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Death
BlasticBlastic transformationtransformation

Chronic myeloid leukaemia (CML)Chronic myeloid leukaemia (CML)
Natural course of the diseaseNatural course of the disease

Accelerated phaseAccelerated phase

Benign chronic phaseBenign chronic phase

33--5 years5 years

~~1 year1 year

median age median age 
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Survival after DiagnosisSurvival after Diagnosis
1965 1965 –– 19741974
1975 1975 –– 19811981
1982 1982 –– 19891989
1990 1990 –– 19991999

Median Median 
survival survival 

<3 <3 
yearsyears

>4 >4 
yearsyears

>6 >6 
yearsyears

99
yearsyears
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93%93%

Imatinib (glivec)
Culmination of 40 
years of research

Busulfan
Hyroxyurea
bone marrow 

transplant
BMT

interferon-α



In 1960 a consistent chromosomal In 1960 a consistent chromosomal 
abnormality identified in CML patientsabnormality identified in CML patients

Philadelphia chromosome
first consistent somatic genetic 

abnormality identified                   
in leukaemia

Nowell and Hungerford, Science. 1960;132:1497



1982 to 1984: genes involved in the 1982 to 1984: genes involved in the 
translocation were identifiedtranslocation were identified

1990: BCR1990: BCR--ABL was demonstrated to ABL was demonstrated to 
induce leukaemiainduce leukaemia

Lugo et al. Science. 1990;247:1079Lugo et al. Science. 1990;247:1079 ShtivelmanShtivelman et al. Nature. 1985;315:550 et al. Nature. 1985;315:550 ElefantyElefanty et al. EMBO J. 1990;9:1069et al. EMBO J. 1990;9:1069

1985: Fusion gene was identified with 1985: Fusion gene was identified with 
deregulated activityderegulated activity
Der 9Der 9 Philadelphia chromosomePhiladelphia chromosome

BCRBCR
genegene

ABL1ABL1
genegene

99 2222

1973: Philadelphia chromosome 1973: Philadelphia chromosome 
resulted from a reciprocal translocationresulted from a reciprocal translocation

tyrosine tyrosine 
kinase with kinase with 

tightly tightly 
regulated regulated 
activityactivity

(Ph)(Ph)

Rowley. Nature. 1973;243:290 Rowley. Nature. 1973;243:290 de Klein et al. Nature. 1982;300:765 de Klein et al. Nature. 1982;300:765 GroffenGroffen et al. Cell. 1984;36:93 et al. Cell. 1984;36:93 
Daley et al. Science. 1990;247:824Daley et al. Science. 1990;247:824

cause of CMLcause of CML

BCR-ABL
gene



Mechanism of deregulated activity Mechanism of deregulated activity 
of Bcrof Bcr--AblAbl

cell cell 
adherenceadherence

cell cell 
survivalsurvival

cell cell 
proliferationproliferation

signal transduction signal transduction 
cascadecascade

acute acute 
leukaemialeukaemia

Bcr-Abl
protein

Kinase domainKinase domain

Substrate

ATP

Bcr-Abl



Targeted TherapyTargeted Therapy

New generation of cancer drugs designed to 
interfere with a specific molecular target  
New generation of cancer drugs designed to New generation of cancer drugs designed to 
interfere with a specific molecular target  interfere with a specific molecular target  

The identification of appropriate targets is 
based on a detailed understanding of the 
molecular changes underlying cancer

The identification of appropriate targets is The identification of appropriate targets is 
based on a detailed understanding of the based on a detailed understanding of the 
molecular changes underlying cancermolecular changes underlying cancer

critical role in tumour growth or progression critical role in critical role in tumourtumour growth or progression growth or progression 

1. Small molecule drugs 1.1. Small molecule drugs Small molecule drugs 

diffuse into cells and act on targets within 
the cell
diffuse into cells and act on targets within diffuse into cells and act on targets within 
the cellthe cell

2. Monoclonal antibodies2.2. Monoclonal antibodiesMonoclonal antibodies

most cannot penetrate the cell’s plasma 
membrane and are directed against targets 
outside of cells or on the cell surface

most cannot penetrate the cellmost cannot penetrate the cell’’s plasma s plasma 
membrane and are directed against targets membrane and are directed against targets 
outside of cells or on the cell surfaceoutside of cells or on the cell surface

imatinibimatinibimatinib

trastuzamab – treatment of HER2-
positive breast cancer
trastuzamabtrastuzamab –– treatment of HER2treatment of HER2--
positive breast cancerpositive breast cancer

The optimal targets are ideally those present 
only in tumour cells
The optimal targets are ideally those present The optimal targets are ideally those present 
only in tumour cellsonly in tumour cells



Essential Requirements of TargetsEssential Requirements of Targets

Bcr-Abl
protein

Substrate

ATP

Imatinib

Mechanism of Action of ImatinibMechanism of Action of Imatinib

Sledge JCO; 2005:23,1614Sledge JCO; 2005:23,1614

should be measurable in the laboratoryshould be measurable in the laboratoryshould be measurable in the laboratory

should be sensitive and specificshould be sensitive and specificshould be sensitive and specific

should be present in easily accessible tissue should be present in easily accessible tissue should be present in easily accessible tissue 

ideally the assay should be simple to perform 
and reproducible
ideally the assay should be simple to perform ideally the assay should be simple to perform 
and reproducibleand reproducible

measurement of the target should 
correlate with clinical outcome

measurement of the target should measurement of the target should 
correlate with clinical outcomecorrelate with clinical outcome



Complete Cytogenetic ResponseComplete Cytogenetic ResponseBCRBCR--ABL is a very good targetABL is a very good target

Philadelphia chromosomePhiladelphia chromosome

BCRBCR--ABLABL
genegene

Cytogenetic analysis Cytogenetic analysis 
of bone marrowof bone marrow

Molecular analysis of Molecular analysis of 
peripheral bloodperipheral blood

Approximately 300Approximately 300--times more sensitive times more sensitive 
than cytogenetic analysisthan cytogenetic analysis

cytogenetic and molecular response 
correlate with clinical outcome

cytogenetic and molecular response cytogenetic and molecular response 
correlate with clinical outcomecorrelate with clinical outcomeInternational International standardisationstandardisation of quantitative of quantitative 

PCR methods is underwayPCR methods is underway

Branford et al. Branford et al. Blood. 2008;112(8):3330.Blood. 2008;112(8):3330.



Relationship between response level and Relationship between response level and 
number of leukaemic cellsnumber of leukaemic cells

Complete Complete HaematologicHaematologic ResponseResponseComplete Cytogenetic ResponseComplete Cytogenetic Response

Before 2000 >80% patientsBefore 2000 >80% patients}}
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After 2000 >80% After 2000 >80% 
patientspatients

Most patients may have a Most patients may have a 
significantly prolonged survivalsignificantly prolonged survival

PhPh

BCRBCR--ABLABL

associated with prolonged survival associated with prolonged survival -- >10 years>10 years

~~10101212 at diagnosisat diagnosis

ImatinibImatinib CCRCCR

The level of molecular The level of molecular 
response provides response provides 

important prognostic important prognostic 
indicationsindications



Effects of a selective inhibitor of the Effects of a selective inhibitor of the AblAbl tyrosine tyrosine 
kinase on the growth of kinase on the growth of BcrBcr--AblAbl positive cellspositive cells

“This compound may be useful in the      This compound may be useful in the      
treatment of treatment of bcrbcr--ablabl--positivepositive leukemiasleukemias””

DrukerDruker et al. Nature Med. 1996;2:561et al. Nature Med. 1996;2:561

19981998 First patients were treated with imatinib First patients were treated with imatinib 

chronic phase chronic phase -- resistant to or intolerantresistant to or intolerant

accelerated phaseaccelerated phase

blast crisisblast crisis

ofof interferoninterferon--αα

XX
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Effects of a selective inhibitor of the Effects of a selective inhibitor of the AblAbl tyrosine tyrosine 
kinase on the growth of kinase on the growth of BcrBcr--AblAbl positive cellspositive cells

DrukerDruker et al. Nature Med. 1996;2:561et al. Nature Med. 1996;2:561

19981998 First patients were treated with imatinib First patients were treated with imatinib 

chronic phase chronic phase -- resistant to or intolerantresistant to or intolerant

accelerated phaseaccelerated phase

blast crisisblast crisis

ofof interferoninterferon--αα

XX
20002000 Newly diagnosed patients were treatedNewly diagnosed patients were treated

December 20th 2002
FDA granted 

accelerated approval of 
imatinib for the 

treatment of newly 
diagnosed CML 
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Imatinib Imatinib 
apoptotic effectapoptotic effect

Killing of Killing of leukaemicleukaemic cells is reflected cells is reflected 
by a reduction of BCRby a reduction of BCR--ABL mRNAABL mRNA

In the absence of In the absence of 
imatinib the stem cells imatinib the stem cells 
can enter the cell cycle can enter the cell cycle 

and produce mature and produce mature 
leukaemic cells  leukaemic cells  

Rapidly repopulate the leukaemic Rapidly repopulate the leukaemic 
cell populationcell population
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Possibly notPossibly not

Will all patients have to spend the 
rest of their lives on kinase 

inhibitor therapy?

Will all patients have to spend the Will all patients have to spend the 
rest of their lives on kinase rest of their lives on kinase 

inhibitor therapy?inhibitor therapy?



Some patients with sustained undetectable Some patients with sustained undetectable 
BCRBCR--ABL maintain responseABL maintain response
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Relationship between response level and Relationship between response level and 
number of leukaemic cellsnumber of leukaemic cells
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detectiondetection
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Some patients with sustained undetectable Some patients with sustained undetectable 
BCRBCR--ABL maintain responseABL maintain response



Imatinib resistance Imatinib resistance 
remains a problem remains a problem 

for a minority of for a minority of 
patientspatients

~30% of first~30% of first--line imatinib treated line imatinib treated 
patients cease imatinibpatients cease imatinib



Newly diagnosed patients treated Newly diagnosed patients treated 
with imatinib  with imatinib  

YearYear ProgressionProgression**

1st1st 3.4%3.4%
2nd2nd 7.5%7.5%

* All deaths, loss of response* All deaths, loss of response including AP/BCincluding AP/BC

3rd3rd 4.8%4.8% 1.6% 1.6% 
4th4th 1.5%1.5% 0.9%0.9%
5th5th 0.9%0.9% 0.6%0.6%
6th6th 0.4%0.4% 0%0%

AP/BCAP/BC
1.5%1.5%
2.8%2.8%



proliferating 
leukaemic
stem cell

Main mechanism of imatinib resistanceMain mechanism of imatinib resistance

Kinase domainKinase domain

Point mutation of the Point mutation of the 
DNA sequence within the DNA sequence within the 

kinase domainkinase domain

Mutated resistant cloneMutated resistant clone

ImatinibImatinib

Substrate
proliferating 

leukaemic
stem cell

Imatinib 
resistance

reactivation of reactivation of 
leukaemialeukaemia

ATP



BCRBCR--ABL mutations ABL mutations 
occur in 60 to 80% occur in 60 to 80% 

of patients with of patients with 
imatinib resistance imatinib resistance 



BCRBCR--ABL kinase domain in complex with imatinibABL kinase domain in complex with imatinib

>100 
mutations

>57 residues

Gorre et al, Gorre et al, 
Science Science 

2001;293:8762001;293:876

2001 - T315I



Poorer Poorer 
prognosisprognosis

BCRBCR--ABL kinase domain in complex with imatinibABL kinase domain in complex with imatinib

>100 
mutations

>57 residues

may may 
respond respond 

to anto an
increased increased 

dose  dose  

PP--looploop
high level high level 
resistance resistance 

Branford et al, Branford et al, 
Blood; 2003:Blood; 2003:
102,276102,276

NicoliniNicolini et al, et al, LeukLeuk; ; 
2006:20,10612006:20,1061

Soverini et al, Soverini et al, 
CC Res; 2006:CC Res; 2006:
12,737412,7374

KhorashadKhorashad et al, et al, 
JCO; JCO; 
2008:28,12008:28,1

Can mutants alter Can mutants alter 
transformation potency?transformation potency?



Altering the phenotype of Altering the phenotype of 
cancer by point mutation is cancer by point mutation is 

not unusualnot unusual



cancer cancer 
prognosisprognosis

response to response to 
drug treatmentdrug treatment

gain/loss of gain/loss of 
functionfunction

1,300 point mutations 1,300 point mutations 
in one regionin one region

mutations within the p53 gene mutations within the p53 gene 
are common in diverse cancersare common in diverse cancers



Three Three in vitroin vitro studies suggest that BCRstudies suggest that BCR--ABL ABL 
mutations mutations alter kinase function and confer alter kinase function and confer 

unanticipated biological propertiesunanticipated biological properties

ScaggsScaggs et al, et al, PNAS;2006:103,19466PNAS;2006:103,19466
GriswaldGriswald et al, Mol & Cell Biol;2006:26,6082 et al, Mol & Cell Biol;2006:26,6082 

Shah et al, Shah et al, J Clin Invest;2007:117,2562J Clin Invest;2007:117,2562

Gain of 
function 

Loss of 
function 

mutants may alter substrate specificitymutants may alter substrate specificity

alternate signal transduction pathway alternate signal transduction pathway 
activationactivation

Should consider each 
mutation as a unique 
protein with altered 

biological properties relative 
to wild-type BCR-ABL



Problem of resistance and mutations Problem of resistance and mutations 
has led to the development of second has led to the development of second 

generation inhibitorsgeneration inhibitors

Nilotinib
(Tasigna)

>20% times >20% times 
more potent more potent 
than imatinibthan imatinib

Dasatinib
(Sprycel)

>100 times >100 times 
more potent more potent 
than imatinibthan imatinib



imatinibimatinib

T315I
dasatinib  dasatinib  nilotinibnilotinib

T315I T315I

>100 mutations>100 mutations

Activity of more potent inhibitors against Activity of more potent inhibitors against 
the imatinib resistant mutationsthe imatinib resistant mutations

Y253HY253H
E255K/VE255K/V
F359V/C F359V/C 

F317L/IF317L/I
V299L V299L 
T315AT315A

In vitro studies predicted that clinical 
resistance may be associated with 

the predominant emergence of T315I 
at clinically achievable doses

Burgess et al, PNAS. 2005;102:3395
Bradeen et al, Blood. 2006;108:2322
Von Bubnoff et al, Blood. 2006;102:1328
Ray et al, Blood. 2007;109:5011

Main mechanism of Main mechanism of 
resistance: resistance: 

BCRBCR--ABL mutationsABL mutations



approximately 40% of approximately 40% of 
chronic phase patients achieve CCRchronic phase patients achieve CCR
June 28, 2006June 28, 2006

accelerated approval accelerated approval 
for imatinib resistance for imatinib resistance 

of intoleranceof intolerance

October 29, 2007October 29, 2007
accelerated approval accelerated approval 
for imatinib resistance for imatinib resistance 

of intoleranceof intolerance

Problem of resistance and mutations Problem of resistance and mutations 
has led to the development of  has led to the development of  
second generation inhibitorssecond generation inhibitors

Nilotinib
(Tasigna)

Dasatinib
(Sprycel)



What will the What will the 
prognosis be for prognosis be for 

patients diagnosed patients diagnosed 
with CML in the with CML in the 

future?future?



93931001005454

3737

ParameterParameter
Percent CCRPercent CCR

78789393

Dasatinib Dasatinib 

N=45N=45

NilotinibNilotinib

N=48N=48

3 months3 months

6 months6 months

12 months12 months 979796966565

Complete Cytogenetic Response Complete Cytogenetic Response 
newly diagnosed CML by treatmentnewly diagnosed CML by treatment

ImatinibImatinib

N=50N=50
ParameterParameter

Percent CCRPercent CCR
Dasatinib Dasatinib 

N=45N=45

NilotinibNilotinib

N=48N=48

Cortes et al, ASH abstracts;2008:112,182 and 442Cortes et al, ASH abstracts;2008:112,182 and 442

Delayed achievement of CCR is 
associated with increased risk of 

disease progression
Quintás-Cardama et al. Blood. 2009;113:6315.
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Targeted therapies for other cancersTargeted therapies for other cancers

These initiatives have relevance for treating and 
monitoring other targets implicated in cancer
These initiatives have relevance for treating and These initiatives have relevance for treating and 
monitoring other targets implicated in cancermonitoring other targets implicated in cancer

JAK2 inhibitors have entered clinical trial for 
patients with myeloproliferative disorders
JAK2 inhibitors have entered clinical trial for JAK2 inhibitors have entered clinical trial for 
patients with patients with myeloproliferativemyeloproliferative disordersdisorders

Erlotinib for non-small cell lung cancer for 
selected patients
ErlotinibErlotinib for nonfor non--small cell lung cancer for small cell lung cancer for 
selected patientsselected patients

Tipifarnib – preclinical studies were promisingTipifarnibTipifarnib –– preclinical studies were promisingpreclinical studies were promising

failed as a single agent for most solid cancersfailed as a single agent for most solid cancersfailed as a single agent for most solid cancers



Targeted therapies for other cancersTargeted therapies for other cancers

Appropriate selection of the patient population is 
critical
Appropriate selection of the patient population is Appropriate selection of the patient population is 
criticalcritical

an unselected approach has the potential for 
discarding valuable drugs
an unselected approach has the potential for 
discarding valuable drugs

Appropriate clinical interpretation of response 
to targeted therapies will rely on:
Appropriate clinical interpretation of response 
to targeted therapies will rely on:

confirmation of the presence of the target in   
a patient
confirmation of the presence of the target in   confirmation of the presence of the target in   
a patienta patient
standardised molecular monitoringstandardised molecular monitoringstandardised molecular monitoring

characterisation of mechanisms of resistancecharacterisation of mechanisms of resistancecharacterisation of mechanisms of resistance


