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Induction chemotherapy in AML

HEMATOLOGY

LAMNDMARK PAPERS
OF THE
TWENTIETH CENTURY

Commentary on and reprint of Yates JW, Wallace HJ, Ellison RR,
Holland JF, Cytosine arabinoside and daunorubicin therapy in

acute nonlymphocytic leukemia, in Cancer Chemotherapy
Report552:485—488

Review Article @ blood

Diagnosis and management of AML in adultN
recommendations from an international expert pane

Harmut Dohner,’ Elihu Estey,” David Grimwade,” Sergioc Amador.* Frederick R, Appelbaum,” Thomas Bichner,®
Hervé Dombret,® Benjamin L. Ebert,” Pierre Fenaux,” Richard A. Larson,® Ross L. Levine,'® Francesco Lo-Coco,*

Tomoki Nace,'" Dietger Niederwieser,'” Gert J. Ossenkoppele,'® Miguel Sanz,™ Jorge Sierra,'® Martin 8. Taliman,'®
Hwei-Fang Tien,'® Andrew H. Wei,"'® Bob Lowenberg,'® and Clara D. Bloomfield®”

Selected conventional care regimens

Patients eligible for intensive chemotherapy
Induction therapy (all ages) (7 +3")". 1. = 3 d of an IV anthracycline: dauncrubicin at least 60 mg(mz; idarubicin 12 mgfmz; or

mitoxantrone 12 mgmzi and 7 d of continuous infusion cytarabine {100-200 mg/mg)

Consolidation therapyt.§
Younger patients (18-60/65 y)

« Favarable-risk genetics » 2-4 cycles of IDAC (1000-1500 mg/m? IV over 3 h gi2h, d1-3; or 1000-1500 mg/m® IV
over 3 h d1-5 or 6)
= Intermediate-risk genetics = Allogeneic HCT from matched-related or unrelated donor

= 2-4 cycles of IDAC (1000-1500 mg/m?® IV over 3 h g12h, d1-3; or 1000-1500 mg/m? IV over
3hdi-50r6), or
= High-dose therapy and autologous HCT

= Adverse-risk genetics = Allogeneic HCT from matched-related or unrelated donor
Older patients (=60/65 y)
« Favorable-risk genetics = 2-3 cycles of IDAC (500-1000 mg/m? IV aver 3 h q12h, d1-3; or 500-1000 mg/m? IV over 3h
d1-5 or 6)
« |ntermediate/adverse-risk genetics = No established value of intensive consolidation therapy; consider allogeneic HCT in patients

with low HCT-Comorbidity Index, or investigational therapy



The beginning of a new era in AML

2017 2018 2020

Midostaurine (FLT3) lvosidenib (IDH1) CC-486 (azacitidine tablet)
CPX-351 (t-AML/MRC) Gilteritinib (FLT3)

Enasidenib (IDH2) Venetoclax

Gemtuzumab ozogamycin (CD33) Glasdegib

W ADMIMNISTRATION !




Timeline of information required for decision making

Patient Age Geriatric assessment
characteristics PS « Cooling-off » period
Comorbidities

(fitness vs unfitness)

d1 d3 d5 d7 d10-d21
Disease Morphology Conventional Targetable mutations NGS
characteristics (CBF, NPM1, MRC?) cytogenetics FLT3-1ITD Myeloid gene panel
Flow cytometry FISH FLT3-TKD
(CD33, CD34) IDH1
IDHZ2

TP53



We can wait (a little while) for work-up results

2013 121: 2618-2626
Prepublished online January 30, 2013;
doi:10.1182/blood-2012-09-454553

Time from diagnosis to intensive chemotherapy initiation does not
adversely impact the outcome of patients with acute myeloid leukemia

Sarah Bertoli, Emilie Bérard, Frangoise Huguet, Anne Huynh, Suzanne Tavitian, Frangois Vergez,

Sophie Dobbelstein, Nicole Dastugue, Véronique Mansat-De Mas, Eric Delabesse, Eliane Duchayne,

gécile Demur, Audrey Sarry, Valérie Lauwers-Cances, Guy Laurent, Michel Attal and Christian
écher
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Regular Article

CLINICAL TRIALS AND OBSERVATIONS
Does time from diagnosis to treatment affect the prognosis
of patients with newly diagnosed acute myeloid leukemia?

Christoph Rollig," Michael Kramer," Christoph Schliemann,” lan-Henrik Mikesch* Bjom Stefien Alwin Kramer,'* Richard Noppeney*
Kerstin Schifer-Edcant,” Stefan W, Krause,® Mathias Hénel® Regina Herbst,” Volker Kurnemann,'® Hemnann Binsele,'® Edgar Jost,'"
Tim H. Briimmendort, " Sehastian Scholl'? Andress Hochhaus'? Andress Neubauer, ' Kristing Sohlbach,™ Las Fransecky ™

Martin Kaufmann,™ Dk Niemann,™ Mardous Schaich,™ Maorbert Friddhofen "™ Alexander Kiani,'* Frank Heits,?% Ulrich Krimpelmann, ™
Ulrich Kaiger, ™ Johannes Kullinen, @ Maxl Wass ™ Frieddich Stblzel! Malte von Bonin,” Jan Modite Middeke " Christian Thiede,”
Jdohannes Schetelig,'= Wollgang E Berdel? Gerhard Ehninger,' Claudia D. Baldus,™ Cargen Miller-Tidow,* Uwe Platzbecker,®
Hubert Serve? and Martin Bornhiuser'
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Bertoli S, Blood 2013; Réllig C, Blood 2020



Focus on AML with hyperleukocytosis

25% of AML have WBC > 50 G/L
Leukostasis (lung, brain)
Disseminated intravascular coagulation (DIC)

Tumor lysis syndrome (TLS)

High risk for early death

Oncologic emergency

Consider direct admission to ICU

Rapid cytoreduction (hydroxyurea, urgent induction
chemotherapy, leukapheresis)

TLS prevention: non alcaline hyperhydration, rasburicase

DIC (platelet transfusions, fibrinogen, fresh frozen plasma)

Leukemia & Lymphoma

1SS 1042-2194 (Print) 1025-2403 (Onine) journal homepage: hitpo//wvw.tandfonkne comvioinial2d

)

Pre-treatment with oral hydroxyurea prior to
intensive chemotherapy improves early survival
of patients with high hyperleukocytosis in acute
myeloid leukemia

Anne-Claire Mamez, Emmanuel Raffoux, Sylvie Chevret, Virginie Lemiale,
Nicolas Boissel, Emmanuel Canet, Benoit Schlemmer, Herve Dombret, Elie
Azoulay & Etienne Lengliné



Rationale to use dexamethasone in hyperleukocytic AML

Mechanisms of leukostasis Clinical experience

JOTRMAL OF CLINTCAL ONCOLOGY

All APL patients with WBCs >10 G /L received DEX 10mg/12 hours at
day 1 of “3+7"+ATRA, for at least 3 days as prevention of
differentiation syndrome.

DEXAMETHASONE

&

Downregulation of mediators of inflammation
induced by leukemic blasts and endothelial cells

Dexamethasone in patients with acute lung
9 injury from acute monocytic leukaemia

E. Azoulay*, E. Canet*, E. Raffoux”, E. Lengliné”, V. Lemiale*, F. Vincent*,

Reduced induction death rate? A. de Labarthe”®, A. Seguin*, N. Boissel”, H. Dombret” and B. Schlemmer*

Increased chemosensitivity?

o
D0 10 TIOAIDAAR1 4 214 BB P00

Stucki A, Blood 2001 ORIGINAL ARTICLE: CLINICAL

Rollig C, Blood 2015
9 Respiratory events at the earliest phase of acute myeloid leukemia

Anne-5ophie Moreau', Etienne Lengline?, Amélie Seguin®, Virginie Lemiale!, Emmanuel Canet’,
Emmanuel Raffoux?, Benoit Schlemmer! & Elie Azoulay’



Dexamethasone policy for hyperleukocytic patients in 2010

Patient selection: WBC = 100 x 10%/L or 50 x 10%/L with symptoms of
leukostasis.

Induction chemotherapy:

* Daunorubicin (60-90 mg/m?, 3d) or idarubicin (8 mg/m?, 5d) +
cytarabine 100-200 mg/m?, 7 days.

* Lomustine (200 mg/m? d1) added to idarubicin-cytarabine in
most patients >60y.

« Dexamethasone 10 mg b.i.d for 3 days systematically starting from
2010.

Hydroxyurea (1.5-4 g/d).

No leukapheresis.

Retrospective analysis: before (2004-2009) vs. after (2010-2015) the DEX
policy (IUCT-Oncopole AML database)

ART'CLE Acute Myeloid Leukemia
9

Dexamethasone in hyperleukocytic acute

g v, Qimesze myeloid leukemia

- Sarah Bertoli,**** Muriel Picard,'* Emilie Bérard,*** Emmanuel Griessinger,’
Clément Larrue,” Pierre Luc Mouchel ** Frangois Vergez,**® Suzanne Tavitian,*
Edwige Yon," Jean Ruiz* Eric Delabesse,**® Isabelle Luguet.® Laetitia Karine
Linares,***** Estelle Saland,” Martin Carroll,”” Gwenn Danet-Desnoyers,*
Audrey Sarry,* Francoise Huguet,® Jean Emmanuel Sarry® and

Christian Racher-2

Clinical correlation between dexamethasone treatment and outcome in adult patients with
- hyperleukocytic AML
ﬂ Patients with acute myeloid leukemia with white blood cells (WBC) = 50x10°/L
Induction chemotherapy: daunorubicin or idarubicin, and cytarabine

No dexametasone

Median time of follow-up 65.7 months [52.0-79.7] 44.1 months [19.6-55.8]
v v

Hydroxyurea @

Allogeneic SCT @

Complete response rate 74% 83.3% P=0.171

Dead after 60 days of 20% 11.7% P=0.173

induction chemotherapy

Multivariate analyses: dexamethasone was associated with a significantly better outcome

Disease-free survival adjusted HR: 0.50; 95%Cl: 0.29 to 0.84 P=0.010
Event-free survival adjusted HR: 0.35; 95%(CI: 0.21 to0 0.58 P<0.001
Overall survival adjusted HR: 0.41; 95%Cl: 0.22 to 0.79 P=0.007

Dexamethasone may improve the outcome of patients with hyperleukocytic AML receiving intensive chemotherapy
Bertoli et al, Haematologica, 2018




Historique récent de la chimiothérapie des LAM (18-60 ans) en France

fAl®
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Induction conditionnelle

* DNR 60 mg/m?J1-3 ou IDA 8 mg/m? J1-5, cytarabine
200mg/m?J1-7 IVC

» Siblastes J152 5% : DNR 35 mg/m? ou IDA 8 mg/m2 J17-
18, cytarabine 1 g/m?/12h J17-20

Consolidation

* Mini-conso avec anthracyclines
» HDAC avec anthracyclines
» Autogreffe CSH

Induction séquentielle

DNR 80 mg/m?2 J1-3, cytarabine 500 mg/m? IVC J1-3
-Mitoxantrone 12 mg/m? J8-9, cytarabine 500 mg/m?2/12h
J8-10

Consolidation

Mini-conso avec amsacrine
EMA (VP16-MTX-AraC séquentiel) puis HDAC



Induction séquentielle vs. « 3+7 »

MEOFLASIA
N = 449 CR pts N = 282 CR pts < 50y
Randomized comparison of double induction and timed-sequential induction e =

toa“3 + 7" induction in adults with AML: long-term analysis — oA

ofthe Acute Leukemia French Association (ALFA) 9000 study e AmcC ] e Arm C

?}#vuecasmlgne_ Sylvie Chevret, Eric Archimbaud, Pierre Fenaux, Dominique Bordes\sou?e.Her\-e Tilly, Thierry de Revel, Marc Simon - g 1 @& g N

E:;g“:es L:;::T:; T:i:";:-;‘;:;::l:1::?_':‘:::I;IOI:“T;::‘.M:CHel Miclés, Xavier Thomas, Christian Bastard, Claude Preudhomme, g_ g at 5 yea rs:
B & B
= 2 L S 56% (46-66)
% g 48% (38-58)

_ . ' 2 S £ =7 39% (29-49)
3+7 Doubleind TimeSequential P value 2 E
N 197 198 197 - R
BvsA:P=.39 i BvsA:P=.26
0 0 0 !
CR rate 77% 77% 74% 0.72 | cusapas L lf cuaip-oa
Neutropenia 25 days 37 days 30 days <0.001 T T T T T T T
0 1000 3000 0 1000 3000

Severe 46 54 49 0.67 s e

infection

TRM 8% 12%** 11% 0.38

1 o) [} o, Jé . .

(if age <50y) (6%) (6%) (7%) Réduction du risque de rechute dans le sous-

groupes des patients < 50 ans mais pas

. d'impact sur la survie globale
NB: DNR 80 mg/m?



Induction séquentielle vs. conditionnelle

Regular Article

>

CLINICAL TRIALS AND OBSERVATIONS Ly
s 4
Prospective evaluation of gene mutations and minimal residual disease in i
patients with core binding factor acute myeloid leukemia g5
Eric Jourdan,' Nicolas Boissel,” Sylvie Chevret,® Eric Delabesse,” Aline Renneville,® Pascale Gomillet,” Odile Blanchet,” %
Jean-Michel Cayuela,® Christian Recher,” Emmanuel Raffoux,” Jacques Delaunay,® Amaud Pigneux,® Key Points =
Claude-Eric Bulibois.‘“ Céline Bcigthon.“ Cécile Pautas,'® Norbert Veyﬂz Bruno Lioure,™ Xavier Thomas, '® -
Isabelle Luquet,® Christing Terré,'® Philippe Guardiola,'” Marie C. Béné," Claude Preudhomme,® Norbert Ifrah,” ; ; = r
::d i!:rv:?)uombret.zljor?hee!-z:'ench AJI\:'IT.p:ﬂe:JgrOL:p ¢ © ’ o ° * ]n aqUIt patlents Wlth Core_ . a B 12 18 menths A e -8 e
binding factor AML, intensified e - = y ,,
induction is not associated o »
with a better outcome in the C_
context of intensive .
- y postremission therapy.
Conditional DNR 60 mg/m DNR 35 mg/m * Minimal residual disease, g3
EEE D15 gmm rather than KIT or FLT3 gene I
v 23
EEEEEEE EEE !'nuta_'ﬂons. shqulq be used to )
AraC 200 mg/m2 Cl AraC 1 g/m2/1 2h identify core binding factor z
CBE-AML AML patients at higher risk o -
- Pl 0 & 2 2 24 30 36 42
18-60y "\ R/} BM blaStS 2 5 % of rEIapSE, i : " e
DNR 60 mg/m? DNR 35 mg/m? E .
. . . - - M'ﬁl—'ﬂu—hdﬁﬂh- - i
. Dg EMENE 1
Systematic EEE HE N gs
AraC 500 mg/m?Cl AraC 1 g/m?/12h
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ldarubicine vs. daunorubicine

@ Letters to the Editor
440

Long-term results of a randomized phase 3 trial comparing
idarubicin and daunorubicin in younger patients with acute
myeloid leukaemia

years, the Groupe Ouest-Est des Leucémies Aigues et autres
Maladies du 5ang (GOELAMS) conducted a phase 3 randomized

Leukemia |2014) 28, 440-443; doi:10.1038/lew.2013 3290

Récher Cet al.

LAM-2001 trial (FILO, ex GOELAMS)

Daunorubicin : 60 mg/m?2 x 3d (total trial dose: 420-470 mg/m?)

vs. Idarubicin: 8 mg/m?2 x 5d (total trial dose: 88-104 mg/m?)

+cytarabine 200 mg/m2x7d

Favorable (CBF)

1.0 5
8 Lﬁ%\_‘_ﬂ
=
e 0.84
=
w
E 0.6 4
T 04
E — Dauncrubicin (Patients, n=57 - Events, n=20)
E B — |darubicin (Patients, n=>56 - Events, n=9)
o Log-rank test p-value=0.096
f e Cox-adjusted p-value=0.17

o 1 2 3 4 & & 71

Treatment arms  Patients al risk Time (years)

Dauncrubicin 67 63 50 53 51 48 48 40
Idarubicin 56 52 50 48 48 48 48 48

Treatment arms
Daunorubicin

Idarubicin

Probability of Overall Survival

Probabili ty of Cwverall Survival

Treatment arms

1.0+
0.8
0.6 1
0.4 1
0.2 —— Daunornubicin (Pafients. n=406 - Events, n=234)
= — idarubicin (Patents, n=412 - Events, n=213)
Log-rank fesl pvalue=0.084
0.04 Cox-adusted p-value=0.017
0 1 2 3 4 5 B 7

Patients at risk Time (years)

Daunorubicin ADG 200 2ar 104 181 163 144 124
Idarubicin 412 5[] 255 220 207 148 181 145
1.0 1 Intermediate Unfavorable
08 9 _ 1.0
% 0s
0.6 - <
& 08
]
04 - 2%
% 92 — Daunciubicn (paBiants, n- .-B.;-;-_-m-:. ]
— Daunorubicin (Patients, n=230 - Events, n=139) & | o e, s o 17 Lot 2
0.2 4 — |darubicin (Patients, n=238 - Events, n=114) "
Log—fank test p—\.ralue:t}_ﬂﬂdﬁ Treatment arme  Patients at risk Time {years)
0.0 Cox-adjusted p-value=0.0053 Dauonbich 78 46 28 19 16 15 15 18
2 r T T T T T ’ 1 Idarubicin as 53 n 24 21 18 16
0 1 2 3 4 5 3] T4
Patients at risk Time (years)
230 166 129 102 a6 85 78 71
238 194 158 135 128 122 110 a0



Anthracycline intensification during induction
Daunorubicin 90 mg/m2x3 standard of care (<60y)

e NEW ENGLAND JOURNAL of MEDICINE CLINICAL TRIALS AND OBSERVATIONS
| ORIGINAL ARTICLE I Benefit of high-dose daunorubicin in AML induction extends across
cytogenetic and molecular groups
Anthracycline Dose Intensification Marlise R. Luskin,' Ju-Whei Lee,2 Hugo F. Fernandez,® Omar Abdel-Wahab,*® John M. Bennett,® Rhett P. Ketterling,”
in Acute Myeloid Leukemia Hillard M. Lazarus,® Ross L. Levine,*® Mark R. Litzow,” Elisabeth M. Paietta,'® Jay P. Patel,* Janis Racevskis, '’

Jacob M. Rowe,"" Martin S. Tallman,® Zhuoxin Sun,? and Selina M. Luger'

A Al Patients
DNR 90 ma/m? vs. 45 may/mx 3 d1-d3 T oo * High-dose daunorubicin
mg/m? vs. 45 mg/ma3x - 5 ol ; : :
Ara.C IVC 100 mg/m2d1g_d7 2 o] benefits AML patients with
i o favorable and intermediate
If d14 >5% second induction % 04 i High dose : .
DNR 45 mg/m2 d1-d3 £ oo R cytogenetics and with FLT3-
Ara-C IVC 100 mg/m2 d1-d7 £ o poom Standard dose ITD, NPM1, and DNMT3A
o0 0 10 20 30 40 50 60 7 mutat | ons.
CR rate: 72% vs 57% o Median * High-dose daunorubicin is
Induction Treatment Total Deaths Censorad Survival .
Standard dose (45 mg/m?/day] 330 5_99 131 15.7 mo requlred for the favorable
High dose (30 mg/m?jday) 327 168 159 23.7 mo . -
impact of the NPM1 mutation
in AML.




Main therapeutic changes over time (real world data)

Anthracyclines (from 2010)
» Dose intensification during induction (DNR 90mg/m2x3d or IDA 9mg/m?2x5d)
* No longer used during consolidation
Reduced total dose (DNR 420 vs 270 mg/m? or IDA 88 mg vs 45mg) D L

TOULOUSE

Cytarabine (consolidation)
» Dose adaptation according to age (1.5g/m? if >50y) (Lowenberg B, Blood 2013)

Supportive care (new antifungals)

Dexamethasone in hyperleukocytic AML (Bertoli S, Haematologica 2018)

Molecular stratification in CR1 (NPM1, FTL3, CEBPA) guiding indications for allo-SCT

More allogeneic-SCT in CR1
2000-2004: 30% vs 50% in 2010-2014

No more autologous-SCT
» 2000-2004: 30% vs 2% in 2010-2014

Bertoli S, Blood Cancer Journal, 2017



Progress with the good old chemo before the era of novel drugs

Bertali et al. Blood Cancer Journal {2017)7:63%

DA 10.1038/541408-017-0011-1 Blood Cancer Journal

ARTICLE Open Access

Improved outcome for AML patients over
the years 2000-2014

TOULOUSE

D L

2000-2014
N=1649 patients

> N=24>2014
> N=28APL(2010-)

———= N=621 w/o intensive chemo

\ 4

N=976 patients treated by
intensive chemo
*513 patients < 60y
*463 patients = 60y

2005-2009 0.94 0.72-1.24

o Overall Survival
Si i Period
------ 2010-2014
< 60y n=513 — — 2005-2009
2 B ! 2000-2004
o
g | Nmg Tt
e Tl S
S
o
P=0.035
o aHR 0.66, 95% Cl 0.49-0.91; P=0.011
g ! ! T T T T
o 12 24 36 48 72 84
Analysis time (month)

95% C| IEN—

0.676

2010-2014 0.66 0.49-0.91

0.011

Age 2 50y 1.27 1.00-1.62
Secondary AML 1.91 1.43-2.57

Cytogenetic risk
Intermediate 3.09 1.83-5.21
Adverse 5.37 3.04-9.47
WBC > 50 giga/L 1.58 1.18-2.10

Allo-SCT in CR1 0.66 0.49-0.89

0.057
<0.001

<0.001
<0.001

0.002
0.006

Bertoli S, Blood Cancer Journal, 2017



Simplification of the chemo backbone in younger AML patients
(BIG-1 trial, ALFA-FILO French Intergroup)

F . f1l®

FRENCH INNOVATIVE
LEUKEMIA ORGANIZATION

* Induction

« Daunorubicin 90 mg/m? d1-d3 (270 mg/m?) vs. idarubicin 9 mg/m? d1-d5 (45 mg/m?)
Midostaurin added in patients with FL73-ITD/TKD
IDAC or HDAC as 2" induction course if failure

* Consolidation

« IDAC (1.5g/m?/12h x 3d) vs. HDAC (3g/m?3/12h x 3d)
« 3 cycles

« Allogeneic-SCT

« After 1 IDAC/HDAC (high risk) or 2 IDAC/HDAC (intermediate risk)
* MRD-guided



Acute Myeloid Leukemia (AML): Different Treatment
Strategies Versus a Common Standard Arm—Combined
Prospective Analysis by the German AML Intergroup

Bras standard

Cytarabine 100 mg/m?/d (CIV), d1-7
Daunorubicin 60 mg/m?, d3-5

2 cycles (C2 a

t d22)

Nothing better than « 3+7 »

Study A
Double induction by two courses of the standard-dose
cytarabine, idarubicin and etoposide (ICE)

Study B
High-dose cytarabine
(2 g/m? per day on days 1, 3, 5, and 7)

Study C

Double induction with standard-dose cytarabine
combination and early consolidation by intermediate-
dose cytarabine (1 g/m?/12 hours, d1-4) and
daunorubicin

Study D

Thioguanine, cytarabine, and daunorubicin (TAD) and
high-dose cytarabine and mitoxantrone (HAM) TAD-
HAM, or HAM-HAM, with TAD based on standard-
dose cytarabine (200mg/m?) and HAM based on high-
dose cytarabine (3 g/m?/12h, d1-3).

Study E
Risk-adapted intensified versus a standard-intensity
treatment strategy.

Overall Survival
(probability)

0

= Standard treatment arm, 5-year survival probability:
44.3% (37.7% to 50.7%)
Study A: b-year survival probahility: 41.4% (36.9% to 45.8%)
= Study B: 5-year survival probability: 46.6% (41.1% to 51.8%)
== Study C: 5-year survival probability: 47.5% (40.1% to 54.6%)
Study D: 5-year survival probability: 43.6% (39.6% to 47.6%)
Study E: B-year survival probability: 46.4% (41.0% to §1.7%)

n= 3,106 patients; 1,542 events

6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102
Time Since Start of Therapy (months)

MNo. at risk
Standard 302 200 127 80 56 32 12
treatment arm
Study A 828 576 286 227 115 44 16
Study B 373 239 186 126 8g 55 23
Study C 21 148 111 96 79 a7 15
Study D 771 486 352 256 176 119 59
Study E 621 378 245 134 53 14 4]
= Standard treatment arm, S-year survival probability:
1.0 44.8% (37.0% ta 52.2%)
= \ Study A: 5-year survival probability: 34.9% (30.0% to 40.3%)
= = Study B: 5-year survival probability: 46.7% (29.9% to 53.1%)
= 0.8+ — Study C: 5-year survival probability: 47.0% {39.0% to 54.6%)
= ‘E_ Study D: 5-year survival probability: 43.9% (39.2% to 48.5%)
w = 0.6 == Study E: 5-year survival probability: 47.3% {41.7% to 52.7%)
o5 YU
® B
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L2 0.4
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Wl o (L LI8 S A 11 R A B A R 1} 1 U R
8=
©
o 0.2+
o= .
n = 2,237 patients; 1,156 events
i T I T T T I 1 1 1 I I I T T T i
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102
Time Since CR/CRi in Induction Therapy (months)
No. at risk
Standard 204 127 76 43 3 17 6

treatment arm

Study A
Study B
Study C
Study D
Study E

608 247 234 130 686 22 10
272 174 128 86 58 31 1

171 105 &3 73 57 31 8
561 348 253 184 129 91 44
421 228 137 79 22 10 (i}



A third drug for high risk patients? The exemple of cladribine

Induction

DA

DNR 60 mg/m? d1-3, AraC 200mg/m? d1-7
DAC

+Cladribine 5 mg/m2 d1-5

DAF

+Fludarabine 25 mg/m2 d1-5

Consolidation
AraC 1.5g/m? d1-3, mitoxantrone 10 mg/m?2 d3-5
AraC 2 g/m?/12h 1V d1, 3,5

VOLUME

Overall Survival (probability) =

a0

JOURNAL OF CLINICAL ONCOLOGY

NUMBER 20 JULY 10 2012

Cladribine, But Not Fludarabine, Added to Daunorubicin
and Cytarabine During Induction Prolongs Survival of
Patients With Acute Myeloid Leukemia: A Multicenter,

gorzata Wack, and Olga Haus

== DAC, (n=222)
DAF, (n=219)
= DA, (n=211)

0 1 2 3 4 5

Time From Diagnosis (years)

q

DAC v DA
Favorable
Intermediate
Unfavorable
Undetermined

DAF v DA
Favorzable
Intermediate
Unfavorable

Undetermined

_ Reduced mortality Increased mortality
- 1 Ll
I
I
" : P=.07
I
——— P=74
]
I—-r—l: P=.04
!
e S P=.23
I
I
I
" | P=.62
- T
I
— 1 P=.22
I
—_— P=.02
I
= P=01
L
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Midostaurin for AML with FL73-ITD/TKD mutation

A Median Overall Survival

“ QRIGINALARTICEE ” 100"\\ Midostaurin  74.7 mo (95% Cl, 31.5-NR)
' 904 Placebo  25.6 mo (95% CI, 18.6-42.9)
Midostaurin plus Chemotherapy for Acute g %0 \\\ Gnesstded F-0.003 by ssatiied ngrany et
Myeloid Leukemia with a FLT3 Mutation 5§ ™ Qx
£ 60 B
3 b, P
Arm 1: :g 50 \jh_-m’"‘""\—‘-—---———;——-—- Midostaurin
Induction therapy ‘;E 04 Placebo
*Midostaurin 50mg oral twice daily d8-21 5 304
*Cytarabine 200mg/m?2 IV d1-7 & 204
*Daunorubicin 60mg/m? IV d1-3. 104
. . 0 T T T T T T T 1
Consolidation therapy 0 12 24 36 48 60 72 84 90
*Midostaurin 50mg oral, twice daily d8-21 Months
*Cytarabine 3,000mg/m?/12 h d1, 3, 5. No. at Risk
28 day cycle for up to 4 cycles. Midostaurin 360 269 208 181 151 97 37 1
Placebo 357 221 163 147 129 &0 30 1
Continuation therapy
o r: . : . i
Midostaurin 50mg oral, twice daily (twelve 28-day cycle). B Subgroupndysis
No. of
Arm 2: Placebo Patients Hazard Ratio (95% CI) P Value
. Overall 717 —— 0.78 (0.63-0.96) 0.009 (one-sided)
N=717 patients ITD (high) 214 ————+———1—10.80 (0.57-1.12) 0.19 (two-sided)
ITD (low) 341 ——————+— 0.81 (0.60-1.11) 0.19 (two-sided)
TKD: 22.6% TKD 162 : 055 (0.39-1.08) 0.10 (two-sided)
I T T T T T
ITD low: 47.6% 0.4 06 08 10 12
. . o, -2
ITD hlgh' 22.8% Midostaurin Placebo
Better Better

Stone R, NEJM 2017



Beneficial effect of midostaurin in FL73-ITD AML
across all 3 ELN risk groups

Subgroup analysis of the RATIFY trial according to the 4 NPM1/FLT3-ITD genotypes,
considering the FLT3-ITD AR (low, 0.05-0.5; high, > 0.5), n=427

A Favorable-risk group B Intermediate-risk group C Adverse-risk group
100 % - 100 % . po 100 %
Treatmant; Log-manke F=0.1 Treatment, Log-rank: P=0.007
— Placebo — Placebo
2 75% A 2 75% — Midostaurin 2 15%- — Midostaurin
= = S
: 3 :
S 50%- S 50% S 50%-
J= g =
IS = I
3 259l Treatment, Log-rank: P=0.092 & 25%- A 25%
— Placebo
— Midostaurin
0% 0% 1 0%
0 12 24 36 48 60 72 84 0 12 24 3% 48 &0 72 & 0 12 24 36 48 &0 72 84
Time since study entry [months] Time since study entry [months] Time since study entry [months]
Treatment Treatment Treatment
Placebo: 47 31 27 23 20 11 5 1 Placebo: 57 30 18 17 15 6 2 0 Placsba: Ed 31 14 12 1 5 3 0
Midostaurin: 38 31 29 27 23 16 9 0 Midostaurin: 54 43 b 27 23 13 0 Midostaurin: 68 51 34 30 23 1 3 0
NPM1mut/FLT3-ITDlow NPMTmut/FLT3-ITD high NPM1wt/FLT3-ITD high
NPM1wt/FLT3-ITD low

Do6hner K, Blood 2020



Beneficial effect of midostaurin in FL73-TKD AML

Survival in patients with a FLT3-TKD™" AML enrolled in the RATIFY trial

FParametars

1040 4 —— Midostaurin
— Placebo
—— ?5'
&
=
% 50
<]
Lol T .
P 1,204
ﬂ I L L L] L] L] L] L]
0 12 24 36 4B 60 72 84 96
Manths
g3 66 57 51 44 30 B 1
— B0 55 40 45 38 28 10

100 4 — Midostaurnin
— Placebo
— 75
=
|
g 50 4
2
(=%
£
25 1 HIR: 064 {055 G 045088
P4
D L} T Ll L] T L) L] L]
O 12 24 36 48 6 72 B4 088
Manths
—_—g3 44 36 32 28 16 2
— g0 2B 24 23 192 9 1

Multivariable analysis

0.968 1.001
. 0488 0809
0.827

1.001
00007 0982
0.0180 0.253

GT In first CR as a time-
OV

0.9282 0968

Owverall survival

e Ltk :.n.-
0.872-1.030
0.593-1.00%

0.135-0.586
0081070
0.470-1.569
0.476-1.969

| 04401481

Event-free supival

DB 1.005

. 0085 06686
0.246 0.906
0.0037 0.268
07683 | 0930
0.3652 0.639

0.983-1.027 _
0.889-1.003
0.189-0.624
0.1 1 0-0.652
0.570-1516
0.243-1,683

Voso MT, Blood 2020



Gilteritinib vs. midostaurin in FL73-mut AML

A phase 3, multicenter, open-label, randomized, study of
gilteritinib versus midostaurin in combination with induction
and consolidation therapy followed by one year maintenance in
patients with newly diagnosed Acute Myeloid Leukemia (AML)

or Myelodysplastic syndromes with excess blasts-2 (MDS-EB2)
with FLT3 mutations eligible for intensive chemotherapy

*

HOVON 156 AML / AMLSG 28-18

VON ©ee v “gfSAKK & PETHEMA

, CETLAM fil®

Grupo cooperativo de estudio y tratamien

Al Lk e Ao ation e las leucemias agudas y misioEspasas LAURAERTA & LymraoMa
..... FRENCH INNOVATIVE

LEUKEMIA ORGANIZATION

Other phase 3 trials
* QUANTUM-First NcTo2668653
Induction, consolidation and maintenance with quizartinib vs placebo

* ARO-0212 NcT03258931
Crenolanib versus midostaurin in combination induction and consolidation therapy

Patients with newly diagnosed FLT3-mutated AML / MDS-EB2 (age =18 yrs)

Amm A " Arm B
Ara-C: 200 mgém?, days 1-7 Ara-C: 200 mgim?, days 1-7
Induction cycle 1 Daunorubicin: 60 mgfm?, days 1,2 3 Daunorubicin: 80 mgim?, days 1,2 3
Midostaurin; 50 mg BID, days 8-21 (Amm A} Gilteritinib: 120 mg QD, days 8-21 [Am B}
v h
Ara-C: 1000 mg/m?, BID days 1-8 Ara-G: 1000 mg/m?, BID days 1-5
Induction cycle 2 Daunorubicin: 80 mgim?, days 1,2, 3% Daunorubicin: 60 mgim?, days 1,2, 3"
Midostaurin: 50 mg BID, days 8-21 (Arm &) Gilteritmib: 120 mg QD. days 8-21 [Am B)

—

Off protocol No CRICRIMLFS®
treatment

CRICRIMLFS®

Consolidation®
y option 1 aption 2 L .

Mitoxantrone: 10 mginy?, days 1-5% ; i "
Etoposide: 100 mgim?, days 1-5" A”':f“ i.JUO mafm’ dave 13

r{dr:dtstauriu' 50 mg BID, days 8-21 Midastaurin: 50 mg BID, days §-21 Auto-SCT Allo-SCT

. . m B:
m B o )
Gikeritinib: 120 mg D, days 8-21 SRl 120 mg G0, das &:21
—_—

= Seaae e

Off protocol No CRICRUMLFS®
trealment

CR/CRIMLFS"

Arm AL
Maintenance * Midostaurin: 50 mg EID. up to 1 yr
Arm B

Gilteritinib: 120 mg OD, up to 1 yr

Off profocol treatrment

# patients = 61 years of age will receive induction cycle 2 without daunorubicin

* depending on risk classification and study group

" Note: patients who have no signs of leukemia bul de not formally fulfill the criteria of CRICRI {morphologic leukemia free state (MLFS)
ing to ELN2017 tion| are also allowed to continue treatment on protocal

& patients 61 years of age will receive consolidation chemo option 1 with dose adjustment of metoxantrone (days 1-3)

% patients 2 81 years of age will recewe consolidation chemo option 1 with dose adjustment of etoposide (days 1-3)

B patierts = 61 years of age will receive consclidation chemo option 2 with dose adjustment of ara-C to 2000 mgim®

§ akernatvely, palients in CR may proceed directly to maintenance treaiment withoul receiving consofidation treatment




IDH1 (ivosidenib) or IDH2 (enasidenib) inhibitors in R/R AML

Regular Article @ blood | ORIGINAL ARTICLE |

CLINICAL TRIALS AND OBSERVATIONS

Isocitrate dehydrogenase (IDH) is a critical enzyme of the citric acid cycle Enasidenib in mutant IDH2 relapsed or refractory acute Durable Remissions with Ivosidenib in
myeloid leukemia IDH1-Mutated Relapsed or Refractory AML

Eytan M, Stein,'*" Courtney D. DiNardo.>" Daniel A, Pollyea,” Amir T. Fathi,>® Gail J. Roboz,>’ Jessica K. Altman,®
Richard M. Stone.” Daniel J. DeAngelo,” Ross L. Levine,’ lan W. Flinn,'® Hagop M. Kantarjian,® Robert Collins,"

IDH mutations occur in a spectrum of solid and hematologic tumors Marish R, Patel Artur E. Frankel,'" Anthony Stein,'® Mikkael A. Sekeres,"” Ronan T. Swords," Bruno C. Medeiros, " C.D. DiNardo, E.M. Stein, S. de Botton, GJ. Roboz, J.K. Altman, A.S. Mims,
Christophe Willekens,"'® Paresh Vyas,>*° Alessandra Tosolini,>' Qiang Xu.?' Robert D. Knight*' Katharine E. Yen,” R. Swords, R.H. Collins, G.N. Mannis, D.A. Pollyea, W. Donnellan, A.T. Fathi,
¢« |IDH1 mutations: 6-10% of AML and 3% Of MDS N Sam Agresta.?? Stephane de Botton,'”-"*! and Martin S. Tallman'2! A. Pigneux, H.P. Erba, G.T. Prince, A.S. Stein, G.L. Uy, ].M. Foran, E. Traer,

Tumor cell R.K. Stuart, M.L. Arellano, J.L. Slack, M.A. Sekeres, C. Willekens, S. Choe, H. Wang,
V. Zhang, K.E. Yen, S.M. Kapsalis, H. Yang, D. Dai, B. Fan, M. Goldwasser, H. Liu,
S. Agresta, B. Wu, E.C. Attar, M.S. Tallman, R.M. Stone, and H.M. Kantarjian

* |IDH2 mutations: 9-13% of AML and 3-6% of MDS

Mitochondrion

Citrate
IDH1/2 mutations confer a gain-of-function: kot ORR: 40-50% A Ovnl S
« production of 2-hydroxyglutarate (2-HG) o \ ° s s al
« Biomarker (anin, JCO 2013) i NADPH Surviemédiane: 9 mois | :
IDH2 4 Y
aKG IDH1 é :;
2-HG drives multiple oncogenic processes: ol om -
+ increased histone and DNA methylation mastant R I ,;h NI
+ impaired cellular differentiation Nt er No.atRisk R S A (P T S T T T

Epigenetic changes
Impaired cellular
differentiation

B Overall Survival According to Response

CR or CR

No. at Risk




HOVON150/AMLSG 29-18 IDH1/2 AML

patients 218 years of age with newly
diagnosed AML or MDS-EB2 with an
IDH 1 mutation

armB

cycle 1 [ ara-C 200 mgim?(d1-7) ara-C 200 mg/m? (d1-7)
daunorubicin 80 mg/m* (d1-3) daunorubicin 60 mg/m* (d1-3)
placebo 500 mg(d1~end) ivosidenib 500 mg(d1-end)

cycle 2 | ara-C 1000 mg/m? (BID. d1-6) ara-C 1000 mg/m* (BID, d1-6)
daunorubicin 60 mg/m? (d1-3)" daunorubicin 80 mg/m? (d1-3)*
placebo 500 mg(d1 - end) ivosidenib 500 mg (d1- end)

oftprotocol ——DC.CRCRT
[ cricrr
l option 1 option 2 ] up to 3 cycles l l
mitoxantrone 10 mg/m” (d1-5)€ 3
7 3 ara-C 1500 mg/m* (BID, d1.2,3)*
APoRCe 1COMAN 1SS | | aninA
placebo 500 mg (d1-end) mf"’aub"m mg (d1-and) auto-SCT || allo-scT
“":‘vg.dmm"‘gm_md, ivosidenib 500 mg (d1-end)
oftprotocol «"2.CRUCRS v
l CRICRI*
maintenance* umA

placebo 500 mg (up to 2 years)
am B
| osidenib 500mg (up to 2 years)

off protocol

*patients = 81 years of age will receive induction cycle 2 without daunorubicin

* depending on risk classification and study group
* note: patients who have no signs nmunmu but do not formally fulfill the criteria of CR/CRI (morphologic leukemia free stats (MLFS)

ELN2017 Isc allowed to cunhma treatment on protocol
@ patients 2 81 yunofcuowdl..“ L) ption 1 with dose ad) of (days 1-3)
h 1 with dose of (days 1-3)

“patients z 61 years of age will receive
* patients = 81 years of age will raceive consolidation chemo opﬂoﬂ 2 with dose adjustment of ara-C to 1000m9{m-
without

¥ alternatively, patients in CR/CRUMLFS may

yto 9

STuDY ﬁ I ©
VU N GR O U P e e FRENCH INNOVATIVE

Alfs Laskemia Franch Asso ciation

patients 218 years of age with newly
diagnosed AMLor MDS-EB2 with an

IDH2 mutation
(R)
armA ~—r’ amB
"
cycle 1 | ara-C 200 mg/m? (d1-7) ara-C 200 mg/m?(d1-7)
daunorubicin 80 mg/im* (d1 3) daunorubicin 80 mg/m* (d1-3)
placobc WOmg (d\ | onnldomb 100 mg (d1—end)
cycle 2 | ara-C 1000 mg/m? (BID, dI-B) -r-—C 1000 mg/m?(BID, d1-8)
daunorubicin 60 mg/m? (d1-3)* daunorubicin 60 mg/m? (d1-3f*
| placebe 100mg(d1—end) | enasidenib 100 mg (d1-end)
off protocol 2o CRICRY
[ ‘CRICRI
l option 1 option 2 ] up to 3 cycles [ l

mitoxantrone 10 mg/m? (d1-5)8

ot jcle 100 mg/m? (d1-5)% :r;‘c 1500 mg/m? (BID, d1,2,3)*

arm A
placebo 100 mg (d1-end) -t 100 ma (d+:and) suto-SCT | | allo-scT
am B
enasidenib 100 mg (d1 ) enasidenib 100 mg (d1-end)
oftprotocal 2 CRICRT
l CRICRI*
maintenance* .

armA:
placebo 100 mg (up to 2 years)
amB
enasidenib 100 mg (up to 2 years)

off protocol

*patients = 61 years of age will receive induction cycle 2 without daunorubicin

" depending on risk classification and study group

~ note: patients who have no signs of leukemia but do not formally fulfill the critena of CR/CRi (merphologic leukem:a free state (MLFS)
dingto ELN2017 are also allowed to continue treatment on protocol

b paﬁonu 2 81 years of age will receive consolidation chemo option 1 with dose adjustment of mitoxantrone (days 1-3)

‘pahoniszm years of age will receive L ption 1 with dos: of (days 1-3)
4 patients = 81 years of age will receive consolidation chemo npuan2 with dose adjustmentof ara-C to 1000mg/m
* alternatively, patients in CR/ICRIMLFS may p tyto without

LILIG
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Addition of Gemtuzumab ozogamycin (GO) to « 3+7 »

Lancet Oncol 2014

Addition of gemtuzumab ozogamicin to induction
chemotherapy in adult patients with acute myeloid
leukaemia: a meta-analysis of individual patient data from
randomised controlled trials

Robert K Hills. Sylvie Castaigne, Frederick R Appelbaum, Jacgues Delaunay, Stephen Petersdorf, Megan Othus, Elihu H Estey, Hervé Dombret,
Sylvie Chevret, Norbert ifrah, Jean-Yves Cahn, Christian Récher, Lucy Chifton, Anthony V Moorman, Alan K Burnett

MRC AML15: 3 mg/m?

NCRI AML16: 3 mg/m?

ALFA 07-01: 3 mg/m°x3 (FDA/EMA approved)
GOELAMS AML-IR2006: 6 mg/m?

SWOG 01-06: 6 mg/m?

Addition of GO:

*no T CRrate: OR 0.91; P=0.3

* did not increase mortality: OR 1.13; P=0.4

* improved survival: OR 0.89; P=0.01

* reduced relapse: OR 0.81; P=0.001

* improved survival: OR 0.90; P=0.01

* highly significant survival benefit for favorable risk (OR
0.47; P=0.006)

Owemll survival (%)

Dverall sorvival (%)
i
=]
|

Difference 373 (SD 2-0)
Lo rank p=0-01

A0 — -____i___35-6*.». 3439
e — 8.8

FIE 306m
20—

10— B O ANocated to gemiuvzumab crogamicin

o T T T

® O Allocaved to no gemtuzumab ozogamicin

L£] 1 2 3

Years

T T T
4 5 [

Aonnual event rates Years 1-5 Years 6+

GembEumab ozogamicin

267 %SD08 35%sSDO-8

Mo gemtuzumab czogamicin 29-5% SD 09 5.2 % 500 1-0

100 CBF

Difference 207%

ol AN
70 \f‘ (SD65)
550% 548%

@ 0 Allocated to gemtuzumab ozogamicin
104 @3 Allocated o no gemtuzumab azogamicin

D
Intermediate B

- \:\\‘\i J
04\ s -‘
4\
|\
1\
\
1
\
\
0

T T T 1T 71T 1 T T T
0 1 2 3 4 5 b 1 2 3
s Years
Annual event rates Years1-5 Years 6+ Annual event rates

Gemtuzumab orogamiin 58%5011  23%5013
Nogemtwumab ozogamicin - 141%501.9 00%SD 0O

Gemtuzumab ozogamicin
No gemtwumab azogamicn

Unfavorable

Difference 2:2%
5098
Log-rank p=0.9

L

738%5046 24%5024

T T 1 T ) 1
5 6. 0 3 4 S b
ars
Years1-5 Years 6+ Annual event rates Years1-5 Years 6+
24%5010  27%SD09  Gemtwrumab czogamicin

262%5011  49%SD13  Nogemtuzumab czogamicin

767%S5D48 211%5D105



%CD33 positive blasts (median)

100% o

B0% -

G0% -

A0% -

20%

Mutational profile and GO benefit (aLra-0701, 50-70y)

Pearson = -0.67

0.2 04 06 c.ls 1 1:2 1.4 16 18
Hazard ratio for EFS {GO vs non-GO)

B e

B signaling

B Transcription
Methylation

Il Chromatin

B Cohesin
Spliceosome

Il Suppressor

KEY POINTS

® The benefit of GO in
non-CBF AML patients
with favorable or
intermediate ELN
2017 risk is restricted
to those with signaling
mutations.

® Higher CD33
expression levels on
non-CBF AML blasts
correlate with the
presence of activating
signaling mutations.

High CD33 expression
Signaling mutations

o\

RER .
\ @ JAK2 /
PTPN11 & YA
v
NRAS ™S
Benefit
from GO

/ Gemtuzumab
/) Ozomamycin (GO)

1.00

0.80

0.60

0.40

Qverall survival
(probability)

0.20

0.00 o

Number at risk
Control arm/No sign
Centrol arm/Sign+
Go arm/No sign

Go arm/Sign+

ELN-Favorable/Intermediate

— Go arm/ No sign

= Control arm/ No sign
= = Go arm/ Sign+

= = Control arm/ Sign+

} p=0.79
} p=0.01

1 5
]
Vol i i e B

Interaction, p=0.07

g 4 2 & % 5
Time(years)

24 19 14 7 3 0
42 24 17 12 5 1
32 26 20 19 10 0
42 36 28 18 11 4

Fournier E, Blood 2020



GO in AML with NPM T mutation

® Gemtuzumab Ozogamicin in NPM1-Mutated
- Acute Myeloid Leukemia: Early Results From the

5 PrDSpECtiVB Randomized AMLSG 09-09 Phase TABLE Al. Response to Induction Therapy 100 - st e o
= 1l Study No. of Patients (%) e 0 o
B e w Response Standard Arm GO Arm |
¥ Michael Liibbert, MD%; Mohammed Wattad, MD'"; K-ﬂharimhﬁam. Mp; MIIJ\IZ:L Harst, MO, PR Elihﬁl?:‘lfnhﬁull:;l:ﬂﬂ:; i > > %
U&uzlz(:‘:al:;s?‘:m;:ﬂ;:::?i;;;t? L;;.::;.:::h:rs;mm. MD*2; Id;i:;-;nll Eir‘s‘ch;knfsky. MD”:‘:‘?{Ia:e:dal JBal-::m. M;: DIS:I:: I A” patlentsd 296 292 t_>=
Axel Benner, Dipl-Stat*; Felicitas Thol, MD?%; Michael Heuser, MD™; Amald Ganser, MDP®; Konstanze Dobner, MD'; and s
et CR 163 (55.1) 134 (45.9) g .
CRi 10338 116397 &
RD 16 (5.4) 12 (4.1) 2
25 4
Deaths 17 (5.7) l 30 (10.3) l
Induction therapy (2 cycles of ICE+ATRA +/- GO) T P
° : : : ; : ;
*GO, 3 mg/m2 d1 Time (years)
! Treatment as randomized
o 00 It 292 oo w 5 - p 2
*|darubicin 12 mg/m? 1V d1, 3, and 5
[in cycle 2 and for patients > 60y, reduced to d1 and 3]
380 Treatment as randomized
—— Standard
*Cytarabine 100 mg/m?continuously IV d1-7 T SO lepenmentad
;;: 76
*Etoposide 100 mg/m?1V on days 1 to 3 2
[in cycle 2 and for patients>60y, reduced to d1 and 3] -
= 50
*ATRA (45 mg/m?orally [PO] on d6 to 8 and 15 mg/m? PO on d9 to 21 é
S 25
Consolidation therapy
Ape-stratified HA, 0.66; 95% Cl, 0.49 to 0.88; P = 005
Q - T T T T T
* o 1 2 3 4 5 8
HDAC/lDAC (>6Oy) + ATRA (3 .CyC|eS) Time Since CR/CRi (years)
*GO 3 mg/m?, d1 of consolidation 1 eewial " "

GO {axparimantall 254 180 14 80 64 1] 2



CPX-351: a new way to deliver intensive chemotherapy

5 \ “-litl/ iy
‘\ | = @® Dual-drug liposomal encapsulation of cytarabine and daunorubicin
= =" ® 100 nm bilamellar liposomes
'};'.f ‘ "" .
.o .. ® 5:1 molar ratio of cytarabine to daunorubicin
e | ® Maximally synergistic and minimally antagonistic anti leukemia
—® gggg & Daunorubicin aCtIVIty n V/Z‘TO

Cytarabine
B Cholesterol .ty

® Prolonged drug exposure

® Accumulates in BM with preferential uptake by leukemia cells

Lim, W. S,, Leuk Res, 2010
Mayer L, International Journal of Nanomedicine 2019



Randomly allocated

(N=127)
Allocated to CPX-351 (n=86) Allocated to 7+3 (n=41)
Never treated (n=1) Never treated (n=0)
Evaluable for safety (n=85) Evaluable for safety (n=41)
Evaluable for Response (n=84) Evaluable for Response (n=41)
| Evaluable for O5 {n=85) | Evalusbie for O5 fo=41)]

e First-line CPX-351 vs 7+3
control in newly diagnosed
AML improves 60-day
mortality, remission rate, and
OS (HR = 0.46, P = .01) in
SAML subset.

Phase 2 trial of CPX-351 vs 3+7 in older adults with untreated AML

D Overall Survival All Patients
100% Median
Deaths / N in Months
T+3 2714 129 (6.7,22.4
80% - CPX-351 58 / B5 14.7 (10.6, 18.1)
° Logrank P-value = .61
60% n
40% —
w
20%
0% T T T T T 1
0 12 24 36 48
Months from randomization
F Overall Survival sAML Patients
100% - Median
] Deaths /N in Months
7+3:sAML 18719 6.1 E‘l 4,7.5)
80% — CPX-351:sAML 23/33 12.1 (9.1, 17.5)
Logrank P-value = .01
60'%\ = LLLLi
409’0 N 1
4 S T T S S — |
20% -
0% T T T T T 1
0 12 24 36 48

Months from randomization

Lancet JE, Blood 2014



Phase 3 Study of CPX-351 vs Standard Induction in Older Patients with
Newly Diagnosed High-Risk AML

Consolidation 2
CPX-351

Induction 1 Induction 2** Consolidation 1

CPX-351* CPX-351 CPX-351
100 units/m? 100 units/m? 65 units/m?
Days 1, 3 and 5 Days 1 and 3 Days 1 and 3

65 units/m?

Days 1 and 3
Key Eligibility

Previously untreated
Ages 60-75 yrs

Fit for chemo

PS 0-2

Induction 1 Induction 2** Consolidation 1 | Consolidation 2
Stratifications: Dauno 60 mg/m?x3 Dauno 60 mg/m?x2 Dauno 60 mg/m?x2 Dauno 60 mg/m?x2
*t-AML Ara-C 100 mg/m?x7 Ara-C 100 mg/m?x5 Ara-C 100 mg/m?*x5 Ara-C 100 mg/m?x5

*History of MDS w/ and w/out
prior HMA Rx

*History of CMML

*de novo AML with MDS n=156

karyotype . . .
*60-69 yrs Primary Endpoint: Overall survival

*70-75 yrs

*1 unit = 1 mg cytarabine + 0.44 mg daunorubicin
** if residual BM blasts at d14
Allogeneic-HCT was performed at the discretion of the treating physician. Lancet JE, JCO 2018



CPX-351 improves response rate and OS
in High-Risk AML patients selected for intensive CTx

Response
60
37.3% 47.7%
25.6% 33.3%
;\3 40
z
5
LR m CPX-351
o
3+7
0
CR CR+CRi
OR(95%Q) 1.69(1.03,2.78) 1.77(1.11,2.81)
Overall survival
100 4
Events/No. Median survival
of patients (95% Cl}, years
— 804 CPX-351 104/153 9.56 (6.60 to 11.886)
==
— HR, 0.69
g 60 One-sided P=.003
f=
=
w
B
@
=
o

0 3 6 9 12 15 18 21 24 27 30 33 36

Time Since Random Assignment (months)
No. at risk
CPX-361 153 122 82 78 62 46 34 21 16 11

5]

Lancet JE, JCO 2018

Figure 2. 0S by Age Subgroup

Survival (%)

CPX-351

Survival (%)

A. Ages 60 to 69 Years
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Five-Year Final Results
Lancet JE, ASH 2020



Landmark survival analysis from SCT

Figure 3. 0S Landmarked from the Date of HCT
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Safety of CPX-351: a more favorable toxicity profile

Febrile neutropenia | ) 1 CPX-351
Fatigue I | N
Pneumonia il | | ] ANC> 0.5 35 29
_ _ Median (days)
Hypoxia = | | |
Hypertension Il |
Bacteremia . Platelets>50 36.5 29
Sepsis ] Median (days)

Respiratory failure
B Grades 1 and 2

Ejection fraction 1 | Grades3to 5
decreased_______ | Day-30 death 5.9% 10.6%
75 50 25 o 25 50 75
Patients (%)
CPX-351 Wy s tDay'6O death 13.7% 21.2% J
| \,
Lower rate of adverse events per patient-year with CPX-351 Also seen in phase Il trials (first line and relapse)

Lancet JE Blood 2014; Cortes J, Cancer 2015

Lancet JE, JCO 2018



CPX-351 for patients with therapy-related AML or AML with
myelodysplasia-related changes

Review Series

THE UPDATED WHO CLASSIFICATION OF HEMATOLOGICAL MALIGNANCIES

The 2016 revision to the World Health Organization classification of
myeloid neoplasms and acute lenkemia

Acute myeloid leukemia (AML) and related neoplasms 2 ; .
Danigl A, Aroer,' Attilio Orazi® Hobert Hasserjian,® Jurgen Thiele,* Michael J. Borowitz,® Michelle M. Le Beau® Cytogenetic abnormalities

AML with recurrent genetic abnormalities Clara D. Bloomtield,” Mario Cazzola,” and James W. Vardiman®
AML with 1(8:21)(q22:q22.1); RUNXT-RUNXTT1

AML with inv(18)(p13.122) or (16:16)(p13.1:q22): CBFB-MYH11

Complex karyotype (3 or more abnormalities)
Unbalanced abnormalities

APL with PML-RARA —7/del(7q)

AML with (9;11)(p21.3:q23.3): MLLT3-KMT2A del(5q)/t(5q)

AML with 1(6;9)(p23;q34.1); DEK-NUP214 i(17Q)(17p)

AML with inv(3)(q21.326.2) or 1(3;3)(q21.3;426.2); GATA2, MECOM AML M RC if: —13/del(13q)

AML (megakaryoblastic) with 1(1;22)(p13.3,q13.3);RBM15-MKL 1 del(11q)

Provisional entity: AML with BCR-ABL1 * I\/Iultilineage dysplasia - > 50% dffltmp)ﬁ(ﬂpl

AML with mutated NPM1 . . ) . idic(X)(q13) -

AML with biallelic mutations of CEBPA dysplastlc cells in at least 2 cell lines B*z:‘:ﬁ;‘:}'{::;‘;’:;";;"s
Diicisisises e s iXT (unless NPM1 or CEB PAI™ mutatio ns) 1(3:21)(q26.2,q22.1)

1(1,3)(p36.3;921.2)

Therapy-related myeloid neoplasms
AML, NOS
AML with minimal differentiation
AML without maturation
AML with maturation
Acute myelomonocytic leukemia
Acute monoblastic/monocytic leukemia
Pure erythroid leukemia
Acute megakaryoblastic leukemia
Acute basophilic leukemia
Acute panmyelosis with myelofibrosis

* History of MDS

* MDS-related cytogenetic
abnormalities (unless del9q)

t(2;11)(p21,923.3)
1(5;12)(q32;p13.2)
1(5:7)(q32:q11.2)

1(5;17)(g32;p13.2)
1(5:10)(g32;21.2)
1(3;5)(925.3;q35.1)




Local assessment

AML with myelodysplasia-

Sagmont et o, BMC Cancer (2017) 17852
DOI 10,1186/412865-017-3803-6

BMC Cancer

[RESEARCH ARTICLE

i3

Azacitidine improves clinical outcomes in
older patients with acute myeloid
leukaemia with myelodysplasia-related
changes compared with conventional care
regimens

lohn F. Seymour'”®, Rantmut Dahner”, Aleksandra Butrym”, Agnieszka Wierzhowska’, Dominik Selleslag,
Jun Ho lang’, Rajat Kumnar®, James Cavenagh®, Andre C. Schuh'®, Anna Candoni'", Christian Récher™

Irwindeep Sandhu'?, Teresz Bermal del Castillo™, Haifa Kathrin ALAL', Jose Falantes'®, Richard M. Stong'’,
Mark D. Minden'”. Jemry Weaver'®, Steve Songer™, € L Beach™ and Hervé Dombwet'”

Central review

related changes

Prior MDS
n=79

28

MDS-related Multilineage
cytogenetics dysplasia
n=138 n=153




Response criteria and evaluation of
minimal/measurable residual disease

« Complete blood count + bone marrow aspiration (ELN2017, Dshner H, Blood 2017)

« CR/CRi/MLFS /PR (+ CRh)

 CR without minimal residual disease: CRMRD— Diagnosis and management of AML in adults: 2017 ELN

recommendations from an international expert panel
Hartm ¢ Estey” % x

* MRD by molecular biology (BM/blood, RT-qPCR) (schuurhuis GJ, Blood 2018)

. RoNxRUNE
o RUNXT-RUNXTTT Special Report

b NPM7 Minimal/measurable residual disease in AML:
a consensus document from the F.m'npe;m
).

Leukemis

L Jomenmn,' | Waliga

* MRD by flow cytometry (schuurhuis GJ, Blood 2018)
« LAIP/Different from normal
e Leukemic stem cells

 MRD by NGS (M. Jongen-Lavrencic, NEJM 2018)
* non-DTA mutations (DNMT3A, TETZ2, ASXLT)



Minimal/measurable disease
a tool to better assess response and stratify treatment

I'he NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE |

Assessment of Minimal Residual Disease
in Standard-Risk AML

A. lvey, R.K. Hills, M.A. Simpson, J.V. Jovanovic, A. Gilkes, A. Grech, Y. Patel,

N. Bhudia, H. Farah, |. Mason, K. Wall, S. Akiki, M. Griffiths, E. Solomon,

F. McCaughan, D.C. Linch, R.E. Gale, P. Vyas, S5.D. Freeman, N. Russell
A.K. Burnett, and D. Grimwade, for the UK National Cancer Research Institute

AML Working Group

NPM1 mutational transcript

Reverse-transcriptase quantitative polymerase-chain-reaction (RT-qPCR)

*Blood (and/or bone marrow)
No. of % . .
rients pecent *After 2 cycles of intensive chemo

57 74
22 [
kD] 8

Same message for AML with RUNXT-RUNXTTT or CBFB-MYH11

(CBF-AML)

A Overall Survival
Ne. of Patients  No. of Events
MRD-negative 164 40

RO itive 30
MRD-posifive ——

MRD-negative 73%

754
£
3 o4
£
a
254
o T T T T 1
1 z 3 4 g
Years since Entry
No. at Risk
MRD-negative 164 144 116 7 39 &
MRD-positive 30 18 10 5 3 2

B Relapse in All Patients

No. of Patients  No. of Events

MRD-negative 164 50
MRD-positive 30 Peo0ol 5
100
MRD-positive 869
== 178
£
g o
= MRD-negative  34%
&
5
O T T T T 1
1 ? 3 4 -
Years since Remission
MNa. at Risk
MRD-negative 164 120 2 fid 33 3
MRD-pasitive 30 12 5 4 1 1

C Relapse in Patients without FLT3-ITD Mutations
Me. of Patients  MNe. of Events

MRD-negative 105 30
MRD-pasitive 11 8
P=0.001
100
MRD-positive  76%
73 =

MRO-negative 33%

Relapse (%)
Z

P
e

O T T T T 1
1 2 3 4 x
Years since Remission
No. at Risk
MRD-negative 105 30 62 41 21 4
MRD-positive 11 5 2 2 0 0

D Relapse in Patients with FLT3-ITD Mutations
Me. of Patients  MNe. of Events

MRD-negative 56 15
MRD-positive 1% 16
P=0.001
100 MRD-positive 92%

MRD-negative 359

Relapse (%)
g

No. at Risk
MRD-negative 56 37 0 i 12 2
MRD-positive 18 7 3 Z 1 1

E Relapse in Patients without DNMT34 Mutations

No. of Patients  No. of Events
MRD-negative 70 12
MRD-positive 6 5
MBL:pesiitv Po0.001

&
w
]
oy
= MRD-negative  29%
T L) 1
3 4 5
Years since Remission
No, at Risk
MRD-negative 70 54 44 10 17 5
MRD-positive 6 2 a a a o

F Relapse in Patients with DNMT3A Mutations

No. of Patients  No. of Events
MRD-negative

MRD-positive 17 P_oi004 13
100
MRD-pasitive  76%
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g 50 :
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Years since Remission
Ne. at Risk
MRD-negative 56 7 Fi] 19 & o
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Molecular Minimal Residual Disease
in Acute Myeloid Leukemia

M. Jongen-Lavrencic, T. Grob, D. Hanekamp, F.G. Kavelaars, A. al Hinai,
A. Zeilemaker, C.A.J. Erpelinck-Verschueren, P.L. Gradowska, R. Meijer, |. Cloos,
B.). Biemond, C. Graux, M. van Marwijk Kooy, M.G. Manz, T. Pabst, J.R. Passweg,
V. Havelange, G.J. Ossenkoppele, M.A. Sanders, G.J. Schuurhuis, B. Lowenberg,
and P.J.M. Valk

*Targeted next-generation sequencing
*Flow cytometry

*Bone marrow
*After 2 cycles of intensive chemo

Minimal/measurable disease
a tool to better assess response and stratify treatment
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Modern approach to AML treatment in 2020

Assessment of patient characteristics
(age, comorbidities, performance status, prior exposure to chemotherapy or
radiotherapy)

Comprehensive profiling of AML

(morphology, immunophenotype, cytogenetics, molecular analysis)

I

|
Patient ELIGIBLE for intensive Patient INELIGIBLE for intensive
chemotherapy chemotherapy

e | ] [ i

CBF-AML FLT3 mutation Others t-AMLor AML-MRC FLT3 muﬁtation Others IDH1/2 _'mutation
L ki Ad e y— -
: : . : A

Intensive chemo inteee Intensive
CPX-351

HMA + venetoclax or
LDAC + venetoclax or
I DAC + glasdegib

y chemo
60 + FLT3 inhibitor Clie

T T 1 \4
Intermediate-risk cytogenetics IDH1/2 mutation [ESEERERE .
s .J‘ +/- HMA
Add
venetoclax? IDH1/2

inhibitor? venetoclax

IDH1/2
inhibitor
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SCT or Maintenance?




