i = = =1 EATET NN, BN i

Mittwoch, 27.02.2019

AML- Aktuelles in der First-line

Lars Bullinger
Charité University Medicine
Berlin

CHARITE o

UNIVERSITATSMEDIZIN BERLIN M GROUP



Genomic landscape of de novo AML
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Commonly
mutated functional
gene categories:

(1) signaling genes

(2) transcription
factors
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(4) spliceosome
complex

(5) Cohesion
complex

(6) chromatin
modification

(7) DNA
methylation

(8) tumor-
suppressors



2017 European LeukemiaNet Guidelines

Risk Category Genetic Lesion

Favorable t(8;21)(q22;922); RUNX1-RUNX1T1
inv(16)(p13.1922); CBFB-MYH11
Mutated NPM1 without FLT3-ITD or FLT3-ITD'"ow
Biallelic mutated CEBPA

Intermediate Mutated NPM1 and FLT3-ITDMgh
Wild type NPM1 without FLT3-ITD
1(9;11)(p21.3;923.3); MLLT3-KMT2A
Cytogenetic abnormalities not classified as favorable or
adverse

Adverse 1(6;9)(p23;934.1); DEK-NUP214
t(v;11923.3); KMT2A rearranged
1(9;22)(q34.1;q11.2); BCR-ABL1
inv(3)(g21.3926.2) or 1(3;3)(921.3;926.2);
GATA2,MECOM(EVI1)

-5 or del(5q); -7; -17/abn(17p)

Complex karyotype (23), monosomal karyotype
Wild type NPM1 and FLT3-ITD"igh

Mutated RUNXT

Mutated ASXL1

Mutated TP53

Ddohner H, et al. Blood. 2017;129(4):424-447.



AML incidence increases with age

Percent of New Cases by Age Group: Acute Myeloid Leukemia
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Acute myeloid leukemia
is most frequently
diagnosed among

people aged 65-74.

Median Age
At Diagnosis

68



Age-related frequency of gene mutations

< 45 years <

45-60 years

61-70 years

> 70 years CEBPAViallelic
IDH2R172

Analysis based on 10,622 AML patients from the AMLSG data base
Age distribution: <45 yrs, n=2,228; 45-60 yrs, n=3,392; 61-70 yrs, 2,517; >70 yrs, n=2,485

Bullinger et al. J Clin Oncol 2017



NGS-based routine AML diagnhostics

Targeted Re-Sequencing
in routine AML
diagnostics

e.g. with the aid of lllumina
sequencing technology
(MiSeq)
=> Myeloid Panel”

risk prediction and

)

Individualized
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Building up databases
=> Linking genetic and
clinical information
(,,Knowledge Databases®)

Continuous process
(data sets from older pts,
targeted therapies, etc.)

.....
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therapeutic decision making



Translation into the clinic

AMLSG Center
AMLSG BIiO Registry

Informed Consent

* Diagnostic work-up
* Documentation of clinical data

* Biobanking

» Biosamples (BM/PB) sent via
Courier Express

Reference Lab
Genetic Testing

Molecular genetics
« PML-RARA h
* RUNXI-RUNX1T1
s CBFB-MYH11

* MLLT3-KMT2A within
o NPM1 24-48 hrs
* CEBPA

* FLT3

s IDH1/2 _
* RUNX1

* ASXL1 within 15t Rx cycle
s TP53

Cytogenetics within 5-7 days

AMLSG Center

Recommendation
APOLLO +/- ATO-ATRA-Ida
AMLSG 21-13  +/- Dasatinib
AMLSG 19-13  +/- Crenolanib
AMLSG 28-18  Mido vs Gilteritinib
Novartis +/- Midostaurin
AMLSG 29-18  +/- AG-120/-221
AMLSG 30-18  CPX-351vs ,3+7"
AMLSG 24-15  AZA + Vosaroxin

Conventional Care

+

L

1

1

STUDY
% AML
g GROUP

24 48-72 hrs

7 days a week

AMLSG-BIO [NCT01252485]
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MRD of DNMT3AM-R882H and NPM1mut
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Next-Generation-Sequencing based
FLT3-ITD MRD monitoring

MRD Assay Test Performance
(A) Sensitivity
PCR [Nlumina Alignment ITD detection 67| R?>099 .
of ITD - 2x250bp - toamplicon - using our novel - -
hotspot region sequencing WT sequence qgetITD L:
= 067 ¢
FLT3'ITD Detektlo n 0.0067 .

1:10000  1:1000 1:100 1:10 1
0.0067  0.067 0.67 6.7 67

MOLMI4 — 1 ----- AGCAATCTAGGTATGAAAGCCAGCTACAGATGGTACAGGTGACCG 45 U”m&\.Zi‘lr\,{fft'\;#(".iliHL('“
CECEEE-TEEEEEEe e e e e e e e e e e e ' o
Reference — 1 gacagagcaatttaggtatgaaagccagctacagatggtacaggtgaccy 50
46 GCTCCTCAGATAATGAGTACTTCTACGTTGATTTCAGAGAATATGAATTG 95 (B) Accuracy
CEVEETTETTEE e e e e [1]
51 gctcctcagataatgagtacttctacg-------------------- ttg 80 sol B?=o007
96 ATTTCAGAGAATATGAATATGATCTCAAATGGGAGTTTCCAAGAGAAAAT 145 =
CECEETEETEE e e e e e e e e e e e e e e e e e e e e e w00
81l atttcagagaatatgaatatgatctcaaatgggagtttccaagagaaaat 130 =
z o*
146 TTAGAGTTTGGTAAGAATGGAATGTGCCAAATGTTTCTGCAGCATTTCTT 195 T W0 e
CECEETEETEE e e e e e e e e e e e e e e e e e e e e e e e 7 .
131 ttagagtttggtaagaatggaatgtgccaaatgtttctgcagcatttctt 180 ] " .
196 TTCCATTGGAAAATCTTTAAAATGCACGTACTCACCATTTGTCTTTGCAG 245 = .
CECEETEETEE e e e e e e e e e e e e e e e e e e e e e e ol °
181 ttccattggaaaatctttaaaatgcacgtactcaccatttgtctttgcag 230 = = i = 5
VAF measured by fragment analysis (%)

Blatte et al. ASH 2018, manuscript in revision.



FLT3-ITD Mutations

= FLT3-ITD mutations in approximately 25% of patients

Immunoglobulin-like Ioops{

— Extracellular domain

—— Transmembrane domain

B

ITDs
(insertion of 3 to >400 bp)

—— JMD

o]
— TKD

— C-terminal domain

Figure adapted from Taylor & Francis Ltd, http://www.tandfonline.com: Patnaik MM. Leuk Lymph. 2017:1-14.

= driver mutation associated with high leukemic burden and poor prognosis
(high risk of relapse, decreased response to salvage therapy, short OS)

References: 1. Schneider F, et al. Ann Hematol. 2012;91(1):9-18. 2. Santos FP, et al. Cancer. 2011;117(10):2145-2155. 3. Kainz B, et al. Hematol J. 2002;3(6):283-289. 4. Kottardis PD, et al. Blood.
2001;98(6):1752-1759. 5. Patel JP, et al. N Engl J Med. 2012;366(12):1079-1089. 6. Levis M. Hematol Am Soc Hematol Educ Program. 2013;2013:220-226. 7. Ravandi F, et al. Leuk Res. 2010;34(6):752-
756.

8. Tallman MS. Hematol Am Soc Hematol Educ Program. 2005:143-150.



FLT3 Inhibitors in Clinical Development

Relative selectivity and potency (IC.,) of TKIs against FLT3-ITD

a;m;( FLT3~ —‘ "V FLT3 R 3 H‘, _FLT3 a ) (FLTS ) 2 + ./FLT3 i
Wy A W 1o " 104 ’ <,
. F - e 7, - = o= = -
T o < i :‘« » ~a » 7" *%
. I-% : : 1
Midostaurin Sorafenib Quizartinib Crenolanib Gilteritinib
1000 nM 265 nM 18 nM 35 nM 0.29 nM
e 1stgeneration TKIs non-selective; less favorable safety profile; when used as
single agent, only transient blast reductions observed
[ ]

2"d generation TKIs (quizartinib [AC220], crenolanib, gilteritinib [ASP2215]) more
selective and more potent

Galanis A, et al. Cancer Res. 2012;72:3660 (abstract); Karaman MW, et al. Nature Biotechnology. 2008;26(1):127-132;
Zarrinkar PP, et al. Blood. 2009;114(14):2984-2992. Staudt D, et al. Int J Mol Sci. 2018;19(10).



AML with FLT3 mutation —
midostaurin plus chemotherapy (RATIFY)

100 Midostaurin  74.7 mo (95% ClI, 31.5-NR)
90~ Placebo 25.6 mo (95% Cl, 18.6—42.9)
X 804 One-sided P=0.009 by stratified log-rank test
© 70—
2
€  60-
f;:_ 50— » == Midostaurin
- —
E 40 Placebo
Es 30+
<)
a 20-
10- Hazard Ratio: 0.77; 4-yr OS: Midostaurin 51%; Placebo: 44%
0 1 | | 1 | 1 1 1
0 12 24 36 48 60 72 84 90
Months
No. at Risk
Midostaurin 360 269 208 1381 151 97 37 1
Placebo 357 221 163 147 129 80 30 1

Stone et al. NEJM 2017



Midostaurin plus chemotherapy for
AML with FLT3-ITD —= AMLSG 16-10

1st priority

Early Allogeneic 1-yr maintenance

HCT | |
18-70 yrs  n=440 Dauno High-Dose / Midostaurin***
AML with " Cytarabine  Cytarabine . o
ELT3-ITD | | “‘* 2"% priority

Cytarabine 1-yr maintenance

| 1 |
Midostaurin

*  Adult patients 18 — 70 years
** Continuous dosing of midostaurin (start on day 8; except days of chemotherapy)
*** Midostaurin given also after allogeneic HCT (start d+30)

ClinicalTrials.gov: NCT01477606 (active) % SAThUADIr

GROUP



AMLSG 16-10 vs historical control -
Propensity Score Weighting Analysis*

Age 18-60 years

Cohort

— historical
— 16-10

Survival probability
25% 50% 75 %
]

0 6 12 18 24 30 36 42 483

Cohort Time [months]

historical: 353 296 203 155 141 131 121 111 97
16-10: 155 131 92 67 46 36 28 12 4

HR = 0.70 (CI95% 0.535, 0.920)

STUDY
% AML
= GROUP

*Propensity score weighting
on age, gender, WBC, marrow blasts, NPM1 mutations

Age 60-70 years

7 Cohort

2 & — historical
5 R
g — 16-10
o
E. o -
g T9]
2 X
@ L]

X

o | T T | T | T T T

0 6 12 18 24 30 36 42 48
Cohort Time [months]

historical: 62 41 19 11 9 5 5 5 5
16-10: 68 48 34 27 18 14 8 6 4

HR = 0.49 (CI95% 0.316, 0.753)



Resistance to FLT3 inhibition

Patterns of clonal evolution — persistence of FLT3 at relapse

46,XY
Blasts 90% Blasts 90%
0.6
0.5
—7
04
O\O
L
< 0.3
>
0.2
Midostaurin
0.1 maintenance
cycle 1
0
D R
HEATR5B ADAM18 ADARB1
CROCC FEZF2 GPR17
HEXIM1 RAD9A RXRA
ZNF831 —WT1 p.5381fs —DNMT3A
—NPM1 p.L287fs CDH20 NPAS1
——FLT3_Clone1 —FLT3_Clone2 —CCND3

46,XY
Blasts 40% Blasts 25%
0.7
0.6
05
X
% 04 \
> 03
0.2 Mi(ljostaurin
maintenance
0.1 cycle 2 after
allo-SCT
0
D R
BTN2A1 CNTFR DOT1L HERC2
AMPD2 FAT1 GIGYF1 GLI1
LDHD PODN POLK PVR
TRIM69 —WT1 —WT1 ZBTB7A
—FLT3-ITD

BM = Bone Marrow D = Diagnosis; R = Relapse; VAF = Variant Allele Frequency

Schmalbrock et al. ASH 2017, Manuscript in preparation.



Ongoing: QUANTUM-FIRST - Phase 3 Trial
In Newly Diagnosed FLT3-ITD Mutated AML

Quizartinib Advancement into the Next Generation of Trials for Unmet Needs in ANL

A Phase 3, Randomized, Double-Blind, Placebo-controlled Study of Quizartinib (AC220) Administered in
Combination With Induction and Consoclidation Chemotherapy, and Administered as Maintenance Therapy
in Subjects 18 to 75 Years Old With Newly Diagnosed FLT3-ITD (+) Acute Myeloid Leukemia

Cytarabines. High-Dose
. . Cytarabine
A”wmm%mmt“ri N> ) =) Quizartinib
r~ Quizartinib Quizartinib
Newly
Diagnosed
FLT3-ITD+AML Inductions. Consolidation .
16-75 years of age (1-2 cycles) (upto 4 cycles)andforHSCT (upto 12 cycles)
ECOG0-2
N = 536 ;
L Cytarabines. High-Dose
i ) i + ;
AML, acute myeloid leukemia; FLT3, FMSHike i Cytarabine
P Y b
AT A e wem et g COMRANES A e Placebo
ECOG, Easter Cooperative Oncology Growp. +
Placebo Placebo

*Cycles 1 and 2 consistof T+3 regimen, 5+2
regimen shemate dosing option for cycle 2.
& Diaunorubicind idarubicin

Primary Endpoint: Event-free Survival (EFS)
Secondary Endpoints:

* QOverall Survival (OS)
= Complete Remission (CR)

Location: North America, Europe, Asia/Other Regions | ClinicalTrials.gov Identifier: NCT02668653

= Composite Complete Remission (CRc)
= CR with no evidence of minimal residual disease (MRD)



Midostaurin vs Gilteritinib + chemotherapy
for FLT3™ut AML — AMLSG 28-18

Induction| Inductionll Consolidation 1-yr Maintenance
IDAC IDAC IDAC
Dauno SETE Midostaurin Midostaurin Midostaurin . .
Cytarabine IDAC? Midostaurin
Midostaurin | Midostaurin Option 2b
218 yrs Midostaurin
FLT3 —
mutation e | R |
Gilteritinib = Gilteritinib Gilteritinib
Dauno Dauno Gilteritinib
Cytarabine IDAC? HEertint
Gilteritinib Gilteritinib Option 2

Gilteritinib

s L.

Assignment to allogeneic HCT*

Patients in CR/CRi after two cycles of induction proceed to AMLSG/HOVON-specific consolidation therapy; assignment to allogeneic
hematopoietic cell transplantation (HCT) according to the local institutional or cooperative group prognostic algorithm; HCT can be
performed at any time point following one induction cycle

a2 IDAC, intermediate-dose cytarabine; age-adapted dosing STUDY
0 b HOVON consolidation: autologous HCT; or mitoxantrone / etoposide AML
V N ¢ Assignment based on patient- and disease-related factors Expected start: Q2 / 2019

GROUP



IDHY and IDH2 - therapeutic target structure

Cytoplasm
Citrate
Mitochondrion
2 Isocitrate
Citrate 2- IDH1
* 2. a. KG
Isocitrate
NADPH
2.
IDH2 -
e Nucleus
o-KG o
\ a-KG-dependent
\\ NADPH dioxygenases

Metabolic dysregulation

Epigenetic changes
Impaired cellular differentiation

2-HG, 2-hydroxyglutarate; mIDH, mutant IDH



Enasidenib (AG-221)

in IDH2™Mt relapsed or refractory AML

© e 2 o © o
A o> 4 ® @ -

Survival probability

=
w

0.2 4

Overall response rate: 40.3%

Median Overall Survival in R/R AML patients:
9.3 months (95% Cl 8.2, 10.9)

Cycle 1 Day 15
Screening Evidence of cellular Cycle 3 Day 1
37% BM blasts differentiation 4% BM blasts

0.7 4

=]

Survival probability

37 21 10 3 1 0

Median Overall Survival (95%Cl)
19,7 months (11.6. NE)

se  13.8 months (8.3, 17.0)
7.0 months (5.0, 8.3)

Mature

,,,,,,,,,,,,,,,,,,,,,,,,,, Blasts Promyelocytes Granulocytes Lymphocytes

Patients at risk:

Non-CR response 37
No response a7

+ Censore d
12 15 18 21 24 27
Months
1 1 6 2 0
" 7 3 1 0
10 3 1 0

Stein et al. Blood 2017



lvosidenib (AG-120) and Enasidenib (AG-221)
clinical development program

Phase I/ Phase Il
Phase Ill: AML-004
>2d r/r AML (IDHENTIFY)
Enasidenib vs. CCR
N=280
Frontline e
ineligiblefor Ph‘fls..e.I/II A_ML-OOS_ Phase Ill: AG120-C-009
intensive Azacitidine + ivosdenib (AGILE)
Azaciditine +/- enasidenib Azacitidine +/- ivosidenib
chemotherapy N=175 N=392
Frontline ————— —————
eligible Phase I: AG-221-120-C-001 HOVON 150 / AMLSG 29-18

lvosidenib/enasidenib + lvosidenib/enasidenib +
intensive Cx intensive Cx

chemotherapy N=90 N=~800

for intensive




AG-120/AG-221 vs placebo + chemotherapy
forIDHI™Y/|DH2™t AML — AMLSG 29-18

Induction | Induction Il Consolidation 1-yr Maintenance
IDAC IDAC IDAC
Dauno Dauno Placebo Placebo Placebo
Cytarabine IDAC? Placebo
Placebo Placebo Option 2°
218yrs Placebo
AML with
IDH1/2
mutation IDAC IDAC IDAC
AG120/221 AG120/221 AG120/221
D D
aun9 aune AG120/221
Cytarabine IDAC? : "
AG120/221 = AG120/221 Option 2
AG120/221

o L.

Assignment to allogeneic HCT*

Patients in CR/CRi after two cycles of induction proceed to AMLSG/HOVON-specific consolidation therapy; assignment to allogeneic hematopoietic cell
transplantation (HCT) according to the local institutional or cooperative group prognostic algorithm; HCT can be performed at any time point following one

induction cycle

IDAC, intermediate-dose cytarabine; age-adapted dosing
HOVON consolidation: autologous HCT; or mitoxantrone / etoposide
Assignment based on patient- and disease-related factors

Expected start Q2 / 2019

a ’ STUDY
(s ° AML
VUN ¢ %GROUP



Big Data for Better Outcomes program

@ Project management (IBSAL, NOVARTIS, CELGENE, HULAFE, SYNAPSE) All Partners

MM AML
Sonneveld Ossenkoppele
San Miguel Huntly
Boccadoro Lo Coco

Dohner

Data access (GMV, JANSSEN, BAYER)
(D Data platform (ELN, JANSSEN)

ALL

Gokbuget
Dombret
Ribera

CLL

Ghia
Pospisilova
Bosch

NHL MDS CI-I|1|i\|dd

Salles Fenaux Moorman
Dreyling Kuendgen Reinhardt
Montoto Santini Locatelli

(VaaIvl ‘yaAvea 'ALIdVHD)
uoIjIul}3p SAW0dIN0

Data analytics for therapies valuation (UNIBO, MENARINI, JANSSEN)
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Precision Medicine — Fiction or Reality?

Charité Season 1: Charité Season 2: Charité Season 3:
1880s 1940s 2010s
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Precision medicine in AML

We have entered a new era in leukemia genomics

Currently, cytogenetics and NPM1, CEBPA, FLT3, RUNX1, ASXL1
and TP53 mutational screening are standard of care (ELN)

— Targeted gene panel testing

Explosion of knowledge starts to be translated into therapeutic benefit
= Building up large knowledge data bases

= Novel compounds at the horizon hold promise to enter the clinic

Major challenge: identify gene-gene interactions to effectively combine
treatment strategies to overcome mechanisms of resistance

= Integrate biosampling, companion studies

Enter your patients, younger or older, on a clinical trial!
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