response + MRD TP1 ]
I

| Consol. A |
I
[
| early non-HR | early HR
Random eHR
[ 1
Consol. B-short | Consol. B-ext | | Consol. B-extgzy

I I

|

( MRD TP2 )

| |
SR MR




AIEOP-BFM ALL 2017

pB-ALL [ | 3 )
Can pDFS of MR pts be improved by additional
therapy with one cycle of post-reintensification
immunotherapy with Blinatumomab?
\ S
I
oo |
Random eHR
[ ]
Consol. B-short | Consol. B-ext | | Consol. B-extgzy
I I
|
( MRD TP2 )
I
| |
SR MR
Prot. M Prot. M
Blinatumomab | [ Maintenance
Prot. Il Prot. Il Prot. IIB
Maintenance
[ wr ]
Day .21 14 7 1 8 15 22 29 43 50 64 T




AIEOP-BFM ALL 2017

pB'ALL all precB-ALL
Overview of treatment

| Prot. IA-Pred |
[

[ Cytogenetics, early response + MRD TP1 ]
I

| Consol. A |
I
[
| early non-HR | early HR
Random eHR
[ 1
Consol. B-short | Consol. B-ext | | Consol. B-extgzy

I I

|

( MRD TP2 )

Random HR

| Intensive CHEMO | Blina cycles

Separate slide




AIEOP-BFM ALL 2017: pB-ALL
Approach for HR patients: Randomization HR

-

Can the pEFS be improved by a treatment concept including two cycles of post-consolidation
immunotherapy with Blinatumomab (15 pg/m?%d for 2 x 28 days) replacing two conventional
\highly intensive chemotherapy courses?

> Reinduction

Experimental arm J Blinatumomab cycle 1 Blinatumomab cycle 2 or alloHSCT

HR-1‘ @

Control arm HR-2" HR-3" - Reinduction or alloHSCT

* Combination of two effects desired fora novel HR post-consolidation therapy:
— Significant reduction of toxicity

— More effective therapy for patients with insufficient response to the HR
chemotherapy blocks by overcomingresistance to chemotherapy



AIEOP-BFM ALL 2017: pB-ALL
Approach for HR patients: Randomization HR

| HR1¢ |

| HR-2" |

MRD TP HR2-contr

HR-3* | S |

MRD TP HR3-contr | HR(3' |

( MRD TP HR3-rescue |

A |
25x104
[ onxFa | [ 3xprotin | [alloHscTs]
o]
MRD *as comparedto MRDTPHRL (true values)
<5x10%/neg

MRD
26x10-4#

twith a QR of <1x1073

#considered as event (=molecular non-response)
§alloHSCT indication of VHRpatients depends on
geneticsand MRDat TP2.




AIEOP-BFM ALL 2017: pB-ALL
Approach for HR Patients: Randomization HR

“ Amendment of June 10, 2020:

| — | If MRD at 25 x 10-3after HR-3 or 2nd cycle Blina,
or at 25 x 104 after lipos. DOX-FLA:

Dx of Nonresponse = Treatment failure = Event,
thus, open for exp. therapy

[ Rz |

MRD TP HR2-contr

MRD Blina-PR

| HR-2¢ |

HR-3¢ Blinacycle 2

MRD TP HR3-contr MRD TP HR3-Blina

| HR-3" |
I

( MRD TP HR3-rescue |

|
MRD MRD
§<5x10-4/ne§5
[ onxFa | [ 3xprotm | [alloHscTs]
o]
MRD MRD ]
25%10-4# <5%x104/neg *As com pared with MRDTP HRL (true values)
#Considered as event(=molecular non-response)
alloHSCT §AIlloHSCT indication of VHR patients depends on genetics and MRDat TP2




Treatment plan

T-ALL



m AIEOP-BFM ALL 2017
< T-ALL

[ Prot.1ADexa | | Prot. 1A-Pred-cPMm | Overview of treatment
|

I
[ Early Response + MRD TP1 ]

Prot. IB/1

|
early SR earlynon-SR
[

|

Prot. IB-reg Prot. IB-reg | Prot. IB-long
I I

( MRD TP2 )

| non HR |

Prot. M

[ DNx-FLA
Prot. Il
| sxprotm | [allonscT |
vt |

alloHSCT

#considered as event (=molecular non-response)




I AIEOP-BFM ALL 2017
T-ALL

[ Prot.1ADexa | | Prot. 1A-Pred-cPMm | Overview of treatment

I
[ Early Response + MRD TP1 ]

Prot. IB/1

|
early SR earlynon-SR
|

Prot. IB-reg Prot. IB-reg | Prot. IB-long

Can the pEFS be improved by the extension of the standard of care consolidation by
14 days with an increase of the consolidation cumulative doses of Cyclophosphamide,
Cytarabine and 6-Mercaptopurine by 50%?




CPM p.i. (1 h) 1000 mg/m2/dose

ARA-C i.v. 75 mg/m?/dose

6-MP p.o. (28 d) 60 mg/m2/day

MTXi.th.
Age-adjusted dose:

lto< 2years: 8 mg
2to< 3years: 10 mg
= 3 years: 12 mg

Protocol IB-regular

Days 36

43

50

57

64

71

78



Protocol IB-long

CPM p.i. (1 h) 1000 mg/m2/dose @ @ f gx
ARA-C i.v. 75 mg/meidose [T T FEEE TEEEf TEE T
6-MP p.o. (42 d) 60 mg/m?/day | | )

MTXi.th. l

Age-adjusted dose: 1
lto< 2years: 8 mg

2to< 3years: 10mg

23years:  12mg |_|_IJJJ_|_|_LLLLI_L|_|_IJJJ_|_|_|_IJJJ_|_|_|J_LLI_L|_|_IJJJ_|_|

Days 36 43 50 57 64 71 78



Protocol IB-long
CPM p.i. (1 h) 1000 mg/m2/dose

ARA-C i.v. 75 mg/m?/dose

6-MP p.o. (42 d) 60 mg/m3/day

MTXi.th.
Age-adjusted dose:

lto< 2years: 8 mg
2to< 3years: 10 mg
> 3 years: 12 mg

Days

}

|

|_|_IJ_IJ_|_|_|_LLLLL|_|_IJJJ_|_|_|_IJJJ_|_|_|J_LLLL|_|_IJJJ_|_|

36

43

50

57

64

71

78

Protocol IB-regular

CPM p.i. (1 h) 1000 mg/m2/dose

ARA-C i.v. 75 mg/m?/dose

6-MP p.o. (28 d) 60 mg/m?/day

MTXi.th.

lto< 2years: 8 mg
2to< 3years: 10 mg
2 3 years: 12 mg

Days

36

43

50

57

64

71

78



AIEOP-BFM ALL 2017: Genetic Screening and Consequences
in Special Subgroups

See flow chart: Combination of array-based techniques and FISH,
sometimes RT-PCR

Targetable lesions will be identified (Ph-like pos pts may enter
EsPhALL/COGAALL1631

Therapeutic consequences: Due to limited evidence, special
consideration only in poor-responding patients if not eligible for the
randomizations

Pts with t(17:19) will be stratified for Blina and will receive BZM in
consolidation

DS-ALL pts with HR-ALL will be stratified for Blina and for the no-
BZM arm in consolidation




AIEOP-BFM ALL 2017: Treatment Overview

TISR 1B g Randomizations
T/non-HR Ao : B
A B, I
T/non-SR (R ;
I IBIonE I
| |
; I —1
Fr)]%/ne.?—: l'%/ | Consgort !
pB#/non-HR
I —1
]
T/HR T/non-SR IAcPM(R

pB#HR pB/early-HR 1A

# or immunophenotype unknown

Blinatumomab 15 pug/m2/d x 28 d p.i.

m H—H m H—H m

e | SCT
—» | DNX-FLA +SCT

pCRT 12 Gy in T-ALLand WBC>100T, or CNS-3, if age 24 yrs *
All other T-ALL, HR-pB-ALLand CNS 3-if age <4 yrs:no CRT + 6x IT MTXin MT




Summary and Outlook

Clinically relevant diagnostic subgroups of ALL can be defined more
precisely

Novel definitions for diagnostics and disease response are now
available and accepted

Contemporary trials for pediatric ALL in Europe will provide novel
insights into treatment modulation and explore new strategies
Future aims

» Safe treatment reduction to avoid critical late effects
» Well-balanced treatment intensity of frontline and second-line therapy
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Q [repeated question] Question 1

Genetic subgroups in pediatric ALL have been well described. Can you
pick the most appropriate definition for a novel entity, called IKZF1-plus?

A. Novel mutationin the bcr/abl fusion gene

B. Simultaneousdeletionsin IKZF1 and PAX5 and/or CDKN2A and/or CDKN2B and/or
CRLF2 (PAR), and negativityfor ERG deletion

C. Gain of functionin IKZF1

D. Novel term for hypodiploidy

E. Mutationin drug resistant patientswith ETV6/RUNX1 positivity



Q [repeated question] Question 2

Please indicate which of the following statements for positive testing of
MRD at a level of 0.1% is most appropriate:

A. At the end of induction therapy for ALL, such a level of MRD equalsinduction
failure

B. MRD at this level at the end of consolidation (approx. 12 weeks after start of
treatment) can be considered a very favorableresponse

C. MRD at this level after allogeneic hSCT is a normal observation when measured at
day +100

D. MRD at this level at any time of ALL therapy equals disease recurrence (relapse)

E. MRD at this level at the end of induction may indicatea more resistant leukemia, as
compared to others with no detectable MRD at the end of induction
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Relapsed ALL in childhood: Background

? i i f i PROGNOSIS OF RELAPSED ALL LARGELY DEPENDS ON?*

& & O & O

) B | W ) W v Time from v’ Site of v Blast

O & & & O diagnosis to relapse Immune-

Y Y Y Y Y relapse phenotype
YYYYY

RELAPSE RATE:
ApDroximately 15%—20% of Almost all children with relapsed T-ALL and 2/3 of those with BCP-ALL
phpld 'thyALLOI 0 are candidatesfor alloHSCT after asecond morphologic complete
(;ftlerrseingc;ardtre;?maSns'[? remission (M1 marrow)is achieved’?®

BCP-ALL, B-cellprecursor acute lymphoblastic leukemia; alloHSCT, allogeneic hematopoietic stem cell transplant.
1. Hunger SP, Mullighan CG. N Engl J Med. 2015;373:1541-1552; 2. Chessells JM, et al. Br J Haematol. 2003;123:396-405; 3. Irving JA, et al. Blood. 2016;128:911-922; 4. Krentz S, et al.

Leukemia. 2013;27:295-304; 5. Malempati S, et al. J Clin Oncol. 2007;25:5800-5807; 6. Schrappe M, et al. N Engl J Med. 2012;366:1371-1381; 7. Locatelli F, et al. Blood. 2012;120:2807-2816;
8. Peters C, et al. J ClinOncol. 2015;33:1265-1274.
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2010

IntReALL: Definition of strategy groups SR and HR

Immunophenotype B-cell precursor (pre) T
. ) . Extramed Bone Bone marrow | Extramed Bone Bone
Time Point/Site . marrow . . marrow marrow
isolated . isolated isolated . )

combined combined isolated

Very early HR HR HR HR HR HR

Early SR SR HR SR HR HR

Late* SR SR SR SR HR HR

*Late defined as: >6 months after cessation of frontline therapy, ie, >30 months after initial diagnosis.

SR, standard-risk group; HR, high-risk group.
ClinicalTrials.gov NCT03590171




1.07 = Early relapses 27.0+£2.5% at Syr (n=337)
0.9- = |ntermediate relapses 49.642.2% at Syr (n=538)
—— | ate relapses 65.4+1.9% at Syr (n=781)
2 0.8- p<0.001
8 0.7-
3
S 0.6 -
o 0.571
T 0.4- -
IE )
> 0.3-
=
» 0.271
0.1+
0.01

/7 8 9 10 11 12 13 14
Years from Relapse

We need innovative therapies for improving the outcome of
patients experiencing leukemia relapse

Rheingold SR, et al. ASCO 2019. Abstract 10008.



INtReALL-BCP 2020: New risk-stratification

VHR (15%)

SR (60%)

HR (25%)

Eligible for allo-HSCT or consolidation therapy
TP53 alteration

» Hypodiploidy

t(1;19)/(17;19)

MLL/AF4

* Very earlyrelapse (<18mo)

Late isolated or combined medullary/extramedullary relapse (alloHSCT
depending on MRD response at the end of induction)

Early isolated or combined medullary/extramedullary relapse (all these
patients are candidates to receive alloHSCT as final consolidation)



New immunologic approaches under investigation in
childhood ALL

Allogeneic NK cells

Exvivo manipulated
Genetically modified NK cells (expanded
NK cells or stimulated)

Anti-CD19 CAR

Allogeneic and
autologous NK cells

Haploidentical
NK infusions

Immunotoxin-specific |' |

antibodies e Ta
Radioi Ij\ o m

Yitrium Y50
Anti (D45 y .
> g
Immunotoxins Y,

Anti-CD22-moxetumomab
Anti-CD22-inotuzumab

Anti-CD19-SAR3419 Monoclonal antibodies Bispecific antibody
Anti-CD20-rituximab blinatumomab
Anti CD22-epratuzumab
Anti-CD52-alemtuzumab

Chimeric antigen
receptor (CAR) T cells

Antibody-based therapies

Bispecific antibodies/antibody constructs

Adapted fromBhojw ani D, Pui CH. Lancet Oncol. 2013;14:e205-e217.



Blinatumomab (CD19 BiTE® molecule)

CD3+ CTC

Anti-CD3 mAb
T-cell cytotoxicity is

1} redirected toward CD19+
b expressing malignant and
nonmalignant cells??

Blinatumomab
(Anti-CD19/Anti-CD3
BiTE)!

Activation signals promote
CTC proliferation*

an

Contact with CD19+
B cells leads to CTC

\\\\ Ve
g activation*

\
|

Anti-CD19 mAb

‘1
H
il

Through serial lysis, individual CTCs can induce
apoptosis of multiple CD19+ B cells®

CD19+ B cell

BITE®, bispecific T cell engager; CD, cluster of differentiation; CTC, cytotoxic T cell; mAb, monoclonal antibody
1. Baeuerle PA, et al. Cancer Res. 2009;69:4941-4944; 2. Bargou R, et al. Science. 2008;321:974-977; 3.Topp MS, et al. Lancet Oncol. 2015;16:57-66; 4. Klinger M, et al. Blood

2012;119:6226-6233; 5. Hoffmann P, et al. Int J Cancer. 2005;115:98-104.



Design of the phase Il studies

1

COG study AALL1331: -0
:_

Chemo R Chemo
(n =103) C1 c2

Study 20120215: " w
EEN N N

Chemo
(n= 54) C3

Brown PA, et al. JAMA. 2021;325:888-842; Locatelli F, et al. JAMA. 2021;325:843-854.
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@ JAMA Network:

From: Locatelli F, et al. Effect of Blinatumomab vs Chemotherapy on Event-Free Survival Among Children With
High-risk First-Relapse B-Cell Acute Lymphoblastic Leukemia: A Randomized Clinical Trial

JAMA. 2021;325:843-854.d0i:10.1001/jama.2021.0987

[ a] Event-free survival
1.0

£ oe
= 04
g
= Consolidation chemotherapy
0.2
Hazard i ratio, 0.33 (95% CI, 0.18-0.61)
Log-rank P <.001
o 3 & 9 12 1s 18 21
Months after randomization
No. at risk
Blinatumomab 54 50 3s 29 24 23 21 19
Chemotherapy 54 35 25 17 12 11 a 8
| B | overall surviva 1
1.0 b,
0.8
2 os
=4 Consolidation chemotherapy
£ oa
0.z
Hazard ratio, 0.43 (95% CI, 0.18-1.01)
o . . . . . . .
o 3 6 a 12 15 18 21
Months after randomization
No. at risk
Blinatumomab 54 50 a2 36 31 28 26 23
Chemotherapy 54 45 41 30 23 21 17 12

[ €] cumulative incidence of relapse

1.0
Hazard ratio, 0.24 (95% CI, 0.13-0.46)
a8
= Consolidation chemaotherap:
Z o6
E oa
S
=
0.2
o . . . . . . .
o 3 6 a 12 15 18 21

Months after randomization

No. at risk
Blinatumomab 54 51 39 30 2s 24 22 20
Chemotherapy 54 36 26 18 14 12 10 9

Blinatumomalb

Blinatumomab

24

27

No. of events/No. treated (%)

10

Consolidation ~ Hazard ratio Favors : Favors consolidation

Subgroup Blinatumomah  chemotherapy  (95% Cl) blinatumomab - chemotherapy
Age,y

19 12/39(30.8)  23/38(60.5)  0.37(0.18-0.74) ——

> 515(333)  8/16(50.0)  032(0.10-1.01) ——%——
Minimal residual disease at end of induction

<1072 Blast cells 12/35(343)  19/34(55.9)  0.46(0.22-0.95) ——

21073 Blast cells 3/15(200)  9/16(56.3)  0.21(0.05-0.78) «—#——
Minimal residual disease before treatment start

<10 Blast cells 6/25(240)  13/26(50.0) o042(0.16-111) —w—r

2107 Blast cells 11/29(379) 18/28(643) 032(0.15-068) —=—
Sex

Male 9/30(30.0)  14/22(636) 0.20(0.08-047) «—#——

Female 8/24(333)  17/32(53.1)  0.54(0.23-1.26) —
Time to relapse, mo

<18 6/19(316)  14/22(63.6) 0.21(0.07-0.59) «—=#——

218and <30 10/32(31.3)  17/28(60.7)  0.43(0.20-0.95) ——
Extramedullary disease at relapse

Yes 4/10(400)  8/14(57.1)  053(0.16-1.78) —#——

No 13/44(295)  23/40(57.5)  0.34(0.17-0.67) —

T
0.1 1
Hazard ratio (95% Cl)



Survival: Arm A (chemotherapy) vs Arm B (blinatumomab)

1.0 DFS

- 09

(L)

2 0.81 u

E 0.7 1

ﬁ 0.6- '5.‘-‘ L AL L L NI TR T In|

-l

£ o5 Ny,

' . l'\..LL.IJJJl-l_lL'_J._l-I _____ -

§ 0.4

o 0.31

2

a 027 . AmA 41.0+6.2% at 2yr (n=103)
0.141 — ArmB 59.3+5.4% at 2yr (n=105)
0.0 Stratified logrank test: p=0.050 (one-sided)

00 05 10 15 20 25 30 35 40 45
Years from Randomization

At Risk
ArmA 103 55 39 29 18 10 4 1 1 0
ArmB 105 69 47 38 31 19 10 5 2 0

1.0- oS
A
0.9 v
E 0.8_ 'I-.u\— FRTETI T W T Tl I
2 0.7 )
=hy 4 |
E 0.6" T Vo Wl e Ll VL el he e h o o
? 051
£ 0.4
3 0.3-
029 _—. ArmA 59.246.0% at 2yr (n=103)
011 — AmB 79.4+4 5% at 2yr (n=105)
0.0 Stratified logrank test: p=0.005 (one-sided)
00 05 10 15 20 25 3.0 35 40 45
Years from Randomization
At Risk

ArmA 103 64 &0 38 25 15 6 2 1 0
ArmB 105 77 55 44 38 24 1 5 2 0

Median follow-up 1.4 years

Brown PA, et al. JAMA. 2021,325:888-842.
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Inotﬁ“?’ﬁ' 4B o amiLS%® (CMC-544)

> i 4 1. CMC-544 binding/
5 CD22 saturation
,’ 3. Renewed Proposed mechanism of action of CMC-544:
/ expression 1. Binding of CMC-544 to CD22 receptors at the cell surface of
! target cells
8 i 7 Internalization of the CMC-544—CD22 receptor complex
\. Renewed expression of CD22 receptors at the cell surface,

2 l\/\rgé%h erlab#ir's binding and internalization of new CMC-544,
I Hé’ Hirt'&8&Iular accumulation of calicheamicin
4. Fusion of the CMC-544—containing endosome with a lysosome,

which will lead to degradation of the acid-labile linker, and
o ﬁ ~—® 4. Lysosomal @rgsa@filagtive calicheamicin. Via a thiol-modification step,
5. Drug efflux ..,.-" and activataetivelcalicheamicin is formed

-~ 6. DNA ca"c“ea@'g&ive calicheamicin may be removed from the cell by drug efflux
nucleus \ intercalation pum
o : 6. DNAin lation and ds DNA break formation by free
ﬁ 7. Apoptosus calichea entering the nucleus
ﬁ » 7. Apoptosis induction due to irreversible DNA damage

...u .D.’.

de Vries JF, et al. Leukemia. 2012;26:255-264.



CLINICAL TRIALS AND OBSERVATIONS

A phase 1 study of inotuzumab ozogamici

relapsed/refractory acute lymphoblastic leu
( IT C C - O 5 9 stu dY) T oo Reapued Reraciony ALL

Safety Efficacy

* Similar toxicity at DL1 and DL2 * Higher CR rate (p-value 0.6) and MRD negativity rate
(1.4and 1.8 mg/mzlcourse) (p-value 0.1) at DL2

* Gr 3/4 neutropenia and thrombocytopenia in almost * Longer median duration of response (p-value 0.1) and

all patients QOS (p-value 0.06) at DL2 3 |

Erica B riVi 011 "2 F ra n CO Lﬂcate | | 113 M a r-ta LDp EZ—YU rc * 2 S0S cases after additional chemotherapy Differences not statistically significant (small sample size)

(1DL1, 1 DL2)

Vincent H. J. van der Velden,” Anneke C. J. Amm{ pramacoknetcs RP2D = DL2 (1.8 mg/ma/course) M«

+ Comparable plasma PK at DL1 and DL2

Barb ara S | Eig ht 12 BE no it B retth 13 Ka r.sten N SO A Response by Dose Level B Event-free survival and overall survival of the whole population ti :
¥ r Y CR - MRD positive ¥
100% ® CR - MRD not available
* * * 1.2 00% ™ CR- MRD negative
an d Ch r'l Stl an M | Ch E| Zwaan # . 1.00 4 12 months EFS: 28% (95% CI: 14-54%)
70%
= 0.75
3 60%
S 50%
g 40% 650
30%
0.25
20%
10%
0.00 o
0% T T T T
Dose Level 1 Dose Level 2 0 6 12 18
1.4 mg/m*/course 1.8 mg/m*/course

Months from registration
Number at risk
EFS 25 13 6 4
os 25 15 9 7




Treatment schedule — IntReALL BCP 2020

week 1 2 3 4 5 6 7 8 9 1011 12 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 2829 30 3132 33 34 - 38 // 118
Induction - Post-induction phase
. Maint . Maint
InO 4 SCB3 Blina No RI Blina |5 g|
SR SCB1 Blina @
_ Al Maint
R3-MITOX |\ mrp SCB3 SCB4 with RI
PR
I/HR HC1 Blina HSCT
[ e wo
IEM SIA SCA1 | SCA2 | Blina | SCA4 | SCA5| SCAG | SCA7 Mg'gtl

Arrow down (4), bone marrow puncture with CRIMRD assessment.
Blina, blinatumomab; HC1, HR consolidation 1; HR, high-risk group; MRD, minimal residual disease; R, randomization; R3BB, ALL R3 backbone; Maint, maintenance therapy; MITOX, mitoxantrone;

RI, reinduction pulses; S, stratification; SCB1-4, standard consolidation arm B 1-4; SCT, stem cell transplantation.



The role of the conditioning regimen in HSCT for
childhood ALL: The FORUM trial

High Relapse Risk (any remission) Very High Relapse Risk (any remission)
No MSD or MD
Matched Sibling Matched Unrelated
Donor Donor
>4 years randomize <4 years

Stratify
EM involvement

N\

TBI/VP16

Stratification according to
national preference

GvHD prophylaxis

! )

CSA mono: BM CSA/MTX/antibody: BM or PBSC
CSA/MTX: PBSC CSA/AB/Pred: CB According to
CSA/Pred: CB ;

stem cell source

Peters C, et al. J Clin Oncol. 2021;39(4):295-307.



Primary endpoint: Overall survival

Intention-to-Treat Population Modified As-Treated Population
1.0 4 1.0
© ] B
S 0.8 0.8
S
1 5.
> 0.6 0.6 1
7
= P=.0025
© p =}
= 0.4 P< 0001 0.4 TBI vs. BU: P=.0009
S : TBI vs. TREO: P =.0041
O 0.2 1 0.2 - BU vs. Treo: P=.6152
T T T T T 1 |} I 1 1
0 q 2 3 4 5 0 1 2 3 4 5
Years Years
Atrisk 212 173 105 65 27 194 161 97 61 25
201 145 85 47 17 9% 72 38 19 5
90 67 44 27 11
Patients Eval. Deaths 2-year OS Patients Eval. Deaths 2-year OS
TBI 212 209 19 0.91 (0.86-0.95) TBI 194 194 19 0.91 (0.85-0.94)
CHC 201 200 49 0.75 (0.67-0.81) BU 9% 96 22 0.77 (0.66-0.85)
TREO 90 90 20 0.77 (0.65-0.85)

BU, busulfan; CHC, chemo-conditioning; CIR, cumulative incidence of relapse; EFS, event-freesurvival; OS, overall survival; TB, total body irradiation; TREO, treosulfan; TRM, treatment-related mortality.
Peters C, etal. J Clin Oncol. 2021;39(4):295-307.



BU, busulfan; CHC, chemo-conditioning; CIR, cumulative incidence of relapse; EFS, event-freesurvival; OS, overall survival; TBJ, total body irradiation; TREO, treosulfan; TRM, treatment-related mortality .

Peters C, etal. J Clin Oncol. 2021;39(4):295-307.

Secondary endpoints

Treatment-Related

Intention-to-Treat Population

Modified As-Treated Population

= 1.0
=
S 0.8
A
@ 0.6
2
u- 0.4 0.4 P =.0001
= TBI vs. BU: P = .0003
S 0.2 £:=-0001 0.2 TBI vs. TREO: P < .0001
= BU vs. Treo: P= 5546
w
0.0 + T T T T T 0.0 + T T T T
o 1 2 3 a 5 (o] 1 2 3 a 5
Years Years
Atrisk 212 163 99 61 25 194 152 92 58 23
201 130 68 40 14 96 66 32 16 4
90 58 34 23 9
T Patients | Eval. | Events ear EFS__| Patients | Eval. | Events | 2-year EFS
T8l _| 212 | 209 | 31 0.86 (0.79-0.90) TBI 194 194 30__|0.85 (0.79-0.90)
LcHC | 201 1 200 1 72 10.581(0.50-0.66) BU 96 96 30 0.64 (0.52-0.74)
TREO 90 90 33 0.58 (0.45-0.69)
1.0 1.0 P=.0032
TBI vs. BU: P = .0060
o 08 S 0.8 TBI vs. TREO: P = .0023
@ BU vs. Treo: P=.7771
w
! 0.6 0.6
<
= 0.4 0.4
o=
0.2 0.2 6
0.0 + T T T T T 0.0 + T T T T T
o} 1 2 3 4 5 o 3 ! 2 3 4 5
Years Years
[ Patients | Eval. | Relapses| _ 2-year CIR Eval. 2-year CIR
Bl | 212 1 209 | 24 ]0.12 (0.08-0.17) TBI 194 194 23 0.12 (0.08-0.17)
[ cHC | 201 1 200 | 55 10.33(0.25-0.40) | BU 96 96 23 0.30 (0.19-0.41)
TREO 50 50 24 0.31 (0.20.0.42)
1.0 1.0
0.8 P =.0269 0.8 P=.1103
=
‘S 0.6 0.6
=
2 o4 94
0.2 0.2
T ——
0.0 + T T T T T 0.0 T T T T T
o 1 2 3 4 5 o 1 2 3 a 5
Years Years
Patients | Eval. | TRM | 2-year TRM___| Patients | Eval. | TRM 2-year TRM
T8I 212__| 209 | 7 | 0.02(<0.01.0.05) | TBI 194 194 7 0.03 (0.01.0.06)
LcHc | 201 1 200 | 17 1 0.09(0.05-0.14) | BU 96 96 7 0.06 (0.03-0.13)
TREO 90 90 9 0.12 (0.06-0.20)




Published constructs of second-generation
CD19 CARs for ALL

CAR design important for persistence and sustained efficacy

ALL cell ALL cell ALL cell ALL cell

! CD19 ! CcD19 ! CD19 ! co19

MSKcc NCI Upenn/CHOP FHCRC
19-28z - retroviral 19-28z - retroviral 19-BB ~ lentiviral 19-BB ~ lentiviral
(Adults) (Children and young adults) (Children) (Adults and children)

Del Bufalo F, Locatelli F, et al. Expert Rev Clin Immunol. 2019;15:497-509.



Results: Patient baseline characteristics

: o Pediatric ALL Baseline Characteristic Pediatric ALL (N = 255)
Baseline Characteristic Nl= 255
b= ) Prior CNS involvement, n (%) 24 (9.4)

Median age, years (range) 13.2(0.41-26.17) Nty o e Ursrales, ek 3 (0.15)
<3 years 15(5.9) (range)

Male/Female, n (%) 150 (58.8)/105 (41.2) Prior alloSCT, n (%) 71(27.8)

Disease status at CT, n (%) Prior blinatumomab, n (%) 38(14.9)
Primary refractory/relapse 159 (62.3) Prior inotuzumab, n (%) 27 (10.6)
Morphologic CR 95(37.2) Down syndrome, n (%) 12 (4.7)
Unknown 1 (0.5)

=9t WS I STy P S, 0 () 84 (33) « Median time from ALL diagnosis to CAR T-cell

MRD negative/positive prior to CT?, % 46/53 infusion was 32 months

Median time from leukapheresis * The median follow-up of patients with ALL was

33 (21-91) 13.4 months

acceptance to infusion, days (range)

Median time of follow-up since infusion,

month (range) 13.4 (35-279)

Pasquini MC, et al. Blood Adv. 2020;4:5414-5424.



Results: Event-free and overall survival

EFS Rates Among All Infused Patients, % (95% CI) OS Rates Among All Infused Patients, % (95% CI)
N = 249 N = 249

6 months 68.6 (62.0-74.4) 6 months 88.5 (83.6-92.0)
12 months 52.4 (43.4-60.7) 12 months 77.2 (69.8-83.1)
1001 1001
S g
o 807 o 80
o ] o .
S 601 601
> g > -
(O] 5]
S 407 Total N of subjects 249 ‘S 407 Total N of subjects 249
2 N of censored 160 2 4 N of censored 204
E 20+ N of events 89 E 20- Nof events 45
_g Median survival est. 12.24 (95% ClI: 8.52-NE) g | Median survival est. NE (95% CI: 20.63-NE)
o +Censored o +Censored
E 0 L T T T T T T T T T T T T T T 0— O_I T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 0 2 4 6 8 10 12 14 16 18 20 22 24 26
N at Risk Time from date of infusion (months) N at Risk Time from date of infusion (months)

Allsubjects 249 197 138 93 54 42 30 5 3 3 2 2 2 0 All subjects 249 237 192 152 103 90 63 15 10 6 5 2 2 0

34 (16.1%) patients went on to HSCT after tisagenlecleucel while in remission

EFS, event-free survival; HSCT, hematopoietic stem cell transplant; OS, overall survival.
Pasquini MC, et al. Blood Adv. 2020;4:5414-5424.



Current limitations of CAR T cells

en ‘“odu\aﬂon p—
Rale)
e

Clonal heterogeneity C4Rt
o, .

Relapse

“"c,‘, .
,e\?

Neurotoxicity

Severe CRS

Cannot Lineage switch

harvest
N enough \
T cells

Time
CART cells Limited CAR
do not expand T cell persistence
(in vitro or in vivo) in vivo?

CART cell

Wayne A. Adapted fromShah NN, Fry TJ. Nat Rev Clin Oncol. 2019;16:372-385.



Real-world experience with tisagenlecleucel

B. Overall Survival Event Free Survival Duration of Remission

=k High Disease Burden Low Disease Burden =#= No Detectable Disease

1.00- i 1.00- 1.00-

Q-H*
“""“1....1 !
075- 075- 075- High disease burden

&mm

z I
3 * >5% bone marrow
[
& oso- 050- 050- lymphoblasts
©
2 .
s » Peripheral blood
@ 05 Log-rank G Log-rank _ Log-rank | h bl
p < 0.0001 p <0.0001 p=0.03 ymp oblasts
* CNS3 status
b LI O A A T T T Ll ST LT L] * Non-CNS extramedullary
0 6 12 18 24 0 6 12 18 24 0 6 12 18 24 . .
Time in months Time in months Time in months (EM) sSite Of d|Sease
Number at risk Number at risk Number at risk
— 46340247 — 4023143 a4 23143
40— 27—14—8——3 40—24—12—5——1 39—24—12—5——1
== 46 338 28 12 2 —— 43026100 =4 30 25 10 0
0 6 12 18 24 0 6 12 18 24 0 6 12 18 24
Time in months Time in months Time in months
6moOS 1yOS 6mo EFS 1y EFS 6mo Drem 1y Drem
High Disease Burden 0.75 0.58 0.50 0.34 0.67 0.49
Low Disease Burden 0.94 0.85 0.86 0.69 0.91 0.73
No Detectable Disease 0.98 0.95 0.75 0.72 0.75 0.75

Schultz LM, et al. ASH 2020. Abstract 468.



A specific methylation pattern is identified in CAR-transduced
vs untransduced T cells of the patients

Initial study of the methylation landscape Distribution of CpG sites inthe genome

CAR

Activation Transduction Pre-infusion product

. ? 245 739
_ Den§|ty L) [" CpGs CpGs
Apheresis  gradient ) =\~ 24.9% = 75.1%

(n=43) centrifugation PBMC - lj D
1
D;yz CpG position
| B Associated Gene
. . No Gene
Activation Mock Untransduced cells

Gene ontology analysis

GO BiologicProcess

TCFIl RFCFPTOR SIGNAI ING PATHWAY
POSITIVE RE
HEMATOPOIETIC PROGENITOR CELL DIFFERENTIATION
POSITIVE REGULATION OF INNATE IMMUNE RESPONSE
EMBRYONIC SKELETAL SYSTEM DEVELOPMENT
ACTIVATION OF INNATE IMMUNE RESPONSE
REGULATION OF STEM CELL DIFFERENTIATION
REGULATION OF HEMATOPOIETIC PROGENITOR CELL DIFFERENTIATION
NEGATIVE REGULATION OF TRANSMEMBRANE TRANSPORT
NEGATIVE REGULATION OF PHOSPHATIDYLINOSITOL 3 KINASE SIGNALING

Garcia-Prieto CA, et al. J Natl Cancer Inst. 2021;djab194.

] ITRANSCRIPT]ONAL REGULATION BY RUNX3
|
| TCR SIGNALING
_ p. adjust INTERLEUKIN 1 FAMLY SIGNALING
] 0.002 FC EPSILON RECEPTOR FCERI SIGNALING
] gzgi TRANSCRIPTIONAL REGULATION BY RUNX2
] 0.005 FCERI MEDIATED NF KB ACTIVATION
I 0.006 C TYPE LECTIN RECEPTORS CLRS
I CLEC7A DECTIN 1 SIGNALING
[ ] RUNX3 REGULATES P14 ARF
0 5 10
Gene count

o

Reactome Pathways

3 6
Gene count

©

p. adjust

0.005
0.010
0.015
0.020




18 specific methylation sites that independently correlate with survival outcomes
and a naive-like/early memory phenotype was identified (EPICART signature)

Discovery Cohort Discovery Cohort
1.00 1.00
= _ EPICART+
E p < 0.0001 £ p < 0.0001
0.75 o 0.75
B IS s o1 Q2
=4 © Complete Response 10
= Complete Response 1= (CR) (n= 50) <L qu.r 578
2 050 (CR) (n=50) 2 050 §
? 2 s
& =
8 = S
‘é 0.25 Non-Complete Response 3 0.25 chr;'g/osng/)'ljeée) (I?]eEp;g)se i
5 (PR/SD/PD) (n=29) __, = — E
—n —u h
0.00 0.00 113
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 45 4
Months since CAR-T cell infusion Months since CAR-T cell infusion -
Number at risk (number censored) Number at risk (number censored) o 1 3 o3
0 3128 4.87
== 50(0) 40(2) 30(7) 25(8) 16(12) 7(18) 3(22) 2(23) 0(25) == 50 (0) 45(2) 36 (7) 33 (9) 26 (13)17 (20) 8 (26) 5(29) 2(32) 0(34) T Ty T Ty T
1 3 5
= 29(0) 4(2) 1(4) 1(5) 0(5) 0(5 O0(5) 0(5 0(5) = 29(0) 14 (5) 9(8) 4(9) 2(10) 2(10) 0(11) O(11) 0(11) O(11) o o o o o
Vi-A:: CDISRA Brillant V-A
Discovery Cohort Discovery Cohort
1.00 1.00
z EPICART-
= p=00012 E‘
& 075 o075
S 8
a [=4 o
s = EPICART + v
£ 050 2050 (n=57) 2
@ EPICART + g g
8 (n=57) z o
= 025 e o
b & 0.25 =
[ EPICART - 3 EPICART - 2
w - (n=22) - (n=22) S
0.00 0.00 8
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 45 e
Months since CAR-T cell infusion Months since CAR-T cell infusion <
Number at risk (number censored) Number at risk (number censored) ﬁ
= 57(0) 38(3) 30(5) 25(6) 16(10) 7(16) 3(20) 2(21) 0(23) == 57 (0) 46 (4) 38 (6) 34 (8) 27 (12)18 (19) 8 (25) 5(28) 2(31) 0(33)
= 22(0) 6(1) 1(8 (7} O 07 0(7) 0(7) 07 == 22(0) 13(3) 7{9) 3(10) 1(11) 1(11) 0(12) 0(12) 0(12) 0(12)

V1-A:: CDIsRA BrillantV-A
Villaneuva et al. J Natl Cancer Inst. 2021. In press.
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CD19-CAR_Lenti: Peculiarities

Viral platform Lentivirus

Viral supernatant Provided by MiltenyiBiotec

Reagents Granted by MiltenyiBiotec at reduced costs
Production Automated (CliniMACS Prodigy®)

Starting material Fresh apheresis (0.75-1.5% 10° total WBC)

CD4/CD8enriched cells (20-200x% 10° cells)
Release Freshdrugproduct
Time between apheresis and lymphodepletion 9 days

Time between apheresis and infusion 14 days

™z
Bambino Gesu

OSPEDALE PEDIATRICO



Patient characteristics

Previous

Cytogenetic Disease Phase at : BM Blasts at
LR Eeell Anomalies Infusion AII%%?Telc Lymphodepletion
001 M 7 None ALL 2nd relapse No 8.9%
DL1 002 F 5 None ALL 3rdrelapse Yes 15.7%
ALL 1lstveryearly 0
003 F 7 47, XX (+21) relapse No 2.8%
ALL 2ndrelapse 0
004 M 4 None (combined BM+CNS) Yes 0.6%
ALL 1strefractory
DL2 005 M 12 t(1;19) relapse (combined BM + No 2.3%

bone)

ALL 1stveryearly
006 F 13 None relapse (combined BM + Yes 10%
bone +lymph nodes)

N
g
Bambino Gesu
OSPEDALE PEDIATRICO



Total Cell End- o
0
_ Production (x10%) | V12PN | CAR.%

Feasibility and toxicity

CD19_Lenti-OPBG-001 1.39 89.1 % 55.4%
CD19_Lenti-OPBG-002 4.05 93.8 % 27.4%
CD19_Lent-QPBG-003 4.62 97.3% 17.5%
CD19_Lenti-ORBG-004 5.36 95.1% 35%
CD19_Lenti-OPB&-005 4.99 97.4% 39%
CD19_Lenti-OPBG-806 4.83 94% 54.8%
AVERAGE 3.37 94.5% 38.2%

Pre-collection counts

«  WBC: 200/pL

* Lymphocytes: 150/pL
+ CD3*cells: 120/uL

CRS

- Grade 1-2
- Grade 3
- Grade 4

Neutropenia
- Grade 1-2
- Grade 3-4

Thrombocytopenia
Anemia

B-cell aplasia
Neurotoxicity

4/6

O obh

6/6

o O

6/6
6/6
6/6
2/6

V
Bambino Gesu
OSPEDALE PEDIATRICO



CAR_Lenti expansion and outcome

50 - -250
_ e CAR
40 - o 200 CD19
3 ' S
£ 30 T 150
[<]) +
(3] (2]
- o
o 20- T 100 @
< LY c
(&) r-
10 - “ 50
=
0l e — =1

°
0& )2) N v S ©

Q¢ o"’*‘b & ¢ ¢ ¢

All patients obtained CR 2 weeks after infusion Bambing Gess



B-ALL

B MNon-ETP-ALL {n=6)

B Phlike (n=T)
ETP-ALL {m = 12)

N ETVERUNX1 (n=2)

I TCF3-PBX1 (n=2)

W BCR-ABLA (n=1)

Il ETVE-RUMNX1-lke {n = 1)
Hyperdiploid (=50 chr) (n= 1)

I Low hyperdiploid (47—48 chr) (n= 1)

O iAMP2 (n=1)

M Low hypodiploid (31-33 chr) (n = 1)

I PAXSat-PAXE-FBRSLY (n=1)

B B-other (n=3)

irofiling

_Upto9
months

(vincristine, dexamethasone, and T T T
PEG-asparaginase)
Disease evaluation @ e
'y yi
717 77
Days 1 2 3 8 9 15 22 29 36 43 50 57 85

Outcomes
Primary: safety assessments (including incidence of DLTs and AEs) and pharmacokinetics of venetoclax and navitoclax

Secondary: efficacy assessments (CR rate, PFS, OS) and proportion of patients proceeding to SCTor CAR T-cell therapy

Pullarkat VA, etal. Cancer Discov. 2021;11:1440-1453.



B-ALL T-ALL LL All patlents® Pediatric®

Parameter (n=25) (n=19) (n=3) (N=47) (n=12)
Response® n (%)

CRrate [CR/CR,/CR,) 16(64.0) 10(52.6) 2(66.7) 28(59.6) 9(75.0)

PR 3(12.0) 0 0 3(6.4) 1(83)

SD 2(8.0) 6(31.6) 0 8(17.0) 0

PD e 53 paans)) =5 % ) B 1 B Fa |
Patientswith ALL and mlrphnlng[c n=1 n=4 M& n="5 n=1

CR at baseline, n
Response, n (%)

CRrate [CR/CR/CR,) 0 3(75.0) 3(60.0) 1{100)

SD 0 1(25.0) 1(20.0) 0

NEE 1{100) 0 1(20.0) 0
DORYin all respondars

n 19 10 2 31 10

Median (95% CI), mo 01(1.4-146)  4.2(0.8-12.3) NE (NE-NE) 42(23-115)  35(07-35)
s

Median (95% CI), mo 97 (40-157)  6.6(3.2-12.5) NE(20-NE)  7.8(40-125)  NE(2.0-NE)

12-month (959 CI), %

Bone marrow MRD, i (36)
MRD negative (<10-9)
MRD positive
Other®

Proceeded to CAR T-cell therapy or

338(13.7-55.2)

9 (36.0)
10 (40.0)
6(24.0)
8(320)

297(10.4-522)  66.7(5.4-945) 35.6(209-507)

6(31.6) 1(333) 16(34.0)
3(15.8) 1(333) 14(29.8)
10(52.6) 1(333) 17(36.2)
3(15.8) 2(66.7) 13(27.7)

608 (25.0-83.6)

6(50.0)

5(41.7)
1(8.3)

7 (583

HCT, n (%)

Pullarkat VA, etal. Cancer Discov. 2021;11:1440-1453.



Final considerations

Although leukemia recurrence remains the main cause of treatment failure in
childhood ALL, the chance of rescuing relapsed patients is increasing over time

Immunotherapy is changing the therapeutic scenario of relapsed patients with
childhood B-ALL

BiTE, ADC, and CAR T cells were shown to be effective in inducing, consolidating,
and maintaining remission in children with B-ALL

Future studies are warranted to more precisely define the role of different
immunotherapy options with the respective pros and limitations, also in comparison
with the standard of care, still represented by allogeneic HSCT

Patients with T-ALL have much more limited benefit from immunotherapy, and
rescue strategy for relapsed patients still represents an unmet medical need

Targeted therapy may represent a valuable option for both BCP-ALL after
immunotherapy and for T-ALL
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a Question 1

A 2-year-old boy (CD19-ALL/MLL-rearrangement) presents with MRD 10-2
28 days after 3 high-risk blocks and bone marrow hypoplasia.

Would you
a) Give another intensive chemo-block
b) Proceed with allogeneic HSCT with a TBI-containing regimen
c) Start blinatumomab continuous infusion
d) Proceed with allogeneic HSCT with a myeloablative chemo-conditioning regimen
e) Produce CD19 CAR T cells



a Question 2

What severe side effect in childrenis unlikely to be associated with blinatumomab?

a) Hypotension

b) Fever

c) Cytokine release syndrome

d) Encephalopathy

e) Seizures

f) Irreversible bone marrow aplasia
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Bispecific Antibodies in children and AYA: Topics
» Treatment options prior to HSCT
» Special pediatric populations

— Down Syndrome

— Infant ALL

— Patients with risk for severe organ
toxicities and/or opportunistic infections

» Treatment options post HSCT



Bispecific Antibodies Today

Blocking Engaging immune
w25
XmAb20717
Signaling _ _ sosriise ® © cells
.«ows%&%m o Phase 1 o
MEDIS752 @ AFM13 ° :mn
MCLA-158 ® ® o HERZBI AMG110
JNJ-61186372 @ Phase2  © IMCgptoo  © AmG211
FS118 @ ® AMG424
saanle ® AMG330
® AMG757
RO5520985 / Vanucizumab ® ® AMV564
MCLA-128 ® ® BAY2010112
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DT2219ARL ® ® BTCT4465A
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Frans Suurs, et al. Pharmacology & Therapeutics. 2019.



Summary of Blinatumomab Pharmacodynamics

» Blinatumomab clV infusion leads to rapid depletion of B-cells during Cycle 1,
which is associated with decrease in serum immunoglobulin levels1—3

- Blinatumomab leads to a transient decrease in T-cell counts, followed by an
accelerated recoveryl3->

- May induce peripheral expansion of T-cell compartment, predominantly effector
memory T-cell subsets, above baseline levels

* Blinatumomab induces T-cell activation1:34.6

- Associated with cytokine release, mainly in Cycle 1

- Risk of severe CRS managed by stepped dosing and pre-phase DEX

1. ZhuM, et al. Clin Pharmacokinet. 2016; 2. Zugmaier G, et al. Blood Cancer J.2014;4:244; 3. Schub A, et al. ASCO 2013. Abstract 7020 and poster presentation; 4. Klinger M, et al. Blood.
2012;119:6226-6233; 5. Topp MS, et al. J Clin Oncol. 2011;29:2493-2498; 6. Topp MS, et al. Lancet Oncol. 2015;16:57-66.



Safety and Adverse Reactions

Cytokine release syndrome
Neurological toxicities
Infections

Tumor lysis syndrome

Neutropenia and febrile
neutropenia

Effects on ability to drive and use
machines

Elevated liver enzymes
Pancreatitis
Leukoencephalopathy

Preparation and administration
errors

Immunization

Risk of serious adverse reactions
In pediatric patients due to benzyl
alcohol (C7H80) preservative



ALL 15t Relapse:
Survival: Arm A (Chemotherapy) vs Arm B (Blinatumomab)
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Brown P, et al. JAMA. 2021;325(9):833-842.




Other Endpoints: MRD, AEs, HSCT Bridging

MRD Adverse Bridgeto Transplant
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Significant contributors to the improved outcomes for Arm B (blina) vs Arm A(chemo) in HR/IR relapses may include better
MRD clearance, less toxicity, and greater abilityto successfully bridgeto HSCT

CHILDREN'S
ONCOLOGY
GROUP

Brown P,etal. JAMA. 2021;325(9):833-842.



Amgen 20120215: Open-Label, Randomized, Phase Il
Trial — 47 Centers, 13 Countries

Key eligibility crit
+ Age >28 days:é18 years
* HR lstrelapse Phr -ALL

* M1 or M2 marrow at randomization

* No CNS disease, unless treated before
enrolment

* No clinically relevant CNS pathology

IntReALL HR 2010
Alternative regimens permitted:
ALL Rez BFM 2002
ALL R3
COOPRALL
AIEOP ALL REC 2003

Induction H HC1 H HC2 ]0

Stratification
Age: <1 year, 1to 9 years, >9 years

BM status at end of HC2
— M1 with MRD >103
— M1 with MRD <103

- M2

LocatelliF, et al. JAM A. 2021;325(9):843-854.

Screening

\ 4
Randomization

Blinatumomab
1 cycle (4 weeks)
15 pg/m2/day

Endpoints
*  Primary: EFS
* Secondary
- OS
— MRD response (end of
blinatumomab or HC3)
— Cumulative incidence of relapse
— Incidence of AEs
— Survival 100 days post-HSCT

Short-term Long-term

HSCT Follow-up Follow-up

BCP, B-cell precursor; EFS, event-free survival; HC, high-risk consolidation.



Superior EFS in the Blinatumomab Arm

100 —= Median EFS, 95% Cl
Ll months
| L — Blinatumomab (n = 54) NE 24.4-NE
80 I HC3 (n = 54) 7.6 4.5-12.7
| L [
g 60 - ] "I | L] || || 1] |
0
W 40 - L H
T
20
P <.001; HR (95% CI): 0.33 (0.18-0.61)
0 T T T T T T T T T T T T T T T 1
0.0 0.5 1.0 15 2.0 25 3.0 3.5 4.0

Patients at risk: Years

Blinatumomab 54 50 38 29 24 23 21 19 16 13 10 7 4 1 1 0

Locatelli F, et al. JAM A. 2021;325(9):843-854.

P, stratified log rank P value; HR, hazard ratio fromstratified Cox regression.



Blinatumomab Use in Pediatric Patients With Relapsed/Refractory B-
Precursor Acute Lymphoblastic Leukemia From an Open-Label, Multicenter,
Expanded Access Study (RIALTO)
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Children With Down Syndrome (DS)**

» Have a greater risk for developing leukemia I A B R ooy o

PR X
Sy 0

» Experience significant adverse effects of chemotherapy

0.74. SE=0.62
 Increased risk for infection-associated TRM s 2: e s
o
0.4
Buitenkamp TD, Izraeli S, Zimmermann M, Forestier E, Heerema NA, van den Heuvel-Eibrink 0.3 0.26, 5E=.02
MM, Pieters R, Korbijn CM, Silverman LB, Schmiegelow K, Liang DC, Horibe K, Arico M, Biondi
A, Basso G, Rabin KR, Schrappe M, Cario G, Mann G, Morak M, Panzer-Griimayer R, e ke
Mondelaers V, Lammens T,Cavé H, Stark B, Ganmore |, Moorman AV, Vora A, Hunger SP, Pui L e
CH, Mullighan CG, Manabe A, Escherich G, Kowalczyk JR, Whitlock JA, Zwaan CM. Acute L T e e T i S S ]
lymphoblastic leukemia in children with Down syndrome: a retros pective analysis from the Ponte PARRRI ST TN M

di Legno studygroup. Blood.2014;123(1):70-77.

------- Surdval non-DS  (N™443, 504 events

Meissner B, BorkhardtA, Dilloo D, Fuchs D, Friedrich W, Handgretinger R, Peters C, Schrauder o ]M'M1
A, Schuster FR, Vormoor J, Maecker B, Sykora KW, Zintl F, Welte K, Sauer M. Relapse, not e M s oty
regimen-related toxicity, was the major cause of treatmentfailure in 11 children with Down ~=—=-=  EFSnce-0S (N=1345, BAD wownta) o
syndrome undergoing haematopoietic stem cell transplantation for acute leukaemia.Bone - —— P aaied } v
Marrow Transplant. 2007;40(10):945-949. ’

CIR ron-DS IN=G53)
Hitzler JK, He W, Doyle J, Cairo M, Camitta BM, Chan KW, Diaz Perez MA, FraserC, Gross TG, ]"‘"'m'
Horan JT, Kennedy-Nasser AA, Kitko C, Kurtzberg J, LehmannL,O'Brien T, Pulsipher MA, =R e
Smith FO, Zzhang MJ, Eapen M, Carpenter PA; CIBMTR Pediatric Cancer Working Committee. .- TAM non.DS (N=37)
Outcome of transplantation for acute lymphoblastic leukemiain children with Down syndrome. e s }"‘"'wm

Pediatr Blood Cancer. 2014;61(6):1126-1128.
Wadhwa, A, Kutny, MA, Xavier, AC. Blinatumomab activity in a patientwith Down syndrome B-

precursor acute lymphoblastic leukemia. Pediatr Blood Cancer. 2018;65:26824.. Image: Buitenkamp TD, et al. Acute lymphoblastic leukemia in
children w ith Dow n syndrome: a retrospective analysis fromthe

Ponte di Legno study group. Blood. 2014;123(1):70-77.



New Trials for Patient WithDS and ALL

« A Phase lll Trial Investigating Blinatumomab in Combination With
Chemotherapy in Patients With Newly Diagnosed Standard Risk or Down
Syndrome B-Lymphoblastic Leukemia (B-ALL) and the Treatment of Patients
With Localized B-Lymphoblastic Lymphoma (B-LLy): NCT03914625 (NCI)

— Primary Outcome Measure: DFS in randomization eligible patients with higher risk

features (SR-High) or standard risk average (SR-Avg) B-ALL patients based on
randomization with addition of Blinatumomab

— Secondary: TRM, Neurocognitive functions, QOL, Caregiver burden, MRD

« Some frontline trials are now enabling DS-patients with high-risk features
access to upfront-access with Blinatumomab: NCT03643276 (AIEOP 2017) ,
NCT04307576 (AllTogetherl) and NCT03117751 (TOTAL St. Jude).



https://clinicaltrials.gov/ct2/show/NCT03643276
https://clinicaltrials.gov/ct2/show/NCT04307576
https://clinicaltrials.gov/ct2/show/NCT03117751

Infant ALL: Poorer Outcome Compared With Older Children

« Biology: 80% KMT2A-rearrangement
» Treatment related toxicity: 18.4% in prospective INTERFANT-trial

* PietersR,SchrappeM,De LorenzoP,Hann |, De Rossi G, Felice M, Hovi L,LeBlanc T, Szczepanski T, Ferster A, Janka G, Rubnitz J, Silverman L, Stary J, Cam pbell
M, Li CK, Mann G, Suppiah R, Biondi A, VoraA, Valsecchi MG. A treatment protocol forinfants younger than 1year withacute lymphoblastic leukaemia (Interfant-99):
an observational study and amulticentrerandomised trial. Lancet. 2007;370(9583):240-250.

+ PietersR,De Lorenzo P, Ancliffe P, AversaLA, Brethon B, Biondi A, Campbell M, Escherich G, Ferster A, Gardner RA, Kotecha RS, Lausen B, Li CK, Locatelli F,
Attarbaschi A, Peters C, Rubnitz JE, SilvermanLB, Stary J, Szczepanski T, VoraA, Schrappe M, Valsecchi MG. Outcome of Infan ts Younger Than 1 Year With Acute
Lymphoblastic Leukemia Treated With the Interfant-06 Protocol: Results From an International Phase Il Randomized Study. J Clin Oncol. 2019;37(25):2246-2256

« HSCT with TBI associated with several late effects

+ Sanders JE, Im HJ, Hoffm eister PA, Gooley TA, Woolfrey AE, Carpenter PA, Andrews RG, Bryant EM, Appelbaum FR. Allogeneic hematopoietic cell transplantation
for infants withacute lym phoblastic leukemia. Blood. 2005;105(9):3749-3756.

« HSCT with chemo-conditioning is associated with higher relapse incidence

+ PetersC, Schrappe M, von Stackelberg A, Schrauder A, Bader P, Ebell W, Lang P, SykoraKW, Schrum J, Kremens B, Ehlert K, Alb ert MH, Meisel R, Matthes-Martin S,
Gungor T, Holter W, Strahm B, Gruhn B, Schulz A, Woessmann W, Poetschger U, Zimmermann M, Klingebiel T. Stem -cell transplantation in children with acute
lymphoblastic leukemia: A prospective international multicenter trial comparing sibling donors with matched unrelated donors-The ALL-SCT-BFM-2003 trial. J Clin
Oncol.2015;33(11):1265-1274.

*  Willasch AM, Peters C, Sedlacek P, Dalle JH, Kitra-RoussouV, Yesilipek A, Wachowiak J, Lankester A, Prete A, Hamidieh AA, Ifversen M, Buechner J, Krivan G,
Hamladji RM, Diaz-de-Heredia C, Skorobogatova E, Michel G, Locatelli F,BertainaA, Veys P,Dupont S, Or R, Glingdr T, AleinikovaO, Sufliarska S, Sundin M, Rascon
J, Kaare A,Nemet D, Fagioli F, Klingebiel TE, Styczynski J, Bierings M, Nagy K, Abecasis M, Afanasyev B, Ansari M, VettenrantaK, Alseraihy A, ChybickaA,
Robinson S, Bertrand Y,KupesizA, Ghavamzadeh A, Campos A, Pichler H, Dalissier A, Labopin M, Corbacioglu S, Balduzzi A, Galimard JE, Bader P; EBMT
Paediatric Diseases Working Party. Myeloablative conditioning for allo-HSCT in pediatric ALL: FTBl or chem otherapy?-Amulticenter EBMT-PDWP study. Bone
Marrow Transplant. 2020;55(8):1540-1551.



ALL SCT pedForum CONFIDENTIAL
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Blinatumomab for Infants

Clesham K, Rao V, Bartram J, Ancliff P, Ghorashian S,
O'Connor D, Pavasovic V, Rao A, Samarasinghe S,
Cummins M, Malone A, Patrick K, Bonney D, James B,
Gbson B, Vora A. Blinatumomab for infant acute
lymphoblastic leukemia. Blood. 2020;135(17):1501-1504..

Sutton R, Pozza LD, Khaw SL, Fraser C, Revesz T,
Chamberlain J, Mitchell R, Trahair TN, Bateman CM, Venn
NC, Law T, Ong E, Heatley SL, McClure BJ, Meyer C,
Marschalek R, Henderson MJ, Cross S, White DL, Kotecha
RS. Outcomes for Australian children with
relapsed/refractoryacute lymphoblastic leukaemiatreated
with blinatumomab. Pediatr Blood Cancer.
2021;68(5):€28922.

Popov A, Fominikh V, Mikhailova E, Shelikhova L, Tsaur
G, Abugova Y, Zerkalenkova E, Olshanskaya Y, Balashov
D, Novichkova G, Maschan A, Miakova N. Blinatumomab
following haematopoietic stem cell transplantation - a
novel approach for the treatment of acute lymphoblastic
leukaemiain infants. Br J Haematol. 2021;194(1):174-178.

Interfant network: Blinfant protocol: Pilot study - the
addition of Blinatumomab to the Interfant-06 backbone in
infants with MLL-rearranged acute lymphoblastic
leukaemia. EudraCT: 2016-00467417
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Other Rare Pediatric Conditions

* Minson KA, Prasad P, Vear S, Borinstein S, Ho R, Domm J, Frangoul H. t(17;19)in Children with
Acute Lymphocytic Leukemia: A Reportof 3 Cases and a Review of the Literature. Case Rep
Hematol. 2013;2013:563291.d0i: 10.1155/2013/563291. PMID: 23346431; PMCID: PMC3549381.

« Tambaro FP, Khazal S, Nunez C, Ragoonanan D, Tewari P, Petropoulos D, Kebriaei P, Wierda WG,
Mahadeo KM. Complete remissionin refractory acute lymphoblastic leukemia using blinatumomab
after failure of responseto CD-19 chimeric antigenreceptor T-cell therapy. Clin Case Rep.
2020;8(9):1678-1681.doi: 10.1002/ccr3.2918. PMID: 32983475; PMCID: PMC7495807 .

* Borriello A, Locasciulli A, Bianco AM, Criscuolo M, Conti V, Grammatico P, Cappellacci S, Zatterale
A, Morgese F, CucciollaV, Delia D, Della Ragione F, Savoia A. A novel Leul53Ser mutation of the
Fanconianemia FANCD2gene is associated with severe chemotherapytoxicity in a pediatric T-cell
acute lymphoblastic leukemia. Leukemia. 2007;21(1):72-78.doi: 10.1038/sj.leu.2404468. PMID:
17096012.



Blinatumomab After HSCT

* Handgretinger R, Zugmaier G, Henze G, Kreyenberg H, Lang P, von Stackelberg A.
Complete remission after blinatumomab-induced donor T-cell activation in three
pediatric patients with post-transplant relapsed acute lymphoblastic leukemia.
Leukemia. 2011;25(1):181-184

» Schlegel P, Lang P, Zugmaier G, Ebinger M, Kreyenberg H, Witte KE, Feucht J, —&-CD3 CIHO DA ~>~CD8 —@ MRD level
Pfeiffer M, Teltschik HM, Kyzirakos C, Feuchtinger T, Handgretinger R. Pediatric 1200 @ 1 D0E+00
posttransplant relapsed/refractory B-precursor acute lymphoblastic leukemia shows
durable remission by therapy with the T-cell engaging bispecific antibody
blinatumomab. Haematologica. 2014;99(7):1212-1219.

* WuH, Cai z ShiJ, Luo Y, Huang H, Zhao Y. Blinatumomab for HLA loss relapse
after haploidentical hematopoietic stem cell transplantation. Am J Cancer Res.
2021;11(6):3111-3122.

+ Stein AS, Kantarjian H, Gokbuget N, Bargou R, Litzow MR, Rambaldi A, Ribera JM, 300 1
Zhang A, Zimmerman Z, Zugmaier G, Topp MS. Blinatumomab for Acute
Lymphoblastic Leukemia Relapse after Allogeneic Hematopoietic Stem Cell
Transplantation. Biol Blood Marrow Transplant. 2019;25(8):1498-1504. 0 B M "'1{3"1 7%— 1.00E-07

* Alcharakh M, Yun S, Dong Y, Vincelette ND, Daud M, Manzoor S, Riaz IB, Anwer Days from start blinatumomab
F. Blinatumomab-induced donor T-cell activation for post-stem cell transplant-
relapsed acute CD19-positive biphenotypic leukemia. Immunotherapy.
2016;8(8):847-852.

* Blinatumomab Maintenance Following Allogeneic Hematopoietic Cell
Transplantation for Patients With Acute Lymphoblastic Leukemia:
(NCT02807883)

+ Blinatumomab after T-cell receptor (TCR) alpha/beta-depleted HSCT
(NCT04746209)

* Blinatumomab for MRD in pre-B-ALL patients following HSCT (NCT04044560)
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Investigator-Sponsored Study Proposal: Synopsis

* Indication for first allogeneic HSCT: CD19+ ALL in first, second, > second remission
* Inclusion criteria
— Age: 20.5 years and <21 years of age
— Confirmed CD19+ disease prior to enrolilment on study
» Exclusion criteria
— Patients with recent episode of seizures or posterior reversible encephalopathy syndrome in the past 30 days
+ Patients must be at least 260 days post-SCT without evidence of grade 2 or higher acute GVHD and no steroid use.
Withdrawal of immunosuppression will be allowed. The dose of blinatumomab used in this trial will be 15 mcg/m?/day
for 28 days (starting with 5 mcg/m?/day)
* The study drug will be provided by AMGEN and will be directly distributed to the European study sites. Decentral study
visits and lab investigations if study site is experienced with Blincyto-treatment
+ Documentation, data collection, and central monitoring vial FORUM-Marvin
+ Study aims: (to be amended?)
— To assess the feasibility of administering blinatumomab post SCT
— Todefine and describe the toxicities of blinatumomab when given in the peri-SCT setting
— To estimate the 6-month event-free survival (EFS) rate
— To evaluate the 1-year overall survival rate



Conclusions

Blinatumomab is approved in Europe for pediatric patients >1 year or older with R/R Ph-
negative CD19-positive B-precursor ALL

Prospective randomized trials show superior survival compared with intensive chemotherapy
The toxicity profile is less severe than that observed with contemporary chemotherapy

Extremely vulnerable ALL patients such as patients with Down syndrome and infants and
patients with chromosomal breakage syndromes might benefit from bispecific antibody
treatment

Pre-emptive therapy might reduce relapse-risk after hematopoietic stem-cell transplantation
without increasing graft-vs-host disease

Bispecific monoclonal antibodies might replace toxic chemotherapy for different conditions in
pediatric leukemia



a

Repeated Question 1

A 2-year-old boy (CD19-ALL/MLL-rearrangement) presents with MRD 10-2
28 days after 3 high-risk blocks and bone marrow hypoplasia.

Would you
a) Give another intensive chemo-block
b) Proceed with allogeneic HSCT with a TBI-containing regimen
c) Start blinatumomab continuous infusion
d) Proceed with allogeneic HSCT with a myeloablative chemo-conditioning regimen
e) Produce CD19 CAR T cells



Repeated Question 2

What severe side effect in childrenis unlikely to be associated with blinatumomab?

a) Hypotension

b) Fever

c) Cytokine release syndrome

d) Encephalopathy

e) Seizures

f) Irreversible bone marrow aplasia
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CRS managementin pediatric ALL

Case presentation

Francesca del Bufalo, MD
IRCCS Bambino Gesu Children’s Hospital, Rome, Italy
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Medical history

5-year-old boy
Diagnosis of BCP-LLA, t(12;21) in December 2013

First-line treatment according to the AIEOP-BFM ALL 2009 international
protocol — intermediate risk (TP1 and TP2 response)

Stop therapy: December 2015
First combined relapse (BM + testicles + CNS): February 2016

Bilateral orchiectomy + enrollment in the first-relapse protocol IntReALL SR
2010, arm B

7
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IntReALLSR 2010, Arm B

2 TREATMENT SCHEDULE INTREALL SR 2010

week 1 2 3 4 5 8 7 8 9 10 11 12 13 14 1518 17 18 10 20 21 22 23 24 25 26 27 28 20 30 31 //
Induction - Post-induction phase

SCA1 SCA2 Local
A +Epratuzumab |+Epratuzumab RAD
sRa | A R SCA3 \scu SCAS | SCAS | SCA7 |SMA 1131
ﬂ SCAI1 SCA2 \
+ CR/MRD @it ¥ SCT
sce1 sce2 Local
A $ +Epratuzumab | + Epratuzumab RAD
SR8 | 5B (é sCB3 SCB4 MB 7/ 134
9 SCB1 SCB2
wmro * SCT
+ CR/MRD e
|} wro

—
Arrow down (¥), bone marrow puncture with CR/MRD assessment; CNS-RAD, iradiation of the central nervous system, if indicated; CR, cytological remission;
MRD, minimal residual disease; SIA ALL-REZ BFM induction course; SCA 1-7 ALL-REZ BFM consolidation courses; ®, randomization; SIB, UK-R3 induction
courses; SCB 14 UK-R3 consolidation / intensification courses; SCT, stem-cell transplantation; SR, standard risk group.



Medical history

* Second, CNS-isolated relapse = rescue chemotherapy (intratecal
and systemic) + allogeneic HSCT (June 2017)

e Subsequently, third CNS and bone marrow relapse

= Enrollment in the academic clinical trial CD19-CARO1 (phasel |,
DL3: 3 x 10° CAR+ cells/kg patient body weight)
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CART cellsfor R/R ALL: Summary of ELIANA study

‘ ORIGINAL ARTICLE

1.0+
Tisagenlecleucel in Children and Young 03
Adults with B-Cell Lymphoblastic Leukemia 0.1
4 Overall survival
* 92 patients enrolled, 75 treated o7 Qe
* 73% grade 3—4 AEs related to CAR T % > Event-free survivhl
* 81% -> CR/CRi, all MRD negative; 66% in intention-to-treat % ]
analysis & 044
_ No.of No.of Median
* l-yearEFSat 50% o3 Patients Events Survil\.ral Rate at 6 Mo
* Demonstrates feasibility of delivery in multiple centers 0.2 mo % (95% Cl)
Overall Survival 75 19 19.1 90 (81-95
* FDA approval for R/R pediatric ALL: August 2017 0.1 E::;:fre:wlva 75 27 not 73 {60—82;
Survival reached
0.0 T I I T T T I T T | 1
0 2 4 6 8 10 12 14 16 18 20 22
Months since Tisagenlecleucel Infusion
No. at Risk

Overall survival 75 72 64 58 55 40 30 20 12 8 2 0
Event-free survival 75 64 51 37 33 19 13 8 3 3 1 0

Maude SL, et al. N Engl J Med. 2018;378:439-448; KYMRIAH™ (tisagenlecleucel) Prescribing Information. Novartis Pharmaceuticals Corporation.



Monitoring after CAR T-cell infusion

* From day O: Severe cytopenia
* D +3: Persistent fever (T >39°C)



Q 10-year-old boy with R/R ALL, fever, and severe
cytopeniaon day +3 after CAR T-cell infusion

Question
What is the approriate initial management for this case?
a) Administer steroids

b) Close observation, wide microbiologic screening, empiric antibiotic
therapy, management of symptoms (paracetamol, fluids . . .); keep
tocilizumab available in the unit

c) Administer tocilizumab

d) Transfer to ICU
7
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CRS 5IGNS AND
SYMPTOMS

1.  Assess for infection Start empiric
2. Assess grading antibiotic therapy
« Treat fever and
neutropenia if present
Grade 1 CRS Grade 2 CRS Grade 3 CRS Grade 4 CRS
(fever, mild (hypotension [hypotension {mechanical
constitutional responding to fluids requiring multiple or ventilation; grade 4
symiptoms) or 1 low dose high-dose pressors; organ toxicity,
pressor; hypoxia hypdia requiring exduding
responding to <40% 240% 02; grade 3 transaminitis)
0z; grade 2 organ organ toxicity and/or
toxicity) grade 4 transaminitis)

CRS is a diagnosis

Fa%eltision

#\igilant
supportive care
(antipyretics,
analgesics as
neaded, fluids)

s Monitor fluid

v -

+\igilant
supportive care

» Careful and
close monitoring
of cardiac and

other organ
P

v

» Vigilant
supportive care
» Tocilizumab

lNorespocnseat

assessment at 12-14h

+ 7nd dose Tocilizumab™® £+
et ercetermide® *® OV

ant guidelines

Lee DW et al. Blood 2014



Monitoring after CAR T-cell infusion

* From day O: Severe cytopenia

e D +3: Persistent fever (T >39°C)

— Empiric antibiotic therapy

- Negative wide microbiologic
screening

—>Grade 1 CRS

* D +5: Hypotension despite IV
fluids, initial dyspnea




Q 10-year-old boywith R/RALL, CRS on day +5 after CAR T-cell infusion,
and development of hypotension and low oxygen saturation

Question
What is the grade of CRS and the relative management at this point?
a) Grade 2; administer steroids

b) Grade 1; close observation, wide microbiologic screening, empiric

antibiotic therapy, management of symptoms (paracetamol,
fluids...)

c) Grade 4; administer tocilizumab

d) Grade 2; start of vasopressors, administration of oxygen, and
evaluation with the ICU team, administer tocilizumab A
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Table 2 | Cytokine-release syndrome grading and management

Grade 1 CRS Grade 2 CRS
Signs and symptoms
*Temperature =38 °C Any temperature and any of the following:
: HD E'_-.fpotg.-mlon * Hypotension that responds to iv fluids or
GD dyp-o:-ua - low-dose vasopressor treatment
e = 5p0), <00% on room air: FiQ, requirement
<40% to keep 5p0, ~88%
= Grade 7 organ toxicity
Paediatric considerations

= Asymptomatic sinus
techycardia is defined by
heart rates above the age-
specific normal range or
baseline values)

* Hypotension is defined as follows: SBP <(70
+(2 = age in years)) mmHg in patients aged
1-10years; 3BP <00 mmHg in patients aged
=10 years

Management

= Acetaminophen, asneeded,  * Manage according to recommendations for

forfever grade 1 CRS (if applicable)

= Evaluate for infectious = Administer iv. fluid bolus of 1020 ml/fkg
aetiologies (blood and normal saline: repeat as necessary to
urine cultures and chest maintain SBP above baseline or age-specific
radiography) normal range

* Consider broad-spectrum
antibiotics and filgrastim
(if patient is neutropenic)

» Assess for adequate
hydration

= Consider anti-1L-6 therapy

for persistent or refractorny
Fanmrt

* For hypotension refractory to fluid boluses or
hypoxia, consider anti-IL-6 therapy with i
tocilizumab (12 mg/lkg for patients weighing
<30 kg or & mg/kg for those weighing =30 kg.
toa maximum of 300 mg per dose): repeat
dose every 8 hours for up to 3 doses within

24 hours (but titrate frequency according to
el

Grade 3 CRS

Any temperature and any of the
following:

* Hypotension (age 1-10years:
SBP <(70 +(2 = age in years))
mmHg; age =10 years: SBP
<00 mmHg) requiring high-dose
or multiple vasopressors

= FiQ, requirement =40% and/or
requiring BiPAP to keep Sp0,
>88%

= Grade 3 organ toxicity'

+ Grade 4 transaminitis (=20 LILN)

= Oliguria is defined as a urine
output of <0.5 ml/kg per hour for
8 hours

* Manage according to
recommendations for grades 1
and 2 CRS

* Transfer patient to PICU and
obtain echocardiogram, if not
performed already

* Administer iv. dexamethasone
0.5 mg/kg (maximum 10 mg per
dose) every 6 hours; can increase
dose to maximum of 20 mg every
6 hours if patient is refractory
to lower dose (alternatively,

methylprednisolone
1=7 mia/lra mer day divided

Grade 4 CR5

Any temperature and any of
the following:

* Persistent hypotension
despite fluid resuscitation
and treatment with
multiple vasopressors

= Requirement for invasive
mechanical ventilation

= Grade 4 organ toxicity
(except grade 4
transaminitis)

* Anuria is defined as

nes

-6 therapy.
steroids, and

to clinfical improvement,
consifler high-dose
methylprednisolone (1 g

dﬂil":" L] ua}u T YL L’_\l
ramir taner s the hecic oF



Monitoring after CAR T-cell infusion

From day0: Severe cytopenia
D +3: Persistent fever (T >39°C)
- Empiric antibiotic therapy
- Negative wide microbiologic screening
- Grade 1 CRS
D +5: Hypotension despite IV fluids
- Grade 2 CRS

- Tocilizumab (8 mg/kg)
- Dopamine (6 pg/kg/min)
- Low-flow nasal cannulae
- Daily monitoring together with ICU
team
D +10: Disappearance of the fever and
improvement of BP

- Decrease of dopamine (3 pg/kg/min)
until withdrwal ond +12
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Patient case

16 y/o female
Diagnosed with B-ALL, CD19+ 46XX; del(9p13); del(21g22) CNSII
MRD+ at TP1 (10-2) and TP2 (1073)
Allogeneic HSCT, MUD (9/10), BM 07/2018
TBIl-based conditioning with 12 Gy and Vp-16
GvHD prophylaxis:
ATG 3 x 15 mg/kg, CsA 3 mg/kg (day—1), MTX 10 mg/m? (day +1, +3, +6)
Complications
* FUO, BKV viremia, and hemorrhagic cystitis
* aGvHD: skin IV, overall IV
Day +100 after allo-HSCT
Presented with acute kidney disease
* Proximal tubulopathy (Fanconi syndrome)
* Elevated creatinine and cystatin
e GFR 20 mL/min/1.73 m?
* Normal urine output

Kidney biopsy: glomeruli intact, subacute tubules damage



Patient: Progress

1. Late bone marrow relapse 04/20 (CD19+and CD19- populations)
Complications: stable chronic kidney disease, asymptomatic CMV reactivation
Treatment: CAR T-cell infusion 06/20

2. Allogeneic HSCT, PBSC (haploidentical donor — mother) 08/20

GVHD prophylaxis: ptCy (day +3, +4), FK-506

End of immunosuppression day +36

Complications: slow hematologic engraftment, HHV-6/7 reactivation

2. Early bone marrow relapse07/21

Treatment: cytoreductive therapy, CAR T-cell infusion (07/21)

Complications: stable chronic kidney disease (KD), invasive mycoses



Q Question1

What would be your strategy in case of ALL —relapse after allo-HSCT in a patient
with chronic KD (GFR 20 mL/min/1.73 m?)?

a) Second allo-HSCT with myeloablative conditioning

b) Second allo-HSCT with reduced-intensity conditioning
c) Palliativeapproach

d) Othertreatment



Pathogenesis of acute and chronic KD

Chemothera
Py Immune complications

Immunosuppression (engraftment,
(CNI) GVvHD, TA-TMA)

Underlying
disease

Overhydration

Antibiotics Infections
Virostatics (virus, sepsis)




How do we screen acute and chronic KD?
 Ultrasound diagnostic
* RR
* Diuresis
* Urine analysis (proteinuria, albuminuria)

* Monitoring of retention parameter (creatinine, BUN, cysC) and
electrolytes, GFR

* Monitoring during long-term follow-up



Prevention and treatment of acute and chronic KD

Prevention and monitoring
Optimization of fluid balance
Careful use of nephrotoxic medication and contrast fluid
Monitoring of kidney function
Treatment: General measures
Optimization of fluid balance
Discontinuation of nephrotoxic medications
Aggressivetreatment of underlying infections
Treatment: Specificmeasures
Marrow infusion syndrome: steroids
Hepaticsinusoidal obstruction syndrome: albumin and terlipressin, defibrotide

Thrombotic microangiopathy: treatment of hypertension, cessation of CNland mTOR inhibitors,
complementinhibition

DeMauro Renaghan A, et al. Clin J Am Soc Nephrol. 2020;15(2):289-297.



Q Question 2

What options would you choose during pre- and post-HSCT in a patient
with chronic KD?

a) Dose reduction of chemotherapy drugs

b) Drug monitoring

c) Prevention of overhydration

d) Drug application with less nephrotoxicity

e) Aggressivetreatment of infections



Discussion

What conditioningwould you recommend for second allo-HSCT?

What type of donor would you use in this setting?
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Repeated Question 1: Which of the following subsets of first-relapse ALL
patients can be considered at very high risk?

a) All patients with B-ALL relapsing within 18 months from diagnosis
b) All patients with hypodiploidy

c) All patients with t(17;19) or t(1;19)

d) Each of the 3 previous subsets



(’ Global Leukemia
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Repeated Question 2: Which assertion is correct for children with B-ALL?

a) Inotuzumab is approved for induction treatment of relapsed B-ALL in
childhood

b) Inotuzumab dosage is 3 mg/m?

c) Blinatumomab is approved for consolidation treatment before HSCT in
children with B-ALL

d) None of the patients relapsing later than 6 months after treatment
discontinuation should be transplanted



(’ Global Leukemia
ademy
a Educational Questions Pediatric ALL

Repeated Question 3: Which children with relapsed ALL should be transplanted
after a TBI-containing regimen?

a) All children

0) Children above the age of 4 years
c) Children above the age of 10 years
d) Those with T-ALL



Global Leukemia
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Repeated Question 4: Which of the following statements is incorrect?

Leukemia recurrence in patients given CAR T cells is associated with
early disappearance of CAR T cells in peripheral blood

Leukemia recurrence in patients given CAR T cells is associated with
B-cell aplasia

Leukemia recurrence in patients given CAR T cells is associated with
disease burden at time of infusion

Leukemia recurrence in patients given CAR T cells is associated with
reappearance of MRD
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Thank you!

>Thank you to our sponsors, expert presenters, and to you for
your participation

> Please complete the evaluation survey that will be sent to you via chat

>The meeting recording and slides presented today will be shared on the
globalleukemiaacademy.comwebsite within a few weeks

> |f you have a question for any of our experts that was not answered today,
you can submit it through the GLA website in our Ask the Experts section

THANK YOU!
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