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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
ALL including ALL, and how these tests transplantation in ALL
iIncorporation of new are interpreted and as a consolidation in
technologies utilized firstremission

Comprehensively Gain insights into Discuss the Review
discuss the role antibodies and bispecifics evolving promising
of MRD in in ALL: what are they? role of ADC novel and
managing and When and how should they | therapiesin emerging
monitoring ALL be used? Where s the ALL therapies in
science going? ALL
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Virtual Breakout: Pediatric ALL Patients

Chair: Rob Pieters

TIMEUTC+3 TITLE SPEAKER
; Session opening .
15.007 15.15 A Educational ARS questions for the audience oD FISICE
First-line treatment of pediatric ALL

15.151 15.35 A Presentation Rob Pieters
A Q&A
Current treatmentoptions for relapsed ALL in children including HSCT

15357 15,55 considerations Hale Oren
A Presentation
A Q&A
Bispecific T-cell engagers for pediatric ALL

15557 16.15 A Presentation Patrick Brown
A Q&A
Case-based panel discussion: Management of long- and short-term toxicities
é ngrwewof long-term toxicities Rob Pieters

16.151 16.55 Patient case presentation Hale” ren

' ' Panelists: Rob Pieters, Hale Oren, Patrick Brown, Sema Anak, Gulylz Discussion

Ozturk, Akif Yesilipek

16.551 17.10 Session close Rob Pieters
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o Princess
maxtimag
= center

pediatric oncology

EducationabuestionsPediatric ALL
Question 1. whichassertionis correctfor childrenwith ALL?

All patients with MLL rearranged ALL should be transplanted
All patients with BCR-ABL positive ALL should be transplanted
No patient with BCR-ABL positive ALL should be transplanted

I

AlloSCT is part of treatment for children with early relapsed ALL
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o Princess
maxtimag
= center

pediatric oncology

EducationabuestionsPediatric ALL
Question 2.whichassertionis correctfor childrenwith ALL?

Blinatumomaband inotuzumab are part of first -line treatment
Blinatumomaband inotuzumab can not be administered sequentially

Therapeutic drug monitoring of asparaginase improves outcome

I

Dexamethasone and vincristine are standard components of maintenance therapy

| Page8
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Mmaxtimaq
center

pediatric oncology
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Firstline treatment of ALL

Rob Pieters
Chief Medical Officer



. ] P Princess
Question 1: maxima

pediatric oncology

Which assertion is correct for firdine treatment of pediatric
ALL?

1. A minority of patients with Ph+ ALL benefit from receiving allogenic SCT when receiving a
tyrosine kinase inhibitor such as imatinib

2. The dose intensity of asparaginase has no impact on outcome
3. 6-thioguanine hasto be preferred over 6 -mercaptopurinein maintenance therapy

4. Prednisone is a more effective drug than dexamethasone

| Pagell



] [P Princess
Question 2: maxima

pediatric oncology

Which assertion is correct?

1. All childrenwitha BCR -ABLI like ALL should be treated with a tyrosine kinase inhibitor such as
imatinib or dasatinib

2. Cranial irradiation is indicated in B -lineage ALL and T -lineage ALL with a WBC >50 x 10°/L at
diagnosis

3. Copy number alterations (CNA) do not predict outcome

4. End of induction MRD and/or end of consolidation MRD is the most powerful prognostic factor

| Pagel2



P Princess
ALL: chemotherapy elements maxima

pediatric oncology
.—>—>n—> Maintenance

A Induction: - steroid, VCR, L -Asp, (DNR), intrathecal

A Consolidation: - cyclophosphamide, araC, 6 -MP, intrathecal
- HD-MTX, 6 - MP, intrathecal

A Reinduction/intensification: - steroid, VCR, L -Asp, (DNR), intrathecal

A Maintenance: - 6-MP/MTX (+ VCR/steroid pulses)

A (cranio[spinal] radiotherapy)

A (allogenic hematopoietic stem cell transplantation [HSCT])
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P Princess

ALL Center
A Therapy elements

A Choice of steroid

A Dose intensity asparaginase

A Which intensification

A Which maintenance

A Which central nervous system treatment

A Who should get SCT

A Adolescents

A New developments: targeting therapy

| Pageld



B Princess

EFS by randomized use of dexamethasone vs prednisor§gs maima

pediatric oncology

100 ~_

&

oz Event froo survival
2

—— PRED
Pa"ﬂ. EHu._ chIJ ............. DEXA
25 tients Ewvents ¥p. _
DEXA Tos 125 08
i
Time in yaars
At rigk:
PRED &05 TH3 T27 5682 416 280
DEXA 798 TE0 T29 614 45T 320

12-JAN-05 16:34:11

Event -free survival by randomized steroid. Obs./Exp., observed/expected ratio.
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Princess
maxtmaq
center

pediatric oncology

0090
BE

Intensification of asparaginase

EFS with less EFS with more difference reference

intensive Asp intensive Asp

Erwinase vs Coli Asp 60% 73% significant Duval 2002
EORTC-CLG 58881

Erwinase vs Coli Asp 78% 89% significant Moghrabi 2007
DFCI 95-01

20 extra wks of Asp 79% 88% significant Pession 2005
IBFM/IDH ALL91

20 extra wks of Asp in IRG 72% 76% not sign Rizzari 2001
AIEOP ALL91

20 wks of Asp in T-ALL 55% 68% significant ~ Amylon 1999
POG 8704

20 wks of Asp in T-NHL 64% 78% significant Amylon 1999
POG 8704

Shorter or longer than 25 73% 90% significant Silverman
wks of Asp 2001

DFCI 91-01
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P Princess

ALL cehter
A Therapy elements

A Choice of steroid

A Dose intensity asparaginase

A Whichintensification

A Which maintenance

A Which central nervous system treatment

A Who should get SCT

A Adolescents

A New developments: targeting therapy
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. . . Y Princess
Maintenance/reinduction therapy m

Events (relapse/toxic deaths) reduced by

A Longer maintenance 3-yrvs2 -yr 23%vs 28%

A Intensive reinduction/intensification

A VCR/Pred pulses

yesvs no 28% vs 36%
yesvsno  31%vs40%

Multivariate: survival significantly improved by intensification

| Pagel8



| . I " P ‘Princess
EFS by randomization ofEgIP vs 6TG in maintenance maxima
COALL - study 92

Event free survival

1.0
0.78 (SE=0.03)
0.78 (SE=0.03)

PROBABILITY
o
o

ALL-92-MP 01.09.2002 (N=238; IN CCR=189)
ALL-92-TG 01.09.2002 (N=236; IN CCR=187)

0-0 T T T T T T T T T T T T T T i T L T T T T T T T

o 1t 2 3 4 5 6 7 8 9 10 11 12

YEARS
LOGRANK-TEST : Z-VALUE = 0.027003 ; P-VALUE = 0.869516
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6-MP pharmacodynamics: Erythrocyte BGN g%%sg
concentration vs relapsdree survival in ALL

center

pediatric oncology

100~

Relapse-free survival (%)

o

1 1 1 U L - 1 1 1
0 20 40 60 80 100 120 140 160
Time (mo)

Group A = values above the median; group B = values below the median




Dexa/VCR pulses during maintenance in average risk AL erncess

center

p atl e n tS ( B F M ) pediatric oncology
1.0~
08- 298112 784 (13)
792(12) 775(15)
Z
'_-g 06
¥
§ 0'4 -
Treatment group (n=1325) 255 events (240 relapses)
0-2- Control group (n=1293) 255 events (241 relapses)
Log-rank test: p=0-63
Median follow-up=4-8 years
c ) LJ 1 L] T L) 1
0 1 2 3 4 5 6 7

Time from randomisation (years)
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Dexa/VCR pulses during maintenance in average risk Al erocess
patients (EORTC) S

100 -
iy ‘%\—._
E_ B0
= 70
E
£ 60
: - No Pulses Pulses
E 6-yr DFS(SE) % | 82.8(2.8) 90.6 (2.1)
2 40
= HR (95% Cl) 1 0.54 (0.31, 0.94)
E ¥ p-value 0.027
Z 20 -
ST
0 T T T T 1 (years)
0 2 4 6 8 10
0 N Number of patients at risk :
34 205 189 169 97 9 —— NoPulses
19 206 197 186 108 7 —— Pulses
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I Princess

ALL cehter
A Therapy elements

A Choice of steroid

A Dose intensity asparaginase

A Whichintensification

A Which maintenance

A Which central nervous system treatment

A Who should get SCT

A Adolescents

A New developments: targeting therapy
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B Princess

CNS treatment axiros

center

pediatric oncology

A Radiotherapy + ith therapyvs extra ith therapy: EFS not different

A Radiotherapy vs IV MTX: EFS not different
(Radiother :less CNS relapses; IV MTX less systemic relapses)

A Radiotherapy dose: 24 Gy =18 Gy (=12 Gy?)

Conclusions
A Radiotherapy can be replaced by long -term intrathecal therapy
A IV MTX reduces non -CNS relapses

| Page24



5-year outcomes to preemptive cranial radiotherapy ﬁg&%sg
(CRT) for ALL subgroups other than CNS3 center

pediatric oncology

B Cell, WBC = T Cell WBC ==
100 x 1071 100 x 10%L
CRT CRT
Qutcorme Yas Mo P Yas Mo F
S-year cumulative incidence, %
Death (100% minus survivall 216 17.5 49 272 19.0 A5
Any event (100% minus EFS) 37.0 274 08 343 244 08
BM relapse 17.4 15.6 &7 76 84 BB
Isolated CNS relapse 1.6 3.3 32 54 6.6 69
Any CNS relapse 38 6.0 a5 11.0 10.0 77
MNo. of studies 3 G 7 3
MNo. of patients 141 a4 BOG 248
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5-year outcomes to preemptive cranial radiotherapy for g%%sg
ALL with CNS3 center

pediatric oncology

5-yrisolated CNS relapse: 16.7% vs 4.3% ( P=.02)
5-yr mortality: 22.4% vs 20.6% ( P =.83)
B-%ear
Mo, Crude

Study of Patients Incidence cn®
DCOG 21 ! = i 18.0 (1.9 to 47.5)
St Jude g I - { 14.3 (0.1 to 60.2)
Mo cranial RT 29 e —— 16.7 (6.4 to 36.9)
AIEOP a4 —— 76111 10 22.7)
UK a9 9 0.0
JACLS a1 HIH——— 2.6 (0.1 to 18.5)
MOPHO a1 ———— 0.7 (1.3 tc 2B.3)
BFM 110 !

.f' 2.0(04tc E.0)
COALL 18 — i 11.0 (0.6 to 38.9]
COG 67 ,_’_. 5.3 (0.8 tc 168.7)
DFCI 17 . | 0.0
Yes cranial AT 277 s 432 (261t07.2)
Owverall 406 b 5.2 (3.1 to B.7)

0.0 260 50.0 75.0 1000

b-year Crude Cumulative Incidence
Teast for treatment effect (cranial irradiation, yas v noj F= .02
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P Princess

ALL cehter
A Therapy elements

A Choice of steroid

A Dose intensity asparaginase

A Which intensification

A Which maintenance

A Which central nervous system treatment

A Who should get SCT

A Adolescents

A New developments: targeting therapy
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center

pediatric oncology

No CR after induction AND-ALL: better survival with gg&%sg
alloSCT

100
80

60 1

40 1

20

Probability of Overall Survival (%)

p(Mantel-Byar) Chemotherapy vs. Allogeneic SCT = 0.08

O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Years after diagnosis

Chemotherapy only 2514 (N=125, 93 events)
Matched related donor SCT 4249 (N= 33, 19 events)
Other types of alloSCT 4518 (N= 43, 23 events)




Princess

Children with t(9;22) ALL: benefit of allogenic princess
transplantation center

pediatric oncology

q09p

1.0
0.8 '*_ -
L 728
I nsew e s s e .
l Transplantation
‘ -
2 0.6 - 65+8
%
©
L
g
a 0.4+
Chemotherapy alone
0.2
= = QOverall survival
wmm Disease-free survival
0-0 ] 1 1 T T I 1
0 1 2 3 4 5 6 7
Years after Median Time of Transplantation
PATIENTS AT Risk
Chemotherapy alone 198 84 57 36 24 22 18 14
Transplantation from 18 28 25 26 23 17 9 6

matched related donor
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DFS for goodtisk Ph+ ALL patients as treated with ‘ﬁ%?&%sg
Imatinib (EsPhALL) center

pediatric oncology

A
100 — —— Noimatinib
— Imatinib

. 80 4
=
I
S 60
3
o
=
§ 40
S
2

20 —

ﬂdjusted HR 0-35, 95% Cl 0-14-0-90; p=0-03

0 I I I |
0 1 2 3 4

Time (years)
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Increased use of imatinib in BEABIgpositive ALL: no R rincess

Indication for SCT? SBllier

(probability)

P=.1438

Event-Free Survival

0.24 = Cohort 5 chemo (n = 25)
== Related BMT (n=21)
simn Unrelated BMT (n = 11)

0 1 2 3 4 5

Time (years)

Fig 4. Comparison of event-free survival (EFS) for Cohort 5 chemotherapy only
versus related-donor bone marrow transplantation (BMT) versus unrelated-donor
BMT. Cohort 5 patients were compared with human leukocyte antigen (HLA)
—identical sibling BMT (8 of 39 in cohorts 1-4; 13 of 44 in cohort 5) and 11 of the
total 83 patients removed from protocol for an alternative-donor BMT. Patients
treated on protocol were given imatinib 340 mg/m?/d for 6 months starting 4 to
6 months after BMT.
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P Princess

Infant ALL: no proven benefit of allogenic BMT maxima

pediatric oncology

-0
0-a-
0-R
0-7-
zoed L\ Sy
= | ] e = Chemaoth
= 0-5- Transplartation SR LS
0
[=]
& 047 Chemotherapy
-2 Transplantation
-2
- Overall survival
0-14 ___piseasefree surnvival
Q-0
I T T T T T T T T 1
@ 1 3 = T 9 11 13 1% 17
0.38 Years from start of therapy

Patients at risk

Overall survival

Chemaotherapy 124 80 70 44 1& 11
Transplantation 11 53 3 2 [ (]
Disease-fres suivival

Chemaotherapy 183109 &3 &O 35 15 10
Transplantation 14 8 5 2 2 [ (]

Figure 2: Mantel-Byar estimates of disease-free survival with a
landmark of #-38 years. and Kaplarn-Meier estimates of
survival with a landmark of 1 vear in patients with t(4;11)
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P Princess

ALL cehter
A Therapy elements

A Choice of steroid

A Dose intensity asparaginase

A Which intensification

A Which maintenance

A Which central nervous system treatment

A Who should get SCT

A Adolescents

A New developments: targeting therapy
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Targeting therapy in ALL g

pediatric oncology

A Minimal residual disease (MRD) monitoring
A Therapeutic drug monitoring

A Genetic subclasses and pharmacology

A Specifictargetable genetic lesions

A New (epi)genetic abnormalities

A Immunotherapies
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- . . . P Princess
Minimal residual disease and outcome in ALL maxima

pediatric oncology

10 4 . Low—risk group (n=55)
(52) (24
= (a5 Intermeaediate—risk group (n=55)
=754
= (1G)
=
L]
Ly
250
ds
=4
m - -
T o5 (G | nglh—rlsk Eroup (n=192)
=S
L)
pltrend)=0-001
Q- I
0 1z 24 2e 45 oo

Months from time point two

Relapse -freesurvival of the 3 MRD  -based risk groups, as defined
by MRD informationat timepoints 1 and 2




pediatric oncology

« - cosnccss e woe — TS
\ Stem cell transplantation

PietersR, etal. JClin Oncol. 2016;34(22):2591 -2601.



. . Bl Princess
Targeting therapy in ALL maxima
A Minimal residual disease (MRD) monitoring
A Therapeutic drug monitoring
A Genetic subclasses and pharmacology
A Specifictargetable genetic lesions
A New (epi)genetic abnormalities

A Immunotherapies
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Diseasefree survival of NCI highisk patients stratified R rncess

center

by asparaginase received

_— e WP
£ | RS aTSR
=
©
=
o
=
£ 0.6
©
=
=S
= P =.0030
w
(=53
D 0.4
u-
[
17
©
(<53
L
[
0.2 +
Erwinia substitution, received all doses (n = 187)
- = == Missing asparaginase doses (n = 443)
Received all PEG-ASNase doses (n = 1,556)
T T T T T T T T T T T T T
[0] 1 2 3 4 5 6 7 8 9 10 11 12 13
Time (years)
No. at risk:
Erwinia 187 176 169 159 147 140 130 97 61 36 19 5 o] o
Not all doses 443 422 400 351 320 294 268 218 157 118 77 51 19 1
All dose 1,556 1,487 1,410 1,322 1,225 1,131 1,002 771 584 430 259 143 48 13
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Targeting therapy in ALL En;ag:f’g

pediatric oncology

A Minimal residual disease (MRD) monitoring
A Therapeutic drug monitoring

A Genetic subclasses and pharmacology

A Specifictargetable genetic lesions

A New (epi)genetic abnormalities

A Immunotherapies
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. . Ce . I Princess
In vitro resistance/sensitivity of infant ALL maxima

pediatric oncology

Drg Infants <1 year median (25th-75th) n= c/preB >1 year median (25th-75th) n= Resistance ratic®  P-value
Prednisolone > 260 (0.30->20) 4 043 (0.12-12.5) 313 >581 0.001
| Dexamethasond 361 (0.06->6.0) 1 0.07 (0.01-0.55) 241 548 0.040
Vincristine 0.95 (0.10-2.54) 37 069(024-2.5 39 0.80 0.088
L-Asparaginase 0.96 (0.36-1.43) P 0.08 (0.01-1.04) 361 12,0 0.001
Daunorubicin 0.07 (0.03<0.12) B 0.09 (0.06-0.17) 386 0.83 0.090
6-Mercaptopurine 201 (96.2-321) 12 97,9 (50.4-248) 280 205 0.110
6-Thioguanine 6.04 (5.23-10.1) vt 592 (380-9.10) P 1,02 0.266
Qytarabine 0.27 (0.13-0.51) & 049 (027-1.31) 91 0.54 0.001
2-CdA® 0.02 (0.01-0.03) P 0.030 (0.02-0.14) 79 059 <0.001
Etoposide 1,04 (0.48-2.5) 17 150 (0.64-2.77) 162 0.70 0.305
Teniposide 0.28 (0.16-0.75) 1 0.25(0.18-0.58) 21 112 0.786
4-HOO-fosfamide 4.08 (1.93-5.66) A 307 (1.24-5.23 21 1.33 0.185

| Paged0



center

pediatric oncology

Survival in infant ALL before and after introduction of prmc.ess
: 28sg Maxima
Interfant protocol

107 Infant ALL

0,9+ diagnosis 1990-1998
' "_'{N=q25)

diagnosis 1999-2011

] ' (N=54)

0,74

0,6 56% (+- 8%)

0,5+
0,4

0,3-

Cum Overall Survival

20% (+-8%)

0,2+

0,1
p=0.0028

0,0 T T T

| | I I
0 24 48 72 95 120 144 168 192 218
months since diagnosis




Targeting therapy in ALL g

pediatric oncology

A Minimal residual disease (MRD) monitoring
A Therapeutic drug monitoring

A Genetic subclasses and pharmacology

A Specifictargetable genetic lesions

A New (epi)genetic abnormalities

A Immunotherapies
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pediatric oncology

T-ALL

E2A-rearranged
MLL-rearranged

TEL-AMLA

5 real BCR-ABL

Hyperdiplold | 39 BoR ABL like

}/

BCR-ABL

DenBoer ML, etal. LancetOncol. 2009;10(2):125 -134.



center

pediatric oncology

Frequency of identified tyrosine kinase fusion genes in wggg%%sg
BCRABIclike ALL and #ther ALL

Marker BCR-ABLI- Remaining
like (n=77) B-other (n=76)
ABLI/ABL?2 fusion 39% 0%
ZMIZ1-ABLI 1
FOXPI-ABLI 1
RCSDI-ABL2 1 12% with ABL-1 class fusions
PDGFRB fusion 5.2% 0% Targetable with imatinib /dasatinib
EBFI-PDGFRB 4
CSFIR fusion 2.6% 0%
SSBP2-CSFIR 2
JAK2 tusion 6.5% 0%
PAX5-JAK?2 3 6% with JAK2 fusions
BCR-JAK?2 1 Targetable with ruxolitinib????
TERF2-JAK?2 1
:’Z;f_i ii:iff 15.6% 15.8%
| PAR1 deletion** 10.5% 10.7%
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EFS ALL97/99 and UKALL2003 by genetic risk group

A o ALLETES
..1_‘__
E s
E'?t— ________ e
:!: (=
=
5 g
= GEN=GR (n=573])
e GEM-FR (n=230)
&
= T T T T T T
a 2 4 B B 10
Follaw=up tima (yaars)
Rumbers of risk
GEW-GR 579 =46 458 AT A5 Fr]
CENSRR 230 175 14 128 111 55
A

+ High hyperdiploidy
« ETV6-RUNX1T

+ TCF3-PBX1
+ B-other

BCR-ABL

KMT2A

TCF3-HLF

iAMP21

Near haploidy/Low hyperdiploidy

Cytogenetic Risk

D

Evaniefras survive]

0.25

0.75 100

.50

000

UKALLZ003

GEM=GR [n=561)
e GENPR (ne 181}

1K1

Mumbsrs al risk
GENGER 661
GEN-PR

-

=a

P Princess

maxtimag
center

pediatric oncology

No deletion in any of the regions
Isolated deletion of ETV6, PAXS, or BTG1

CDKN2AIB or PAXS

ETVE deletion with single deletion of BTG,

All other CNA profiles

« |solated IKZF1, PAR1, or RB1 deletion
+ Deletion of IKZF1/PAX5/CDKN2A/IB

UKALL-CNA Risk




Princess

UK copy number alteration (CNA) classifier in UKALL maxima

center

pediatric oncology

CNA profile definesrisk groups CNA profiles by MLPA
8 Good risk
A No deletion
N A Isolated deletion oETV6, PAX®rBTG1
=5 A ETVveleletion +BTG1, CDKN2A!B PAXS5 deletion
2z
2
2 Intermediate risk
gg— - A All other CNA profiles
=
S Poor risk
3 CNA-GR (n=529 —_ =
mﬁ— CNA-IR(rEZ249)) A IsolatedKZF1, PAR®&r RB1deletion
CNA-PR (n=86) A Deletion ofiIKZF1/PAX5/CDKN2A/B
8|
d T T T T T T
0 2 4 8 8 10

Follow-up time (years)
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cology

Novel genetic risk groups in-iheage ALL by cytogenetlc ) Princess
and by CNA

+ High hypardiploidy
= ETWE-RLINKT

« TCF2-PEKTY

= BCR-ABL

Cytogenstic Risk

= TCF2-HLF
= AMP

* Near haploidy/Low hyperdipioidy

= Mo daletion in any of the regions

= Isolated delation of ETVE, PAXS, or BTG 1

= ETV& deletion with single delation of BTG,
COMNIAID or PAXS

= All other CHNA profiles

UHA LL-CHA Risk

= Isolated [KZF1, PAR1, or RE1T delation
= Deletion of IKEFTPAXSICORN2A/E
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Risk stratification by MRD and genetics W, ALL

for the ALLTogether trial

Low -risk grou
—» MRD 0%* unlesshigh -
BCP NCI - risk genetics**
Standard risk (3 o
drug) L
c
=)
g
§ Intermediate - risk
Diagnosis o garoup
@ MRD >0% and <5%
s plus high -risk genetics
< with MRD 0%
o
BCP NCI High - = \. S/
risk -§
T-cell patients (4 = 7 N
drug) _g
5 High -risk group
MR D O5 %TGF3-HLF
. J

“1"~ Together

TP2 MRD evaluation

(

.

IR -low
ETV6-RUNX1 &TP1
MRD<0.1%
HeH &TP1 MRD
<0.03%
GR-CNA*** & TP1
MRD<0.05%

\

J

r

.

IR -high
Al'l patients
High -risk genetics
Remaining BCP -ALL
patients
T-ALL

~

J

TP2 MRD >0.05%

N Princess
maxtmaq
center
pediatric oncology

P16 years

f

*0% = undetectable MRD by IG/TCR PCR;**High
hypodiploidy, iAMP21 and rearrangements affecting

-risk genetics:

are excluded from the study); **CNA profile as perMoorman etal (2014)

no deletion of

IKZF1, CDKN2A/B, PAR1, BTG1,
or ETV6 deletions with a single additional deletion of

EBF1, PAX5, ETV6, RB1

KMT2A/MLL gene fusions, near haploidy, low
ABL1, ABL2, PDGFRB and CSFI1R (except BCR-ABL1 which
Blood ;124(9):1434
; isolated deletions of
BTG1, PAX5, CDKN2A/B.

ETV6, PAXS5, BTG1

-1444 . GR profile:




Risk groups, outcome, and consequencw ALL

for treatment

| Princess

A maxima
center

pediat, cology

Together

group patlents

24%
IR-L 36% 95
IR-H 37% 82
VHR 4% 78

Reduction: randomised
+/- anthracyclines

Reduction: randomised

ke 3 +/- anthracyclines
Intensification:

89 15 randomised
+/- inotuzumab
Experimental.:

78 14 CART for B, nelarabine

for T




B Princess

Targeting therapy in ALL maxima

center
pediatric oncology

A Minimal residual disease (MRD) monitoring
A Therapeutic drug monitoring

A Genetic subclasses and pharmacology

A Specific targetable genetic lesions

A New (epi)genetic abnormalities

A Immunotherapies: blinatumomab, inotuzumab, CAR T
cells
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center

pediatric oncology

: P Princess
Answer to question 1: maxima

Which assertion is correct for firdine treatment of pediatric
ALL?

1. A minority of patients with Ph+ ALL benefit from receiving allogenic SCT when
receiving a tyrosine kinase inhibitor such as imatinib

2. The dose intensity of asparaginase has no impact on outcome
3. 6-thioguanine hasto be preferred over 6 -mercaptopurinein maintenance therapy

4. Prednisone is a more effective drug than dexamethasone

| Page51



. P Princess
Answer to question 2: maxima

pediatric oncology

Which assertion is correct?

1. All childrenwitha BCR -ABLI like ALL should be treated with a tyrosine kinase inhibitor such as
imatinib or dasatinib

2. Cranial irradiation is indicated in B -lineage ALL and T -lineage ALL with a WBC >50 x 10°/L at
diagnosis

3. Copy number alterations (CNA) do not predict outcome

4. End of induction MRD and/or end of consolidation MRD is the most powerful prognostic factor

| Pageb2
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Overview of the talk

A

Do HAT - o~ HE D -

Describe the importance o€lapsedALL
Risk factors forelapsedALL patients
Standard therapy of relaps&LL

HSCT indications

New therapy approaches mnelapsedALL



Childhood ALL: Progress through collaboration

Table 1. Patient Characteristics and Treatment Results From Selected Clinical Trials

5-Year Cumulative Rate

No.of Age Range T-Cell of Isolated CNS Year EFS 5-Year Ove

Study Group Years of Study Patients (years) ALL (%) Relapse (% + SE) (% = SE) Survival (% = S Reference
AIEOP-95 1995-2000 1,743 0-18 1 1.2*+03 759 1.0 855+ 08 onter et al’
BFM-95 1995-1999 2,169 0-18 13 18+03 796 £ 0.9 87.0+0.7 oricke et al’
CoALL-97 1997-2003 667 1-18 14 40*08 76.7 1.7 854+ 14 Esgherich et aP
COG 2000-2005 7,153 0-21 7 NA NA 904 £ 0.5 HuAger et al*
DCOG-9 1997-2004 859 1-18 1 26+0. 806+ 14 86.4+1.2 Veelman et al®
DFCI 00-01 2000-2004 492 1-18 " NA 80.0 + 2 91 +1 Vrogman et al®
EORTC-CLG 1998-2008 1,947 1-18 162 1ED 82.7 £ 0.9 89.7 0.7 Donjenech et al”
IC-BFM 2002 2002-2007 5,060 1-18 133 19*01 74 £1 82x 1} Stagy et al®
JCCLSG ALL 2000 2000-2004 305 1-15 9.8 09*0.1 797 £ 24 89.2+18 Yaphaji et al®
Ma-Spore ALL 2003 2002-2011 556 0-18 8.8 14 80.6 +35 892+27 Yegoh et al'®
MRC UKALL 2003 2003-2011 3,126 1-25 12 19*+06 873+t14 916+1.2 fora et al'’
NOPHO-2000 2002-2007 1,023 1-15 1 27*06 794+15 89.1 +1.1 Schmiegelow et al'?
SJCRH XV 2000-2007 498 1-18 15 27*08 87.3+29 935+19 Pui et al'®
TPOG 1999-2010 1562 0-18 7.2 14*10 2*30 90.2:+2 Liu et al'*

Abbreviations: AIEOP, Associazione Italiana di Ematologia Pediatrica; ALL, acute lymphoblastic leukemia; BFM, BedaneﬁL Cooperative ALL (study group);
COG, Children’s Oncology Group; DCOG, Dutch Children’s Oncology Group; DFCI, Dana-Farber Cancer Institute (consortium); EFS, event-free survival; EORTC-CLG, European
Organisation for Research and Treatment of Cancer-Children’s Leukemia Group; IC-BFM, Intercontinental BFM; JCCLSG, Japanese Children’s Cancer and Leukemia Study Group;
Ma-Spore, Malaysia-Singapore; MRC UKALL, Medical Research Council United Kingdom Acute Lymphoblastic Leukemia; NA, not available; NOPHO, Nordic Society of Pediatric
Hematology and Oncology; SJCRH, St Jude Children’s Research Hospital; TPOG, Taiwan Pediatric Oncology Group.

Adapted from Pui CH, et dl Clin Onco201533(27):293&2948.



Successful therapy reduction and intensification
for childhood ALL on the basis of MRD
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MRD-based medium __-risk patients had a significantly higher
5-year EFS rate (88%, SE 2%) with therapy intensification
(including 30 weeks of asparaginase exposure and
dexamethasone/vincristine pulses) compared with historical
controls (76%, SE 6%). Intensive chemotherapy and stem

cell transplantation in MRD___-based high -risk patients resulted
in a significantly better 5 -year EFS rate (78%, SE 8% vs

=]
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.
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1
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1

Cumulative Incidence of Relapse

16%, SE 8% in controls). Overall outcomesimproved

significantly (5 -yearEFS rate 87%,5 -year survival rate 0 2 4 5 8 10
92%, and 5 -year cumulative incidence of relapse rate 8%) _ Time Since Diagnosis (years)
compared with preceding Dutch Childhood Oncology Group ”T“_°'E" ”5“0 ) \ . \ o
protocols. SR 194 192 157 108 66 13
MR 490 470 77 250 132 |
HR a1 1] 57 43 21 3

Pieters R, etall Clin Onco2016;34(22):2592601.



Integrated cytogenetic and genomic classification
refines risk -stratification in pediatric ALL

Three -quarters of UKALL2003 patients had a GR genetic profile and
significantly improved event -free survival (EFS; 94%) compared with
patients with a PR genetic profile (79%). This difference was drivenby a

lower relapse rate (4% vs 17%), seen across all patient subgroups, and
independent of other risk factors. Even genetic GR patients with minimal
residual disease (>0.01%) at day 29 had an EFS in excess of 90%. In
conclusion, the integration of genomic and cytogenetic data defines 2
subgroups with distinct responses to treatment and identifies a large
subset of children suitable for treatment deintensification.

Moorman AV, et alBlood.2014;124(9):14341444.



Childhood acute lymphoblastic leukemia treatment

(PDQ®)

A Relapsed ALL is one of the major causes of death in children with cancer,
so reducing relapse risk is very important

A Long-term survival rates after relapse range from about 30% I 40% for
early relapses, and 70% 1 80%for late relapses

A There is a large potential for developing different targeted treatments for
children with ALL, on the basis of the abnormal findings in their individual
disease (personalized medicine)

Childhood Acute Lymphoblastic Leukemia Treatment P D{@alth Professional Version. 2018icatelli F, et aBlood 2012;120:2802816;
Childhood cancer by the ICCC. In: Howlader N, Noone AM, Krapcho M, et al., eds.: SEER Cancer Statistics281eviBd0%¥&da, Md:
National Cancer Institute, 2013, Section B8 RH, et all Clin OncoR009;28:64854.



UKALL2003 clinical outcomes
teenagers and young adults

OS of relapsed patients

100
2
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0 20 40 B0

Months from relapse
-+ FlalAraC  —— R3

Sellar RS, et d@r J HaematoR018;181(4):51522.

Comparison of R3 and fludarabine/cytarabine

-based regimens

R3 Fludarabine/Cytarabine P value
(n=8%) (n=17)
All relapsed patients
CR after first salvage 4 (50%) 7 (41%)
Allogeneic transplant received 3(38%) 8 (47%)
Alive at end of study period 1 (13%) 5 (29%)
Median OS from relapse 5-5 months 7 months 05
(n=7) (n=12)
Patients relapsing on treatment only
CR after first salvage 3 (43%) 5 (42%)
Allogeneic transplant received 3 (43%) 5 (42%)
Alive at end of study period 1 (14%) 1 (8%)
Median OS from relapse 5 months 3 months 09

CR, complete remission; OS, overall survival; R3, protocol containing either idarubicin or mitoxantrone, as described previously (Parker et al,

2010).

*Excludes one patient transplanted in CRI.



Outcome of relapse after allogeneic HSCT in children
with ALL enrolled inthe ALL  ZSCT 2003/2007 trial

A 3Zear EFS 15%, OS 20%

A The majority of children (48%) received salvage therapy without
second alloSCT, 26% of the children underwenta second alloSCT,
and 25% received palliative treatmentonly

A Combined approachesincorporating novel immunotherapeutic
treatmentoptions and second alloSCT hold promise to improve
outcomes in children with post -alloSCT relapse

Kuhlen M, et alBr J HaematoP018;180:8289.



Prognostic risk factors in relapsed ALL
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Age

Duration of remission
Relapse site
Immunophenotype
Genetics/genomics
Leukocyte count at diagnosis
Response to therapy

MRD levels



Which prognostic risk factors are important In
standard therapeutic approach ?

Age

Duration of remission
Relapse site
Immunophenotype

MRD levels
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UK ALL R3

A Time to relapse
Immunophenotype Site of relapse Very early Early Late
Eolated extramedullary High risk Intermediate risk Standard sk
HNon-T cell Eolated mamow High risk High risk Intermediate risk
Combinad High risk Intermediate risk Intermediate risk
Eolated extramedullary High risk Intermediate risk Standard nisk
Teell Eolated mamow High risk High risk High risk
Combinad High risk High risk High risk
B Phase 1 Phase 2 Phase 3 Phase § Phase &
. Localized
Standard risk | {d;‘: = radiotheragy E—-

Intermediate risk -

VS [ A0 Ale-SCT
High risk - N T
=103 ——l
Phase 4
£

1] ]I. 2| 3| -'.|1 _é. é I!' é SII 1:3 1|1 1.|2 1|3 1|4 4 2=_7| EI{I 104
| |
MRD (TP1) MRD (TPZ)
Weeks

Figure 1: Risk stratification (&) and trial design (B)

[A) Stratification according to immunophenotype, site of relapse, and time to relapse. Risk groups: very early refers
to bess than 18 months from first diagnosis; early refers to 18 months or more after first diagnosis and less than

& manths from stopping therapy; and late refers to & months or more after stopping therapy. (B} MRD sampling
TPs are marked. At TP1, standard-risk and intermediate- risk patients with MRD lower than 107 cells were ineligible,
and high- risk and intermediate-risk patients with MRD of 10 cells or morewere eligible for allo-5CT. Localised
radiotherapywas given to those with extramedullary disease and not proceeding to allo-3CT. When MRD
assessment was not possible in intermediate-risk patients, allo-5CT was allowed provided relapse occurred within
24 months of stopping therapy. Details of the phases are provided in table 1. MRD=minimal residual disease.
TP=timepoint. Allo-5CT=allogenic stem-cell transplant.

Treatment protocols for relapsed ALL mostly depends
on immunophenotype , site of relapse , time to relapse ,
MR D @enetics / genomics

ParkeIC, et al Effectof mitoxantroneonoutcomeof childrenwith U N.
relapseof acutelymphoblastideukaemig ALL R3): aopen-label
randomisedrial. Lancet2010;376:2004L7.



HSCT in relapsed ALL

Indications to HSCT for relapsed ALL in the IntReALL 2010 protocol

Risk group
Patient subgroup GR" PR® NA
SR * Late isolated or combined bone marrow relapse of BCP-ALL NO MMD MD
* Early combined bone marrow relapse MD MMD MMD
Time of relapse
* Isolated extramedullary relapse Early Late
MD NO
HR * Very early isolated extramedullary relapse of BCP or T-ALL HSCT in ALL patients

« Early isolated or any very early bone marrow relapse of BCP-ALL
* Any bone marrow relapse of T-ALL

(with a MD or a MMD)

Time point of relapse: very early, <18 months after primary diagnosis and < 6 after completion of primary therapy: early, > 18 months after primary
diagnosis and < 6 after completion of primary: late, >months after completion of primary. MD pemnitted donor: HLA-matched sibling or non-sibling
donor, MMD permitted donor: HLA-matched or HLA-mismatched donor

GR good response, HR high risk, HSCT hematopoietic stem cell transplantation, MRD minimal residual disease, NA not available, NO HSCT not
indicated, PR poor response, SR standard risk

“MRD response after induction
" MRD cutoff is defined by the specific treatment arm

Merli P, et alCurr Hematol Malig Re@019;14(2):94105.



Minimal residual disease after induction Is the strongest predictor

of prognosis in intermediate -risk relapsed acute lymphoblastic
leukemia : Long -term results of trial ALL-REZ BFM P95/96

ALL-REZ BFM P95/96 - pEFS

1.0,
o - 76%
0.6
g
0.4
ALL REZ-BFM 2002
0.27 18% [ week 1 2 3 4 § 6 7 B 9 10 11 12 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29
s1 /[ IEI"xEI X 2 I LTI =
3 2 4 6 8 1 12 14 16 alla
A s | ] [re]
Time s2 [ B [ e
: o BEGE & =
weemeeres MIRD <107 n= 46; cens= 35; pEFS (10 years)= 0.76 SE+0.06
— MRD 210 n= 34; cens= 6; pEFS (10 years)= 0.18 SE+0.07 53!4 AE‘ |E|‘
‘ " E
o _ TRD 4 [ } ' 4is1) v i82)

Merli P, et alCurr Hematol Malig Re@019;14(2):94105.



ALL-REZ BFM S3/S4 EFS

(HRG) 10y

pEFS

years

SZT: n=71;cens.=31; pEFS = 41+ .06
no SZT: n=31.cens.= 4; pEFS=.00+.00

Eckert C, et all Clin Onco2013;31(21):273@742.



NCCN Guidelines pediatric ALL

Pediatric Acute Lymphoblastic Leukemia, Version 2.2020 NCCN GUIDELINES®

MULTIPLE RELAPSE/REFRACTORY DISEASERK!
TREATMENT! RESPOMNSE CONSOLIDATION THERAPY

CR — = HSCTZULW

* Clinical trial

Multiple relapse * ChemotherapyPP
or « Blinatumomab if B-ALLPP
Refractory disease * Tisagenlecleucel if B-ALLPP™

* Inotuzumab if B-ALLPP** Alternative therapyPP
and/or

Best supportive care
and palliative care

Less than CR —=

NCCN Guidelines Pediatric ALL version 2.2€80s://www.nccn.org/professionals/physician gls/pdf/ped all.pdf



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

New targeted therapy for ALL

Rituximab ; X
Ofatumumab [ ‘
Blinatumomab /
CART cell ST
= % CART cell
020

Y-secretase inhibitors

et Tyrosine kinase inhibitors
CART cell

Epratuzumab
Therapeutic targets
Inotuzumab azogamicin [ B-cell acute lymphoblastic leukaemia
Maxetumomab pasudotox [ T-cell acute lymphoblastic leukaemia

Figure 2: New targeted therapy for acute lymphoblastic leukaemia
Ph =Philadelphia chromosome-positive.

Malard F-Mohty M. Lancet 2020;395:1146
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Blinatumomab versus historical standard therapy in pediatric
patients with relapsed/refractory Ph-negative B-cell precursor
acute lymphoblastic leukemia
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In standardized IPTW, patents in the blinalumomab
oroup were almost twice as likely to achieve a CR-full rate
as the combined historical control group (OR, 1.82; 95%
CL 0.74—4.51). The HR for death with blinatumomab group
versus historical controls was 0,65 (95% CI, (0.444).94)

“Effective bridge to transplantation”

Locatelli F, et aLeukemia2020 Feb 24. doi: 10.1038/s413020-0770.8. Online ahead of print.



Inotuzumab

Nucleus

Inotuzumab ozogamicin

Jabbour E, etaASH 2014. Absict 794

0zogamicin

3 Inotuzumab ozogamicin
3.1 Mechanisms of action

CD22 15 expressed on more than 90% of B-ALL cells and
mature B lymphocytes, but not on normal hematopoletic B
cell precursors, non-B lymphoid cells, myeloid cells, hemato-
poletic stem cells, or non-hematopoietic lineage cells [34, 35].
Therefore, CD22 1s another attractive target for immunother-
apy. Inotumumab ozogamicin is a humanized CD22 monoclo-

nal antibodv conjugated to calicheamicin [36]. After

inotuzumab binds to CD22, the complex 15 rapidly intemal-
ized to lysosomal vesicles. Similar to the treatment with
gemturumab ozogamycin [37], which targets CD33-positive
myveloid cells, the acidic pH environment in the lysozyvme
liberates calicheamicin. As a potent cytotoxic antifumor anti-
biotic, calicheamicin binds to DNA in the minor groove and

causes double-strand DNA breaks and apoptotic cell death

[38].



A phase 2 trial of inotuzumab ozogamicin (InO) in children and

young adults with relapsed or refractory (R/R) CD22+ B -acute
lymphoblastic leukemia (B -ALL): Results from Children's
Oncology Group protocol AALL1621

A 48 patients received InO; 1.8 mg/m 2
A Median age was 9years (range 1 7 21)

A 67% were in >2nd relapse, 21% were in 1st relapse but refractory to
reinduction, 23% had prior HSCT, 23% had prior CD19 CAR T, and 29%
had prior blinatumomab

CR/CRi rate 58.3%
A In responders, 65.4% achieved MRD <0.01%

Minimal hepatic toxicity was observed during InO therapy. SOS occurred
in 30.7% of pts who underwent subsequent HSCT (8.3% of pts overall)

O'BrienMM, etal.Blood 2019134(suppl 1):741.



CAR T-cell studies and their results

Patients Phase N  Response Survival Adverse effects
Pediatric and young adults, relapsed/'refractory B-ALL*® vn 30 CR*, 90% 6-month overall survival, 785 CRS, 100% (mild/moderate), 27% (severe)
(19-BBz) (MRD negative**, 88%) Neurologic, 43%
Pediatric and young adults, relapsed/refractory B-ALL™ I 75 CR* 81% 6-month overall survival, 909 CRS, 77% (any), 46% (grade = 3)
(19-BBz) (MRD negative, 100%) Neurologic, 40% (any), 13% (grade 3)
Pediatric and young adults, relapsed/refractory B-ALLNHL® 1 21 CR* 67% 10-month overall survival, 51.6% CRS, 76% (any), 29% (grade = 3)
(19-28z) (MRD negative**, 86%)
Adulss, relapsedre fractory B-ALL®' I 53 CR* 83% Median survival, 12.9 months CRS, 85% (any), 26% (grade = 3)
(19-28z) (MRD negative®*, 73%) Neurologic, 43% (grade =2), 42% (grade =3)
Pediatric and young adults, relapsed/refractory B-ALL* I 43 MRD negative CR*, 93% 12-month overall survival, 69.5% CRS, 93% (any), 23% (severe)
(19-BBz) Neurologic, 49% (any). 21% (severe)
Pediatric and young adulis, relapsed/refractory B-ALL'™" I 21 CR* 57% Median remission duration, 6 months ~ CRS, 76% (any). 09% (grade = 3)
(22-BBz) (MRD negative®*, 75%) No severe neurotoxicity

CR*, 73% (=1 x 10° CART)
Pediatric and young adults, relapsed/'refractory B-ALL™ I 14  MRD-negative CR*, 86% 12-month overall survival, 63% CRS, 93% (any), (F% (grade = 3)
(19 [low affinity]-BBz) Neurologic, 43% (any), 0% (grade = 3)
Pediatric and adults, relapsed/refractory B-ALL/NHL'™ il 890 MRD-negative CR*", 96% 12-month overall survival®, 62.8% CRS, 95.5% (any), 21.3% (grade = 3)
(19-28/BBz and 22-28/BBz cocktail) Neurologic, 13.5% (any), 1.19% (grade > 3)

Early intervention for CRS with tociizumab and/or corticosteroids reduced the
incidence of transition from mild to severe CRS and had no detrimental effect on
the MRD i complete remission rates or functional CAR T -cell persistence

ALL, acute lymphoblastic leukemia; CR, complete remission; MRD, minimal residual disease; CRS, cytokine release synabome; NHL
Hodgkin lymphomaBBz intracellular signaling domains ofl8B with CD3z; 28z, intracellular signaling domains of CD28 with CD3z.
*CR includes that with incomplete counts recovery; *Percentage of f&fative patients among those with CR; #ALL only (5% ).
Inaba H, Pui ClEanceMetastRev.2019;38:59510.



CAR T cells
A The use of HSCT after CAR T  -cell therapy is controversial

A CART cells migrate to extramedullary sites, thus can be usedto
treat extramedullary relapses

Loss of CAR T -cell function may occur
Prior blinatumomab CT may affect CAR T -cell efficacy
Harvesting problems in some children

CD197 relapses

(OEsw( (]| Des»e || (Des» {1 (DEs» ||| DEe»s:

Cytoreduce prior to infusion to reduce CRS

Inaba H, Pui CKEanceMetastRev.2019;38:595610.



How about current treatment options in pediatric
patients with relapsed T-cell ALL?

No new drugs
Bortezomid

A secretase inhibitors
Daratumumab

CAR T-cells

O O O O O



Treatmentin relapsed T-cell ALL

A Nelarabine (55% response rate in first remission)
A Bortezomib -based CTs

A A-Secretase inhibitors for NOTCH1 signaling

A Daratumumab antiCD38

A CAR T cells targeting CD5 or CD7

Malard F, et alLancet 2020;395:1146 Charrot S, et aHemaSphere019;3:2



@® 2019 British Society for Haematology and John Wiley & Sons Ltd
British Journal of Haematology, 2019, 186, 274-285
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Bortezomib reinduction chemotherapy in high-risk ALL in first
relapse: a report from the Children’s Oncology Group

Table II. Demographics n = 146 eligible patients.

Number (%)

Characteristics

Male

Female
Age, years (median, range)*
Presenting WBC, average ( x 10%1)
Rar A
Table I. Trearment plan.

84 (58%)
62 (42%)
8 (0-25)

404 £ 14

Study phase

Dosing

Block 1 (VPLD) 28 days; response
at Day 28-36
CNS 1 or 2: IT- AraC/TT- MTX*
CNS3: IT-AraC/IT-MTX +
HC + AraC (ITT)*
Vincristine 1.5 mg/m® (max 2 mg) IV
Doxorubicin (60 mgfm") v
Prednisone (40 mg/m’/day PO
divided BID)t
Bortezomib (1-3 mg{m:) v
PEG -asparaginase (2500 units/m®) IM
Block 2: 28 days; response at Day 28-36
CNS: IT MTX/CNS3 ITT
Etoposide (100 mg{m:) w
Cyclophosphamide (440 mg/m®) TV
Bortezomib (13 mgfm™ IV
Methotrexate (5000 mg/m®) IV
Block 3: 28 days; response assessed
at Day 28
Cytarabine (3000 mg/m?/dose) IV BID
E-coli asparaginase (6000 units/m”) M}
JTANy reapse = 1500 MONS oM QIRgnoss.

Day 1/Day 15 and 29
Day 1/Days 8, 15,

22 and 29
Days 1, 8, 15, and 22
Day 1
Days 1-28

Days 1, 4, 8, and 11
Days 2, 8, 15, and 22

Days 1 and 22
Days 1-5

Days 1-5

Days 1, 4, and 8
Day 22

Days 1,2, 8 and 9
Days 2 and 9

§With or without central nervous system or extramedullary.

TPercentages total <100% due to rounding.

Terzah M. Horton,' James A.
Whitlock,” Xiaomin Lu,®> Maureen M.
O’Brien,” Michael ]. Borowitz,?
Meenakshi Devidas,?

Elizabeth A. Raetz,® Patrick A. Brown,”
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Fig 3. Survival as a function of MRD in pre-B ALL patients less than 21 years of age in early relapse. (A) Three-year EFS for patients relapsing
<18 months from diagnasis (very early relapse) stratified by MRD status at the end of the first cycle of therapy (reinduction). (B) 3-year EFS for
patients relapsing 18-36 months from diagnosis (early relapse) stratified by MRD status. (C) Three-year overall survival for very early relapse
patients stratified by MRD status. (D) 3-year EFS for early relapse patients stratified by MRD status. EFS, event-free survival;
residual disease; MRDneg, minimal residual disease negative; MRDpos, minimal residual disease positive

MRD, minimal

(A)
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Fig 4. Outcame by MRD status (cut-off 001%) in patients with
T-ALL. (A) Event free survival in MRD negative patients (EF$ 75%)
and in MRD positive patients (43% until censored), (B} Overall sur-
vival in MRD negative paticnts (EFS 67%) versus MRD positive
patients (EFS 43%). ALL, acute lymphoblastic leukaemia; EFS, event-
free survival MRD, minimal residual disease; MRDneg, minimal
residual discase negative; MRDpos, minimal residual discase positive.




Conclusions
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The treatment approach for relapsed ALL is changing rapidly
CT induction followedby  blinatumomab may be a new standard in the relapsed ALL
INnOmaybe usedin these patientssince the MRD 1 cure ratesare promising

Further CAR T -cell development may improve some of the currentchallenges
experienced withtisagenlecleucel

The potential to replace HSCT with CAR T -celltherapyand CAR T  -cell administration
to treatextramedullaryrelapsesin relapsed ALL patientsis still in investigation

Clinicians need to be aware of the adverse effects and toxicities of new drugs
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Blinatumomab Mechanism of Action

Bispecific anti-CD19/CD3 BITE antibody blinatumomab designed to kill autologous tumor cells

: Any T Cell
Relies on
functional -
endogenous Actipdgpendently of
icT specificity of T-cell
Cytotoxic 1- receptor (TCR) —

cell response

Allow T-cell recognition
of tumor-associated

Given as 28-day surface antigen (TAA)
continuous _
ass
changes q 4-7 and/or peptide Tumor Cell
days antigen

BIiTE, Bispecific T-Cell Engager

Adapted from/courtesy of Amgen.
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Diagnosis and Treatment of ALL

Diagnosis : Combination of
Bone > 20% Risk B clinical, molecular
marrow lymphoblasts stratification and early response
aspirate in bone feat
and biopsy marrow eatures
~
Initial treatment (up to 2-3 years) Mai+r}te_p:|nce
Central nervous system Induction Consolidation
prophylaxisitreatment +- TKI +/- TKI = Allo-SCT
+- TKI
J
Relapsed/refractory treatment )
Reinduction Immunotheraov: ?
Chemotherapy Blinatumomab CD19 BiTE, AR T-cells —_— Allo-SCT
Inotuzumab ADC
J

Allo-SCT, allogeneic stem cell transplant; FISH. flusrescence in situ hybridization; TKI, tyrosine kinase inhibitor (for BCR-ABL—positive disease)

NCCN Guidelines® for Acute Ly mphoblastic Leukemia (Version 2.2015) © 2015 National Comprehensive Cancer Network, Inc. Available at: NCCN.org; 2. Hahn T et al. Biol
Blood Marrow Transplant. 2006;12(1):1-30. 3. Raetz EA et al. Hematol Am Soc Hematol Educ Program. 2012;2012:129-136. 4. National Cancer Institute. Childhood acute
ly mphoblastic leukemia treatment (PDQ®). http://www.cancer.gov/cancertopics/pdg/treatment/childALL/HealthProf essional. Accessed July 10, 2017.



Response Rates and Survival in Relapsed/Refractory B-ALL

Target|Responses Toxicities

FDA indication Cost
(CR/ MRDi
. : CRS Adult and pediatric
1 0, 0, d
Blinatumomab! BITE CD19 [ 44%/ 33% neurotoxicity R/R B-ALL. MRD+ $180K
Immuno- ..
Inotuzumab? . CD22 [ 81%/63% |Hepatotoxicity Adult R/R B-ALL $168K
conjugate
. Refractory or
;'Sage”'ede”ce CARTcell CD19 |81%/81% EEuSr’otoxicit ondjgreater relapse; $475K
y age up to 26 years
g

Unprecedented initial responserates. .. BUT . ..

1. KantarjianH, etal. NEngl J Med 2017;376:836-847; 2. Kantarjian, H. etal. NEnglJ Med 2016;375:740-753; 3. Maude SL,etal NEnglJMed 2018;378:439-448



Survival in R/R ALL (adult)

Blinatumomab

Probability of Overall Survival

A Overall Survival

Median Overall Survival (mo)
7.7 (95% Cl, 5.6-9.6)
4.0 (95% Cl, 2.9-5.3)

Hazard ratio, 0.71 (95% Cl, 0.55-0.93)
P=0.01

Blinatumomab
Chemotherapy

Blinatumomab

"—m'uﬂ-l—”aluu_u_ AT
Chemotherapy 1y

Months since Randomization

KantarjianH, etal. NEngl JMed 2017;376:836-847

Blina: Improved survival
initially, but not durable



Survival in R/R ALL

Inotuzumab Ozogamicin?!

C Overall Survival
1.0+
= 094 Hazard ratio, 0.77 (97.5% Cl, 0.58—1.03)
% ' P=0.04
£ 0.8
2 074
§ 0.6
O (05 D R S S S S
L
S 0.4
g 0.3 Inotuzumab ozogamicin group
B
8 0.2
g 0.1 Standard-therapy group
OO T T T T T T T T
0 5 10 15 20 25 30 35 40
Months
No. at Risk
Inotuzumab 164 112 62 41 24 13 8 2 0
ozogamicin
group
Standard-therapy 162 85 51 30 6 5 4 1 0
group

Ino: Improved survival initially,
but not durable

Tisagenlecleucel?

B Event-free and Overall Survival

1.0
0.9
0.8
0.7 Overall survival
0.6
;‘_? Event-free survival
T 054
[
2 0.4
0.3 No.of No.of Median
Patients Events Survival Rateat6 Mo
0.2 mo % (95% CI)
Overall Survival 75 19 19.1 90 (81-95)
0.19 Event-free 75 27 not 73 (60-82)
Survival reached
O'G T T T T T T T T 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 3 3 03 1 0

N Engl J Med 2018;378:439-448

Tisa: Durable survival improvement,

but long-term EFS is in the 50% range

1. Kantarjian, H. etal. NEngl J Med 2016;375:740-753; 2. Maude SL, et al N EnglJ Med 2018;378:439-448



Adverse Events in Relapsed/Refractory B-ALL

Agent Type Target|Responses ' Toxicities
(CR/ MRDi

Blinatumomab! BITE CD19 44%/ 33% Clrs, ..
neurotoxicity
Tisagenlecleucel cAR Tcell CD19 81%/81% |CR>
neurotoxicity

FDA indication

Adult and pediatric
R/R B-ALL, MRD+ IR
Refractory or

2nd/greater relapse; $475K

J

1. Kantarjian, H. etal. NEngl J Med 2016;375:740-753;2. Maude SL, etal N EnglJ Med 2018;378:439-448

age up to 26 years



AEs After Blinatumomab and CAR T Cells

4 Infusi
° nrtusion

v

T cell expansion

Days (0 3 oo [ 14 ] L 28 J

CRS Fever, hypotension, respiratory, coagulopathy

*Incidence of

Encephalopathy, seizures

\ CRS strikingly
A CRS 40-80% (20-40% Gr3+), Neuro 10-30% (5-10% Gr3+) g’g’;’t?r:;‘ MRD+
A CRS and neuro may not correlate MRV neurotc’)x i
A CRS -> IVF, tocilizumab (anti-IL6R), steroids similar

A Neuro -> self-limiting, reversible; steroids (toci not effective)

Adapted from/courtesy of Novartis.



Response Rates and Survival in MRD+ B-ALL

A N=116 adults, international multicenter
single-arm Ph 2

A MRD+ (>103) A Significant percentage of those who did not remain
in prolonged remission

A 20 of 74 proceeding to HSCT (27%) died of TRM

A 67% proceededto HSCT

A 35% MRD+ in CR2+
A MRD cleared in 78% after 1 cycle

post-blinatumomab chemotherapy

1: MRD responder at cycle 1 in 1st CR (N = 60); Median (95% CI) NR (20.8-NR)
— e = 2: MRD responder at cycle 1 in 2nd or 3rd CR (N = 25); Median (95% CI) 13.9 (7.8-NR)

1.0 4
0.9 4 A= wes w w 3: MRD nonresponder at cycle 1 (N = 15); Median (95% Cl} 5.7 (1.6-13.6)
0.8 4 N
Jggl' - L11|- ' LLLL
Nl ¢ -
£x 2] —_— i e Ul l ] |
3 e 0'4- : e e e e
%38.31 h-ﬂ._. L—— ——-—-—-H
- © = s = some = o » m w = s W
®» = ¥
e s 0.1 4
= HR (95% CI) for 2 vs. 1 = 2,02 (1.07-3.81); H I} for 3vs. 1 =3.34(1.66-6.71); P = .001
5 0.0 4 Number of Patients at Risk: R(95% Cl) for 2 vs 2.02 (1.07-3.81); HR (95% Cl) for 3 v 3.34(1.66-6.71) 00
1: ] 60 56 49 47 46 45 28 27 19 18 13 13 6 5 3 3 3 1 0
2125 21 19 16 14 12 6 6 5 5 2 2 2 2 0 0 0 0 0
3 it 11 7 S 4 3 3 3 ] ] 0 0 0 r 0 f {

I ! ] I I I A L) I ) ) ) I ) ) L) ) L) L)

0 3 6 9 12 15 18 21 24 27 30 33 3 39 42 45 48 51 54

Study month (landmark analysis beginning at study day 43)

GokbugetN, etal. Blood 2018.131(14):1522-1531



Stratifications A Endpoints

A Risk group (HRvs IR) HR/R A Primary: DFS
A ForHR _ v %220 A Other: OS, MRD response, ability
A For BM: CR1 10 Randomizatio wio A Sample size n=220 (110 per arm)
duration (<18 vs 18 (10§)/”\(105) A Power 85% to detect HR 0.58 with
36 mo) i i 1-4a A RSR hI’nCDnoHp o
UKALLR3, Block 2* (control) (experimental) A Increase 2r DFS from 45% to 63%
A VCR, DEX week 1 1 1
A IDMTX, PEG week 2 - Blina C1 and Blina C2
A CPM/ETOP week 3 Block 2 Blina C1 A Blinatumomab 15 pg/miday x
A ITMTX orITT 28 days, then 7 days off
Evaluation A Dex5 mg/m/dosex1 premed
UKALLR3, Block 3* (C1 only)
A VCR, DEX week 1 v v
A HD ARAGrwiniaweeks 12 Block 3 Blina C2 ) ) :
A 1D MTX Erwiniaweek 4 A First patient randomized
A ITMTX or ITT \ / Jan 2015
Evaluation i i
A Randomization halted
\/ Sep 2019 (95% projected

*UKALLR3 referencParker, et al.
Lancet. 2010; 376: 20067 HSCT accrual)

Brown et alBlood2019; 134 (Supplement 2): LRA




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

104 DFS

- .99

©

2 0.84 u

£ 0.7

ﬁ 0‘6-l "“.ll ~ LAU LAl Illull (55! 1l Fal | 11

o ik

o= 0.51 \_&mh

. . L A B L e e R —— -

§ 04

o 0.3

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
AmB 105 69 47 38 3 19 10 5 2 0

1.0
0.91
0.81
0.7 1
0.6
0.5
0.4
0.31
0.21
0.1

Overall Survival

OS

by
“u‘_ l"ill ue L 1 LI LBl "w.l " , N L
e g
h_wuLuJu_m4L4____J
==+ ArmA 59.2+6.0% at 2yr (n=103)
— Arm B 79.4+4.5% at 2yr (n=105)

Stratified logrank test: p=0.005 (one-sided)

0.01
0.0
At Risk

ArmA 103
ArmB 105

05 10 15 20 25 30 35 4.0 45
Years from Randomization

64 50 38 25 15 6 2 1
77 55 44 38 24 11 5 2

oo

CHILDREN'S
OLOGY
GROUP

Brown et alBlood2019; 134 (Supplement 2): LRA

Median followup 1.4 years




LR Randomization

Unpublished data.

‘ 1" Relapse B-ALL (On Study) ‘

I Pre-treatment Evaluation |
|
‘ Block 1 ‘
|
'I Evaluation 1 |
v
LR
|
LR Randomization

LR
A.a 2NJ O2Y0A
MRD <0.01% EOI
AL9a xmy Y2

Y22

YSR Xxoc
[

Arm C ArmD
v v
‘ Block 2 ‘
] ]
‘I Evaluation 2 I
|
Blinatumomab
Block 3 (1% cyele)
I

Continuation 1

Continuation 1

N

Continuation 2

A Blinatumomab 15 pg//iday x 7

28 days, then 7 days off

A Dex 5 mg/m/dosex1 premed

Blinatumomab
(2™ eyele)

Maintenance™

Continuation 2

Blinatumomab
(3™ cycle)

Maintenance™




Adverse Events: LR (grade 3+)

.

LR Randomization )

.

Arm C ArmD
v v
‘ Block 2 ‘
] ]
*l Evaluation 2 I
[
Blinatumomab

Continuation 1

Continuation 1

L
) | . Blinatumomab
Continuation 2 (znd eyele)
+ I
Maintenance” Continuation 2
[

Blinatumomab
(3“i cyele)

]

LDREN'S
OLOGY
R

upP

Unpublished data.

—
o

60% -
55%

~ 50%

Incidence of AEs

45%
40%
35%
30%
25%
20%
15%
10% -

5%

LR: Block 3 vs. Blina Cycle 1

‘I:I Arm A -ArmB‘

54%

_LLm

F&N Infections Anemia Mucositis

Data cutoff
3/4/19



Where Is Blinatumomab in NCCN Adult ALL Guidelines?

NCCN Guidelines Version 1.2020

Acute Lymphoblastic Leukemia

RELAPSED/REFRACTORY DISEASE TREATMENT!:mm

Clinical trial
or
TKI £ chemotherapy™ or TKI  corticosteroid™ — »
ABL1 kinase H
P:;AABI:L domain | I[Blinatumezamab (TKI intolerant/refractory, B-ALL)
;(E\d it mutation [CT ___, Consider
ul) testingkk Inotuzumab ozogamicin®® (TKI intolerant/refractory, HcTKKILmMm
B-ALL)
or
Tisagenlecleucel®® (patients <26 y and with refractory
Rel " B-ALL disease or =2 relapses and failure of 2 TKls)?°
elapsed/
refractory':l
Clinical trial
Molecular ( BlinatumlomabEE (B-ALL) (category 1].‘ >
Ph- ALL characterization 2l o
.|and MRD Inotuzumab ozogamicin™- (B-ALL) (category 1) ———————» Consider
ﬂtﬁtf assessment, if not or HcTkkIL.mm
previously done Tisagenlecleucel®® (patients <26 y and with refractory
(see ALL-1) B-ALL disease or 22 relapses)®®
or
Chemotherapy™":PP >

© 2018 National Comprehensive Cancer Network, Inc. All rights reserved.These guidelines and this illustration maynot be reproduced in anyform without the express written permission of NCCNe®.
To viewthe most recent and complete version of the NCCN Guidelines, go online to NCCN.org.



Where Is Blinatumomab in NCCN Adult ALL Guidelines?

NCCN Guidelines Version 1.2020

Acute Lymphoblastic Leukemia

RISK

TREATMENT INDUCTIONP-9

STRATIFICATION

Ph-ALL
(AYA)Mn

CR—

Clinical trial

or

Pediatric-inspired

regimens Response
(preferred) Assessment|
or (ALL-E)
Multiagent

chemotherapy’

Less than CR

MRD+PP

Monitoring
for MRDS

MRD

CONSOLIDATION THERAPY

Blinatumomab (B-ALL)ccp-Allogeneic

S HCTYd
Consider allogeneic HCTHY

Maintenance
therapy’

Continue multiagent
chemotherapy’

MRD- —|or

Consider allogeneic HCT"V,
(especially if high-risk features)n.ee

(especially if high-risk features)n-€€
or

multiagent

unavailable™ ~ [Consider continuing .
Maintenance

r
chemotherapy’ therapy
See Evidence Blocks on ALL-D (EB-2)
. See Relapsed/Refractory

Disease (ALL-8)

© 2018 National Comprehensive Cancer Network, Inc. All rights reserved.These guidelines and this illustration maynot be reproduced in anyform without the express written permission of NCCNe®.
To viewthe most recent and complete version of the NCCN Guidelines, go online to NCCN.org.

Allogeneic HCTY >

See
Surveillance

(ALL-7)



Where Is Blinatumomab in NCCN Adult ALL Guidelines?

NCCN Guidelines Version 1.2020

Acute Lymphoblastic Leukemia

RISK TREATMENT INDUCTIONPA

STRATIFICATION

Patients

<65 years of Clinical trial

or

CONSOLIDATION THERAPY
L‘glinatumomab (B-ALL)SC |» Allogeneic

d
7 HCT

Consider allogeneic HCTYW ———

MRD+bPb

Continue multiagent Maintenance

chemotherapy" therapy" See

MIRE- g::msider allogeneic HCT"Y Sim llance-
(especially if high-risk features)h-e¢
Auogevﬁilc I':%'th isk feat h.ee g

MRD _Pffrspema y if high-risk features)

; ui
unavailable Consider continuing

multiagent chemotherapy’
See Relapsed/Refractory

— Maintenance
therapy’

agem Wlthout - M . Monitoring
. ultiagent — CR =
substantial chemotherapy’ y for MRD®
comorbidities
Ph- ALL Response
(Adult) Assessment
Clinical trial (ALL-F)
Patients or
265 years of Multiagent |
m,Z i r.aa
age'™= or with|+|chemotherapy Less than CR

substantial or
comorbidities Palliative

corticosteroid

" Disease (ALL-8)

See Evidence Blocks on ALL-D (EB-2) and ALL-D (EB-5)

© 2018 National Comprehensive Cancer Network, Inc. All rights reserved.These guidelines and this illustration maynot be reproduced in anyform without the express written permission of NCCNe®.

To viewthe most recent and complete version of the NCCN Guidelines, go online to NCCN.org.



Where Is Blinatumomab in NCCN Pediatric ALL Guidelines?

NCCN Guidelines Version 1.2020

Pediatric Acute Lymphoblastic Leukemia

MULTIPLE RELAPSE/REFRACTORY DISEASEKK!
TREATMENT! RESPONSE CONSOLIDATION THERAPY

CR —————— = HSCTZuuW

* Clinical trial

* ChemotherapyPP
|* Blinatumomab if B-ALLPF |
* Tisagenlecleucel if B-ALL
* Inotuzumab if B-ALLPP-33

Multiple relapse

or

Refractory disease
Alternative therapyPP
and/or

Best supportive care
and palliative care

Less than CR —»

© 2018 National Comprehensive Cancer Network, Inc. All rights reserved.These guidelines and this illustration maynot be reproduced in anyform without the express written permission of NCCNe®.
To viewthe most recent and complete version of the NCCN Guidelines, go online to NCCN.org.



Where Is Blinatumomab in NCCN Pediatric ALL Guidelines?

NCCN Guidelines Version 1.2020

Pediatric Acute Lymphoblastic Leukemia

RELAPSED DISEASEKK TREATMENTtMM RESPONSE CONSOLIDATION THERAPY™MM
Early first z.uu
— HSCT=
Clinical trial relapsenn
CR, MRD-* —»|or * Maint
ChemotherapyPP . * Maintenance
Y 'I..;I;e Q‘raso% —( chemotherapy"
P « Consider HSCTZuu
nn * Clinical trial

Farly co| |Clinical trial « ChemotherapyPP

o e R MRD# —» FBlinstumomabP ) |————— HSCT=4

relapse Systemic therapyPP-99 *TisagenlecleucelPPIT

P * InotuzumahbPP-=%
ABL1 Kinase
ﬁ;:tl'l' domain
relapse mutation Less than CR — See Multiple Relapsed/Refractory Disease (PEDALL-11)
) testing for
disease
Ph+ * Clinical trial CR —— Consider second HSCTZU4VY
First . ami NEara P.49
relapse Blinatumomahb
s Ti PR, IT
post-HSCT Tisagenlecleucel See Multiple Relapsed/Refractory

. pp.ss
Inotuzumab Less than CR —= Disease (PEDALL-11)

© 2018 National Comprehensive Cancer Network, Inc. All rights reserved.These guidelines and this illustration maynot be reproduced in anyform without the express written permission of NCCNe®.
To viewthe most recent and complete version of the NCCN Guidelines, go online to NCCN.org.



Where Is Blinatumomab in NCCN Pediatric ALL Guidelines?

A NCCN Guidelines Version 1.2020

Network? Pediatric Acute Lymphoblastic Leukemia

CONSOLIDATION THERAPY MAINTENANCE THERAPY

* Clinical trial
» Chemotherapy" )
MRD_FV_.'M —» HSCTZ — - |See Surveillance
+ Clinical trial *Tisagenlecleuce PEDALL-8
. ifi category 2B or

Intensified ( gory 28B) If less than CR after

MRD+ post-induction —»

Eﬁgioc:lc:g'gm u,w.x consolidation, see
Y Continue * Maintenance Refractory Disease
MRD- —» chemotherapy* | — -
chemotherapy" Py PEDALL-11
* Consider HSCT?

© 2018 National Comprehensive Cancer Network, Inc. All rights reserved.These guidelines and this illustration maynot be reproduced in anyform without the express written permission of NCCNe®.
To viewthe most recent and complete version of the NCCN Guidelines, go online to NCCN.org.



Where Is Blinatumomab in NCCN Pediatric ALL Guidelines?

National
mprehensive

T
Network”

NCCN Guidelines Version 1.2020
Pediatric Acute Lymphoblastic Leukemia

INDUCTION THERAPY!

Standard risk

* Low MRDV
Clinical trial + TKI
Ph-positive _|or _p—E::e:;:'lZnt
-ALLY u Assessment
B-ALL EIJF?(Totherapy (PEDALL-H)
High risk

* Less than CR

* MRD+V at end
consolidation

* High-risk
genetics®

CONSOLIDATION THERAPY

. * Maintenance therapy
f?rr:g.lltrl'lr%e chemotherapy + TKU
" Consider HSCT? ‘

* Clinical trial

* Continue Consider
. u,w
| Eemherapcy T HSCT? bl
* Tisagenlecleucel¥ b

(category 2B)

—

MAINTENANCE THERAPY

See_
Surveillance
(PEDALL-8)
or

If less than
CR after
consolidation,
see
Refractory
Disease

(PEDALL-11)

© 2018 National Comprehensive Cancer Network, Inc. All rights reserved.These guidelines and this illustration maynot be reproduced in anyform without the express written permission of NCCNe®.
To viewthe most recent and complete version of the NCCN Guidelines, go online to NCCN.org.



What Happens When Bli nat umomal

\

A EARLY: EndogenousT-c el | fAexhaustiono

Role for immune checkpointinhibitors (eg, antii PD-1)?

PD-1 PD-L1 CTLA-4

Nivolumab Atezolizumab Ipilimumab
Pembrolizumab* Avelumab
Durvalumab

Reports of efficacy in patients relapsing
after blina/CAR T cells
A Feucht, et al. Oncotarget 2016 Nov 22;7(47):76902-19

Adapted from ZaravinosA. Oncotarget.2014 Jun 30;5(12):3956-69.



BM, and:

xmy @27 <2 ]StRelapse All other
<18 yo, CR1 <24 mo

VXLD
aw5 xxndm: T MRD<0.1%;and
early relapse late relapse
2 cycles of: (BM <36 mo; IEM <18mo)
Blina vs A
Blina/Nivo _ Consolidation
2 cycles of: chemotherapy
Blina vs adding 3 cycles
Blina/Nivo of Blina vs
Blina/Nivo
Off-protocol Off-protocol

HSCT HSCT Maintenance

Unpublished data.



Where Is Blinatumomab in NCCN Pediatric ALL Guidelines?

CD19-FL CD19 aex2

A LATE: Antigen escape

Extracellular

I CD19 splice variants?
I Defective CD19 membrane trafficking?

I Lineage switching (esp. MLL-r)3

Multi-antigen targeting?

NOTE: Incidence of CD19 escape lower with blina than with CD19

normal B-cell resistant pro-B-
CAR, likely reflecting less-potent CD19 selection pressure (patient3)
1. Sotillo, et al. Cancer Discovery. 2015; 5(12):1282-95; 2. Braig, et al. Blood. 2017 Jan5;129(1):100-104; 3. Gardner, et al. Blood. 2016; 127(20):2406-100-104



Can We PredictWhen Bl i nat umomab Wono

.
b h BRITISH JOURNAL
OF HAEMATOLOGY

Correspondence = & Free Access

Day 15 bone marrow minimal residual disease predicts response
to blinatumomab in relapsed/refractory paediatric B-ALL

Patrick Brown &3, Gerhard Zugmaier, Lia Gore, Catherine A. Tuglus, Arend von Stackelberg

First published: 03 December 2019 | https://doi.org/10.1111/bjh.16306

Brown PA, etal. BrJ Haematol. 2020;188(4):e36-e39.



Efficacy Outcomes in Patients Enrolled in Phase I/ll Study
.

Patients at Recommended Dose

ReSponse Who Had Response Assessment (N= 64)a
n/N (%) 95% ClI
CR within the first 2 cycles 27164 (42) 30,55
Non-responders (did not achieve CR) =P 37/64 (58) 45,70
Partial remission 4
Blast-free or aplastic bone marrow 2
Progressive disease 10
No response 21

MRD response in patients who achieved CR
within the first 2 cycles

Complete MRD response -> 14/27 (52) 32,71
No MRD response - 12/27 (44) 26, 64
No data available 1/27 (4)

A Study definitions

I fMSuccess0 was defined as complete MRD response

i n

CR

I fFaillureo was defined as anything other than success

Adapted fromvon Stackelberg, etal. J Clin Oncol.2016;34:4381-4389.
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Biomarkers to Predict Blinatumomab Success/Failure
s

A Overall, day 15 MRD results
MRD results n=>59
predicted best . ' .
response after 2 MRD &1 0|MRD<10/4
cycles with 95% n=46 n=13
accuracy (correctly
in 56 of 59 patients) Success Success
n =2 (4%) n =12 (92%)
Failure Failure
n = 44 (96%) n =1 (8%)
A Study definitions
I fSuccesso was defined as complete MR
I fraillureo was defined as anything oth

CR, completeremission; MRD, minimal residual disease.
Brown PA, etal. BrJ Haematol. 2020;188(4):e36-e39.

Parameter Accuracy | Accuracy
(n/N) (%

Day 8 PB morphology 19/40

(clearance of blasts)

Day 15 BM morphology (M1) 54/60 90
Day 29 BM morphology (M1) 42/51 84
Day 15 BM MRD (< 10) 56/59 95
Day 29 BM MRD (< 10-4) 42/49 86

NOTE: Day 8 PB is an especially poor

predictor of subsequent response D E—

As pati ent s '"4aidahl5 MBRD
potentially pursue alternative therapies, such
as dose escalation or combination theraples
Hay' 18 SIRD&581t8 mayhllog R (N
gersohahizad trestmantcardsimprdve
outcomes in pediatric patients with
relapsed/refractory B-ALL

[»

R
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Blinatumomab: Questions and Discussion

A HSCT after MRD clearance with blinatumomab?

A Ability of checkpoint inhibition to safely enhance blinatumomab
response?

A Predictive biomarkers of blinatumomab response?

A Risk of prior blinatumomab exposure and CD19 escape after
subsequent CD19 CAR T therapy?



A 21-year-old male began an infusion of blinatumomab 36 hours ago.
He has developed acute onset of fever, hypotension, respiratory
distress, hypoxia, and diffuse edema. Which of the following is the most
likely explanation?

A. Gram-negative bacterial sepsis
B. Disseminated adenowviral infection

C. Cytokine release syndrome (CRS)

D. Macrophage activation syndrome (MAS)
E. Hemophagocytic lymphohistiocytosis (HLH)



True or False: The most effective treatment for blinatumomab-
associated neurotoxicity is tocilizumab (anti-IL6R antibody).

A. True
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. ] P Princess
Question 1: maxima

pediatric oncology

Which factor has the lowest probability of causing significant
long-term toxicity in pediatric ALL?

1. The anthracyclines daunorubicinand/or doxorubicinin a cumulative dose of >30 mg/m 2ina
child aged 5 years at diagnosis

2. Methotrexate in a cumulative dose of 20.000 mg/m2in a child aged 8 years at diagnhosis
3. Cranial radiotherapyin a child aged 2 years at diagnosis

4. Dexamethasone in a female child aged 14 years at diagnosis

| Pagells



] [P Princess
Question 2: maxima

pediatric oncology

Which assertion is NOT correct?

Dexamethasone can cause osteonecrosis
The risk of osteonecrosis is lowest in children <10 years of age

The risk of osteonecrosis is highestin adults with ALL

W DN PR

The risk of osteonecrosis is higher with a continuous schedule of glucocorticoids than with a
discontinuous schedule inthe same cumulative dose

| Pagell6
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Survival of Byear ALL survivors maxima
c pediatric oncology

— 1970-1974
R - — = 1975-1979
--- 1980-1986

e Survival
50 60
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?
8- At Risk
a =1 1980-1986 3020 2925 1093
1975-1979 1450 1406 1383 754
2 4 1g70-1974 830 794 783 770 341
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T T | T T
5 10 15 20 25 30

Years since diagnosis
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Survival of syear ALL survivors: irradiated vs nonirradiateg@y naxira
B Sl
S
g - : hhh;r;—ilgﬂa:l:allnn
=

% Survival
S0
I

9 -
8 =
& - At Risk

Morn-irradiation 2380 2301 1647 7ao 148
2 < radiation 1048 1031 413 157 59
a -

T T T T
5 10 18 20 25 a0

Years Since Cancer Diagnosis
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Late effects of treatment in ALL maxima

pediatric oncology

A Second malignancies

A Osteonecrosis

A Neurocognitive sequelae

A Cardiomyopathy

A Insulin dependent diabetes (pancreatitis)

A Chronic GvH

A Chronicimmune deficiency (CD19 -directed CAR T cells)

| Pagell9
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Cumulative incidence of second neoplasms in 8831 ﬂ%sg
children with ALL
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Second neoplasms amongyear survivors of childhood wg%%%sg
ALL in the CCSS cohort: role of radiotherapy

center
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Cumulative dose of cranial irradiation and chemotherapeutic Pr'mC.eSS

agents vs second malignancies in patients with first relapse of
ALL, treated with ALREZ BFM &6
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Cumulative incidence of symptomatic osteonecrosis in ‘?,%?&%52
pediatriC ALL center

pediatric oncology
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Age at diagnosis in patients with and without \g@&%sg
symptomatic osteonecrosis

center

pediatric oncology

Age at diagnosis
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Multivariate logistic regression analysis of symptomatic Pr'mC.eSS
- . - 2924 Maxima
osteonecrosis in relation to age, sex, and treatment arm

center

pediatric oncology

Initial Modal
Risk Factor OR 95% ClI P

Age at diagnosis of ALL, years 1.47 1.33to0 1.63 = 001
EMI at diagnosis, sds 0.88 0.64 10 1.20 A1
Sex

Male 1.00

Female 213 0.99 10 4.62 05
Risk group

Mon-high risk 1.00

High risk 0.69 02010 1.60 39

| Pagel2s



Osteonecrosis by age in ALL: UKALL XII study i J

center
pediatric oncology
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Osteonecrosis: continuous Vs alternatgeek Prlngess
914 Maxima
dexamethasone center

pediatric oncology

A
25—~ —— Continuous dexamethasone, 64 events,
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- Mo radiation

Mean full scale intelligence quotent

Age at diagnosis (yrs)

Jankovic M, etal. Lancet. 1994;344(8917):224  -227.



IQ and rapid naming tasks: intrathecal (IT) vs IT plus g%%%sg
cranial radiation therapy (CRT)

center

pediatric oncology
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Risk of anthracyclinenduced clinical heart failure in ngggg%sg
childhood cancer
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Shortening fraction by bolus or-aour infusion of prme.ess
. 814 Maxima
daunorubicin

center
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Cardiac troponin during doxorubicin therapy in ALL with ‘?{é?&%f’g
(blue) or without (red) dexrazoxane center
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Late effects of treatment in ALL maxima

pediatric oncology

A Second malignancies

A Osteonecrosis

A Neurocognitive sequelae

A Cardiomyopathy

Aé Others ¢

A Large series

A Longfollow -up

A Structured follow -up

A Feedback to current protocols

| Pagel33
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Late effects outpatient clinic maxima
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: P Princess
Answer to question 1: maxima

Which factor has the lowest probability of causing significant
long-term toxicity in pediatric ALL?

1. The anthracyclines daunorubicinand/or doxorubicinin a cumulative dose of >30 mg/m 2ina
child aged 5 years at diagnosis

2. Methotrexate in a cumulative dose of 20.000 mg/m 2 ina child aged 8 years at
diagnosis

3. Cranial radiotherapyin a child aged 2 years at diagnosis

4. Dexamethasone in a female child aged 14 years at diagnosis

| Pagel3s



. P Princess
Answer to question 2: maxima

pediatric oncology

Which assertion is NOT correct?

Dexamethasone can cause osteonecrosis
The risk of osteonecrosis is lowest in children <10 years of age

The risk of osteonecrosis is highest in adults with ALL

I

The risk of osteonecrosis is higher with a continuous schedule of glucocorticoids than with a
discontinuous schedule inthe same cumulative dose

| Pagel36
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Shortterm toxicitiesassociated with treatment of childho@dLL

AHypersensitivity to asparaginase
AHyperlipidemia

AOsteonecrosis

A Asparaginas@ssociated pancreatitis
AArterialhypertension

APosterioreversibleencephalopathy
syndrome

ASeizures

SchmiegelovK, et alLancet OncoR016;17(6):e23£239.

ADepressed levels of consciousness
AMTXrelated strokelike syndrome
APeripheraheuropathy

AHighdose MTXelated severe
nephropathy

A Sinusoidabbstructionsyndrome
AThromboembolism
APneumocystigroveciippneumonia



Clinical casdnitialdiagnosis (May 2012)

A10-yearold male

APrecB-cell ALL, CNS negative

ATreatmentstarted accordingo ALL-BFM 200@rotocol

AMLL €), t(9:22)(-), t(12;21)-)

ANo abnormalitiesin cytogeneticanalysis

APGR omlay8

A15th dayand33rddayBM inremission

AMRDPCR: TPd102% TP 2¢ 103; TP 3 (-)/10°(intermediaterisk group)
ATreatmentcompleted May 2014



Clinical caséirstrelapsgqFeb 2016)

56 months after diagnosis

Alsolatedbone marrowrelapse e
ATreatment accordingto ALREZ (st m = RE =
BFM 201252
AMRD still positive before protol > me = <
[I-IDA S3/4 [ ][]
AHSCTecision N I L e
AAIlOHSCT after R2 (29.11.2016) 1 1

A9/10 MUD MRD HSCT



Clinical cas&econd relaps@vay 2018)
19 months after HSOB0.05.2019

Alsolatedbone marrowrelapse
ATrisony 8+, 23%

A FLAG
AM3 bonemarrow

AFLAGH mitoxantrone
AM2 bone marrow, MRBP



What would you do next?

AlloHSCT

Start CAR-Celltherapy
Startblinatumomab therapy

Wb e

Palliativecare



Clinical case: Blinatumomab treatment (14.08.2018)

m 28 ug/m? day 28 ug/n?/ day 28 ug/m?/ day 28 ugl? day 28/29""2
interval ay
(8th day) (11th day) (15th day) (8th day) i,

A Tremor inleft hand
A Mood swings
A MRHECHOnNormal

A Sustainedhypomania
A Euphoria

A Hypotension

A Mucositis
A Headache

A Dopamire 5 pg/kg

A No hypotension

\

I Blinatumomabcould be givenfor a total of 26days I

A Generalizedonic-clonicconvulsion
A Antiepileptic started

A Agitation

A Hypotension

A Aggressive behavior

A Incomprehensiblespeech

A MRIECHO: Normal

A TREATMENT STOPPED




Which dosef blinatumomalwould you prefer to give?

Start and continue wittb > An?/day

Start and continue with 38 An?/day

Startwith 5> Hn?/day, then give15> fin%/day after day8
Startand continuewith 15> An?/day

Wb e



MT103205

Recommended dose confirmed in phase 1 was applied to phas

On the basis afhe phase 1 dosescalation study, the recommended
blinatumomab dose for children with R/RcBIl precursor ALL is:

: . %ayY M p >2/Haly Y
followed by starting at day 8

for the first 7 days

ALL, acute lymphoblastic leukemiR/R relapsed/refractory.
von Stackelberg A, et dlClinOncol 2016;34:4384389.



Clinical case, continued

ARemission status aftdlinatumomab

AM1 BM
AMRL;

ASecond alloHSCT (MUD) (01.11.2018)

AAntiepileptic therapy stoppedjormal EEG (20.11.2019)
AMRDstill negative

ABM isstillin CR Klarch2020)



MT103205

Some patients treated with blinatumomab experienced
neurologic/psychiatric events

n=7¢

Patients with neurologic/psychiatric events of any grade regardless of relation to treatmer(€) 17 (24)
Tremor 4 (6)
Dizziness 3(4)
Somnolence 3(4)
Convulsion 2 (3)
Paresthesia 2 (3)
Encephalopathy 1()
Neuralgia 1()
Ataxia 1()
Atonic seizure 1()
Cerebrospinal fluid leakage 1()
Depressed level of consciousness 1()
Dysgeusia 1)
Hypoesthesia 1(1)
Nystagmus 1)
Syncope 1)
Confusional state 1)
Mental disorder 1()

13% of patients had neurologic events, primarily tremor and dizziness, that were considered

treatment related; these events were of grade 2 and resolved upon treatment discontinuation

aAll patients who received the recommended dose in phase 1 or 2.
von Stackelberg A, et dlClin OncoR016;34:4384389 supplementary material (online).
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Some patients treated with blinatumomab developed
cytokine release syndrome

n=7%

Patients with CRS, n (%)

Any grade 8 (11)
Worstgrade 3 3(4)
Worstgrade 4 1(1)
Worstgrade 5 0

Temporarily interrupted treatment because of CRS 2 (3y
Discontinued treatment because of CRS 2 (3y
Patients with CRS by age group, n (%)
<2 years (n=10) 2 (3)
Worstgrade 3 or 4 0
2¢6 years (n= 20) 2 (3)
Worstgrade 3 or 4 2(3)
7¢17 years (n=40) 4 (6)
Worstgrade 3 or 4 2(3)
5dzNJ} GA2Yy 2F 3INIRS xo0 /w{IZI y &30
hbo G2 Xr RIe&a 2 (3)
bt (2 Xmn RI &a 1(1)
>14 days 1(1)
Median (95% CI) days cPp Opd®n Mc dn U

aAll patients who received the recommended dose in phase 1 BklPgrade 3°One grade 3 and one grade 4 event.
CRS, cytokine release syndrome.
von Stackelberg A, et alClin OncoR016;34:4384389.



Conclusions

ATo prevent CRS, dexamethasone or hydroxyurea were recommended during the first wee
of therapy for 4 days, and were required if bone marrow blasts were >50% at baseline

A Patients received prophylactic dexamethasone 10 n##g12 hours before and
5 mg/m?within 30 minutes of the start of infusion

A1L-6 inhibitors(tocilizumaldsiltuximab), dexamethasonémethylprednisolonén CR%
necessary

A Regardingieurotoxicity, withholding blinatumomab is recommended for grade 3 toxicity
until improvement to gradel is noted for 3 consecutive days. Restart with lower dose.
Forgrade 4 toxicitydiscontinue

A Dailyfundusexamination EEG, MRI, LP
A Intensivecare
A Antiepileptics
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EducationabuestionsPediatric ALL
Question 1. whichassertionis correctfor childrenwith ALL?

All patients with MLL rearranged ALL should be transplanted
All patients with BCR-ABL positive ALL should be transplanted
No patient with BCR-ABL positive ALL should be transplanted

I

AlloSCT is part of treatment ~ for children with early relapsed ALL

| Pagel55
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EducationabuestionsPediatric ALL
Question 2.whichassertionis correctfor childrenwith ALL?

Blinatumomaband inotuzumab are part of first -line treatment
Blinatumomaband inotuzumab can not be administered sequentially

Therapeutic drug monitoring of asparaginase improves outcome

I

Dexamethasone and vincristine are standard components of maintenance therapy

| Pagel56
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Thank You!

>Please complete the evaluation page that will appear on your screen
momentarily

>Your notes on the slides will be emailed to you by July 17

>The meeting recording and slides presented today will be shared on
the globalleukemiaacademy.com website by July 17

>You will also receive a certificate of attendance by email by July 17

THANK YOUI!

(A- Global Leukemia 15
Academy
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