(A- Global Leukemia
Academy

Global Leukemia
Academy

Emerging and Practical Concepts and
Controversies in Leukemias

23224 July 2020

7€ APTITUDE weaurs



(A- Global Leukemia
Academy

Welcome and
Meeting Overview

Elias Jabbour and Eduardo Rego

$'€ APTITUDE Hears



Meet the Faculty

Patrick Brown, MD Aaron Logan, MD, PhD
. Associate Professor of Oncology Associate Professor of Clinical
Elias Jabbour, MD and Pediatrics, Director Medicine, Director Hematologic
Professor of Medicine Pediatric Leukemia Program ; Malignancies Tissue Bank

Department of Leukemia
University of Texas

MD Anderson Cancer Center
Houston, TX, USA

Johns Hopkins University
Baltimore, MD, USA

University of California, San Francisco
San Francisco, CA, USA

al
A

Eduardo Rego, MD, PhD Roberta Demichelis, MD
Professor in the Faculty of Medicine Assistant Professor in the Department
Medical School of Ribeirdo Preto of Hematology/Oncology

Sé&o Paulo, Brazil INCMNSZ*

Mexico City, Mexico

(‘- Global Leukemia
Academy . . o ) o .
*INCMNSZ, Instituto Nacional de Ciencias Médicas y Nutricion Salvador Zubiran.



Objectives of the Program

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

Gain insights into : Review
e : - Discuss the o
antibodies and bispecifics evolving promising

. . I)
of MRD in iIn ALL: what are they" ole of ADC novel e_md
managing and When and how should they therapies in emerging
be used? Where is the therapies in

monitoring ALL science going? ALL ALL

Comprehensively
discuss the role
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Virtual Plenary Sessions (Day 1)

i
TIME UTC-3 TITLE SPEAKER
17.0071 17.10 Welcome and meeting overview; introduction to the voting system Elias Jabbour, Eduardo Rego rj
17.107 17.25 Review of prognostic value of MRD in ALL Elias Jabbour '
17.2571 17.40 How and when to check for MRD in ALL Eduardo Rego
17.4071 17.55 MRD assessment and management in CR1 vs CR2 and beyond Aaron Logan
17.5571 18.10 Genetic variants in ALL i Ph+ and Ph-like Elias Jabbour
18107 18.25 AYA AL_L patients T what is the current treatment approach for this diverse patient Patrick Brown
population?
18.257 18.45 Break
18.457 19.00 Bispecific T-cell engagers as post-reinduction therapy improves survival in pediatric Patrick Brown
and AYA B-ALL
Panel discussion on the role of HSCT II\E/IgS:rr;ct)oI;:eElcl)as Jabbour
. A Experience of HSCT in the region (ARS-guided assessment) g
19.0071 19.45 . Aaron Logan
A Pros and cons of HSCT, COVID-19 impact and measures All faculty: A, L P B E
A Discussion and voting aculty: A. Logan, P. Brown, E.
Jabbour, E. Rego, R. Demichelis
Debate on CD19-targeted approaches Mod_erator: Eduardo Rego
Patrick Brown
. A CART ! ]
19.45171 20.25 I . o Elias Jabbour:
A Monoclonal antibodies and bispecifics Al faculty: A. L P B E
A Discussion and voting aculty: A. Logan, P. Brown, E.
Jabbour, E. Rego, R. Demichelis
Emerging data and the management of ALL patients during COVID-19 Moderator: Eduardo Rego
20.257 20.55 A Presentation Elias Jabbour
A Panel discussion All faculty
20.557 21.00 Session close Elias Jabbour, Eduardo Rego



Virtual Breakout: Pediatric ALL Patients (Day 2)

Chair: Patrick Brown

TIME UTC-3 TITLE SPEAKER
. Session opening .
17.001 17.15 A Educational ARS questions for the audience Patrici Breiy
First-line treatment of pediatric ALL
17.157 17.35 A Presentation Lia Gore
A Q&A
Current treatment options for relapsed ALL in children including HSCT and
17.357 17.55 %OV'D'lg considerations Franco Locatell
Presentation
A Q&A
Bispecific T-cell engagers for pediatric ALL
17.5571 18.15 A Presentation Patrick Brown
A Q&A
Case-based panel discussion: Management of long- and short-term toxicities . ,
o L X Maria Sara Felice
18.157 18.45 and treatment selection in pediatric patients Carlos Andres Portilla
’ ’ Panelists: Maria Sara Felice (Arg), Oscar Gonzalez Ramella (Mex), Adriana Discussion
Seber (Bra), Carlos Andres Portilla (Col)
18.451 19.00 Session close Patrick Brown
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Virtual Breakout: Adult ALL Patients (Day 2)

Chair: Elias Jabbour

TIME UTC-3 TITLE SPEAKER
. Session opening .
17.001 17.15 A Educational ARS questions for the audience Elias JabbefpieiSERi o
Optimizing first-line therapy in adult and older ALL T integration of
17157 17.35 |mmunotherapy_|nto frontline regimens Elias Jabbour
A Presentation
A Q&A
Current treatment options for relapsed ALL in adult and elderly patients
17.357 17.55 A Presentation Aaron Logan
A Q&A
Case-based panel discussion : .
_— _ Roberta Demichelis
" Management of long- and short-term toxicities and treatment selection in
17.5571 18.45 : Eduardo Rego
adult and elderly patients Discussion
Panelists: Elias Jabbour, Eduardo Rego, Aaron Logan, Roberta Demichelis
18.457 19.00 Session close Elias Jabbour
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Where are you from?
a) Argentina

b)BraziI

C)Cdombm
d)Mexico

e) Peru

f) Other

Question 1



How many patients with ALL are you currently following?
a)o

b)l’l‘ 5

C)6i 15

d)1ei 20

e)621

Question 2



How do you assess for minimal residual disease (MRD)?
a) We do not check for MRD

b)MuIticoIor flow

C) Molecular PCR

d)Next-generation sequencing platform

Question 3
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Review of Prognostic Value of MRD in ALL
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Survival of 972 Adults With Phi ALL

A972 pts Rx 19801 2016; median F/U 10.4 years

Ao e Total Events Median
15-39 185 142 4.5 yvears
40-50 486 261 2.8 years

=G0 301 193 1.3 ywears
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Sasaki. Blood. 2016;128:3975.




Minimal (measurable) Residual Disease

AConcept first described 40 years ago

AMain methods are flow cytometric detection of leukemic
Immunophenotype (LIP), detection of ALL fusion transcripts, and
detection of antigen receptor rearrangements commonly to 104
(1:10,000 cells)

ATiming of testing varies widely
Almportant Interaction with leukemic subtype and genomic alterations

ARoIe of more-sensitive tests, and with newer treatment approaches
less clear



Question 1
When do you assess for MRD?
a) Monthly
D)At CR

C) At 3 months from induction

d)At CR and 3 months from induction, and every 3 months thereafter
e)| never check for MRD



How to Define the Risk?
C Can be defined BEFORE treatment
C And/or redefined DURING treatment

A MRD, which can possibly better define transplant
candidates

A Steroid pretreatment



Treatment of ALL Before the MRD Era:
High CR Rates but Relapse Is Common

Median Age, Year
(range)

MRC/ECOG E2993 1826 31 (15-65) 38 at

Study N T Cell, % CR, %

CALGB 19802 163 41 (16-82) I 35 at 3 yr

27.5
GIMEMAALL 0288 778 (12.0-60.0) 29 at 9 yr

GMALL 05/93 1163 35 (15-65) 35-40 at 5 yr
GOELAMS 02 198 33 (15-59) 41 at 6 yr
HyperCVAD 288 40 (15-92) 38 at5yr
JALSG-ALL93 263 31 (15-59) 30 at 6 yr
LALA-94 922 33 (15-55) 36 at 5 yr

Adapted from Pui CH, et al. N Engl J Med. 2006;354:166-178.



MRD in ALL

A Meta-analysis of 39 studies (pediatric and adult), including 13,637 patients with all subtypes

A Prognostic impact of MRD clearance consistent across therapies, MRD method, timing, level
of cutoff, and subtypes

| A EFS for pediatric ALL: 20 studies with 11 249 patients B OsS for pediatric ALL: 5 studies with 2876 patients

HR, 0.23 (95% BCI, 0.18-0.28) . 0.28 (95% BCI, 0.19-0.41)
2 a 6 s & 2 a 6 8

Time, v Time, v

EFS for adult ALL: 16 studies with 2065 patients [ D I OS for adult ALL: 5 studies with 806 patients

1.0

Berry DA. JAMA Oncol. 2017;3(7):e170580.



Molecular Relapse (MRDI Y MRD+) | s Predic
Cytologic Relapse in Patients in CR1

Probability of continuous CR and survival in n = 24 adult ALL
patients in first CR but with molecular relapse

Probability of CCR* Probability of OS*
1.0 - 1.0 -
0.8 - 0.8 1
= =
;?5 ey % e Survival:
g 0.4 CCR: -E 0.4 - 15% at 5 years
o 5% at 3 years o
0.2 4 0.2 -
0.0 N L] L] L] L] L] L] 1 0.0 N L] L] L] L] L] L] I 1
(0] 1 2 3 4 ) 6 7 0] 1 2 3 4 ) 6 7
Time (years) Time (years)

*Patients with SCT in CR1 excluded.
Gokbuget N, et al. Blood. 2012;120:1868-1876.



MRD Methods

Flow cytometry for
ndifferenct
nor mal o

RQ-PCR for
IGH/TCR gene
rearrangements

~104to 10>

RQ-PCR for
recurrent gene
fusions

~104to0 10°

Next-generation
sequencing

Short NJ, et al. Am J Hematol. 2019;94(2):257-265.

Fast

Relatively inexpensive
Potential to detect phenotypic
shifts

Sensitive
Well standardized with consensus
guidelines

Sensitive
Uses standard primers utilized for
diagnostic purposes

Very sensitive

Fast (uses consensus primers)
Potential to track small subclones
and clonal evolution

Confounders: increased benign B-cell
precursors during marrow recovery; potential
phenotypic shifts

Requires significant technical expertise
Limited standardization (though attempts in
progress)

Time consuming and labor intensive
Requires significant technical expertise

May not detect small subclones at diagnosis
Expensive

Applicable to <50% of ALL cases
Limited standardization

Requires complex bioinformatics
Minimal clinical validation
Expensive




NGS ldentified Patients With Improved EFS

Event-free survival
(Sensitivity 10-5)

| p=0.036

P <0.0001
P=0.15

>
=
e
©
o
o
e
o

= MFC MRD-negative & NGS MRD-negative (N=409)
MFC MRD-negative & NGS MRD-positive (N=55)
= MFC MRD-positive & NGS MRD-positive (N=87)

EFS was significantly worse in the NGS MRD+/flow cytometry MRDi group than patients
who were MRDI by both methods (P = .036).
Six patients were identified as NGS MRDi and MFC MRD+.

NGS, next-generation sequencing; MFC, multiparameter flow cytometry.
Wood B, et al. Blood. 2018; 131(12):1350-1359.



Comparison: NGS With RQ-PCR

A Prognostic value of d+33 MRD (pediatric ALL, BFM-based treatment)

Day 33 RQ-PCR Day 33 NGS
MRDi , n = 37, 5-yr RFS: 84% + 6% MRDi , n = 41, 5-yr RFS: 90% + 5%
MRD+, n = 36, 5-yr RFS: 63% + 8% MRD+, n = 32, 5-yr RFS: 53% + 9%

MRD-negative

MRD-negative
MRD-positive

MRD-positive

0 10 20 30 40 50 60 70 80 90 0O 10 20 30 40 50 60 70 80 90
Time, mo Time, mo

Kotrova M, et al. Blood. 2015;126:1045-1047.



Next-Generation Sequencing vs FMC MRD in ALL

AFDA accepted MRD negativity as Rx endpoint in ALL, regardless of
methodology

ABIinatumomab FDA approved (April 2018) for Rx of MRD+ ALL in CR1-CR2
on the basis of JAMA Oncology meta-analysis (Don Berry) and German
single-arm trial results

ANGS detects MRD at 10%; 4- to 8-color FCM detects MRD at 10

Aln adult ALL, MRD >0.1% at CR and >0.05%1 0.01% 2i 3 mo in CR predictive
of worse survival on chemoRx

ANGS may predict better T ongoing studies at MDACC of outcome at MRD
<10°vs 10 10#vs >10+4



Postremission Rx of ALL According to FCM MRD

A 307 pts age 151 60 yr with pre-B ALL
ORR 91%: 83% after induction 1

A If MRD >0.1% at end of induction (week 5), >0.01% at midconsolidation (week
17): chemoRx then alloSCT, otherwise chemoRx alone

A ORR 277/307 = 81%; 94 (31%) assigned to alloSCT and 190 (62%) chemoRXx

5-yr CIR, % 5-yr OS, %
Overall
AlloSCT
ChemoRXx

MRD <0.1 at CR and <0.01
at consolidation

MRD <0.01 at CR

Ribera. Blood. 2019;134:abstract 826.



Blinatumomab in MRD+ BCP-ALL: MT103-202 Trial

Overall RFS RFS: Patients With HSCT RFS: Patients Without HSCT
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N=20
Median follow-up: 33 mo
3-year RFS: 61%

No Hematologic Relapse
o
[N}

o
o

6 12 18 24 30 36 42 48 12 18 24 30 36 42 48 12 18 24 30 36 42 48
Time, mo Time, mo Time, mo

Topp MS, et al. Blood. 2012;120:5185-5187.



Blinatumomab for MRD+ ALL in CR1/CR2

A 113 pts Rx. Post-blina MRDi 88/113 = 78%

110 evaluated (blasts <5%, MRD+); 74 received alloSCT. Median FU 53 mo
A Median OS 36.5 mo; 4-yr OS 45%; 4-yr OS if MRDi 52%
A Continuous CR 30/74 post-alloSCT (40%); 12/36 without SCT (33%)

——— 1: MRD responder at cycle 1 (N = 85)- Median - (95% CI: 27 3 months, - )

s Median 36.5 months (95% CI: 22.0, - ) 2: MRD non-responder at cycle 1 (N = 22): Median 12.5 months (95% CI: 3.2, 39.7)

2 2
3 3
g 2
£ g
¢ L
E [v]
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0 6 12 18 30 36

0 6 12 18 24 30 36 42 48 i} 60 66 Study Month

S isk:
Study Month Number of Subjects at Risk

1: 85 78 69
22 14 1N

Number of Subjects at Risk:
110 9% 86 73 62 59 5 kL) 26 19 6

Goekbuget N, et al. Blood. 2018;132:abstract 554.



Outcomes by HSCT Use in CCR: Simon-Makuch Analyses i
Landmark of 2 Months

Overall survival Relapse-free survival Time to relapse
1.0 1.0 1.0 A
0.9 4 0.9 0.9 1
0.8 0.8 0.8
© T ©
2 074 =2 074 2 0.7A
= = =
» 061 7 0.6 2 06
© A © kS
> 0.5 > 0.5 > 0.5 A
T 0.4- T 0.4- S 04+
32 3 3
o 0.3 o 0.3 - o 0.3 -
o o o
0.2 0.2 4 0.2 4
No HSCT in CCR No HSCT in CCR No HSCT in CCR
C HSCT in CCR e HSCT in CCR 0.1 1 HSCT in CCR
0.0 0.0 0.0
rrrrrrrrrrrrrrrnrnrnririria rrrrrrrrrrrrrrrrrrruria rrrrrrrrrrrrrrrrrriririu
2 8 14 20 26 32 38 44 50 56 62 1 7 13 19 25 31 37 43 49 55 61 1 7 13 19 25 31 37 43 49 55 61
Months Months Months
Number of patients at risk:
Non-HSCT 94 27 23 21 19 17 14 10 10 9 O 103 16 12 12 12 10 8 6 5 5 O 101 16 12 12 11 10 8 6 5 5 O
HSCT 15 63 58 45 42 41 31 22 15 7 O 2 62 53 42 34 33 25 19 14 7 O 2 61 53 42 34 33 25 19 14 7 O

Landmark of 2 months for overall survival and 40 days for other analyses was used to ensure non-zero number of patients in the HSCT group.
CCR, continuous complete remission; HSCT, hematopoietic stem cell transplantation.
Goekbuget N, et al. Slides presented at: 60th ASH Annual Meeting & Exposition of the American Society of Hematology; December 1-4, 2018; San Diego, CA.



Dynamics of MRD: Outcome

MRD Status oS

Patients

T MRD Change from CR to 1st post-CR
(%)

. —TNeg_MNeg
n=214

S 1Pos_Meg
Pos_Pos

Negative Negative 147 (69)

OO0 . 1 %\egative 14 (7)

Cum Survival

>0.1% Negative 33 (15)

Positive  Positive 20 (9)

p=0.001

T T T T T T
986 108 120 132 144 156

Yilmaz. Blood. 2019;134:abstract 1297.



Ph-Like ALL: Survival and EFS

wie Mon-Ph-like ALL (n = 207
Ph-like ALL {n = 133)

== MNon-Ph-like ALL {n = 207)
Fh-like ALL {n = 133)

e |
o
1
b |
£
[

Event-Free Survival (%)
a8
Overall Survival (%)
=

Pl
n
L
Pl
n
'l

2 ) ] 2 4 B 8
Time Since Diagnosis (years) Time Since Diagnosis (years)

Mo. at risk: Mo. at risk:
Mon-Ph-like ALL 207 146 117 102 73 Mon-Ph-like ALL 207 182 127 107 80 60
Ph-like ALL 133 70 389 32 Ph-like ALL 133 82 49 40 23

Roberts, et al. J Clin Oncol. 2017;35:394.



Ph-Like ALL: Higher MRD+ Rate

N

CR/CRp

MRD at CR
Positive

Negative

Jain. Blood. 2017;129:572-581.

B-ALL Categories (N = 155)

Ph-like
56
50 (89)

23 (70)
10 (30)

Ph+
46
43 (93)

15 (44)
19 (56)

B i other
53
50 (94)

4 (13)
27(87)

P value

o7




TKI for Ph+ ALL

Imatinib: 5-yr OS = 43% Dasatinib: 5-yr OS = 46% Ponatinib: 5-yr OS = 71%

O N N ]
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# of patients af isk. 37

Daver. Haematologica. 2015; Ravandi. Cancer. 2015; Jabbour. Lancet Oncol. 2015; Jabbour. Lancet Hematol. 2018.



CMR in Ph+ ALL: OS for CMR vs Others
At CR At 3 months

—— NoCMR 5 S5 mos —— No CMR

HR 0.42 (95% CI 0-2182)
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Overall survival (%)

96 96
Time (months) Time (months)

A MVA for OS
CMR at 3 months (HR 0.42 [95% CI: 0.21-0.82]; P = .01)

Short. Blood. 2016;128(4):504-507.



Indications for HSCT: Ph+ ALL

MRD assessment (within 3 months)

‘/\>

MRDI

\4

MRD+

/\

<0.1%

|

>0.1%

!

Chemotherapy/
blinatumomab + ponatinib

Blinatumomab/Ino

Blinatumomab/Ino

+ ponatinib + ponatinib T 2i 4 cycles

|

HSCT
+ maintenance TKI

Short. Blood. 2016;128(4):504-507; Sasaki. Blood. 2019;134:abstract 1296; Samra. Blood. 2019;134:abstract 1296.




Indications for HSCT: Phi B-ALL and T-ALL

MRD assessment (within 3 months)

MRDi MRD+
Poor-risk Others B cell T cell
cytogenetics/
genomics*
1 Continue Blinatumomab HSCT
HSCT chemotherapy x 2i 4 cycles
*Ph-like, 11923 rearrangement, early T-cell precursor, HSCT

low hypodiploidy, complex cytogenetics.

Short NJ, et al. Am J Hematol. 2019;94(2):257-265.



SO...MRDIn ALL

ADespite achievement of CR with induction and consolidation, up to 60%
of patients with ALL may still be MRD+

Aln adult ALL, MRD+ in CR is predictive of worse survival on chemoRx

AFDA accepted MRD negativity as Rx endpoint in ALL, regardless of
methodology

ABIinatumomab FDA approved (April 2018) for Rx of MRD+ ALL in CR11
CR2

ANO clear benefit for alloSCT after conversion to MRDi1 with blina,
particularly in CR1

Maintenance blina post-alloSCT?
ARoIe of Ino? CAR T cells in MRD+ ALL?
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How and
when to
check for
MRD in ALL

EDUARDO M. REGO
UNIVERSITY OF SAO PAULO
ONCOLOGI A DO OR
BRAZIL



MRD and response duration

A 749%391% of patients with ALL will
achieve CR, bubne-+third will relapse
because of submicroscopic levels of
leukemic cells (measurable residual
disease [MRD])

Of 272 patients in CR1, baseline MRD was:

O 1'¢tin 15 (6%)

107 2to <107 lin 71 (26%)
10" 3to <10' 2n 109 (40%)
10T 40 <107 3in 77 (28%)

Gokbuget, et alHematology.2019;24(1):337 -348.

Remission probability
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0.0

210" (N = 15) median: 2.0 (95% Cl, 1.4-4.8) months

— — —210%to < 10" (N = 71) median: 10.9 (95% Cl, 7.3-21.2) months
— — — 2107 to< 10 (N = 108) median: 18.5 (95% Cl, 9.9-30.3) months
— — 210 to < 10° (N = 76) median: 42.4 (95% Cl, 23.6-NE) months
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Log rank, P < .0001

0 6 12 18 24 30 36 42 48 54 60 66 72 78
Months from baseline MRD

Number of subjects at risk:

1:

2:
3:
4:

15 4 3 3 3 3 3 3 2 2 2 2 2
71 44 29 25 20 14 M 10 9 6 6 4 3
108 69 50 44 37 29 23 20 15 9 8 7 5
76 65 52 42 3B 34 31 28 22 20 17 15 M

L4 B N
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Ph-negative ALL

““

2015 116 (112)
2017 78 (78)
2016 340 (260)
2014 159 (106)
2014 860 (423)
2012 1648 (580)
2008 131 (116)
| Patel [P 161 (161)
304 (141, [98
Bassan 2014 included in the
analysis]
2014 189 (73)
2010 123 (123)
2013 125 (106)

Neg
NA
Mix
Neg
Neg
Neg
Neg
Neg

Neg

Neg
Neg
Mix

MRD method MRD level

PCR

Flow (6color)

Flow (6color)

PCR
PCR
PCR

Flow (3color)

PCR

PCR

PCR
Mix

FTow (Gcolor)

10!

107
107
107
107
107
107
107

10!

10"
10!
107

4

4

4

=
Central B-cell CR1 Targeted
Local B-cell CR2 or later Targeted
Local B-cell CR1 Targeted
NA Mix (79% Bcell) CR1 Chemo
Central B-cell CR1 Chemo
central | Mix (66% Beell) CR1 Chemo
I Central  Mix (75% Bcell) CR1 Chemo
NA B-cell CR1 Chemo
NA Mix (76% Bcell) CR1 Chemo
Central B-cell CR2 or later Targeted
Local B-cell CR1 Chemo
Local B-cell CR1 Chemo

Adapted from Bassan, et alHaematologica.2019;104(10):2028 -2039.



MFC 0 Ph-negative/B and T -ALL

. . MRD+ defined as expression of 02 ab
Holowiecki et al2008 blasts; >0.1% used as cubff point I

. MFC(4c ol or); aberrant expression of O2. antigens reqt
Ravandi et al. 2016 MRD+: sensitivity 0.01% %/leed
Weng et al. 2013 E/:%W[;:)T/tquegZ (18:(())Ior) with validation by gRT PCR for B@RL fusion gene Mixed

Adapted from Bassan, et alHaematologica.2019;104(10):2028 -2039.



Antibody combinations suitable for diagnosis and detection of minimal residual disease in acute
lymphoblastic leukemia

Tube FITC PE PerCP-Cy5.5 PE-Cy7 APC APC-AF750 :rB’B‘\:ﬂ’ V500

1 Kappa Lambda CD20 CD19 CDI10 CD38 CD5 CD45
2 Cb20 CD22 CDh34 CD19 CDI13 + CD33 CD38 CD10 CD45
o CD20 CD49f CD34 CD19 CD58 CD38 CD10 CD45
4 CD24 CD304 CD34 CD19 CD86 CD38 CD10 CD45
5 CDhl6 CD56 CD5 CD3 CD7 CD8 CD4 CD45
6 CD7 CDla CD3 CDh2 CD5 CD8 CD4 CD45
7 cvyMPO  ovCD3  CD34 = CD7 - HLA-DR CD45
8 cyMPO  cyCD22 ¢cyCD79%9a CD19 CD34 - HLA-DR CD45
9 nTdt cyCD3  cyCD79%a CD19 CD34 - HLA-DR CD45

FITC fluorescein isothiocyanate, PE phycoeryvthin, PerCP-Cy5.5 peridinin-chlorophyll-Cy5.5, APC allophycocyanin,
APC-AF750 APC-Alexa Fluor 750, PB Padfic Blue, V450 BD Horizon™ V450, BVY42] Brilliant Violet™ 421, VSO0 BD
Honzon™ V500

DiGiuseppe, CardinaliMethods Mol Biol.2019;2032:297 -310.
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SSC-A

CD34 PerCP-Cy5.5

Il

Example of
—  MRD+ ALL

w T ul

CDI9 PE-Cy7 CD20. FITC

- 1 - L}
3 Ph-negative
8]
g o
L . 2
3 S <l
o m1 E‘]
g = < {3
< o @
@ v A
5 : o
0
O
CD58 APC CD45f PE

DiGiuseppe, CardinaliMethods Mol Biol.2019;2032:297 -310



gRT PCR 0 Ph-negative

_ Type of study HSCT Method/Definition of MRDneg

GRAALL 2003 and
2005 trials, Dhédin
et al. (2015)

GMALL 06/99 and
07/03 trials,
Gokbuget et al.
(2012)

NILG 09 -2000 trial,
Mannelli et al. (2012)

UKALL Xl trial,
Mortuza et al. (2002)

UKALL XII/
ECOG2993 trial,
Patel et al. (2010)

BLAST, Gokbuget et
al. (2015)

Phase 2 (GRAALL
2003) and Phase 3
(GRAALL 2005)

Retrospective,
German centers

Prospective; Italy

Prospective; UK

Prospective;
multicenter; UK

Phase 2;
prospective; Europe

Chemotherapy

Chemotherapy

Chemotherapy

Chemotherapy

Chemotherapy

Blinatumomab

Allogeneic (planned after 3

or 6 blocks of
consolidation); some
patients received UBCT

Allogeneic (high -risk
patients)

Allogeneic (high -risk
patients)

Allogeneic (for patients
with available donor) or
autologous PCR

Allogeneic or autologous

HSCT

gRT PCR f o r-cebr2cedtoggderie
rearrangements ; bone marrow samples assessed in a
central reference | abdétatory,;

gRT PCR for leukemia
gene rearrangements
Mol ecul ar CR:

-specific Ig/T  -cell receptor
; assessed in a central laboratory
MRDT with désay

gRT PCR for BCR -ABL or Ig
MR DT : T<4a Week 16 and negative at Week 22

A-32P dCTP PCR and ASO PCR MRD+: 1 85 leukemic
cellsin 10 281023 normal cells

gRT PCR for rearrangements in Ig/T
genes among others,

-cell receptor
ASO PCR MR

PCR (per EuroMRD guidelines)

MRD response defined as no PCR amplification at a
sensitivity of 10 T 4or <10 T 4leukemic cells; MRD
assessed at central reference laboratory

Adapted from Bassan, et alHaematologica.2019;104(10):2028 -2039.



RT-gPCR detection of Ig/TCR

arrannpmenfq
] T T -
1. Bone marrow sample processing at a  Heteroduplex analysis 2 g £
; ; = © o
dIaQHQSIS _ monoclonal monoclonal cells polyclonal = 5§ § 3
2. Detection and selection of clonal Ig/TCR cells in polyclonal cells = < 24
gene rearrangement at diagnosis background
a) PCR heteroduplex analysis === === —==
b) Sequencing of clonal —= == = . heteroduplexes
rearrangements —— —a— —-— A
3. RQPCR sensitivity testing Y
a) Selection of MREPCR targets l 1 1 ! ==
b) Design of allelespecific P
oligonucleotide primers denaturation (94°C) / renaturation (4°C) IS
4. MRD analysis of followp samples —== == =SS homoduplexes
a) Control gene REPCR analysis — —_n_ L ——
b) MRDPCR target R@CR analysis — :H ﬂu
c) RQPCR MRD data interpretation = = A

van der Velden, et alMethods Mol Biol.2009;538:115 -150.




Selection of targets, gquantitative range, and
sensitivity

1. Preferably 2 MREPCR targets should be used for each ALL patient

2. MRDPCR targets should be selected based on: (1) expected stability and (2) expected sensitivity

a. Monoclonallg/TCR gene rearrangements have a much higher stability (8890%) than oligoclonal
rearrangements (409950%)

3. To limit the risk of losing MRBPCR targets by such processéss e | ectt agad | g/ TCR
rearrangements (eg, IGKKdeor ¥ A 2.3 rearrangements)

4. Concerns about the variation between replicates evaluated through mean CT values of the replicates

5. T h guantitativeranged r ef |l ects the part of the standard
guanti fied reproduci bl ysensitivido arcecfulreacted yt, h evhlea ve
can be detected, although not reproducibly and accurately

van der Velden, et alMethods Mol Biol.2009;538:115 -150.



Quantitative range  Sensitivity of at

OV er al I Rearrangement of at least 10 (%)* least 10-* (%)®
sensitivities of o v = 7S
VD] 80 95
Ig/TCR gene 6K Kde 80 90
rearrangements 1GK VieJx 1 =
IN RQ -PCR VAL 50 80
assayS TCRD Incomplete 45 90
Complete 80 95
Vé2-Ja 75 90
TCRB VD] 70 90
D] 55 90
TCRG precursor- 25 45

B-ALL

T-ALL 70 80

‘Percentage of rearrangements with quantitative range/sensitivity of at
van der Velden, et alMethods Mol Biol.2009;538:115 -150 least 10




How? Ph -positive ALL

MRD
e e T
PCR

MRD Test Disease | PreMRD
I N/A CR1

2016 106 (73) Pos 10" B-cell Targeted
2015  63(60) Pos PCR NA NA  Beell CR1  Targeted
M 2016 432 (432)  Pos PCR 1075 Local B-cell Cﬁlslg_rre Target
2008 100 (85) Pos PCR 10T 5 Central B-cell CR1 Targeted
2014 34 (13) Pos PCR N/A  Central B-cell CR1 Targeted
2014  98(98)  Pos  Mix  Mix Local  Beell CR1  Targeted
2016  173(169) Pos PCR  10'4 Central  B-cell CR1  Targeted
2016  82(78) Pos PCR 10'5 Central  Beell CR1  Targeted
2016  202(122) Pos PCR 104 local Bl CR1  Targeted

Adapted from Bassan, et alHaematologica.2019;104(10):2028 -2039.



Ph-positive 0 Type of response

Type of study HSCT | MRD detection methodology

gRT PCR for BGRBL transcript; measured at a
central reference laboratory MRD stratified by 3
groups after 2 courses of consolidation

Prospective; 1. EMRs (early and pARBLABLst e

singlecenter- Chemotherapy ., o rati o OO0logtetuctmnin BTBABL
Ko?ea '+ imatinib transcript level from baseline])
2. LMRs (conversion from MR

3. PMRs (MRD+: MRD levels >1% or 4&y
reduction in BCRABL transcript level from
baseline)

Kim, et al. Bone Marrow Transplant 2015;50(3):354 0362.



When?




(Auhor | vear | N [ Ph_| MRDmethod MRD timing PreMRDix | PoStMRDTx
PCR CR1 03 nt hs

=)
Gokbuget 2015 116 (112) Neg

_ mo f r onTargeted u c t iIMxn
2017 78 (78) NA Flow (6color) CR2orlater 03 months fr onfargeteduct iMxn
2016 340 (260) Mix Flow (6color) CR1 O3 months fr onTargeted uct iMxn
2014 159 (106) Neg PCR CR1 03 months fr I) mChemod u ¢ t iMxn
2014 860 (423) Neg PCR CR1 O3 months fr omChemod uct iMxn
2012 1648 (580) Neg PCR CR1 O3 months fr omChemoduct iMxn
2014 304if11?h1e, Lii:;g::]ded Neg PCR CR1 >3 months from induction Chemo Mix
2014 189 (73) Neg PCR CR2 or later O3 months fr onTarjeted uct iMxn
2013 125 (106) Mix Flow (6color) CR1 O3 months fr omChemoduct iMxn
Lussana 2016 106 (73) Pos PCR CR1 PreHSCT Targeted HSCT
Tucunduva 2014 98 (98) Pos Mix CR1 PreHSCT Targeted HSCT
Yoon 2016 173 (169) Pos PCR CR1 PreHSCT Targeted HSCT
Lim 2016 82 (78) Pos PCR CR1 O3 months fr onTargeted uct iMixn
Short 2016 202 (122) Pos PCR CR1 O3 mont hs fr onTargeted u c t Target




Regarding MRD analysis in acute lymphoblastic
leukemia, which statement is true?

a. The prognostic relevance of residual measurable disease detection (MRD+) is higher ip&4itive
ALL than in Plnegative ALL

b. Threshold levels for MRD detection at the level of #@istinguish between patients that are more
likely to relapse, but have no impact in the overall survival

c. The detection of MRD in Phegative Bcell ALL is feasible both by PCR and flow cytometry
methodologies

d Regarding MRD detection by PCR methods, the t
synonyms




MRD level: 10 - 2.36 [1.50, 3.70] 2
10+ L e 274[2.12,3.56) 12
10 | e 1.82 [1.28, 2.59] 4

I

I

Ph status: mixed |

4.11[0.75, 22.7] 2
[ 2.46 [2.02, 2.98] 9
e 2.04[153,273] 11

L 4

Ph negative
Ph positive

231[1.81,2.95] 19
241[1.81,320] 4

Phenotype: B-cell
mixed

Post MRD tx: chemo

mixed
SCT
targeted therapy

6.52[2.43,17.5
2.58[2.01, 3.32

i Meta -analysis

e
o
F——
Fe-
o
F—e—
Pre MRD tx: HSCT only ] 5.18[1.95, 13.8] 1
e
M
e
. a—

chemo only

it SE relapse -free

targeted therapy 4
Risk group: high risk 2.54 [1.62, 3.97] 3 .
standard risk 413 [1.16, 14.7] 2 S u rVIVaI
MRD testing location:
central =gl 2.55[2.086, 3.14] 10
local e 1.92[1.27, 2.92] 7
Timing of MRD:
= 3 months from induction e 2.60[2.05, 3.31] 14
> 3 months from induction o 2.23 [1.67, 2.97] 5
MRD methodology: flow f——r 2.84[1.35, 5.94] 4
PCR ! 2.30[1.84, 2.87] 17
QOverall B 2.34 [1.91, 2.86] 23

Favors MRD pos ' Favors MRD neg

0.1

10

- -

Adapted from Bassan, et alHaematologica.2019;104(10):2028 -2039.



MRD kevel; 10+ I || 2.48([1.93 3.18]
- 1
104 1 1.562[1.14, 2.01] 2
Ph status: mixed o 3.40[1.20, 9.59) 2
Fh nagative : = 2.55[1.83, 3.37] 5
Ph positive | ——] 1.84[1.15, 2.04] -]
1
Phenatype; B-ce! : [ 216 1,54, 3.03) 12
rmixed . 242[1.64, 3.58]
1
Past MRED b mixed 1 | 2.50[1.88 3.33] g
1
sCT - 1.24 [0.88, 1.78] 3
targeted therapy V * | 3a9[1.21,12.59) 2 "
e swpman Meta -analys|s
chamo only | ——] 3. [2.08, 4.37)] B
targeted therapy - 165 [1.24, 2.20] o OV e r al I
1
Risk group: high risk : . 3.39 [1.70, 6.75] 1
standard risk I ] 30 [1.73 5.24] 1 "
MRD testing location : S u rV I Val
central L e 2.73[2.07, 3.60] 6
local :|—¢—| 177 [1.08, 2.90) 5
Timing of MRED: 1
= 3 manths from induction | [ 245187 3.22) -]
= 3 months from induction : . 280 [1.76, 3.84] 3
1
MRD methodalegy: flow | — 249[1.08 5.78] 3
1
PCR P e 211 [1.53, 2.91] i
Owarall : | 218163, 2.94] 14
1
Favors MRD pos : Fawors MRD neg
L '| T rrrrr I T TTTT T
1

Adapted from Bassan, et alHaematologica.2019;104(10):2028 -2039.



The earlier, the better?

A Stock et al (2014)8 Pts with Phnegative BALL or JALL

AMRD levels as early as 28 days following the initiation of induction therapy predicted outcomes

ABruggemannet al (2006) & Patients with Phnegative BALL or JALL

AAn early MRD response (day 11) was associated with the best prognosis

ADheédinet al (2015) & Patients with Panegative ALL

AlLack of MRD response 6 weeks after induction initiation could identify patients who would benefit
most from HSCT

Stock, et al.Blood. 2014;124 (21):796; Bruggemann et al.Blood 2006;107(3):1116 01123; Dehédin, et al. Blood 2015;125(16):2486 82496.



MRD detection could be used to spare pts
from more -toxic treatments?

APETHEMA AIAR038 MRD to guide treatment decisions at the end of consolidation

AHSCT could be avoided in patients who reached MiREg without adversely affecting their prognosis

AGRAALR003 or 2005 8 MRD analysis

AHSCT prolonged RFS compared with chemotherapy among those who did not achieve an early MRD
response, but was no better than chemotherapy in patients who did achieve an early MRD response

Ribera et al.JClinOncol 2014;32(15):1595 61604; Bassant et al. Blood 2016;128(22):176.



Conclusions

V' Achieving MRD negativity was consistently associated with better survival outcomes
V' The prognostic ability of MRD negativity is the same in-pbssitive and Phnegative cohorts

V' Although the exact value for cudff values between MRD+ and MRDIs controversial, the
threshold of 10 4was recommended by ESMO

V Timing of MRD assessment showed that there was no difference in RFS improvement for
patients who achieved MRD negativity at early timepoints compared with those who achievec
it at later timepoints. But controlled prospective trials suggest that MRD negativity could be
used to spare patients from mordoxic regimens

Hoelzer, et alAnnOncol 2016;27(suppl 5):v690v82.
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MRD Case Study

Presentation at Time of Diagnhosis

Identification
Age 42
Sex Male
: : Ph-negative
Diagnosis B-cell ALL

WBC count: 46,000/mcL

CBC Hb: 6.5 g/dL

Platelet count: 28,000/mcL
Blast count 60% peripheral & marrow blasts
Immunophenotype CD10+, CD19+, CD20+, CD34+

Karyotype/Mutations

t(4;11)(21:923) (MLL/KMT2A+)

Treatment History

Achieved remission with hyper-CVAD, but relapsed during cycle 2B.

The patient then received blinatumomab and achieves a second remission and has a 10/10
HLA matched sibling donor identified for transplant.

For this patient, is MRD testing useful?




Is MRD testing useful for this patient in CR2 before he
proceeds to allogeneic transplantation? .

a. No, MRD is not prognostic at this time point.
b. Yes, MRD is prognostic after first salvage therapy.
c. Yes, MRD is prognostic prior to allogeneic hematopoietic cell transplantation.

d. BandC



MRD Strongly Predicts Outcome in Pediatric and Adult ALL
A

y
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o
o
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Survival Probabilit

EFS for Pediatric ALL:
20 Studies With 11249 Patients

No MRD

MRD

HR: 0.23 (95% ClI: 0-088)
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EFS for Adult ALL:
16 Studies With 2065 Patients
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Berry, et al. JAMA Oncol. 2017;3:e170580.
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MRD at Any Point in Therapy Predicts Outcome

A InducUonConsohdand?anducUon Consohdaﬂon
m m II MRD Quantified Using
B SamMmQUmepmMSGMALLOW99 Quantitative PCR
Wi ¢ &
Day
01124 44 11 16 22 30 41 52
C Sampling timepoints GMALL 065/93 MRD pilot trial
Day Wk
0 29 13 21 33 46 52

Probability of DFS According to MRD

101 10+ . 107
;\a gg. g 80' <§° 80'
~ - ~ 601 -~ 601
N 40+ 9 404 D 404
L 401 pay +24 L 4071 wk +22 U 407 wi +52
28 P=.003 28' P<.001 28' P<.001
O 1 2 3 4 5 O 1 2 3 4 5 O 1 2 3 4 5
Yrs Yrs Yrs
MRD n 3-Yr DFS (95% CI) MRD n 3-Yr DFS (95% CI) MRD n 3-Yr DFS (95% ClI)
= Negative/<16* 75 68.6 (55.882.2) = Negative/<16" 10 65.4 (54.176.7) = Negative/<16¢* 11 67.9 (56.980.6)
—_— >10% 82 37.8(24.551.1) —_— >104 1 11.8 (031.6) — >104 3 14.6 (0.640.0)
25 11

Brliggemann, et al. Blood. 2006;107:1116-1123.



MRD Predicts RFS at Achievement of CR2 (1/3)

Table 2. Response and minimal residual disease status after first relapse therapy.

Type of complete response, n (%) MRD status, n (%)”

Relapse therapy CR CRp CRi p Positive Negative p
Hyper-CVAD (n=32) 25 (78) 5 (16) 2 (6) 15 5(21) 19 (79) 57
BFM-based (n =19) 14 (74) 5 (26) 0 2 (20) 8 (80)

HDAC + Mitoxantrone (n=15) 10 (67) 3 (20) 2(13) 2 (40) 3 (60)

Inotuzumab® (n=11) 8 (73) 3(27) 0 1(17) 5 (83)

Nelarabine® (n=7) 7 (100) 0 0 2 (33) 4 (66)

Blinatumomab® (n=>5) 3 (60) 0 2 (40) 0 2 (100)

Other chemotherapy (n=17) 11 (65) 4 (23) 2(12) 4 (50) 4 (50)

Table 3. Correlation of MRD with response to first relapse

therapy.

MRD status  All patients, n (%) CR, n (%) CRp,n (%) CRi,n (%) p
Total 61 47 1 3

Positive 16 (26) 11 (23) 2 (18) 3 (100) .01
Negative 45 (74) 36 (77) 9 (82) 0

CR: complete response; CRi: complete response with incomplete count
recovery; CRp: complete response with incomplete platelet recovery;
MRD: minimal residual disease.

Saygin, et al. Leuk Lymphoma. 2018;59(2):363-371.



MRD Predicts RFS at Achievement of CR2 (2/3)

Table 5. Multivariable Cox regression analysis of prognostic factors for overall and relapse-free survival after first relapse.

Overall survival, months

Relapse-free survival, months

Prognostic factors HR (95% Cl) p HR (95% Cl) p

Age (continuous)® 1.01 (1-1.03) 28

WBC count at diagnosis (x10°/L)° (continuous) 1.01 (1-1.02) .02

Time to relapse (<18 versus >18 months) 1.19 (0.62-2.34) 6 0.76 (0.3-1.78) .53

Response to first relapse therapy CRh versus CR 1,77 (0.91-3.3) .09 1.16 (0.51-2.44) 71

MRD status at relapse response (positive versus negative) 3.36 (1.36-8.64) .009
|HCT after relapse (yes versus no)” 0.32 (0.17-0.6) .0005 0.47 (0.22-0.99) .03

Saygin, et al. Leuk Lymphoma. 2018;59(2):363-371.
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MRD Predicts RFS at Achievement of CR2 (3/3)

©) 40
& — HCT
g === no HCT
z08 p< 0.0001
@
5 06
=
= 04
3
© 0.2
n- .
0 :
0 20 40 60 80 100

Overall survival (months)

Number of subjects at risk
Neg: 45 22 11 7 2 0
Pos: 16 6 4 3 0 0

Number of subjects at risk
HCT: 72 33 16 10 3 0
No HCT: 32 5 2 2 0 0

(E)10 -

o — MRO neg
g ; -+ MRD pos
s 08 p= 0.0001
F .

5 06

=

Z 04

8

202
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0

0 10 20 30 40 50 60 7O 80
Relapse free survival (months)

.-..
I3
—
o

o
®

0.6
0.4
0.2

Probability of survival

0 H
0 10 20 30 40 50 60 70 80
Relapse free survival (months)

Number of subjects at risk
Neg: 45 22 14 11 8 5 4 3 0
Poes: 16 3 2 2 2 2 0 0 0

Number of subjects at risk
HCT: 55 28 16 14 12 9 6 4 0
NoHCT:24 5 3 2 0 0 0 0 O

Saygin, et al. Leuk Lymphoma. 2018;59(2):363-371.




Blinatumomab i Results Best in 15t Salvage

K-M Median (95% Cl), months

S1: Blinatumomab ~ 11.1 (8.2, NR) Table 3. Best hematologic response and minimal residual disease response within 12 weeks of treatment initiation.
— — — S1: Chemotherapy 5.5(3.7,9.0) First salvage Second or later salvage
- S2+: B tu ab 5.1(3.2,7.1)
0- . y : S Blinatumomab Blinatumomab Chemotherapy
1- i e v o.U (£ 4.0) (N=104) Chemotherapy (N = 63) (N=167) WN=71)
:é. S1: HR (95% Cl) =0.59 (0.38, 0.91) Response category No. % 95% Cl No. % 95% Cl p* No. % 95% Cl No. % 95% Cl p*
= _ : i - Best hematologic response
S 08 Stratified log-rank P =0.016 @ 46 442 345543 18 286 179,413 050 45 269 204,343 3 42 09,119 <001
o S2+: HR (95% CI) = 0.72 (0.52, 1.01) CRh 6 58 21,121 2 32 04,110 18 108 65165 4 56 16,138
[<] Stratified log-rank P = 0.055 CRI 1 10 0052 3 48 10,133 318 0452 3 42 09,19
Q‘: _ 9 : CR/CRh/CRi 53 510 410,609 23 365 247,496 069 66 395 321,474 10 141 7.0,244 <001
= 10:6 MRD responses among patients with CR/CRh/CRi
<>“ Any MRD response 33 623 479,752 13 56.5 345,768 .70 41 62.1 493,738 3 30.0 6.7,65.2 .031
E @}ﬂ I Complete MRD response 26 491 351,632 9 39.1 197,615 .53 32 485 360,611 1 100 03,445 .008 |
> 0.4 %Tf‘_ﬁ% allo-HSCT: allogeneic hematopoietic stem-cell transplantation; CR: complete remission with full hematologic recovery; CRh: complete remission with
(/] " b wam ] partial hematologic recovery; CRi: complete remission with incomplete hematologic recovery; MRD: minimal residual disease.
% 1 b === “Cochran-Mantel-Haenszel’s test adjusting for the stratification factors (age (<35 versus >35 years) and prior allo-HSCT (yes/no)).
— |
° et
> 0.21
(@)
o 49 vs 39% in 15t salvage
0o 3 6 9 12 15 18 21 24 Complete MRD 0 g
Months
Patients at risk: response
S1:Blinatumomab 104 80 59 39 26 14 5 1 0 (blina vs chemo) 48 10% in 2" or | |
S1: Chemotherapy 63 39 26 1 1M1 5 3 0 5vs oln or later salvage
Blinz mab 167 5 65 40 19 13 4 0
I ¢y T1 15 9 2 C

Dombret, et al. Leuk Lymphoma. 2019;60:2214-2222.



Blinatumomab i MRD Response Predicts Outcome in 18t
Salvage

Median (95% Cl), months

\=7
Relapse-free survival MRD-, S1: NR (14.3, NR)
in patients who achieve CR/CRh ——— MRD+S1: ~ NR(8.30,NR)
oM 1,004+
0.8
=
S 0.6 - 2 0.757
-1 —
= 2
— 0.4 1
s S
e a 0.50-
& 0.2 4 =
=2
04 MRD+ b
@ 0.25-
0 10 20 30 40
Months 0.00
I 1 I I I 1 1
Median 3 6 9 12 15 18 21 24
RES . (months) Ss5eeiC] . . Months
Patients at risk:
MRD- 75 9.0 (6.2-14.6) MRD-, S1: 33 29 21 15 7 2 0 0
MRD+, S1: 11 10 6 3 2 0 0 0
MRD+ 15 2.3 (1.2-7.5)

Gokbuget N, et al. Blood Adv. 2019;3:3033-3037.

Dombret, et al. Leuk Lymphoma. 2019;60:2214-2222.



Inotuzumab i MRD Response Predicts Outcome in 1st/2nd
Salvage

a 1001
a 100; 4 + Censored s # + Censored
o~ 2 CRICRI& n Events mPFS (35% CI), mo
B CRICRI& n Events mPFS (35% Ci). mo < 80 —— MRD-S1 59 s 8.5 (68-112)
= 80 —MRD- T8 47 86(62-114) > —— MRD-S2 16 11 7.7 39-167)
2 ——MRD+ 45 40 54(32-62) = —— MRD+S1 23 24 54(3.4-63)
PFS - - HROAZ @7.5%C1 eoop 3 60 ~ MRD+S2 17 16 5.1(3.3-2.6)
_§ p<0.0001" é
& 40} a 40
[ S
2 20 - o
=
w 0 0
01
T T y y 0 3 6 9 12 15 18 21 24 27 30
0 3 6 9 12 15 18 21 24 27 30 Time (months)
Time (months) —
No. at risk MRD-S1 50 49 a5 2 15 13 12 10 7 4 0
MRD- 76 63 43 20 20 18 15 12 @ K 0 MRD-S2 18 14 8 7 5 5 3 2 2 0 0
MRD+S1 28 21 1 4 2 0 0 0 0 0 0
MRD> 45 »® W s 3 ' 9 ° 0 0 0 MRD+S2 17 14 L) 4 1 1 0 0 0 0 0
b _ 100 4 + Censored b 100 + + Censored
= CRICRI & Events mOS -
z & —w 3T TheEs g - e
= — 0. 4 % 12(80-08) g ~—— MRD-S2 16 13 13.0 (5.0-36.4)
P HR 0512 (97.5% Cl, 0.313-0.835p = ——— MRD+ S1 23 24 69 (5.6-9.4)
OS § 60 p=0.0009" 3 60 ~— MRD+S2 17 15 77 {42-13.4)
& 3
3 40 E 40
2 20 2 2 L ‘_.
5 + e - -
” S Le
01, ; ' : . . ’ : : . . L] 0
- f"fomag « 0 wn . 0 5 10 15 20 25 30 35 40 45 50
No. at risk Time (months)
MRD- 78 84 42 36 33 28 20 1" [ 1 0 ".:;;‘_'is’,k 50 52 2 20 27 23 18 - 8 1 0
MRD+ 45 35 17 8 ® 8 1 1 1 0 0 MRD-S2 18 12 8 7 [ 5 4 4 0 0 0
MRD+S1 28 2 ° 4 4 4 1 1 1 0 0
+ Unstratified; reference group CRICRS and MRD+. MRD+S2 17 13 8 2 2 2 0 0 0 0 0
* One-sided, unstratified log rank.

Jabbour E, et al. Leuk Res. 2020;88:106283.



Mini-HyperCVD + Inotuzumab i R/R ALL (1/2)

Intensive phase

B vini-hcvo Bl rovp
- Mini-MTX-cytarabine
B ciinatumomab IT MTX/AraC

i

Consolidation phase l Inotuzumab  Dose per day (mg/m?)

5 6 7 | 8

0.6 D1, 0.3 D8

C
1
Maintenance phase 22' 0.3 D1 and D8

mEnEancafeal

Total Ino dose = 2.7 mg/m?

Jabbour E, et al. JAMA Oncol. 2018;4(2):230-234; Jabbour E, et al. Cancer. 2018;124:4044-4055.



Mini-HyperCVD + Inotuzumab 1

A

1.004

0.754

0.504

Survival

0.25+4

0.004

Strata

0

Number at risk
48
48

0

24

18

Strata

= Overall Survival

=k~ Progression-free Survival

Median
25 months
11 months

1-year
63%
49%

2-year
54%
42%

Months

Months

36

Jabbour E, et al. Cancer. 2018;124:4044-4055.

48

48

R/R ALL (2/2)

Overall Survival

Strata

1.00=
0.75=
0.50=
0.25=
0.00=

o=

Number at risk
38
3

]

Strata

=h= MRD negative 47 months
5 months

== MRD positive

24

13

24

Median

Months

Months

Log rank: p = 0.065

36

36

1-year OS 2-year OS
74% 66%
33% Not available
e ——T

60

60



Mini-HyperCVD + Inotuzumab 1 Predictive Value of MRD
Negativity Decreases After 1st Salvage

Event-free survival (%)

100 1=+ N(%) MedianEFS 2-yearEFSrate

-t S1:MRDneg 26(33) 18months 46% P=0.06
- S1:MRDpos 20(26) 7months 17% :
-+. S22MRDneg 15(19) Smonths 7% P-0.88

80 - -&. S2:MRDpos 17(22) 6months 7%

60 -

40 -

20 1

° T T T Ll 1

12 24 36 48 60

Time (months)

Jabbour E, et al. Cancer. 2017;123(2):294-302.

Overall survival (%)

100 - N(%) MedianOS 2-year OSrate
—i— S1:MRDneg 26(33) 27months 52% P=0.15
- S1:MRDpos 20(26) 9months 36% ’
-&. S2MRDneg 15(19) 7months 20% P=0.99
80 - -s». S2ZMRDpos 17(22) 10months 15% :
60. __|_L‘—
40 -
D
L)
"
o !
' \-
L -
201 oy PRI
T —
----- Pl N
G
0 L Ll Ll L) 1
12 24 36 48 60

Time (months)



Blinatumomab BLAST Trial T Preemption of B-ALL Relapse
Using MRD-Directed Treatment

1.01 + Censored
0.8+
2 0.6+ — 1: Patients in 1st CR (n = 75);
= n median: 36.5 (95% ClI: 2NR)
g 0.4-
Q- — 2: Patients in 2nd or 3rd CR (n = 41);
3 02 median: 19.1 (95% Cl: 1INR)

04 Patients at Risk, n
1: 75 74 67 62 60 56 43 34 32 27 23 17 9
2:| 41 39 36 29 27 25 20 14 13 11 9 8 7

0 3 6 9 1215 18 21 24 27 30 33 36 39 42 45 48 51 54

Mos

Gokbuget N, et al. Blood. 2018;131:1522-1531.



Blinatumomab BLAST Trial T Preemption of ALL Relapse
Using MRD-Directed Treatment

Complete MRD Response at Cycle 1

n/N I % (95% Exact Cl)
Overall 82/103 —o— 80 (7187)
MRD Level at Baseline :
103 to <102 40/51 —a— 78 (6589)
102 to <10? 36/43 — — 84 (6993)
X101 to <1 6/9 o I - 67 (3693)
I
Relapse History I
CR2/3 27137 1 —a—1 73 (5686)
CR1 55/66 1 i 83 (7291)
Sex i
Female 35/43 4 81 (6792)
Male 47/60 - 78 (6688)
Age, yrs :
XCp 11/13 A L ] 85 (5598)
gggi 17/23 1 i - 74 (5290)
25/35 - i 71 (5485)
18-34 29/32 1 . = 91 (7598)
0 50 100

Complete MRD Response Rate, % (95% CI)
Gokbuget N, et al. Blood. 2018;131:1522-1531.



MRD Status Pre-Transplant Predicts RFS and OS (1/2)

N =82, age <1-20
MRD by ASO-PCR
Median f/u 4.9 yrs

HCT in CR1 if

A Day +78: >5x 104 MRD
A Induction failure

A Ph+, MLL+

A T-lin w/ WBC >100K

HCT for all CR2+

Balduzzi, et al. Br J Haematol. 2014;164:396-408.

(B) 1
09
08
0-7
06
05

0-4

Cum. Incidence

0-3

0-2

0-1

0-0

Pre-HCT MRD
N. pts N. rel. 5 year Cum. Incidence
<1X10-4 — 56 6 11-4%(4-4)
=1X10-4 — 26 16 6571-5%(9-5)
1 2 3 4 5

YEARS FROM DIAGNOSIS



MRD Status

N =43, age 18-63
MAC alloHCT in CR1

MRD quant:
TCR/Ilg ASO-PCR
or

BCR/ABL Q-PCR
or

MLL/AF4 Q-PCR

Pre-Transplant Predicts RFS and OS (2/2)

MRD status prédCT: OS

1.00-—E|__Llh
~n=12
0.75 1 H MRD 0.80 (0.40-0.95)
0.50 1
MRD- n=25
0.49 (0.20-0.67)
0.25
p=0.17
0.00 1 i .
0 12 24 36 48 60 72 84 96 108 120 132 144

Months

Spinelli, et al. Haematologica. 2007;92:612-618.

1.004

0.754

0.501

0.251

0.004

MRD status prédCT: CIR

MRD* n=25

0.46 (0.27-0.71)
MRD- n=12

0

[T

0

12 24 36 48 60 72 84
Months

96 108 120 132 144



MRD in CR2 Pre-Transplant Predicts Outcome

A N=91inCR2 (77) or CR3 (14)
A Pediatric ALIREZ BFM study

A 1.0
=
E 0.8 4
©
e
o MRD not detectable
o
= 061
=
s MRD < 10
=
w
g 0.4 4
& MRD = 102
- l—-o-|-o—-|—+—|——|-
o
- J— | MRD < 10 and = 10
R ;
T L ] ] ] 1
0 1 2 3 4 5

Time Since SCT (years)

Bader P, et al. J Clin Oncol. 2009;27(3):377-384.

Cumulative Incidence (proportion)

1.0 +

0.8

0.6 1

0.4

0.2

MRD < 10® and = 10

MRD = 102

MRD < 104

MRD not detectable

41—,

T T T T

1 2 3 = 5 6

Time Since SCT (years)



MRD Assessment in CR2 and Beyond Summary

A MRD in CR2 remains a useful predictor of relapse-free survival in studies with
chemotherapy and novel agents

A MRD in CR2 also a predictor of overall survival with use of novel agents
(inotuzumab, blinatumomab)

A MRD may have limited predictive value for RFS/OS in CR3+
A MRD pre-transplant is highly predictive of outcome in CR1 and CR2+

A Patients treated with blinatumomab for MRD positivity in CR2/3 have similar
likelihood for conversion to MRD negativity (78%) as patients treated for MRD
positivity in CR1 (83%), but shorter median OS (19.1 vs 36.5 mos)
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Ph-Like ALL

Den Boer. Lancet Oncol. 2009.



2016 WHO Classification

B-lymphoblastic leukemia/ly mphoma
B-lymphoblastic leukemia/lymphoma, NOS
B-lymphoblastic leukemia/lymphoma with recurrent genetic abnormalities
B-lymphoblastic leukemia/lymphoma with 1(9;22)(g34.1;911.2);BCR-ABL1
B-lymphoblastic leukemia/lymphoma with t{v;11g23.3);KMT2A rearranged
B-lymphoblastic leukemia/lymphoma with t{12;21)(p13.2;q922.1); ETVE6-RUNX1
B-lymphoblastic leukemia/lymphoma with hyperdiploidy
B-lymphoblastic leukemia/lymphoma with hypodiploidy
B-lymphoblastic leukemia/lymphoma with t(5;14)(q31.1;932.3) IL3-IGH
B-lymphoblastic leukemia/lymphoma with t(1;19)(g23;p13.3); TCF3-PBX1
Provisional entity: nhoblastic leukemialymphoma, BCR-ABL 1-like
Provisional entity: B-lymphoblastic leukemialymphoma with iAMP2 1
T-lymphoblastic leukemia/lymphoma

Provisional entity: Early T-cell precursor lymphoblastic leukemia

Arber. Blood. 2016;127(20):2391-2405.



Ph-Like ALL Occurs in 25%i 30% of Young Adults With B-cell ALL

Children Adolescents Young Adults
(1-15 years of age) (16-20 years of age) (21-39 years of age) B Ph-like

BCR-ABL1

ETV6-RUNX]1

/ 23.2%

Hyperdiploid

TCF3-PBX1

\ ERG
\ 15.5%

MLL
Hypodiploid

Other

Roberts. N Engl J Med. 2014; 371:1005-1015.



Recurring Kinase Alterations in Ph-Like ALL

ABL-class fusions EPOR or JAK2 rearranged CRLF2 rearranged Other JAK—STAT Ras only Nalc:el:';?z:
4

RNA-seq | | [ENNEEERENERERE | | ! L
WGS | A r
WES I 1] | 1
RT-PCR | i L[]

Age I N | I F1W H‘ql’!tr
Sex l | i | §_EN | JlBIByE
Outcome I I | ‘0 B
ABL1
ABL2
CSFIR
PDGFRB
EPOR
JAK2
CRLF2

::LL7Tf§ - .HIHIH[IIIJ,I, ———
SH2B3 1 l. ﬂJ [
|

AK1 it B4
Jaks m m
TYK2 [ | | | |
TSLP
IL2RB ||
NTRK3
DGKH
PTK2B
DYRK1A
KRAS
NRAS

Kinase

IKZF1

PAX5

EBF1

B-cell pathway

Sample

Missense Deletion Children, high risk Event
Truncating Multiple mutations Adolescent
Young adult

Lesion [] Fusion Protein insertion/deletion Age Group [ | Children, standard risk Outcome | | No event
Legend

Roberts. N Engl J Med. 2014; 371:1005-




Ph-Like ALL: Survival and EFS

wie Mon-Ph-like ALL (n = 207
Ph-like ALL {n = 133)

== MNon-Ph-like ALL {n = 207)
Fh-like ALL {n = 133)

e |
o
1
b |
£
[

Event-Free Survival (%)
a8
Overall Survival (%)
=

Pl
n
L
Pl
n
'l

2 ) ] 2 4 B 8
Time Since Diagnosis (years) Time Since Diagnosis (years)

Mo. at risk: Mo. at risk:
Mon-Ph-like ALL 207 146 117 102 73 Mon-Ph-like ALL 207 182 127 107 80 60
Ph-like ALL 133 70 389 32 Ph-like ALL 133 82 49 40 23

Roberts. J Clin Oncol. 2017;35:394.



Ph-Like FISH Testing Algorithm

BCR-ABL1 Positive? |

No

Positive for CRLF2 by
Flow Cytometry?

N‘o

FISH for CRLF2
MDL for JAK2 mutation study

Sending out for Kinase Fusion
testing

Run targeted FISH based on
chromosomal abnormalities




BCR-ABL TKIs + Chemo Rx in Ph-Like ALL

A 24 pts with Ph-like ALL: NUP214-ABL117T 6, ETV6-ABL1 1 3, othersi9; 19 frontline, 5
relapse. All Rx with chemo Rx + TKI

M=18

MN=18
I MRED lavel
B Mo CR

N 210-2
10.2 >
10.3 >
PNQ

B Neg

of patients

Owverall survival probability

1)

lime{years)

Post-induction Post-TK Paost TKI Number at risk

1% evaluation best response

11

Tanasi. Blood. 2019;134:1351.



Ph-Like ALL: Higher MRD+ Rate

N

CR/CRp

MRD at CR
Positive

Negative

Jain. Blood. 2017;129:572-581.

B-ALL Categories (N = 155)

Ph-like
56
50 (89)

23 (70)
10 (30)

Ph+
46
43 (93)

15 (44)
19 (56)

B i other
53
50 (94)

4 (13)
27(87)

P value

o7




HCVAD + Ofatumumab: Outcome (N = 69)

A Median follow up of 44 months (41 91)
A CR 98%, MRD negativity 93% (at CR 63%), early death 2%

CRD and OS overall OS by age

o
[=2]
1
o
o
1

Fraction survival

o
~
L

Fraction survival
o
S
L

Total Fail 3yr OS

L <40 33 9 74%

- >40 36 14 63%
p=0.40

Total Fail 3yr
- Complete Remission Duration 68 21 75%

-1 Overall Survival 69 23 68%

T T T T T T T T T T T T
0 12 24 36 48 60 12 24 36 48 60 72 84

Time (months) Time (months)




HCVAD + Ofatumumab: Outcome by Ph-Like (RNA-seq)

|

2
=
=
=
]
w
=
D
=
o

= non Ph-like ALL
m— Ph-like ALL

P=0.12

0%
o

12 24 36 a8 60
Time (months)

Number at risk (Number censored)
— 24 (0) 22 (0) 21 (0) 14 (3) 9 (8) 7 (9)
— O (O) 7 (0) 6 (0) 2 (2) 2 (2) 0 (4)

5 (11)
o )

2 (14)
o )

0 (16)
0@




Hyper-CVAD + Ofatumumab: Molecular Alterations and Outcome

AYA-

WBC high-}
Ho-Tr-

Ph-like-
TP53mut=
JAKZ2mut-
CDKN2A/2B8del—
IKZF 1del-
PAX5del—
VPREB1del-
RB1delH
CD200/BTLAdel—
ETv6Edel—
EBF1del—

BTG 1del

14q del-

MRD neg (1 mo)

Event free survival

0]

AYA-

WBC high-
Ho-Tr-

Ph-like=
TP53mut-]
JAKZ2mut-|
CDKN2A/2B8del—
IKZF 1del=
PAXSdel=
VPREB1del=
RB1del
CD200BTLAdel
ETv6Edel=
EBF1del-

BTG 1del—

14q del

MRD neg (1 mo)

T
10
Hazard ratio and 95% CI

Overall survival

}

(.

H

%

0.1

|

T
10
Hazard ratio and 95% CI

-

Univariate analysis
0.7578 (0.3754-1.53)
1.254 (0.582-2.700)
0.9261 (0.3548-2.418)
1.727 (0.6928-4.305)
1.316 (0.5649-3.066)
4.707 (1.495-14.82)
1.549 (0.6931-3.461)

(0.5661-2.905)
(0.4470-2.817)
(0.7746-3.898)
(0.8834-5.794)
(0.4700-3.455)
(0.9825-8.693)
(0.5144-4.477)
(0.7830-9.752)
(0.8468-5.107)
0.7484 (0.3714-1.508)

Univariate analysis
0.6243 (0.2682-1.453)
1.185 (0.4665-3.010)
1.114 (0.3754-3.304)
2.065 (0.7015-6.079)
2.489 (1.002-6.185)
8.062 (2.229-29.16)
3.936 (1.291-12.00)

(1.049-6.723)
(0.7728-5.527)
(1.391-9.628)
(1.415-10.50)
(0.5006-4.688)
(1.408-13.42)
(0.8597-8.230)
(1.277-17.79)
(1.407-9.883)
0.4432 (0.1912-1.028)

p- value
0.4389
0.5638
0.8754
0.2410
0.5245
0.008104
0.2862
0.5511
0.8062
0.1802
0.08883
0.6338
0.05383
0.4498
0.1142
0.1102
0.4176

p- value
0.2744
0.7212
0.8462
0.1880
0.04951
0.001461
0.01598
0.03932
0.1480
0.008578
0.008316
0.4548
0.01063
0.08958
0.02014
0.00812
0.05792

Multivariate analysis

4.118(1.125-15.07)
1.479 (0.6235-3.508)
1.269 (0.5136-3.134)

0.6752 (0.296-1.54)

Multivariate analysis

5.136 (1.251-21.09)
2.828 (1.069-7.482)
2.986 (0.9092-9.805)

0.3955(0.1391-1.124)

0.03252
0.3746
0.6059

p- value

0.02319
0.0362
0.07138

0.08181




Dynamics of MRD: Outcome

MRD Status oS

Patients

T MRD Change from CR to 1st post-CR
(%)

. —TNeg_MNeg
(n = 214)

S 1Pos_Meg
Pos_Pos

Negative Negative 147 (69)

OO0 . 1 %\egative 14 (7)

Cum Survival

>0.1% Negative 33 (15)

Positive  Positive 20 (9)

p=0.001

T T T T T T
986 108 120 132 144 156

Yilmaz. Blood. 2019;134:abstract 1297.



Hyper-CVAD + Blinatumomab in B-ALL (Phi B-ALL <60 years):
Treatment Schedule

Intensive phase Blinatumomab phase

*After 2 cycles of chemo for Ho-Tr, Ph-like,
L R L L @ 11)
D

<< <> >
i =

4 wk 2 wk

Maintenance phase

N R O e T

" Hyper-CVAD WM Ofatumumab or rituximab

W MTXiara-C W 87 ITMTX ara-C M POMP
" Blinatumomab

Richard-Carpentier. Blood. 2019;134:abstract 3807.



Hyper-CVAD + Blinatumomab in FL B-ALL (N = 34)

A CR 100%, MRD negativity 97% (at CR 87%), early death 0%
CRD and OS Overall OS: HCVAD-Blina vs O-HCVAD

11 111 i 1l 11 1 1 I

o
o
1

Fraction survival
Fraction survival

o
~
L

Total Event 2yr OS
Total Event 2yr L HcvAD+Blina+OfaorRtx 34 4 86%
- Overall Survival 34 4 86% - HCVAD+Ofa 60 26 81%
- Complete Remission Duration 34 6  79% p=0.26
0.0 T T T T T T T T
0 12 24 12 24 36 48 60 72

Months

Richard-Carpentier. Blood. 2019;134:abstract 3807.



TKI for Ph+ ALL

Imatinib: 5-yr OS = 43% Dasatinib: 5-yr OS = 46% Ponatinib: 5-yr OS = 71%

O N N ]

=
<

=
[=2)
Fraction Survival
= =
g = :

©
2
5 g
- 2
3 :
@ p
S04 ;
5 :
m L
-
L

—1
e

; ; | Total Fall w08

Tulal Fail 5y 08 Median 21 TN T % (e5% 1631902
o4 35 43 3ms
Tolal Fail Median 5yr08
72 39 47mos 46%

o
L

BEEEEREE
Years

# of patients af isk. 37

Daver. Haematologica. 2015; Ravandi. Cancer. 2015; Jabbour. Lancet Oncol. 2015; Jabbour. Lancet Hematol. 2018.



Low-l nt ensity Chemo Rx + Dasatini

A 71 pts (20077 2010); median age 69 yr (581 83)
Dasatinib 1001 140 mg/D, VCR 1 mg Q wk, dex 201 40 mg/D
x 2, Qwk

A Consolidations: dasatinib 100 mg/D; MTX-asp C1, 3, 5; ara-
C C2, 4, 6. Maintenance: dasatinib + POMP

A CR 96%; MMR 65%; CMR 24%
A 5-yr survival 36%; EFS 25%
A T3151 at dx 23% by NGS

A 36 relapses; T3151 in 75%

Rousselot. Blood. 2016;128(6):774-782.



Hyper-CVAD + Ponatinib: Design
Intensive phase

1 N . . ..

Maintenance phase

30/15 30/15

+—— 24 months

12 intrathecal CNS prophyIaX|s
Hyper-CVAD W Ponatinib 45 mg Y30 mg Y15

W MTX-cytarabine . Vincristine + prednisone

AAfter the emergence of vascular toxicity, protocol was amended: beyond
induction, ponatinib 30 mg daily, then 15 mg daily once in CMR

Jabbour. Lancet Oncol. 2015;16:1547; Jabbour. Lancet Hematol. 2018



Hyper-CVAD + Ponatinib in Ph+ ALL: Response Rates

Median follow-up: 44 months (41 94 months)

Response n/N (%)
CR 68/68 (100)
CCyR 58/58 (100)
MMR 80/85 (94)

CMR 73/85 (86)
3-month CMR 63/85 (74)

Flow negativity 83/85 (95)

Early death 0

Short. Blood. 2019;134:abstract 283.



Hyper-CVAD + Ponatinib in Ph+ ALL: Outcome

EFS and OS Impact of allo-SCT: 6-mo landmark

o
e
Fraction survival

E
g
3
c
e
g
i

Total Events 3-yearrate 5-yearrate

== Overall Qurvival 86 20 8% T74%
—— Bvent-Free Qurvival 86 26 1% 68%

24 36 48 60 72 84 9
Time (months)

Short. Blood. 2019;134:abstract 283.

Jotal EBvents 3-yearrate 5-yearrate
60 8 90% 83%

19 6 66% 66%

24 36 48 60 72
Time (months)




ITx8vs IT x12in Ph+ ALL:
6-Month Landmark i CNS Relapse-Free Survival

- | T 8 times
= | T =8 times

*—“_"'_'_*"“_”‘“”“—“'I4_= + .

Median follow-up: 73 months
Log-rank: P= 0.023

Total Event 6-y CNS Relapse-free
74 9 87 %
44 O 100%

O 36

Paul. Blood. 2019;134:abstract 3810.

1
T2 108
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Propensity Score Analysis: HCVAD + Ponatinib vs
HCVAD + Dasatinib in Ph+ ALL

i

p=0.035

Total Event Median
= HCVAD + Ponatinib 41 10 Notreached
= HCVAD + Dasatinib 41 23 23.1 months

T T T T T T T

12 24 36 48 60 72 &4
Months

Sasaki. Cancer. 2016;122(23):3650-3656.

Overall Survival

p=0.025

Total Event Median
= HCVAD + Ponatinib 41 6  Notreached
= HCVAD + Dasatinib 41 21 76.1 months

T T T T T T T

12 24 36 48 60 72 84
Months




Event-Free Survival/Overall Survival (entire cohort, N = 107)

Event-free survival

Univariate analysis

Hazard ratio (95% CI)

AYA, age <40 - 0.9522 (0.4723-1.92)
Sex, female - S 0.7494 (0.4194-1.339)
WBC, high - . 1.246 (0.7027-2.211)
CDKN2A2B del - ﬂ u 1.181 (0.5842-2.389)
IKZF1 del - ; u 1.694 (0.8978-3.197)
IKZF1 (exon4-7) del - ] ] 2.049 (1.107-3.792)
PAX5 del - Loom 1.45 (0.7328-2.869)
VPREB1 del - ‘ ] 2.145 (1.166-3.945)
Anti-CD20 mAb therapy - ;o= 1.345 (0.7382-2.45)
TKI type, ponatinib u ] 0.3309 (0.1703-0.6427)
1 1
0.1 1 10
Hazard ratio and 95% CI
) Univariate analysis
Overall survival
Hazard ratio (95% CI)
AYA, age <40+ IE 0.7735 (0.3562-1.679)
Sex, female - L] : 0.6641 (0.3539-1.246)
WBC, high - o 1.098 (0.5942-2.028)
CDKN2A2B del - | u 1.236 (0.5864-2.606)
IKZF1 del - ; ] 1.948 (0.9659-3.927)
IKZF1 (exon4-7) del - ' u 2.517 (1.281-4.945)
PAX5 del o - ] 1.664 (0.8268-3.35)
VPREB1 del - i = 1.954 (1.019-3.749)
Anti-CD20 mAb therapy = 7 u 1.625 (0.8674-3.045)
TKI type, ponatinib = L] i 0.2918 (0.1385-0.6149)
1 1
0.1 1 10

Hazard ratio and 95% CI

P value

.8911
.3299
14513
.6427
.1037
.02239
.2859
.01408
.333
.001095

P value

5161
.2025
.7655
5775
.06245
.007392
.1536
.04389
.1296
.0012

Multivariate analysis
Hazard ratio (95% CI)

0.8493 (0.3956-1.823) .6753
0.7017 (0.3761-1.309) .2657

P value

1.67 (0.8854-3.149) 1132

0.3959 (0.1894-0.8274) .01375

Multivariate analysis
Hazard ratio (95% CI)

0.5868 (0.2487-1.384) 2234
0.6136 (0.3106-1.212) 1596

P value

1.875 (0.923-3.81) .08213
1.597 (0.8075-3.157) .1785

0.3491 (0.1482-0.8223) .01606



CMR in Ph+ ALL: OS for CMR vs Others
At CR At 3 months

—— NoCMR 5 S5 mos —— No CMR

HR 0.42 (95% CI 0-2182)

=]
o

=
[=]

=
=
=
=
=
_
=1
w
[ +]
=
o

Overall survival (%)

96 96
Time (months) Time (months)

A MVA for OS
CMR at 3 months (HR 0.42 [95% CI: 0.21-0.82]; P = .01)

Short. Blood. 2016;128(4):504-507.



Outcome of 3-Month CMR by TKI

PFS

—

2z
—
<

o
o

o
@

L

o
A

o
N

Total Event Median

T
=
=
£
S
wn
o
o
=
“
c
9o
®
7
o
[ =
=2
O
| =
o

== Dasatinib 29
| == Ponatinib 44

15 80 months

o
o

5-y OS

= |matinib 11 6 124 months 64%

54%

8 Notreached 81%

T T

T
0 36 72 108
Months

A MVA for outcome

T
144

T
180

Overall Survival

OS

—

§ ST —

.. Total Event Median 5-yOS
Imatinib 11 6 125 months 64% ] P=0.651
Dasatinib 29 14 80 months 62% '
Ponatinb 44 6 Notreached 84% )| P=0.030

| 1
36 72 108 144 180
Months

Ponatinib only predictive factor for PFS (HR 0.39; P =.03) and OS (HR 0.38; P =.04)

Sasaki. Blood. 2019;134:abstract 1296.




Two Evolving Strategies to Treat Ph+ ALL

Hyper-CVAD + TKIs With Minimal
Ponatinib ChemoRx

% CR 90-100 90-100
% CMR 80 20

Parameter

Allo-SCT required Only if no CMR In all
Outcome p190 vs p210 Same P190 better
% 3-yr survival/DFS 70-80 40-50

Jabbour E, et al. Lancet Oncol. 2015;16:1547; Chiaretti, et al. Blood. 2015;126:abstract 81.



Indications for HSCT: Ph+ ALL

MRD assessment (within 3 months)

4/\‘

MRDI

\4

MRD+

/\

03 |

D g S

|

>3 logs

!

Chemotherapy + TKI
or
Blinatumomab + TKI

Blinatumomab
+ TKI

Blinatumomab

+ TKIT 2i 4 cycles

Short. Blood. 2016;128(4):504-507; Sasaki. Blood. 2019;134:abstract 1296; Samra. Blood. 2019;134:abstract 1296.

|

+

HSCT
maintenance TKI




Blinatumomab and Inotuzumab in R-R Ph+ ALL

Parameter Blinatumomab Inotuzumab
NO. RX 45 38
No. CR/marrow CR (%) 16 (36) 25 (66)

MRD negative in CR, % 88 63
Median OS, mo 7.1 8.1
Later allo-SCT, % 44 32

Martinelli. J Clin Oncol. 2017;35:1795; Stock. Proceedings ASCO 2018



Dasatinib-Blinatumomab in Ph+ ALL

A 63 pts, median age 54 yr (241 82)
Dasatinib 140 mg/D x 3 mo; add blinatumomab x 21 5

A 53 posti dasa-blinax 217 molecular response 32/53 (60%), 22 CMR (41%); MRD ¢ i n
T315l; 12-mo OS 96%; DFS 92%

OS DFS

89.7% (95% Cl: 82.3-97.9)

12 8 : 0 5 12

Pl

months months from d+85

Chiaretti. Blood. 2019;134:abstract 615.



Blinatumomab-Ponatinib in Ph+ ALL

Induction phase Consolidation phase: C2i C4

15 mg in CVR

N
\ 4
N
\%
N
N4
N
\ %

4 wk 2 wk 4 wk 2 wk

Maintenance phase

15 mg for 5 years

W Blinatumomab ™ T MTX, ara- M Ponatinib 30 mg W Ponatinib 15 mg
C

Assi. Clin Lymphoma Myeloma Leuk. 2017;17(12):897-901.



Blinatumomab + Ponatinib Swimmer Plot (N = 15)

—»

» Response
MMR

Median follow-up: 14 months M cur
Median follow-up in Frontline: 9 months . ::Eﬁse
Median follow-up in Salvage: 16 months

Median time to CMR: 0.9 months TKI

» Frontline
Salvage 1

o
E
S
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Salvage 2
Salvage 4

Months




Questions in Ph+ ALL

ADO we need allo-SCT? T not always, never?
I Identify patients who can be cured without allo-SCT, eg, 3-mos CMR, others

A Ponatinib best TKI? i 3 mos-CMR 86%; 5-year OS rate 74%
I Phase Ill low-dose CT + imatinib vs low-dose CT + ponatinib

AHow much chemoRx i low-Intensity vs intensive chemo Rx?
I Mini-HCVD-ponatinib-blinatumomab

Acan we cure Ph+ ALL without chemoRx or allo-SCT? i ponatinib + blinatumomab

ADuration of TKI maintenance
I At least 5 years
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Considerations in Adolescents and
Young Adults (AYA) With Acute
Lymphoblastic Leukemia (ALL)

Patrick Brown, MD

Director, Pediatric Leukemia Program
Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins
Chair, NCCN ALL Guideline Committee



Learning Objectives

A Describe the AYA oncology patient, and recognize the challenges that
have led to inferior outcomes in this group

A Understand that optimal AYA ALL outcomes require treatment with
Apedtiantsrpiicr edo treat ment regi mens

A Know the difference in prevalence of sentinel genetic abnormalities in
childhood vs AYA ALL

A Understand the importance of minimal residual disease (MRD) in risk
stratification in AYA ALL

A Know that AYA patients are at higher risk of specific adverse events
(AEs), and know the strategies to mitigate this risk
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The AYA Oncology Patient i
Key Phenotypic Features

A Do not fAfit inodo in either the peds
treatment intensities are tailored to median ages (10 y/o or 50 y/0)

AUn/underinsured, unlikely fApri mar.
A In transition to independence from parents

A In the midst of intense educational program

A Lack of firmly established career path

A Early stages of starting a family (engaged, newlywed, children planned

or already arrived)
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The AYA Oncology Patient 1
Medical Consequences of Phenotype

Delayed diagnosis

Low rates of clinical trial enrollment

Lack of uniformity in treatment

Poor adherence

Enhanced concerns about fertility and other late effects
Unigue psychosocial hardships

!

Poor outcomes

To To To To Do o
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AYA Deficit in Progress in Cancer Survival

Average annual
percentage
change in
survival over 20
previous years

4° polynomial
regression

40 50

ge at Diagnosis

Albritton, et al. Semin Oncol. 2009;36(5)478. LAY



Case Presentation

A 23 ylo female presents to outside ER with 2 week
history of progressive diffuse bone pain and

fatigue; in last week, developed intermittent low- _ ‘ '

Peripheral Blood Smear

grade fevers and nosebleeds

A PE: Pallor, diffuse lymphadenopathy and
hepatosplenomegaly, scattered petechiae

A CBC

I WBC 69,000 per uL, 94% blasts; ANC 950 per uL;
Hgb: 6.6 gm/dl; PLT: 33,000 per uL

Suspected diagnosis: ALL
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Cas

To o Do o

e

S ASY

LDH 488
Uric Acid 5.9 blasts on cytospin

K 4.1, Phos 3.6, Ca9.3
DIC panel normal

g

Presentation (continued)

100 10 102 108
CD10 FITC ->

Flow Cytometry Plots

10 108 10

CD45 PerCP ->

SR W

A CSF:WBC 1, RBCO, no A Normal echo, EKG

Diagnosis: B-Lymphoblastic Leukemia

104
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Question 1. .
Which of the following factors is MOST important in deciding which
Initial ALL treatment regimen should be used for this patient?

a. The level of expression of CD19 on the surface of the ALL blasts

b. The presence or absence of hepatosplenomegaly and
lymphadenopathy

c. The age of the patient

d. Whether the patient is being treated by an adult oncologist or a
pediatric oncologist

e. Whether the patient is being treated in an academic center or in a
community hospital
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AYA ALL: Superior Outcomes With Pediatric
Protocols

Comparison of survival of patients ages 161 21 treated in CALGB (adult) or CCG (pediatric)

A Multiple subsequent pr osipnescptiirveed os t
i n Ayoung adultso (variably defi ne
better outcomes compared with historical controls

Stock W, et al. Blood. 2008:112:1646-1654. L2t



Primacy of Ph Status and Age in NCCN
Adult ALL Treatment Recommendations

Guidelines separated as follows

D
A 1+A“(AYA) A AAYAO ( NClageaiN(
A Ph+ ALL (Older AdultS) diagnosis of 15 to 39 years
DR A Wide recognition that age
A ’].I. ALL (AYA) imperfectly defines of the
A PN A__(OlderAduIts) ifAYA oncol ogy
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National
Comprehensive

NCCN Guidelines Version 1.2020
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PRINCIPLES OF SYSTEMIC THERAPY?2
INDUCTION REGIMENS FOR Ph-NEGATIVE ALLb:h

AYA Patients:

Other Recommended Regimens

Preferred Regimens

* CALGB 10403 regimen: daunorubicin, vincristine, prednisone, and
pegaspargase! (ongoing study in patients aged <40 years)19:hJ

*» COG AALL0232 regimen: daunorubicin, vincristine, prednisone,
and pegaspargase' (patients aged <21 years)20:h

* COG AALLO434 regimen with nelarabine (for T-ALL): daunorubicin,
vincristine, prednisone, and pegaspargase;' nelarabine added to
consolidation ragimani"'l

= DFCI ALL regimen based on DFCI Protocol 00-01: doxorubicin,
vincristine, prednisone, high-dose methotrexate, and )
pegaspargase! (ongoing study in patients aged <50 years)22.hJ

* GRAALL-2005 regimen: daunorubicin, vincristine, prednisone,
pegaspargase,' and cyclophosphamide [gatignts aged <60 years),
with rituximab for CD20-positive disease<Mi

* PETHEMA ALL-96 regimen: daunorubicin, vincristine, prednisone,
pegasgargase,' and cyclophosphamide (patients aged <30
years)24:hi

* Hyper-CVAD # rituximab: hyperfractionated cyclophosphamide,
vincristine, doxorubicin, and dexamethasone, alternating with
high-dose methotrexate and cytarabine; with or without rituximab
for CD20-positive disease?5:h

* USC ALL regimen based on CCG-1882 regimen: daunorubicin,
vincristine, prednisone, and methotrexate with augmented
pegaspargase (patients aged 18-57 years)26.hj

* Linker 4-drug raq_'iman: daunorubicin, vincristine, prednisone, and
pegaspargase?’:

PRINCIPLES OF SYSTEMIC THERAPY®
INDUCTION REGIMENS FOR Ph-POSITIVE ALLP:C

Protocols for AYA Patients:

Other Recommended Ragimans

« EsPhALL regimen: TKI4 + backbone of the Berlin-Frankfurt-Miinster regimen (cyclophosphamide, vincristine, daunorubicin,
dexamethasone, cytarabine, methotrexate, pegaspargase, and prednisone)’-

» TKI4 + hyper-CVAD (hyperfractionated cyclophosphamide, vincristine, doxorubicin, and dexamethasone), alternating with high-dose

methotrexate, and cytarabine4-8

» TKI9 + multiagent chemotherapy (daunorubicin, vincristine, prednisone, and cyclophosphamide)®-13

» TKI9:14.15 4 corticosteroid®
» TKI9 + vincristine + dexamethasone'%.©

- CALGB 10701 regimen: TKI4 + multiagent chemotherapy (dexamethasone, vincristine, daunorubicin, methotrexate, etoposide, and cytarabine)!”




Case Presentation (continued)

Alnitial treatment: standard?oi

I 4 weeks of vincristine, prednisone, PEG-asparaginase,
daunorubicin, intrathecal methotrexate

A 7 days into treatment, genetic results are finalized
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Question 2:

Of the following leukemia-specific genetic abnormalities, which

IS MOST likely to be present in this patient?

a. 46,XX:; FISH+ for ETV6-RUNX1 fusion

b. 46,XX,t(9;22)(gq34;911.2); FISH+ for BCR-ABL1 fusion; PCR+ for
p190 BCR-ABL1

c. 52,XX,+4,+9,+10,+17,+18,+21 (high hyperdiploidy)
d. 46,XX,1(4;11)(g21;923); FISH+ for KMT2A (MLL) rearrangement
e. 36,XX,-3,-7,-8,-9,-12,-14,-15,-18,-20,-21 (low hypodiploidy)
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Frequency of Genetic Abnormalities by Age

Children Adults

Hyperdiploidy (>50)
Hypodiploidy (<44)
m{(9;22)(q34;911) BCR-ABL1

t(12;21)(p13;922) ETV6-RUNX1
t(v;11923) KMT2A-r
BCR-ABL1-like

Other
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Case Presentation (continued)

A Patient confirmed to have diagnosis of B-ALL with BCR-ABL1
fusion

A Imatinib 400 mg daily added to induction chemotherapy
beginning day 8 of induction

A End induction marrow
I Complete morphologic remission

I Flow cytometry for residual B-lymphoblasts and RT-PCR for BCR-
ABL negative Y no mini mal resi du

AThe patiento6s brot heridentisal det er r
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Minimal Residual Disease (MRD) in ALL

A State of the art for risk stratification based on early response to
therapy

A MRD is defined as the presence of cells following chemotherapy
below the level of morphologic detection, generally down to
1/10,000 cells (104)

A Flow cytometry and molecular (NGS, PCR) methods can be
used to detect MRD

A In North America, flow is generally preferred over others,
although NGS (ClonoSEQ) is gaining
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MRD in ALL

Variable Hazard Ratio
Day 29 marrow MRD 4.31
Y NCI risk group 2.25
Day 20 Marrow . o Trisomy 4&10 570
P 00 _ Tel-AML1 778
el B R 15%8) Day 8 marrow morphology 1.034

0.1%<MRD <1.0% (n=141)
MRD > 1.0% (n=67)

P Value
<.0001
<.0001
.0005
15
79

A End induction MRD is a powerful and independent prognostic factor in ALL

Borowitz MJ, et al. Blood. 2008;111:5477.
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Case Presentation (continued)

A Patient proceeded to consolidation chemotherapy, consisting
of cyclophosphamide, cytarabine, PEG-asparaginase and
mercaptopurine (6MP)

A 3 weeks into consolidation, patient developed severe
abdominal pain radiating to the back, anorexia, and nausea

A Workup revealed elevated serum amylase and lipase and
enlarged pancreas on abdominal ultrasound (acute
pancreatitis) and steroids
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Question 3: .
Which of the following medications is MOST likely to be
responsible for the acute pancreatitis in this patient?

a. Cyclophosphamide
b. Cytarabine

c. 6MP

d. Vincristine

e. PEG-asparaginase
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AYA ALL: Risk of Adverse Events

A L- asparaglnase preparations (PEG, Erwinia)
Higher risk of toxicity in AYA compared with children (but less compared with

older adults)
AEs: Pancreatitis, thrombosis (line-associated, sagittal sinus), hepatotoxicity,

allergy

A Corticosteroids
High risk of osteonecrosis (hips, knees) in AYA patients relative to children

and older adults

A Mitigation
I Enhanced lab monitoring and high index of clinical suspicion

I Anticoagulant prophylaxis for PEG-asparaginase (clinical trials ongoing)
136



Learning Objectives (How did we do?)

A Describe the AYA oncology patient, and recognize the challenges that
have led to inferior outcomes in this group

A Understand that optimal AYA ALL outcomes require treatment with
Apedtiantsrpiicr edo treat ment regi mens

A Know the difference in prevalence of sentinel genetic abnormalities in
childhood vs AYA ALL

A Understand the importance of minimal residual disease (MRD) in risk
stratification in AYA ALL

A Know that AYA patients are at higher risk of specific adverse events
(AEs), and know the strategies to mitigate this risk
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A Randomized Phase 3 Trial of Blinatumomab Vs.
Chemotherapy As PodReinduction Therapy in High and
Intermediate Risk (HR/IR) First Relapse eABL in Children

and AYAs Demonstrates Superior Efficacy and Tolerability c
Blinatumomab

I wSLIR2NI FNRBY [/ KAfRNBYyQa h

Patrick A. Brown Lingyun Ji, Xinxin Xu, Meenakshi Devidas, Laura Hogan, Michael J.
Borowitz, Elizabeth A. Raetz, Gerh&wdgmaiey Elad Sharon, Lia Gore, James A. Whitlock,
Michael A. Pulsipher, Stephen P. Hunger, Mignon L. Loh

CHILDREN'S
ONCOLOGY
GROUP

Brown PA, et alBlood.2019;134(suppl_2):LBA.
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. . . g OiT- |
APoor survival for firstelapse BALL in S o1
children, adolescents, and young adults £ %%
(AYA), especially early relapses g o3
n 0.21
AStandard treatment approaCh 0.1 Rheingold, BrowrBhojwaniet al. ASCO 2019

0.01

A Reinduction chemotherapy> 2nd remission S S R S S A
Years from Relapse

A Consolidation
A Early relapselntensive cheme> HSCT 36

Goal: MRD negativity prior to HSCT =0 IMarr W
# Months
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Brown PA, et alBlood.2019;134(suppl_2):LBA.



Blinatumomab (CD19 BITE)

Anti-CD3 antibody Anti-CD19 antibody

g Blinatumomab 2
(anti-CD19 BIiTE®)
\' F/
Effector: normal T cell Target: B-precursor ALL cell
(©membrane CD3¢)

{1 _p» (=membrane CD19)

Adapted from Brown P. Blood. 2018; 131: 14971 1498

CHILDREN'S
ONCOLOGY
GROUP

Brown PA, et alBlood.2019;134(suppl_2):LBA.

Aln multiply relapsed/refractory
setting (pediatrics)

A CR 35%40%
A MRDnegative CR 20825%

von Stackelberg et al. JCO. 2016; 34:4381-4389

Aln MRD+ setting (adults)
A 80% MRD clearance
A 60% subsequent DFS (bridge to HS(

Gokbuget et al. Blood. 2018; 131: 1522-1531

Objective of COG AALL1331
To determine if substituting
blinatumomab for intensive consolidatior
chemotherapy improves survival in first
relapse of childhood/AYA-BLL




UKALLR3, Mitoxantrone Arm*

A DEX 20 mg/@iday D15, 1519
A VCR 1.5 mg/fD1, 8, 15, 22

A PEG 2500 IU/AD3, 17

A Mitoxantrone 10 mg/m D1, 2

A 1T MTX D1, then IT MTX or ITT

First Relapse-BLL

-

A Al first relapse (any CR1 duration, any site)

v A Ages 130
Block 1 A Major exclusionsDown syndrome, Ph+,
3 prior HSCT, prior blinatumomab

Risk Assignment

| ¢ |
! ; S ra— '
Treatment Failure High Risk Intermediate Risk Low Risk

Aao 6xHp: ||0X BN ér 8otbined BM + EM A iBM or combined A iBM or combined BM + EM

and/or A CR1 <36 mo M + EM Al wm xoc Y2
A Failure to clear E or Al wm xoc Y2

Refractory A iEM and 2
A CR1 <18 mo A9. m aws5 x|n or
. A iEM
Early relapse Late relapse, MRD high Al wm xmy Y32
| = isolated

BM = bone marrow

EM = extramedullary (CNS, testes)
CR1 = duration of first remission

EB1 = endBlock 1

Brown PA, et alBlood.2019;134(suppl_2):LBA.

HR/IR

Late relapse, MRD low

*UKALLRS3 referencParker, et alLancet2010;376:2002017.




Stratifications
A Risk group (HR vs IR)
A For HR
A Site (BM vs iEM)
A For BM: CR1
duration (<18 vs 18
36 mo)

HR/IR

A 4

*220

1:1
Randomization

(208)

*110 *110
(103/\105)

Endpoints
A Primary: DFS

A Other: OS, MRD response, ability

to proceed to HSCT

Sample size n=220 (110 per arm)

UKALLRS3, Block 2*

A VCR, DEX week 1

A ID MTX, PEG week 2
A CPM/ETOP week 3
A ITMTXorITT

UKALLR3, Block 3*

A VCR, DEX week 1

A HD ARAGErwiniaweeks 12
A ID MTXErwiniaweek 4

A ITMTXorITT

*UKALLRS3 referencParker, et al.
Lancet2010:376:2002017.

Arm A Arm B

(control) (experimental)

Block 2 Blina C1
Evaluation

\4 \ 4

Block 3 Blina C2

Evaluation
HSCT

Brown PA, et alBlood.2019;134(suppl_2):LBA.

A Power 85% to detect HR 0.58 with
hI'nodnHup
A Increase r DFS from 45% to 63%

1-4aA RSR

Blina C1 and Blina C2

A Blinatumomab 15 pg/fiday x
28 days, then 7 days off

A Dex 5 mg/m/dose x 1 premed
(C1 only)

A First patient randomized

Jan 2015
A Randomization halted

Sep 2019 (95% projected

accrual)



Early Closure Recommended by DSMC

AScheduled review by DSMC Sep 2019 using data cutoff 6/30/2019
(~60% of projected events)

A Despite the monitoring threshold for DFS not being crosghd DSMC
recommended

A Permanent closure of accrual to HR/IR randomization

A Immediate crossover to experimental Arm B for patients still receiving therapy

ADSMC recommendation based on
A The difference irDFS and OBetween arms
A The profound difference itoxicity between arms
A Thehighly significant difference iMRDclearance rates between arms

CHILDREN'S
I%OI.OGY
GROUP

Brown PA, et alBlood.2019;134(suppl_2):LBA.




Baseline Characteristics

16% AYA mmpp

Arm A

ArmB

Age at enrollment years

(n = 103)

(n = 105)

Median (range) 9 (1-27) 9 (1-25)
1-9 55 (53%) 55 (52%)
10-17 30 (29%) 35 (33%)
18-30 18 (18%) 15 (14%)
Sex
Female 49 (48%) 48 (46%)
Male 54 (52%) 57 (54%)
NCI risk group at diagnosis
High risk 60 (58%) 59 (56%)
== Standardisk 43 (42%) 46 (44%)
Cytogenetiogroups at diagnosis
==l Favorable (Tri 4/1ETVERUNX] 16 (18%) 21 (23%)
KMT2Arearranged 9 (10%) 7 (8%)
Hypodiploidy 1 (1%) 0
Other 65 (71%) 63 (69%)
None 12 14

DNCOLGC

Brown PA, et alBlood.2019;134(suppl_2):LBA.




Randomization Stratification Factors

Arm A Arm B
(n=103) (n=105)

Stratification Factors

RiskGroup Assignment After Block 1
_ Intermediaterisk (late relapse, MRD high) 34 (33%) 36 (34%) _
Highrisk (early relapse) 69 (67%) 69 (66%)
| High-Risk Subsets
_% A Marrow, CR1 <18 months (very early) 18 (26%) 18 (26%)
1 L A Marrow, CR1 186 months (early) 41 (59%) 41 (59%) J | r
A 1IEM, CR1 <18 months 10 (14%) 10 (14%)

CHILDREN'S
I%OI.OGY
GROUP
Brown PA, et alBlood.2019;134(suppl_2):LBA.




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

CHILDREN'S

oncoLoGy Median followup 1.4 years

GROUP
Brown PA, et alBlood.2019;134(suppl_2):LBA.






















































































































































































































































































https://www.nccn.org/professionals/physician_gls/pdf/all.pdf


























































































https://clinicaltrials.gov/ct2/show/NCT03147612
















