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LMC
• La LMC è una malattia neoplastica della cellula staminale

emopoietica caratterizzata da un marker citogenetico, il Cr 
Ph (t9;22)(q34;q11), derivato da una traslocazione tra il Cr 
9 e il Cr 22

• Il prodotto di tale traslocazione cromosomica è il gene 
BCR-ABL che codifica per una TK costitutivamente
attivata responsabile della trasformazione neoplastica della 
cellula  

• Tale proteina di fusione è il bersaglio selettivo degli 
inibitori delle TK, diventando il paradigma della target 
therapy in ematologia



Rappresentazione schematica 
del cromosoma Philadelphia (Ph)
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Le Tirosinkinasi (TK) costituiscono una vasta
famiglia di proteine che regolano i meccanismi 
intracellulari di trasduzione del segnale.

La loro attività controlla una serie di processi cellulari 
fondamentali quali:

• crescita

• metabolismo

• differenziazione

• adesione

• apoptosi
La disregolazione dell’attività delle TK svolge un ruolo 
centrale nella tumoregenesi umana.



Bcr-Abl tirosina-chinasi: la proteina ‘chimerica’ 
che causa la trasformazione neoplastica

Analogamente alle 
altre protein-chinasi
catalizza il trasferimento 
di un gruppo fosfato 
dell’ATP a substrati 
proteici, che, così 
fosforilati, regolano 
molteplici funzioni 
cellulari

Diversamente dalle altre 
protein-chinasi
la sua attività non è 
regolata e determina 
processi che inducono
la perdita di controllo
della proliferazione 
cellulare
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Goldman JM, Lancet 2000; 355:1031-1032



Adapted from Kantarjian H, et al.  Hematology. 2000:90-109.
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Principali effetti di Bcr-Abl nel progenitore 
emopoietico

NUCLEO

Bcr-Abl 1. Stimolo alla 
proliferazione

4. Diminuzione della 
funzione 
di ABL a livello nucleare: 
instabilità genomica

Paxillin

F-actin

2. Diminuzione 
dell’adesione allo 
stroma emopoietico

Abl

3. Ridotta morte 
apoptotica

Ciclo 
cellulare

RAS



CML progression is due to genetic instability
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Additional genetic defects
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IFN-a Survival Advantage Over Hydroxyurea or Busulfan in Patients
With Chronic Phase CML

Hehlmann et al. Blood. 1994;84:4064. Copyright American Society of Hematology, used with permission.

Busulfan (n=186) median survival 45.4 mo

INF-a vs busulfan: 
P=0.008
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GLIVEC (IMATINIB MESILATO) 
INIBITORE SELETTIVO DELLA TIROSINA-CHINASI 

BCR-ABL

La target therapydellaLMC

Glivec
1998: un approccio rivoluzionario 

in terapia oncologica (target therapy): 
per la prima volta un farmaco che agisce direttamente sul difetto 

molecolare al centro della patogenesi della LMC



Glivec (imatinib mesilato)

Struttura chimica: fenilaminopirimidina

C29H31N7O•CH4SO3

N N
N

N
H
•N

H
•

• CH3SO3HON

N
pm 589,7

S T I 5 7 1 (S T I = Signal Transduction Inhibitor)
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Imatinib nella LMC: meccanismo d’azione





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









Survival curves for CML (Imatinib) and diabetic patients
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40% di fallimenti40% di fallimenti
in 7 anni con in 7 anni con imatinibimatinib



Drug resistance in CML is often like a wallDrug resistance in CML is often like a wall

The same “resistant” phenotype may result  from the assembly of 
different bricks



1. IMATINIB BIOAVAILABILITY

� patient compliance

- interaction with other medications

- metabolism 

• Cytochrome P450 family

- influx

• decreased hOCT-1 expression            
levels or activity

- efflux 

• increased ABCB1/ABCG2             
expression levels or activity

2. INTERACTION WITH TARGET

� BCR-ABL gene amplification

- BCR-ABL kinase domain mutations

3. ACTIVATION OF ADDITIONAL OR 
ALTERNATIVE ONCOGENIC PATHWAYS

� overexpression/persistent activation of 
other tyrosine kinases

• Lyn

• Hck

• …

- additional cytogenetic abnormalities

4. OTHER MECHANISM(S)?

- LSCs?  …

.. and these are the bricks (or at least some).. and these are the bricks (or at least some)
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• hOCT1 activity is an important determinant of molecular response to IM (White et al, 2010); pts with 
high hOCT1 expression show superior CCgR rates, PFS and OS (Wang et al,  2008)

•ABCB1 overexpressed in resistant CML cell lines and pts (Mahon et al, 2003; Illmer et al, 2004)

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

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







Upfront resistance Acquired resistance
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Data of the GIMEMA WP on CML on 655 IM-resistant pts

.. and by type of resistance.. and by type of resistance



2nd GENERATION TKIs 

- DASATINIB (1)

- NILOTINIB (2)

- BOSUTINIB (3)

(1) Kantarjian et al, NEJM 2010; 362: 2260-70

(2) Saglio et al, NEJM 2010; 362: 2251-9

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





• Mult-targeted oncogenic kinase inhibitor:
Fyn, Yes, Src, Lck, Bcr-Abl, Epha-2, Kit, 

PDGFR… 

• Binds ABL in active and inactive conformation

BMS-354825 (Dasatinib)

• > 300 x potent than imatinib
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++ + ++ ++SIDE EFFECTS

?+++ ++COST

TOO EARLYTOO EARLY++RESPONSE STABILITY

+ + ++ ++ (+)+RESPONSE GRADE

+ + ++ ++ (+)+RESPONSE RATE

+ + ++ (+)+ (+)+RESPONSE RAPIDITY

+ + ++ ?+ ±+SENSITIVITY OF            BCR-
ABL MUTATIONS

+ (-)+ (-)++SPECIFICITY

+ + ++ ++ ++POTENCY

2nd GEN TKIs
IMATINIB + 

IFNaaaa
IMATINIB 600-

800 mg
IMATINIB   400 

mg

SUMMARY



Quando passare alla II linea?



Come scegliere la terapia di II linea ?

- situazione clinica/safety

- stato mutazionale





stato mutazionale
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BCRBCR--ABL New ABL New inhibitorsinhibitors



NEW TARGETS

• BCR-ABL kinase inhibitors do not efficiently kill
leukemic stem cells (LSCs), indicating that this
therapeutic strategy does not lead to a cure of CML

• The  stem cell resistance is not associated with the 
BCR-ABL kinase domain mutations

• Development of curative therapies of CML require
the identification of genes/pathways that play critical
roles in survival and self-renewal of LSCs

YChen et al.Leukemia(2010), 1-10



NEW TARGETS

The ‘natural’ resistance of LSCs to imatinib, as well as
other kinase inhibitors, suggests that BCR-ABL  
somehow turns on unique molecular pathways in LSCs
through both kinase-dependent and, more importantly, 
kinase independent mechanisms

YChen et al.Leukemia(2010),1-10



ALOX 5

• Alox5, the arachidonate 5-lipoxygenase (5-LO) gene, is a critical regulator for
leukemia stem cells (LSCs) in BCR-ABL-induced chronic myeloid leukemia
(CML). Alox5 pathway is essential for the induction of CML by BCR-ABL

• Alox5 gene is up-regulated by BCR-ABL and this up-regulationis not
abolished by imatinib treatment

• Alox5 deficiency causes impairment of the function of LSCs through 
affecting differentiation, cell division, and survival of long-term LSCs (LT-
LSCs), consequently causing a depletion of LSCs and a failure of CML 
development

• Alox5 deficiency only causes a functional defect in LSCs without affecting
normal HSCs

YChen et al.Leukemia(2010),1-10



• An inhibitor of 5-LO; 5-LO as a potential target in LSCs for treating CML 

• Treatment of CML mice with both Zileuton and Imatinib had a better
therapeutic effect than treatment witheither drug alone in prolonging the 
survival of the mice

• Zileuton treatment did not affect the differentiationof GFP_LT-HSCs in the 
same animals, showing that inhibition of 5-LO did not suppress normal HSCs

• A phase-I/II study at University of Massachusetts Medical School (Worcester, 
MA, USA) to evaluate the safety of Zileuton in combination with imatinib in 
chronic-phase CML patients has been approved by the FDA, and the 
effectiveness of this novel anti-LSC therapy remains to be seen in near future.

ZILEUTON

YChen et al.Leukemia(2010),1-10



NEW TARGETS

• Migliore comprensione della struttura biologica di BCR-
ABL

• Sviluppo di nuovi inibitori in grado di superare i 
meccanismi di resistenza

• Associazione di inibitori con attività diversa sulle celllule
leucemiche a scopo eradicante









VALUTAZIONE DELLA RISPOSTA A IMATINIB





57



ELN Treatment 
recommendations

• 1st line: IM 400 mg in all patients
• 2st line: in IM-intolerant ptz, DA or NI: in IM suboptimal

responders, >dose IM or DA or NI;  in IM -failures, DA or 
NI, allo-HSCT in case of CA or CB phase and in case of 
T315I mutation

• 3st line: in case of DA or NI -suboptimal response, either
continuation of DA or NI, or allo-HSCT, particulary in ptz
with an EBMT risk score£2, in case of DA or NI-failure, 
allo-HSCT whenever possible



DASATINIB or
NILOTINIB,
then AlloHSCT

/
2ND LINE,
PTS PREVIOUSLY  
TREATED  WITH  
IMATINIB

IMATINIB 600-800 mg, or
OTHER  TKIs  IN  CASE  OF  
MUTATIONS  IMATINIB-
RESISTANT, then AlloHSCT

IMATINIB, or  
OTHER TKIs
then AlloHSCT

FRONT-LINE,
PTS TKI-NAIVE

20092006

European Leukemianet, Blood 2006; 108: 1809-1820
European Leukemianet, JCO, 2009

TREATMENT  RECOMMENDATIONS,ADVANCED  PHASES 
(AP, BP)



- IN  “ALL” PATIENTS
IN  CASE  OF  
FAILURE  OF  2ND 
GENERATION  TKIs

- IN  PATIENTS  WHO  HAVE  ALREADY
PROGRESSED  TO  AP/BP  (Pretreatment
with  a  2nd generation  TKI  is  recommended)       

and IN CASE OF T315I MUTATION

AT  TIME  OF  
IMATINIB  FAILURE

- IN  PATIENTS  PRESENTING  IN  AP/BP
(Pretreatment with  a  TKI  is  recommended)

AT  DIAGNOSIS

European Leukemianet, JCO, 2009

RECOMMENDATIONS  FOR  ALLOGENEIC  HEMOPOIETIC  STEM  CELL  
TRANSPLANTATION

(MYELOABLATIVE, STANDARD  PROCEDURES,                           
HLA-ID SIB  OR  HLA-MATCHED  UD)



(ENESTnd)
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CCyR Rates (ITT)
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MMR Rates Over Time (ITT)
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