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Agenda

= BCR::ABL1 as TKls and asciminib target

- = JAK2 mutated as target of ruxolitinib

- ® PML-RARalpha as target of ATRA therapy

| " FLT3-ITD and IDH2 mutated as target of target therapy in AML




CHRONIC MYELOID LEUKEMIA

BCR::ABL1 as target of TKls therapy and
asciminib




t(9;22)(a34;q11.2)

BCR::ABL1 :

ABL1: Tyrosyn-kinase with enzimatic activity.

BCR: serin/treonyn kinase with a key role in the
signal transduction.




t(9;22)(q34;911.2)

Chimeric protein isoforms
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Evolution of the therapy in CML

1865: Fowler’s Solution

1953: Busulfan

Pre-1950s 1950 1960

1895: Discovery of X-Rays

1970

1978: Allogeneic BMT

1980

1964: Hydroxyurea

1986: IFN-a

1990

2004: Dasatinib
Nilotinib

2006:

Bosutin_ib

2000 2010

2010:
Ponatinib

2000: Imatinib
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Imatinib (IM)

1G TKI

the first choice
for the
treatment of
CML

2G TKI
active against
BCR-ABL1

N tants:
V299L,
F317L/V/1/C,
T315A

2GTKI

active against

F359v/1/C

active against
BCR-ABL1

Ha

Y253H,
E255V /K,
F359V/1/C,
F317L/V/1/C,
T315A

20-59%/1 years
60-80%/5 years

77%® /5 years
82.6%

f/10 years
98% & /10 years

46%? /1 year
76% 2 /5 years

47%]/ 1year

MR4 or deeper:
35-68%/5 years

MR4:

66%,/5 years
73%/10 years
76% 8 /10 years
MR4.5:

54%/5 years
64% /10 years

MR4.5:
42%/5 years

anges to
Another TKI

37% @ and 50%
b /5 years
26.5%

©/10 years

40% /10 years

39%/5 years

0S, PFS

OS:

90-95%,/5 years
82-85%/10 years
PFs:

80-90%/5 years
6%
leukemia-related
death rate &d

0S:

94%/5 years
87.6%/10 years
94% B /10 years

0OS:

91%/5 years
PFs:

86%/5 years

Side Effect

no
life-threatening
complications
cd

early fluid
retention,
gastrointestinal
symptoms,
muscle cramps,
joint pain, skin
rash, fatigue ©

cardiovascular
events M
pancreatitis big

pleuro-
pulmonary
toxicity
recurrent
pleural
effusions
rarely
pulmonary

diarrhea
transient
elevations of
transaminases




Possible TEI
resistance

GREEN
GREEN

= Evaluate patient
adherence and drug
interactions
Consider mutational

analysis

Evaluate patient
adherence and drug
interactions

Consider mutational
analysis

Consider bone marmrow
cytogenstic testing to
assess for MCyR at 3
months or CCyR at 12
maonths

If treatment goal is long-
term survival: £1% optimal
If treatment goal is
treutmvnt—frr:'.-: remission:

Manitor response and
manage side effects

YELLOW
LIGHT GREEN

» Switch to alternate TKI

« Bvaluate for
allogeneic stem cell
transplantation

« Switch to alternate TKI

or

« Continue same TKI
(other than imatinib)

OorR

« Dose escalation of
imatinib (to a max of
B00 mg)

AND

« Consider evaluation
for allogeneic stem cell
transplantation

« If optimal: continue
same TKI

« If not optimal: shared
decision-making with
patient”

[Traditional Treatment (TKI) and Treatment Resistance due to Mutation]

* 73151 mutation: The 315" amino acid changes from threonine (T) to isoleucine (1)
1f a T3151 mutation occurs, traditional treatment {TKI) cannot bind to BCR-ABL and
cannot elicit efficacy

[Efficacy of Ponatinib on T3151 Mutations]

Ponatinib is effective in
patients who have failed prior
TKI therapy, at same time not
influenced by the presence of
T3151 mutations and can bind
with BCR-ABL and therefore
elicit efficacy.



& Asciminib

. B BCR-ABL1

Protein

*  Nilotinib
" (ATP site)

ABL0O1
(Myristoyl Site)

Mechanism of Action

SCEMBLIX (asciminib) WORKS
DIFFERENTLY THAN ATP-COMPETITIVE
TKIS1

Asciminib is the first and only inhibitor
that binds to the ABL myristoyl pocket.
The myristoyl pocket is a distinct site of
the kinase domain, normally occupied
by the myristoylated N-terminal of ABL1
in people who do not have CML.

In studies conducted in vitro or in
animal models of CML, SCEMBLIX
showed activity against wild-type
BCR::ABL1 and several mutant forms of
the kinase, including the T315I
mutation




I O oss/i0e




MPNs

Mutated JAK2 as target of ruxolitinib
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Proliferazione
cellulare
Blocco della
morte cellulare
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HU over approved for
anagrelide for i )
highnsk ET  nsk MF in US; MF
3. MPL with . _ _
W515K/L splenomegaly or 1. CALR exon 9 deletions and insertions discovered

discovered symptoms in EU 2. CYTO-PV tnal established <45% as Hct target in PV

Ruxolitinib approved for HU-resistant/intolerant
PVin US and EU

1. Ropeginterferon alfa-2b approved in EU for PV patients without symptomatic splena
2. Fedratinib approved in US for patients with intermediate-2 or high nsk MF




Clinical Development of JAKi therapies in MF

- Ruxolitinib (INCB018424) [ AR 2
i Fedratinib (sAR302503) [ IAREEE | FDA approved
i Pacritinib (5B1518) [ AR RARY
4 Momelotinib (CYT387) [ AKT2AcVRE Potential future candidate
CEP701 Ak 2
i INCB39110 [ JAKT
g BMS-911543 (INCB018424) Ak
' LY2784544 [ UAK2ISRC
NSO18* [ AR
XL019 [IUAKS
I e AZD1480 | UAK2

' ) ) ) ) (B

s *Phase 2b study (NCT04854096) of NSO18 in myelofibrosis with platelet count <50 x10°/L NCT04854096




Cytokines (IL-6)
" Growth Factors (ER, EM-CST, GHI)
| ? R Ruxolitinib (INCB018424)
i is an Orally Active JAK1 and JAK2 Inhibitor
| Stat

Ruxolitinib




PROMYELOCYTIC LEUKEMIA

PML-RARalpha as target of ATRA therapy




t(15;17)(g22;q12)

Focus sulla Leucemia acuta promielocitica

PML-RARalfa

PML: promyelocytic leukemia gene. Ruolo nell’ematopoiesi precoce.

RARalfa: regolatore trascrizionale. Agisce sia come attivatore che come
repressore.

PROGNOSI: negative...ma con la target therapy e diventata positiva




La traslocazione
rilevata con il
bandeggio classico
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t(15;17)(q22;912)

La traslocazione
rilevata con la FISH

PML/RARA

\a

PML signal .

* RARA signal

2

PML/RARA
fusion signal




represses genes
needed for cellular
differentiation

impairs PML
nuclear body
function and
localization

alters “ =

transcriptional
regulators of
hematopoiesis

arrests promyelocytic
™ differentiation

forms PML-
RARA/RXR
tetramers |:>

disturbs
———3 SUMOylation

patterns in Acute promyelocytic leukemia
the nucleus

Ipoacetilation of target genes




First complete
description of APL
(Bernard et al, 1959)

First description of
the promyelocyte
(Pittaluga, 1940)

1940 1957 1959 1973 1977

First description of
APL (Hillestad, 1957)

First therapeutic success
with daunorubicin
(Bernard et al, 1973)

: Treatment
:I Biological
- Clinical

Identification of
microgranular variant
(Bennett et al, 1980)

Discovery of
t(15;17)
(Rowley et al, 1977)

1978 1980 1988

in vitro differentiation
of cancer cells
(Sachs, 1978)

Differentiating effect
of ATRA in APL

Cloning of PML/RARA
(de Thé et al, 1990)
(Borrow et al, 1990)
(Longo et al, 1990)

ATRA + Chemotherapy
as new standard of care
(Fenaux et al, 1999)

ATRA = Chemotherapy
as new standard of care
(Fenaux et al, 1993)

1990 1992 1993 1997 1999

AIDA regimen
(Avvisati et al, 1996)
(Mandelli et al, 1997)

First use of ATO in APL
(Shen et al, 1997)

Molecular monitoring
(Lo-Coco et al, 1992)

(Huang et al, 1988)

2000

ATRA + ATO new SOC in low-
to-intermediate risk APL
(Lo-Coco et al, 2013)

Risk-adapted
treatment
(Sanz et al, 2004)

2004 2006 2013

Definition of
relapse risk groups
(Sanz et al, 2000)

ATRA + ATO in front-line
therapy for APL
(Estey et al, 2006)




represses genes
needed for cellular

differentiation ‘/—7

impairs PML
nuclear body
function and
localization

alters “ =

transcriptional
regulators of
hematopoiesis

Remission and cure

arrests promyelocytic
differentiation

forms PML-
RARA/RXR
tetramers [:>
disturbs
——— SUMOylation

patterns in
the nucleus

induces restores the localization and
apoptosis of function of PML nuclear bodies

malignant >

cells
A 7 triggers PML-

overcomes RARA
repression of degradation
genes needed o,

for cellular

differentiation

restores

tumor
differentiates activates ubiquitin suppressor
promyelocytes proteasome pathway gene activity



PML induces Recruitment of co-repressors
dimerization stops the transcription of RARA
targets

ATRA ATRA

ATRA restores transcriptional
activation of RARA targets

Differentiation block
leading to APL

Normal myeloid
differentation




ACUTE MYELOID LEUKEMIA

FLT3-ITD and mutated IDH1-2 as target of
target therapy




Tl el

A

Daunorubicin

Idarubicin

Mitoxantrone

Azaciditine Midostaurin

Venetoclax

Enasidenib

Gemtuzumab Decitabine R

Ozogamicin (GO)

Ivosidenib

Glasdegib
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Extracellular ligand-
binding domain

Transmembrane domain

Juxtamembrane domain

Tyrosine kinase domain

:::Eé.'-:'_: Tyrosine kinase domain
- {D83s




FLT3

Immature hematopoietic
cells. It is essential for
the physiological and

normal function and
differentiation of
hematopoietic stem cells.

Preliminary expressed on ﬂ

Regolazione della differenziazione, sopravvivenza,
proliferazione e apoptosi




FLT3

N7 “r-

Internal tandem l Activation Loop
duplication @ @ mutation

Structural mutation limited to W

i

@ Point mutation of the TK
domain. It induces the
modification of the codon
835 (Asp835Tyr, but also in
Val, His, Glu, Asn)

JM

Duplication of about 3-150 bp

Loss of auto-inhibition to
move from inactive to active
form based on ligand
recognition.

Prognosis calill “ _
VEry Severe eliular proli eration

Auto-phosphorilation that
determins the auto-
activation
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% relapsing
@ o
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Poor risk ITD+ ({1008 ]

5
0 1 2

Years from remission

3

Poor risk ITD- [75%)
Standard rigk ITD+ (74%)

Standard risk ITD-  [48% )
Good risk ITD+ (29%)

Good risk ITD- {30% )




Key pathways targeted (in
addition to FLT3)

First-generation FLT3 inhibitors

Sunitinib VEGFR2, PDGFRB, KIT, RET

Sorafenib  RAE VEGFR1/2/3, PDGFRB,
KIT, RET

Developmental phase

Phase 3

Main toxicities

Decreased appetite,

headache, GI symptoms

Skin rash, fatigue,

diarrhea

Midostaurin PKC, SYK, FLK-1, AKT, PKA, Approved for the treatment of newly
KIT, FGR, SRC, PDGFRa/f3, diagnosed FLT3-mutated AML in
VEGFR1/2 combination with chemotherapy

Fever, flu-like symptoms,

mouth sores, unusual

Lestaurtinib JAK2/3, TrkA/

Ponatinib  LYN, ABL, PDGFRa, VEGFRZ,

FGFR1, SRC, KIT, TEK, RET
Tandutinib ~ KIT, PDGFRB
KW-2449 ABL, aurora kinase
Next-generation FLT3 inhibitors

Crenolanib ~ PDGFRf

Quizartinib  KIT, PDGFR

Gilteritinib ~ LTK, ALK, AXL

Withdrawn

Withdrawn

Phase 3

Phase 3

bleeding or bruising

Infections, sepsis,

myocardial infarction

Pancreatitis

Muscle weakness

NA

Nausea, vomiting,
transaminitis, fluid

retention

QTcF prolongation
(especially at higher
doses)

Diarrhea, fatigue, high

liver

function tests

Open in a separate window

FGFR fibroblast growth factor receptor, FLT3 FMS-like tyrosine kinase 3, GI gastrointestinal, JAK Janus kinase, NA not

applicable, PDGFR platelet-derived growth factor receptor, PK protein kinase, VEGFR vascular endothelial growth

factor receptor




Different mechanisms of action

Active
conformation

Inactive
conformation

FLT3
receptor

Intracellular space ITD
mutation

Type |
|"_ Inhibitors _'l
Sunitinib
Midostaurin
Lestaurtinib

Crenolanib*
Gilteritinib*

Type Il
Inhibitors _‘l

Sorafenib
Ponatinib
Quizartinib*

TKD
mutation

* Second-generation FLT3 inhibitor;

Type | FLT3 inhibitors bind the FLT3 receptor in the active conformation, either near the
activation loop or the ATP-binding pocket and are active against ITD and TKD mutations.
Type Il FLT3 inhibitors bind the FLT3 receptor in the inactive conformation in a region
adjacent to the ATP-binding domain. As a result of this binding affinity, type Il FLT3
inhibitors prevent activity of ITD mutations but do not target TKD mutations

Daver N et al, Leukemia 2019




IDH1-2

- Isocitrate dehydrogenase (IDH) is a critical enzyme of the citric
acid cycle

- IDH mutations occours in a spectrum of solid and hematologic
tumors

- IDH1 mutations in AML were significantly associated with
normal karyotype and NPM1 mutations

- IDH1mut: 6-10% AML, 3%MDS

- IDH2mut: 8-13% AML, 3-6% MDS

- IDH1/2 mutations confer a gain of function: production of 2-
hydroxyglutarate (2-HG)

- 2-HG drives multiple oncogenic processes: increased histone
and DNA methylation, and impaired cellular differentiation

- Clinical proof of concept established in hematologic cancers:
AG-221 (IDH2mut), and AG-120 (IDH1mut)

e e———" Citrate
\ |

of Isocitrate Isocitrate
cycle

IDH3 | IDH2 IDH1

a-ketoglutarate «---.-cooee a-ketoglutarate
IDH2 mut IDH1 mut

2-hydroxyglutarate ..%. 2-hydroxyglutarate

HIF-1a

IDH1 in the

cytoplasma

IDH2 in the
mitochondria




IDH1-2

Con

Other oncogenic

effects




NADP

IDH Enzymes

NADPH

lvosidenib (AG120): IDH1 Inhibitor

MOA of Ivosidenib

Isocitrate

Alpha-
ketoglutarate

‘ Cell |
\_Differentiation

Isocitrate

Ivosidenib 1110 > Mutated IDH Enzymes

A 4

2-HydroxyGlutarate

|

e

> Oral IDH1 Mutant Enzyme
Inhibitor for AML

» 250mg/bidie standard dose

> Successfully administered in
combination with
azacitidine obtainining
improved EFS, OS, and a
good tolleration




Enasidenib (AG221): IDHZ2 Inhibitor

2HG

> Oral IDH2
Mutant Enzymes
Inhibitor for AML

> 100mg/die
standard dose

> High efficacy (CR
and ORR) and
well tollerated
also in elderly




Enasidenib: IDH2 Inhibitor

mm Phase Ib/ll Study of Enasidenib plus Venetoclax in IDH2-Mutated R/R MDS or AML

Conclusion

- Enasidenib plus Venetoclax is well tolerated in patients with IDH2-mut R/R AML or MDS
- Adverse events primarily grade 1-2
- No differentiation syndrome or tumor lysis syndrome
- No significant myelosuppression; infection rate as expected for R/R MDS/AML

- Enasidenib plus Venetoclax shows promising efficacy in IDH2-mutated R/R AML or MDS
In patients in IDH2-mutated R/R AML: ORR of 70%

ORR was higher in patients with IDH2 R172 mutations: ORR 83% vs 55% (R140)
Median OS 9.4 months [95% CI, 8.2 - NR] and 18-month OS 42% [95% ClI, 27 - 66]
DOR 16.6 months [95% CI, 5.0 - NR]

- Combination therapy using combination of IDH2 and BCL2 inhibitors in IDH2-mutated
MDS/AML warrants further study




Signal transduction
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