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Agenda

LEvolution of the therapy Iin
oncohematology

OBCR-ABL1 as TKls and
asciminib target in CML

UPML-RARalpha as target of
ATRA therapy in APL

| DJAKZ2 mutated as target of
ruxolitinib in MPNs

il ery s JFLT3-ITD and IDH2 mutated as

Marie and Pierre Curie
started to treat tumor

3000 B.C.-1890 by using X-Rays 1940 and molecular alteration 2010 .
- O I O 3D target of target therapy in AML
Surgical Treatments 1900 Chemotherapy 1980 Checkpoint Inhibitors

Use of Monoclonal
Antibodies able to
stimulate the immune
system against cancers

Development of antitumor
drugs for the treatment of
hematological and solid
tumors

Surgical treatment or
cauterization of tumors as
the only therapeutic option

Falzone et al., Frontiers in Pharmacology 2018



TERAPIA TRADIZIONALE NUOVI BERSAGLI

Ridotta tossicita
Maggiore specificita antitumorale
Terapia individualizzata

FARMACI
CHEMIOTERAPICI
In grado di interferire con

la replicazione cellulare CELLULE NEOPLASTICA

d Y g T N

CRESCITA RESISTENZA DIFFUSIONE

Contro le cellule Contro i tessuti
tumorali sani | progressi della biologia cellulare e molecolare

hanno identificato nuovi bersagli terapeutici

TERAPIA IN ASSOCIAZIONE:

v T dell’effetto citotossico massimale e | della tossicita

v' possibilita di uccidere cellule con caratteristiche diverse in
popolazioni tumorali eterogenee

v | della probabilita di sviluppo di cloni resistenti



Molecular targets of targeted therapy
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Cell growth
Angiogenesis

Interaction
inhibition 03 e
Ramucirumab

EGFR inhibitors:
Gefitinib
Erlotinib
Afatinib
Lapatinib

Osimertinib

VEGFR inhibitors:

Sunitinib
Sorafenib
Pazopanib

Axitinib
Regorafenib
Vandetanib

Treatments affecting specific molecular targets

Tumour targets — processi biologici della neoplasia

:

Intracellular signalling
Downstream transduction enzymes

’ Cell-cycle control

Mediators of cell division

Growth factor stimuli ‘

Exogenous growth factors

Host targets — processi biologici nell’ospite che facilitano la crescita
o la diffusionedella neoplasia

Invasion/metastasis
The movement and
dissemination of
tumour cells

Angiogenesis
The growth of new

blood vessels

Vascular targeting
The destruction of existing
blood vessels

Falzone et al., Frontiers in Pharmacology 2018



Leucemia acuta: terapia nell’adulto

LAM

7 giorni citarabina + 3 giorni antraciclina
corticosterodi, vincristina, asparaginasi

’ Diagnosis

Treatment

Identification of

Role of MRD leukaemia

associated
markers

Novel Agents

Pre-transplant

Relapse-risk
stratification

Midostaurin
CPX-351
Venetoclax based
regimens

(anti-BCL2)

Peri-transplant

Selection of
conditioning intensity
and GVHD prophylaxis

Treosulfan
Thiotepa
Radioisotope
labelled antibodies

Post-transplant

Maintenance

Selection of
candidates for
maintenance and pre-
emptive interventions
e.g. DL

CCARE Farmaci target-specifici
FLT3 inhibitors (e.g. anti-FLT3, anti-

Targeted agents

Immunotherapy CD33, anti -lDHl, anti-
IDH2).



Leucemia acuta: terapia nell’adulto

LLA

- Diagnosis Pre-transplant Peri-transplant
Treatment ¥ Condiionine
REnsmoteneyl) a—
Corticosteroidi Methotrexate
Vincristina Citarabina
Antracicline Ciclofosfamide
Asparaginasi Etoposide

Mitoxantrone
Asparaginasi

Novel Agents

Farmaci target-specifici (e.g.TKls, anti-

Post-transplant

6-mercaptopurina
Methotrexate
Vincristina
Daunorubicina

CD20, anti-CD19/CD3, anti-CD22) e CAR-T



Mieloma Multiplo: terapia nell’adulto

( Doppio trapianto autologo |

Induction ASCT Treatment of
: Maintenance Relapsed Targ eted Immun Oth erapy

Th ’
Tery Consolidation Disease

Monoclonal antibodies Checkpoint inhibitors

Supportive Care

PD-L1Y K (

Farmaci che targettano il clone neoplastico e il

microambiente midollare:

1. Cortisonici, alchilanti

2. Immunomodulatori (IMiDs) (Lenalidomide e
Pomalidomide). \

3. Inibitori del proteasoma (PlIs) (Bortezomib) SR B Aty i Cories

Ab monoclonali, es. daratumumab anti-CD38,

elotuzumab (anti-SLAMF7), venetoclax (inibitore di

BCL-2), CAR-T.

CAR-NK cells

B

L. Xu et al., Cell Death Discovery (2024)



BCR::ABL1 as target of TKIs therapy and asciminib

CHRONIC MYELQOID LEUKEMIA



CHRONIC MYELOID LEUKEMIA (CML)

Normal Translocation

 Philadelphia+ Chronic R i

Chr 22 Ph Chr

Myeloid Leukemia (Ph+ E I l
‘A > B A -

CML) is an hematologic

malignancy arising from the

chromosomal alteration

t1(9;22). sate:1 (1)

R
-

* The fusion gene BCR::ABL1 0O ABL: Tyrosyn-kinase with enzimatic activity.

IS generatgd by th.IS. 0 BCR: serin/treonyn kinase with a key role in the
translocation and it is the signal transduction.

hallmark of Ph+ CML.



t(9;22)(q34;q11.2)
CHIMERIC PROTEIN ISOFORMS
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PATHWAY
ACTIVATED BY
BCR-ABL1
EXPRESSION

CSK
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¢
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Nature Reviews | Cancer



TIMELINE OF THERAPY FOR CML

1865: Fowler’s Solution

Pre-1950s 1950 1960

1978: Allogeneic BMT

1953: Busulfan 1986: IFN-o

1970 1980 1990

1964: Hydroxyurea

1895: Discovery of X-Rays

2004: Dasatinib
Nilotinib
2006:
Bosutinib

2000 010

2010:
Ponatinib

2000: Imatinib

1845
1865
1895
1946
1953
1960
1978
1982
1983
1990
1999
2004

recognition of leukemia as a disease entity
first treatment with 1% arsenic solution
discovery of x-irradiation

nitrogen mustard - first effective chemotherapy
busulfan

hydroxyurea

autografts for CML

routine use of allografts for CML

interferon

donor lymphocyte infusions (DLI)

Imatinib

New TKIs



NEW TYROSINE KINASE INIBITHOR (TKIs)

Imatinib Is proof of

principle that rationally THERE IS NEW AMMUNITION
designed, molecularly IN THE WAR AGAINST

targeted therapy works. CANCER
Imatinib represents a -
paradigm shift in cancer NLEELALIL LS

Revolutionary new pills like GLEEVEC
combat cancer by targeting only the

drug development. i s e i
(Deininiger et al 2005)




TKIs
selectively
targeted
against
BCR::ABL1
protein

TKls in development
for CML in the 3L:
» HQP1351
* PF-114
» KO706

ATP-binding site

TKls approved for CML
inthe 3L:

« Bosutinib

« Dasatinib

« Nilotinib

« Ponatinib

Myristoyl pocket (STAMP) inhibitor
in development for CML in the 3L
* Asciminib

Myristoyl pocket

Ph+CML=BCR-ABL1 rearrangements=TKIs



TKIS NS
selectively
targeted

against
BCR::ABL1
protein
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Panel A
Panel B

‘I Cell proliferation

I liferatio
4 Apoptasis }=» CML iig:::lsm "} —W—CcmL



SURVIVAL WITH CML1983-2008

10 Primary imatinib, 2002-2008 (CML IV)
0.9 1 5-year survival 93%
n=2830
.}:" 0.8
2 07
8 IFN or SCT, 1997-2008
© 0.6 (CML I11A) 5-year survival 71%
Q.
§ 0.51 IFN or SCT, 1995-2008 (CML Il1)
E 0.4 5-year survival 63%
s (CML 1, 1)
IFN, 1986-2003
() 0.3 f_, 986-200
- 5-year survival 53%
e~ T e——
0.2 i, W SPSI———
_—_"‘\__ Hydroxyurea, 1983-1994
0.1 il i
0.0 Busulfan, 1983-1994 5-year survival 38%

0 2 4 6 8 10 12 14 16 18 20 22
Courtesy of the German CML Study Group Year after diagnosis



Generations of TKls

A N-terminal lobe B | N-terminal lobe Imatinib S eV e r al T K I S W e r e
. o/ developed to target
-loop ATP—_ Y7 PO . . .
w ) 5 — the ATP binding site of
: > +— Activation loop C-terminal lobe th e kl n aS e d O m al n y
C-terminal lobe 10 generaZione thereby preventlng
phosphorylation of the
c D E target protein and
N-termina loe Dasatini]  -erminallobe Nilotinip | - ernetioe Poxachds subsequent signaling
P-loop ‘ / P-loop 7 P-loop C:
ATP .._‘): ATP _.2\,_\3 ATP ;,ic,c«: + T3151 mut events
>° Activation loop «— Activation loop > Activation loop
C-terminal lobe C-terminal lobe C-terminal lobe
Forma — 2° generazione 3° generazione

attiva/inattiva
della chinasi



TKIs: mechanisms of action

Vascular endothelial cell /smooth

muscle cell

V-CAM / 1L.CAM

E/P selectin

—dy  ODIDR N [ SOanregulition

e Stmuldtion Jupregulition

Imatinid

. S Y ’ £

Proliferation
4 Apoptosis
T Vascular permeabdity

Proliferation

Differentiation
Extracellular matrix deposition

1 Translation
Insulin release and signaling
Glucose and liped metabolism

Endothelal cell growth
Mitochondral metabolsm




TKIs and MRD

The key goal of the |

TIME AFTER START OF TREATMENT

More than

BCR-ABLI (IS) 3 months 6 months ‘ 12 months® ’ 15 months

TKls treatment is to T
sEalEyE & nimeEl L e e

ReS I d u aI DI S eas e Trealment Team Potential Decislons
Color Code Concem Considerations About Treatment
IKlresistant deease Evaluate petient compliance and | Switch te alternate TKI
dnug interactions Evaluate lor allogeneic HCT

l BCRAB[.] KD mUtaUOn teStlng ShOUld be performEd Consider mulalional analyss

Fossible TKl resistance Evaluate patient compiance and | Switch to alternate TKI
N N N N drug interactions OR
Consicler mutational analysis Contnue same TKI (other than
imatinib)*

Consider bone marow cytogenetic
Y ?MTL ) "" xl" “'['-r \lv VR '1-J-i R OR

o o IR 10 UNEN TOF VILYR Gl < Dse ascalation of imatinib
SO-IA SO.].A) months cr CCyR at 12 moniths Dnse ascalation of imatinib

y ) {
target T 51%

[0 @ max ol 800 mg)
levels Con

% Consider evaluation for
' |._'1||('_-;‘.].;4.r"-:-: e HCT
; Anytime

+3m +bm +12m
start thereafter

BCR::ABL1"

IKl-sensitive disease Monitor response Confnue same K|
Monitor and monage side effects
as needed




Resistence to TKIs +

E255K -
M244V J3151
x]
[

o | o

77,

== /)
W=y, dv2 3
Ph chromosome ::‘3, ;=

\
N

H396R
F359V

Mutation in
BCR-ABLI
kinase domain
a \' BCR-ABLI
% gene L3641 L248R V3791 L384M F486S D276G

RELEVANCE

7 amplific amm A344V  V289A L273M  E258D
— Resistant CML SA17F/Y  1418S/V A380T  D363Y L387TM/F
} } F— i F486S V317A  P4SOL  E459K/V

e

¥ I

MAPK =0 signaling Y342H E373K A365V F382L A397P Y393C
- i ‘ - L370P  M343T V3791 M388L  L273M
l : pathways
Cell proliferation
/ Summary of BCR-ABL1 mutation and preferred TKI
c.‘t Mutation Preferred agents

Dru
@ Extraccllular 8

{ransporters F317L/V/1/C Nilotinib, bosutinib, ponatinib, or asciminib
coo | bo —— T315A Nilotinib, bosutinib, ponatimib, or ascimimb
tntraccliula ® v OCTI @TKIs V2991 Nilotinib, ponatinib, or asciminib

o% : ® Y253H Dasatinib, bosutinib, ponatinib, or asciminib
Cllnmmsq:!le E255 V/K Dasatimb, bosutinib, ponatinib, or asciminmib
= 48 419,421 abnormalities F359 V/I/C Dasati.nlib, bosut?ni.b,' ponatinib, or asciminib

Examples second Ph chromosome 13151 Ponatinib or asciminib

i(17)q

* Primary resistance (no hematologic or cytogenetic response from the beginning of therapy)
« Secondary resistance (initial response that decays during the treatment).



| T3151 mut and Ponatinib

[Traditional Treatment (TKI) and Treatment Resistance due to Mutation]
BCR-ABL BCR-ABL| - .
‘ —— CML Cell
- : BCR-ABL BCR-ABL
— 3154 — Ponatinib
- 7
* T3151 mutation: The 315" amino acid changes from threonine (T) to isoleucine (1)
If a T3151 mutation occurs, traditional treatment {TK!) cannot bind to BCR-ABL and
cannot elicit efficacy
RAS/MAPK RAS/MAPK
[Efficacy of Ponatinib on T315]1 Mutations] STATS STATS
PISK/AKT PIBK/AKT
Ponatinib is effective in BCR-ABL mTOR_ mTOR
patients who have failed prior . Src Kinases Src Kinases
TKI therapy, at same time not
influenced by the presence of Ponatinib l l
T3151 mutations and can bind - - & o
with BCR-ABL and therefore = Cell Proliferation Cell P ration
elicit efficacy. Cell Survival Cell Survival




Ascimimib, a novel allosteric inhibitor
of BCR-ABL1

First-in-class STAMP (Specifically Targeting the ABL Myristoyl Pocket) inhibitor

d « Asciminib’s unique
BCR — ATP-binding site . . .
L mechanism of action is
g ) distinct from ATP-
atrcomene rasons  competitive TKIs.
} to ATP site on BCR-ABL1
ABE1 5= L peciminio . A_Ilosterlc !n_hlbltc_)r o_f
) iy incing pocket kinase activity: binding
of the myristoyl site of
¢ the kinase domain

Myristoyl-binding pocket

(STAMP).



Ascimimib: mechanisms of actions

A Autoinhibition of ABL1 by Engagement B Loss of ABL1 C Allosteric Inhibition of BCR-ABL1
of Myristoyl-Binding Site Autoinhibition Due to Kinase Activity by Asciminib
BCR-ABL1 Translocation

Myristoylated
N-terminal

V%Asciminib

Inactive Active Active Active Inactive

 Locks BCR::ABL into an inactive conformation, inhibiting downstream signaling events.

« Target both native and mutated BCR::ABL1, including T315I mutant.
Huges et al., 2019 N. Engl. J. Med.



|Ascimimib: pre-clinical data

® BCR-ABL1*

@ BCR-ABL1- Asciminib was
Ascimimib———> ABLooi| oe% o ® USRS |, i _shown to have a_n.
s cme o* o oowammmm | oo IMproved selectivity

_— wPe o of profile vs 2 G TKIs,

Bosutinib ® o0 ° © QBRI with a similar

Nilotinib| ® oo d@ ® e % ° JUREENER @ iﬁ;gi‘gz poten cy

Dasatinib & ¢ @ o0 T EEFTHRTREICE

Ponatinb | 9 @ o o aie P WMUNIINEERYP «

0.0001 0.0004 0.01 0.04 0.1 0.4 1 = 10 40
Cell proliferation IC, (uM)

Wylie, A.A., Nature 2017



Ascimimib: pre-clinical data

Single-agent treatment Combination treatment
10 1071
P - n n b
-“” g 109 o 10 ASC”“”'“
m e
0.75 g g . . .
e h 094 h -0 4
ases 5 740 + Nilotinib
025 < =
0.00 10-10 4 e 10-10 4
10'” < 10 11 4
10° 108 109 10'2 10" 10'° 10° 10® 10'0 10'2 10'4 10'C
Tumour burdan Tumour burden

The non-overlapping resistance profiles of ascimimib and nilotinib
enable durable tumour eradication when used in combination.

Wylie, A.A. et al, Nature 2017



Ascimimib: pre-clinical data

Ascimimib +
Ponatinib

120~
100+

co
o
I

-@= Asciminib
-~ Ponatinib

20 =&~ Ponatinib +
250 nM Asciminib

1N
o
1

Viability (% of untreated)
3
1

0.1 1 10 100 1000 10000
Inhibitor concentration (nM)

The cell proliferation curve for combination therapy shows markedly
Improved efficacy over monotherapy with either inhibitor.

Eide CA, et al. Cancer Cell. 2019



Ascimimib: clinical data

101 4 Censored* O Competing Event! e Asciminib - .
Covs® O Conpetig Evrt e Athird-line
~ 80 - 1
g treatment option for
ffﬂ‘ CML In chronic
= 40 e -
£

phase with or
without T315l
o e — mutation

| |
0 B 16 24 32 40 48 56 64 72 80 88 9 104 112
Time (weeks)

The cumulative incidence curve shows a
statistically increase probability of achieving
MMR for Ascimimib respect to Bosutinib Rea et al.. Blood 2021

20 1




Ascimimib: clinical data

(a)

(b)

Time to MMR Time

to CCyR

Ascimimib vs Ponatinib:
MMR 35%:; 23%
CCyR 46%:; 43%

Increase probability of achieving MMR for

Ascimimib respect to Ponatinib

Atallah E et al., J Cancer Res Clin Oncol. 2023



PML-RARalpha as target of ATRA therapy

Acute promyelocytic leukemia



Acute promyelocytic leukemia (APL)

WSNENESES, | U —

* Hematological emergency with
severe hemorrhagic syndrome.
Average onset at 40 years.

= APL is a variant of Acute Myeloid
Leukemia, specifically subtype
M3 (15% of AML cases)

» Characterized by t(15;17): PML-
RARa fusion

D = Patients with APL suffer from an
. accumulation of iImmature
tc_i]ra_nulocytes or promyelocites Iin
eir blood and bone marrow




t(15;17)(g22;q12)

PML-RARalfa

PML: promyelocytic leukemia gene. Ruolo

nell’ematopoiesi precoce.

RARalfa: retinoic acid receptor-alpha. Agisce sia
come attivatore che come repressore trascrizionale.

PROGNOSI: positiva




PML-RARalfa e un repressore
trascrizionale costitutivamente

attivo che regola l'espressione di
geni coinvolti nella
differenziazione, apoptosi e nel
self-renewal.

| Nuclear body
| £ disruption
Transcriptional
repression of

retinoic acid response
elements

)

t(15;17)(q22;q12)

Ipoacetilazione costante dei
geni target



APL therapy

ATRA lead to a sustained
expression of target
| RaRa; genes leading to terminal
L differentiation of
promyelocytes

== DR motif

. Q J
& & &

RAR

[

M

N\ e
P » Transcription
’(f’ P " 4

-/‘ {

PU.1 o PML
_@) P « _» @B) ) @)




APL therapy

Differentiation
Blocked

ATRA + ATO

ANTI-CD33 (high risk):
Immune therapy

Only chemotherapy
POOR PROGNOSIS

GOOD PROGNOSIS



Mutated JAK?Z2 as target of Ruxolitinib

Myeloproliferative Neoplasms



Myeloproliferative Neoplasms (MPNS)

Fowrkt T o
i m'ﬁ ‘ dUncontrolled
| samoriune myeloproliferation
\ CALR | e, QAbnormally
- el B
\ s 0 circulating
_ T D proinflammatory
Q\T_l cytokines

—\\
STAT STN w

JAK-STAT SIGNALLING PATHWAY CONSITUTELY ACTIVATED



Myeloproliferative Neoplasms (MPNSs)

Essential Thrombocythemia
(N=311)

Polycythemia Vera
(N=382)

Nonmutated
JAK2, MPL,
and CALR -1

Possibilita di tripli

Primary Myelofibrosis
(N=203)

Nonmutated
JAK2, MPL,

mutat :r‘J

MPL

negativi

Mutazioni di JAK2,
MPL e CALR
forniscono oggi un
marcatore genetico
utile per la diagnosi
del 99 % di PV e
dell'85% delle TE e
MF




JAK2 In MPNSs

4 Tirosino-chinasi che trasduce
Il segnale dei fattori di
crescita emopoletic
(eritropoietina e
trombopoietina).

O Mutazioni attivanti che
iInducono attivita recettoriale
costitutiva (indipendente da
TPO e EPO).

Baxter et al Lancet 2015

JAK2 V617F
(esone 14 cromosoma 9)

Valb17Phe

.

FERM

5H2 |Hz JH1

/\

InCl

FFEAASMMSKLSHKHL{GLNYGVCVCGDENILVQEFV
FFEAASMMSQLSHKHLYLNYGVCVCGEENILVQEFV
FFEAASMMSQLSHKHLYLNYGVCVCGEENILVQEFV
FFEAASMMSQLSHKHL\LNYGVCVCGEENILVQEFV
FFEAASMMSQLSYKHL{LNYGVCVCGEENILVQEYV

denza diversa nelle patologie:
95% PV, 60 % TE e MF



Ruxolitinib: Cytoxang Cytokine
inhibitor of & e
JAK?Z2 and

JAK1 protein
Kinases

-------------

e Ruxolitinib
STAT T

Anti-inflammatory and

a Intermediate- or high Immunosuppressive

risk MF %\ effects
\
Q Post-PV; PV not \\
responding to //
hydroxyurea Z/

Inflammation
O Post-essential
thrombocythemia MF




Ruxolitinib: inhibitor of JAK?2
and JAK1 protein kinases

]

1‘_ 'k;_-« ‘;\'/ P
&:’.\K"a '

ipereaivato

umento citochine pro-
inflammatorie

= Leucocitosi
- Epato-splenomegalia

O JAK2 is essential for regulating cell proliferation, particularly of
hematopoietic cells (red blood cells, white blood cells,

megakaryocytes and platelets). Type linhibitors target the
Q JAKL1 is the main mediator of the production of substances ATP-binding site of the JAKs
(cytokines) that are normally released during infections and under the active conformation

inflammation. of the kinase domain



Ruxolitinib: ONGLITID
mechanism of - - -

actions -
@ * ®
Reduction of proinflammatory

cytokines STATS | st3 | STATL

¥ IL-10/TGF-beta =23 {112 + TNF-alpha/IFN-gamma
J\- ./I. P <

Improvement of symptoms,

quality of life and, ultimately, @

bone marrow fibrosis

STAT3 STAT4

& 1IL-17/1-22 {j.- TNF-alpha/IFN-gamma/IL-2

Infections complications and
hematological and solid tumors

M Use in GVHD



Median Change from Baseline in
Spleen Volume (%; 25th, 75th Percentile)

Ruxolitinib for MF

60+

== Ruxolitinib
Placebo

Patients with >50% Reduction
in Symptom Score (%)

Ruxolitinib N 148 139 69 16
_80 B I T T T 1
Baseline 12 24 36 48
Weeks

O Control of myeloproliferation

50

40

301

20+

104

— Ruxolitinib (N=149)

Placebo (N=152)

0 Reducing splenomegaly and symptoms
O Inhibition of both wild type and JAK2V617F mutation (suppression of STAT3)

O In some cases, reducing JAK2V617F allele burden

12
Weeks

T
16

T
20

1
24

Probability of Survival

COMFORT | STUDY

104 M

0.84
0.6
—— Ruxolitinib
Placebo
0.44
Hazard ratio (95% Cl)  0.50 (0.25, 0.98)
Log rank P value 0.04
0.21 Number of Patients at Risk—Ruxolitinib
155 155 155 154 153 152 148 144 143 143 140 134 102 68 52 37 18 8
Number of Patients at Risk—Placebo

0,04 154 152 151 148 147 147 142 139 132 131 128 115 & 58 45 35 20 9 3
r T

T T | T T T T T T T T T T 1
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76
Weeks

Verstovsek et al. N Engl J Med 2016
Cervantes F. et al, Blood 2013



s
W80
+
S 40
<
K 0
=
()
5 0
3
= -80
©
>
s
W 200
+ 160
?\: 120
g 80
= 40
% 0
3 -40
= -80
©
>

Ruxolitinib for MF

Dolore addominale
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Prurito
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Dolore intercostale lato sinistro
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-40
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Tempo (settimane)

Dolore osseo/muscolare

120
wf 1 11 ¥
-80

0 4 8 12 16 20 24

Tempo (settimane)

1.Mesa RA, et al. J Clin Oncol 2013; 31(10): 1285-92.
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COMFORT | STUDY

Patients treated with
ruxolitinib report rapid
Improvement of all
symptoms.

191.2% of patients
with TSS 250%
defined their status
as “very improved”
or “definitely much
iImproved”



FLT3-ITD and mutated IDHZ2 as target in AML

Acute Myeloid Leukemia



Acute Myeloid Leukemia (AML)

B
_ eV
el S LT
. “‘ . L )<

BT, 7

dClonal expansion of undifferentiated
myeloid precursors in the bone marrow
and resultant failed hematopoiesis.

U Genetically heterogeneous malignancy
comprised of various cytogenetic and
molecular abnormalities that has
notoriously been difficult to treat with an
overall poor prognosis.

Uincreased understanding of the genetic
underpinnings of AML has led to
targeting actionable mutations.



AML Target Therapy

NEDD-8 Activating Enzyme IDH2
In Development: Approved:
Pevonidistat Enasidinib
IDH1
In Development:
Ivosidenib
APOPTOSIS
Approved: BCL2
Liposomal daunorubicin In Development:
- Cytarabine Venetoclax
FLT3
FLT3 | Approved:
CD33 Midostaurin
Approved: .
Gemtuzumab Ozogamicin " goeveflo;::wnt.
«, < Q r"::r:'r\ib
':A:;:’ Ul
ﬁ\ogle\c:llzsmem- e e Gileritenib
P ’ B cp123 Crenolanib
Flotetuzumab T /
€D33/CD123 x Flotetuzumab (DART)
In Development: “
CAR-T Cell Therapy CAR co3

e

Signal transduction
FLT3 ol
:
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FLT3 Inhibitors, ™
e.g. midostaurin, — "o
gilteritinib .

Menin
inhibition

Enasidenib,
ivosidenib
Citrate
2HG

|so-citrate

IDH1/2
IDH mutated

cycle

a-Ketoglutarate L KG
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Magrolimab

(aéad CD47

Dissociation of
calicheamicin
from antibody

Epigenetic
regulation

DNMT3A  TET2
IDH1/2  ASXL1

Gemtuzumab
0zogamicin

CD33

Receptor
internalization

Lysosome

DNA breaks

ranscription
. regulation

TPS53
RUNX1
CEBPA



FLT3

J FMS-related
tyrosine kinase 3
gene (FLT3) is
one of the most
highly recurrently
mutated genes In
AML and one of
the earliest
discovered.

NH2 NH2
Extracellular ligand-
binding domain
Transmembrane domaimn
Juxtamembrane domain T T

| < ITD mutation

Tyrosine kinase domain A
Tyrosine kinase domain ] N

1

FLT3-wild type

«— Kinase domain
mutation

FLT3-mutated



FLT3

O FLT3 frequently co—
occurs with NPM1,
DNMTS3A, IDH1/2, TET2,
GATA2 and KMT2A-
partial tandem
duplication mutations.

O Mutually exclusive with
KIT, K/INRAS and
CEBPA-double (CEBPA-
D) mutations.

(A) (B) gor 682
30 -

20

%

10

™ ™~ -~

KIT
NRAS
TET2
IDH
IDH2
KRAS
MLL-PTD
MLL
PHF6
TP53
BCOR
EZH2
NOTCH2
DIS3
JAK3
KDMG6A
PTPN11

RUNX

FLT3
NPM1
DNMT3A
CEBPA
wrt
NCOR2
NOTCH
BCORL
STAG2
GATA2
ASXL1
SMC1A
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Genetic alterations in AML identified by NGS

Mutations that confer a proliferative and/or survival
advantage to hematopoietic progenitors
+

Mutations that impair hematopoietic differentiation



Primariamente espresso
sulle cellule empoietiche
immature, ed e
essenziale per la EE——
normale funzione delle

cellule staminali @ @

Regolazione della differenziazione, sopravvivenza,
proliferazione e apoptosi



FLT3

N N

15-35% &\/72/5

ﬂ I
Internal tandem @ @ Activation Loop
duplication mutation
Mutazione strutturale limitata Mutazione puntiforme del
al dominio JM @ @ . :
‘ dominio TK che induce

cambiamento aa al codone
835 (Asp835Tyr, ma anche
Val, His, Glu, Asn)

Duplicazione di 4-68 basi

Perdita dell” autoinibizione
con passaggio dalla forma
inattiva alla forma attiva
catalitica senza la presenza

del ligando \ /
Prognosi
molto neg

Proliferazione cellulare

Attivazione costitutiva per
autofosforilazione



100
100
75 75
ITD+
. g - o
% S0 44, % 50
= . 3 44%
I 25 = ITD-
5 = 25
P < .001
ﬂ n - ' - ﬁ_
0 1 2 3 4 5 0 1 9 3 4 5

Years from entry Years from remission

Leucocitosi, elevata percentuale di cellule blastiche nel midollo
Aumentato rischio di recidiva

Ridotta sopravvivenza
Panajotis D et al. Blood 2001, 98

: 1752



Median Overall Survival
100 : A )
N Midostaurin  74.7 mo (95% Cl, 31.5-NR)
. . 90 "\ Placebo 25.6 mo (95% Cl, 18.6-42.9)
F I r S t -— g e n e r at I O n O f g\i 80 ‘ > One-sided P=0.009 by stratified log-rank test
R RN
2 60+ o
% = " Placebo
. . . . S 30
dJ Midostaurin, an oral multi-targeted kinase e
inhibitor with activity against activated FLT3 10
(ITD and TKD) - ; 0 1l2 214 3l6 4]8 610 712 8]4 9]0
O Added to intensive induction and consolidation Months
therapy fO||OW6d by 1_year malntenance In de 'rj‘l?d:stt;ﬁt 360 269 208 181 151 97 37 1
nOVO FLT3 AML (not aS monotheraoy) Placebo 357 221 163 147 129 80 30 1
O 22% lower risk of death with the addition of Subgroup Analysis
midostaurin to standard chemotherapy et Hazard Ratio (95% Cl) i
(RAT”:Y Study)_ Overall 717 = 0.78 (0.63-0.96) 0.009 (one-sided)
ITD (high) 214 s 0.80 (0.57-1.12) 0.19 (two-sided)
ITD (low) 341 ‘ . 0.81 (0.60-1.11) 0.19 (two-sided)
TKD 162 . 0.65 (0.39-1.08) 0.10 (two-sided)
Significant improvement in OS (median 04 06 08 10 12
OS 74.7 vs 25.6 months, P = 0.009) Midostaurin  Placebo
eter etier

and EFS (8.2 months vs. 3 months)
RATIFY study. Stone RM et al. N Engl J Med. 2017



FLT3 TKIs

Type | inhibitor
* Midostaurin
* Gilteritinib
* Crenolanib

Type Il inhibitor
« Sorafenib
* Quizartinib

Inactive structure

ctivation loop

Active structure

ctivation loop

Activation loop

Activation loop

Docking mode

Type | inhibitors
show potency
against multiple
Kinases

\

Type Il with more
selective and
potent inhibitory
activities



FLT3 TKIs: mechanisms of action

Type Il = Type |
QFLT3 receptor A QFLT3 receptor in
In the inactive the active

conformation conformation
Region Activation loop or

adjacent to the e the ATP binding

ATP binding el pocket

domain R ; : Active against
QActive against ITD and TKD

ITD mutation mutations

INIBITION OF CELL PROLIFERATION



IDH

Isocitrate dehydrogenase (IDH) mutations
Citrate | I | Citrate

O Occur in 20% of AML patients. Generally L3 3
mutually exclusive. Prognostic implications \ /
are complex and controversial. i J

O Affect specific arginine residues (IDH1 R132
and IDH2 R140 or R172), are typically > - /
heterozygous, and are somatically acquired. \N

Mitochondrion

_ ) Cytoplasm
O Early events in leukemogenesis that tend to

be stable, presenting again at the time of
possible relapse. Increased production of 2 hydroxyglutarate (2-HG)

and epigenetic modification, affecting cell
differentiation.

IDH mutations and the tricarboxylic add (TCA) cycle.




IDH

IDH-mutated AML is characterized by a
genome-wide increase in DNA
hypermethylation and a block of myeloid

differentiation

O IDH inhibitors selectively inhibit
mutant IDH proteins and block the
aberrant production of 2-HG.

2

Myeloid differentiation induced

Lonvenuona

Isocitrate

Other oncogenic oa-KG
effects

o D




IDH inhibitors

IDHZ2 inhibitor enasidenib IDH1 inhibitor ivosidenib
Duration of CR or CRh According to Mutation-Clearance Status
§ 0 = With mutation
e clearance
A 0.8- H_LL
z ¢
g “é 0.6-
::- E-l;: 0.4- Without
: g : mutation clearance
. e
" & 0.0 T T T T T T T 1
04 _ : f v r . v - r 0 2 4 6 8 10 12 14 16
D 3 6 9 12 “I.”“hl:h 1) 2 4 2 Months
OS 38.8% O0S 41.6%
median OS 8.8 months median OS 8.8 months
CR 28.9% CR 34.4%

Stein EM et al. Blood 2017 DiNardo CD et al. N Engl J Med. 2018



IDH Iinhibitors with chemoterapy

— |vosidenib

—
o
1

—— Enasidenib
| Censored

0 0 O 0 O 6
W &~ U O~ N o 0
1 1 1 1 1 1 1

Survival probability

0.2 4 Number of patients at risk:

o O
Q

1
-

Survival (months)

O Ivosidenib or enasidenib combined with induction and consolidation chemotherapy were both well

tolerated in newly diagnosed mutated IDH1/2 AML.
0 CR rates: 77% (ivosidenib) and 74% (enasidenib); 39% and 23% of patients had IDH1/2 mutations clearance

by dPCR.

Stein EM et al. Blood 2021
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