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LMC

« La LMC e una malattia neoplastica della celluEmanale
emopoietica caratterizzata da un marker citogemeficr
Ph (19;22)(g34;911), derivato da una traslocazioael (Cr
9eil Cr22

Il prodotto di tale traslocazione cromosomica egdne
BCR-ABL che codifica per una TK costitutivamente
attivata responsabile della trasformazione neapkasiella
cellula

Tale proteina di fusione e il bersaglio selettideqgli
Inibitori delle TK, diventando il paradigma dellarget
therapy in ematologia




Rappresentazione schematica
del cromosoma Philadelphia (Ph)

La traslocazione t(9;22)
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Le Tirosinkinasi (TK) costituiscono una vasta

famiglia di proteine che regolano |1 meccanismi
Intracellulari di trasduzione del segnale.

La loro attivita controlla una serie di processlludari
fondamentali quali:

e Ccrescita

e metabolismo

e differenziazione
e adesione

e apoptosi
La disregolazione dell’attivita delle TK svolge unofo
centrale nella tumoregenesi umana.
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Bcr-Abl tirosina-chinasi: la proteina ‘chimerica’
che causa la trasformazione neoplastica

Analogamente alle Diversamente dalle altre
altre protein-chinasi protein-chinasi

catalizza il trasferimento la sua attivita non &

di un gruppo fosfato regolata e determina
dell’ATP a substrati processi che inducono
proteici, che, cosi Substrato la perdita di controllo
fosforilati, regolano della proliferazione
molteplici funzioni cellulare

cellulari

Substrato
fosforilato

Y = Tirosina

Goldman JM, Lancet 2000; 355:1031-1032




Bcr-Abl Signal Transduction Pathways
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Principali effetti di Bcr-Abl nel progenitore
emopoletico

Stimolo alla
II proliferazione

F-actin &% NUCLEO

Paxillin Ciclo

Abl cellulare

2. Diminuzione 4. Diminuzione della
dell’adesione allo 3. Ridotta morte funzione

stroma emopoietic apoptotica di ABL a livello nucleare
instabilita genomica




CML progression is due to genetic instability

Additional genetic defects




Palliative therapy ) Curative therapy

Arsenic
Spleen irradiation
Busulfan
Hydroxyurea
Stem cell transplantation
Combination chemotherapy
Interferon alpha
lmatinib

Dasatinib, nilotinib
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Figure 1: Development of treatments for CML
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Sopravvivenza LMC nell’era pre-imatinib

IFN-a Survival Advantage Over Hydroxyurea or Busulfan inié¢tdas
With Chronic Phase CML

1.0
0.9 - — INF-a (n=133) median survival 63.2 mo

0.8
0.7 - — Busulfan (n=186) median survival 45.4 mo
0.6
0.5
0.4 -

0.3 1 INF-a vs busulfan:
0.2 P=0.008
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Hehlmann et al. Blood. 1994;84:4064. Copyright American Society of Hematology, used with permission.




THERE IS NEW AMMUNITION
IN THE WAR AGAINST

GCANGER.

THESE ARE THE BULLETS.

. Revolutionary new pills like GLIVEC

combat cancer by targeting only the

diseased cells. Is this the breakthrough
we've been waiting for? :




GLIVEC (IMATINIB MESILATO)
INIBITORE SELETTIVO DELLA TIROSINA-CHINASI
BCR-ABL

La target therapydellaLMC

Glivec

1998: un approccio rivoluzionario
In terapia oncologicadrget therapy.
per la prima volta un farmaco che agisce direttaensul difetto
molecolare al centro della patogenesi della LMC




Glivec (imatinib mesilato)

STI571(STI=Signal Transduction Inhibitor)

Struttura chimica: fenilaminopirimidina

O+ CH,SOH

C29H33N,0CH,SG;




Imatinib nella LMC: meccanismo d’'azione

BCR-ABL
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(Adapted from Savage DG, Antman KH: Imatinib mesylate—a new oral targeted
therapy. N Engl J Med 346:683-693, 2002, with permission.)

Copyright & 2005 Elsevier Inc. (USA) Al rights resenred.




IRIS Protocol: Study Design

332 (60%)

Imatinib
n = 553 14 (3%) =

¥ Crossover

0 .-'"' "-.__
IFN-o. 359 (65 fn]_}, .

+ »
Ara-C Crossover for: 9 (2%)

n = 553 ¢ Lack of response
* Loss of response
e Intolerance of treatment

e Reluctance to continue IFN

MN=ZIO00Z2>» 20

O'Brien et al. Blood 2008;112: Absiract 186.




IRIS: Imatinib Compared With
IFN-a + ara-C: 18-Month Follow-up

97
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*P<0.001 Kaplan-Meier estimates

O’Brien SG, et al.N Engl J Med.2003;348:994-1004




Overall Survival (ITT Principle): Imatinib Arm
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Most Frequently Reported AEs:
First-Line Imatinib

Most Common
Adverse Events (by A'F',:if::; ﬁfs Grade 3/4 AE’s Patients %
5 Years) » o

Superficial Edema 60

Nausea 20
Muscle cramps 49
Musculoskeletal pain 47
Diarrhea 45
Rash/skin problems 40
Fatigue 39

Headache 37

Abdominal pain 37
Joint pain 31

* Only Serious Adverse Events (SAEs) were collected after 2005
* Grade 3/4 adverse events decreased in incidence after years 1-2

Druker et al. N Engl J Med. 2006;355:2408-2417.




Most Grade 3/4 AEs Occurred Early and Decreased
In Incidence With Continued Imatinib Therapy

% of Patients with Grade 3/4 AEs

Years Years After Total

1-2 3-4 4 Years Events
N=551 N=456 N=409 N=551

Neutropenia 14

Thrombocytopenia

Anemia

Liver enzymes 1

Other drug-related AEs

Druker et al. N Engl J Med. 2006;355:2408-2417.




Survival curves for CML (Imatinib) and diabetic patient

12 24 36

[months]

—=— CML - Imatinib treated patients
Surviving Diabetes (death from CVS causes)*




Survival with CML 1983-2008

Primary imatinib, 2002-2008 (CML IV)
5-year survival 92%

IFN-a or SCT, 1997-2003
(CML HIA) 5-year survival 71%

IFN-a or SCT, 1995-2001 (CML 1l1)
5-year survival 63%

. IFN-a, 1986-1994
hl"'""""'Ihn|-||-|-||-n-||-|-|-1-.|.|II S-year survival 53%
==t - -l H- = - et - o

Hydroxyurea, 1983-1994

L L L LA L

German CML Study Group, 2008

Busulfan, 1983-1994 5-year survival 38%
L L L L e

12 14 16 18 20 22
Year after diagnosis




CHronic MyeLoip Leukemia: AFter A DecaDe orF IMaTine

Initial treatment for patients with CML

John M. Goldman' Hemaro!ogy 2009

'Imperial College London, Hammersmith Hospital, London, United Kingdom

40% di fallimenti
in 7 anni corimatinik

All randomized o imalinib
n = 553 (100%)

- -

Still receiving study imatinib

Liscontinued study imatind

n = 332 (60%) n =221 (40%)
RIS [\
In CCR No CCR

n =317, n=15; Safety Efficacy Other
(8%) (15%) (179%5)

flve Daad Aliva Ot Al Dead

n=Ar n=76 =53 n=30 n=81 n=15

{40%) (60%) (635 M 3rsy B Baw) || (16%)

Figure 2. Outcome at 7 years for 553 patients randomized to receive
imatinib as initial therapy in the IRIS study. At 7 years 60% of patients
were still taking imatinib in accordance with the study protocol.

Reprinted with permission from O'Brien SG et al. Blood. 2008;112:76a.°

American Society of Hematology




Drug resistance in CML Is often like a wall

J&

The same “resistant” phenotype may result fromagsembly of
different bricks




.. and these are the bricks (or at least somgy

1. IMATINIB BIOAVAILABILITY

patient compliance 3. ACTIVATION OF ADDITIONAL OR
ALTERNATIVE ONCOGENIC PATHWAYS

- Interaction with other medications

_ overexpression/persistent activation of
- metabolism other tyrosine kinases

» Cytochrome P450 family e Lyn

- Influx e Hck

» decreased hOCT-1 expression o

levels or activity

- additional cytogenetic abnormalities
- efflux

* increased ABCB1/ABCG2
expression levels or activity

2. 4. OTHER MECHANISM(S)?
BCR-ABL gene amplification - LSCs? ...

- BCR-ABL kinase domain mutations




Imatinib transporters: which ones?
And how important are they?

L\

N\

* hOCT1 activity is an important determinant of nolkar response to IM (White et al, 2010); pts with
high hOCT1 expression show superior CCgR rates,dd30S (Wang et al, 2008)

ABCB1 overexpressed in resistant CML cell lines atgl(Mahon et al, 2003; llimer et al, 2004)

 ABCG2 also exhibits affinity for imatinib, althobgat a lesser extent (Hirayama et al, 2008, Graber-
Maier et al, 2010). Complex interaction of BCRP/ABZand imatinib: BCRP-mediated resistance to
Imatinib is attenuated by imatinib-induced reducttdBCRP expression (Nakanishi, 2006)




...and Indeed Many KD Mutations Have
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...But Abl Mutations Account for Only ~50% of
Resistant Cases—With Considerable Differences in
Incidence Depending on Disease Phase...

Data from the GIMEMA CML WP on 655 IM-resistant patients

Phase at the time of IM failure:

CP (IM first-line) CP {after IFN failure)

30% < . A4%

Resistant patients harboring Abl KD mutations

AP = accelerated phase; BC = blast crisis; CP = chronic phase; IFN = interferon; IM, imatinib




.. and by type of resistance

Data of the GIMEMA WP on CML on 655 IM-resistanspt

Upfront resistance Acquired resistance




2nd GENERATION TKiIs

- DASATINIB @
- NILOTINIB ®)
- BOSUTINIB ©)

(1) Kantarjian et al, NEJM 2010; 362: 2260-70
(2) Saglio et al, NEJM 2010; 362: 2251-9

(3) Phase 3 Study, enrolment completed, presentaticgcéegh ASH 2010 or
ASCO and EHA 2011




Dasatinib (Sprycell®)

Struttura chimica del BMS-354825

{Shah MP et al. Science 2004}




BMS-354825 (Dasatinib)

Mult-targeted oncogenic kinase inhibitor:

Fyn, Yes, Src, Lck, Bcr-Abl, Epha-2, Kit,
PDGFR...

Binds ABL In active and inactive conformation

* > 300 x potent than imatinib




Dasatinib in CML-CP (70 mg BID)
PFS and Overall Survival

0S
N 12 months 24 months
387 97% 94%

PFS
N 12 months 24 months

387 91% 80%

| T 1 | D EE— | 1
9 12 15 18 21 24 27 30 i I

Months
Progression was defined as increasing WBC count, loss of CHR / MCyR, confirmed AP/BP, or death

Shah NP, et al. Blood. 2008;112: Abstract 3225.




Nilotinib (Tasigna®)

(O Hare T, &7 al Concer Res Z000)

Caratteristiche:

Miletinib & una aminopirimidina che &
strutturalmente derivato dall' imatinib

Si lega alla ABL nella conformazione
inattiva, non inibisce la famiglia delle SCR
chinasi

Il composto & 25 volte pid potente dell
imatinib

Potente attivita inibitoria nei confronti
di mutazioni resistenti a imatinib




Structural resemblances and comparisons of the relative pharmacological
properties of imatinib and nilotinib

Paul W. Manley **, Nikolaus Stiefl °, Sandra W. Cowan-Jacob *, Susan Kaufman®, Jiirgen Mestan?,
Markus Wartmann®, Marion Wiesmann®, Richard Woodman®, Neil Gallagher®

Bioorzanic & Medicinal Chemistry xxx (2010 ) xoor=xxx

Figure 5. Comparison of the binding surfaces of ABL1 kinase with imatinib bound (green, left) and nilotinib bound { red, right). In both pictures the solvent accessible surface

of ABL1 is shown in grey with the P-loop and part of the activation loop removed for clarity (as in Fig. 2). The yellow line outlines the cavity created by the shift of the DRG
motif from the DFG-in or active position, to the DFG-out position required for the binding of imatinib or nilotinib. The locations of several residues important for inhibitor
binding are indicated with labels.




Nilotinib in CML-CP
Overall Survival

95% 87%

%

Number of patients = 321
Number failed = 44

||| = censored observations

I|31IJ11 14 16 18 20 22 24 26 28 30 32 34 36
Months Since Start of Treatment
87% of patients were estimated to be alive on nilotinib at 24 months
Kantarjian HM, et al. J Clin Oncol. 2009;27(155): Abstract 7029.




Imatinib

Nilotinib
ABL
ARG

BCR-ABL
KIT
PDGFR

DDR1
NQO2

ARG
KIT
PDGFR
SRC
YES
FYN
LY M
HCK
LCK
FGR
BLE
FRK
CSK
BTK
TEC
BMX
THK
DDR1

DDR2
ACK

ACTRZB
ACVRZ
BRAF
EGFR/ERBBT
EPHAZ
EPHA3
EPHA4
EPHAS
EPHAS
EPHEB1
EPHB2
EFHBE4
EPHES
ERBBZ
EREB4
FAK
GAK
GCK

Dasatinib

HHA98/TNNIZK
ILK

LIMK1
LIMKZ2
MAP2KS
MAP3K1
MAP3K2
MAP3K3
MAP3IK4
MAP4K1
MAPAKS/KHS1
MAPK11/p38BETA
MAPK14/p38ALFA
MYT1
MLK
PTK&S/brk
QIK
QSK
RAFT
RET
RIPK2

Leukemia & Lymphoma, April 2008; 49(4): 615-619

SLK
STK3&/ULK

SYK
TAO3
TESK2
TYKZ
ZAK



SUMMARY

IMATINIB 400 IMATINIB 600- [IMATINIB +
mg 800 mg IFNa

2nd GEN TKiIs

POTENCY + + +

SPECIFICITY

SENSITIVITY OF BCR-
ABL MUTATIONS

RESPONSE RAPIDITY

RESPONSE RATE

RESPONSE GRADE + +

RESPONSE STABILITY TOO EARLY TOO EARLY

SIDE EFFECTS + + + +

COST ++ ?




Quando passare alla Il linea?

When is It justified to switch to a
2nd-generation TKI?

4Imatinib intolerance|
— Grade 3/4 toxicities

— Persisting low grade non-haematological
toxicities

imatinib resistance]
— Lost response
— Consecutive rise in BCR-ABL transcript level

'|Inabi|ity to achieve treatment milestonesl

— No CCyR by 12 months or MMR by 18 months

- Response may improve later, but there is a high
risk of relapse/progression




Come scegliere la terapia di Il linea

- situazione clinica/safety

- stato mutazionale




Precautions — second-generation TKis

QTc prolongation: Both need same precaution -
Baseline ECG, close K+ and Mg++ monitoring

Past pancreatitis, severe diabetes: Nilotinib
contraindicated (C/I)

Hypertension, COPD, CCF, chest wall injury,
asthma, pneumonia, Gl bleeding, auto-immune
disorders, aspirin: Dasatinib contraindicated (C/I)

Kantarjian et al. Blood 2007; 110: 3540-3546.

Brave et al. Clin Cancer Res 2008; 14(2): 352-359.

Palandri et al. Haematologica 2009; 94(12):1758-61.

Quintas-Cardama et al. J Clin Oncol 2007; 25: 3908-3914.

Quintas-Cardama et al. Blood (ASH Annual Meeting Abstracts) 2007; 110: Abstracts 2941 & 2958.
Giles et al. Leukemia 2009; 23(10):1698-707.




Leukemia (2009), 1-7

St ato m ut aZ | O n al e & 2009 Macmillan Publishers Limited All ights reserved 0887-6924/09 $32.00

www.nature.comfeu

SPOTLIGHT REVIEW

Choosing the best treatment strategy for chronic myeloid leukemia patients resistant to
imatinib: weighing the efficacy and safety of individual drugs with BCR-ABL mutations
and patient history

E Jabbour', A Hochhaus?, | Cortes', P La Rosée” and HM Kantarjian'

Table 1 Sensitivity of BCR-ABL point mutation to nilotinib and
dasatinib in vive®®*

Sensitivity Nilotinib Dasatinib

Sensitive M244vV M244v
L248V G250E
G250E Y253FH*®
Q252H" F311L
E275K M351T
D276G F359v*®
V299" Varal
T315AP L387M
F317LP H396P
M3SIT
E355A/G
L387F
F4865

Less sensitive or resistant E255KN
Y¥253H
F359C/NV

Resistant T315l

“Resistant to dasatinib.
®Resistant to nilotinib.




T3151 mutation prevents TKI binding

S . . A
* -

Nilotinib Dasatinib

Weisberg E et al.: Nat Rev Cancer 7, 2007, 345-356
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New Innioltors



NEW TARGETS



NEW TARGETS



Alox5

Alox5

Alox5

Alox5

ALOX 5



ZILEUTON

Inhibitor of 5-LO



NEW TARGETS
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ELN Treatment
recommendations
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