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Clone wars in CML
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In many recent leukemia presentations, the suggestion that
leukemia can be turned into a long-term minimum residual
disease, consistent with prolonged life, but without offering the
prospect of cure, is raised. Obviously, any intervention that
prolongs life at a reasonable quality of life is a significant
advance. However, there is precious little evidence to support
the notion that leukemia can lie dormant for many years without
undergoing genetic change. Such changes are usually associated
with eventual clinically overt relapse and resistance to
subsequent therapy. Imatinib has transformed the survival
potential for patients with chronic phase CML, has had a
significant impact for those in accelerated phase and had a
minimal impact for those patients with blastic phase disease.1 It
is clear that most patients in chronic phase who have clinically
responded to imatinib and who have achieved complete
cytogenetic responses have easily detectable disease at the
molecular level. The connection between the amount of
‘residual’ disease, detectable abl mutations in the leukemic
cells and overt evidence of relapse at the molecular, cytogenetic
or hematological levels is a major focus of interest at present.2

The qualitative and quantitative relationships between non-
mutated and mutant clones are not well understood. The
percentage of patients with detectable mutations varies mark-
edly by report and by stage of disease. The mechanism of
resistance in approximately half of the patients who have
acquired imatinib resistance but no detectable mutation is
unclear. A major emerging issue is that of patient compliance
and persistence – patients are not good at taking oral
medications long-term. Possible mechanisms of true imatinib
resistance that do not involve abl mutations include over-
expression of Bcr-abl, increased MDR activity, cytogenetic
progression or possibly the involvement of other kinases
including members of the src family.1 The next generation abl-
kinase inhibitors AMN-107 and Dasatinib can both inhibit in
vitro all of the common Bcr-abl mutations except T315I.3–5 In
patients, the activity of either drug against most of these
mutations, except T315I, has been seen (Giles F et al. A phase
I/II study of AMN107, a novel aminopyrimidine inhibitor of Bcr-
Abl, on a continuous daily dosing schedule in adult patients
with imatinib-resistant advanced phase chronic myeloid leuke-
mia or relapsed/refractory Philadelphia chromosome acute
lymphocytic leukemia. ASH Annual Meeting Abstracts 2004;
104: 22; Hochhaus A et al. Efficacy of Dasatinib in patients with
chronic phase Philadelphia chromosome-positive CML resistant
or intoleant to imatinib: first results of the CA180013 ‘START-C’
phase II study. ASH Annual Meeting Abstracts 2005; 106: 41).
Khorashad et al.6 in their article on this issue have

significantly advanced our understanding of this complex
problem. Using pyrosequencing to quantitate non-mutated and
mutated alleles in patients with acquired resistance to imatinib,
they describe three contrasting kinetic patterns. In one group of
patients in whom the mutant allele predominates, with high
transcript numbers, we can reasonably assume that the abl
mutation is the predominant cause of imatinib resistance. In a

second group of patients in whom the mutant allele predomi-
nates, but the overall transcript level is low, it appears that the
allele may indeed mediate some resistance, but imatinib is still
able to suppress most of the disease. In a third group, despite a
constant low level of mutant allele, the total levels of transcripts
fluctuated, indicating that the overall imatinib sensitivity of the
leukemia was variable. Thus, these data indicate that the
presence of a mutant abl clone is not enough to account for
resistance to imatinib in all patients and that a mutation does not
necessarily confer a proliferate advantage over non-mutated
clones. These observations have at least two critical implica-
tions, the first of which is that we must continue to attempt to
eradicate disease as quickly as possible. In CML, current data
would indicate that the earlier one achieves a major molecular
emission in chronic phase, the more likely one is to retain it. As
molecular remission is associated with a minimal chance of
relapse, this should probably now become the accepted
therapeutic goal for patients with chronic phase CML. The
second inference is that there are certainly some patients to
whom we have little chance of offering elimination of all
malignant clones if we rely purely on one approach, including
relying on Bcr-abl inhibitors. If abl mutations are not enough to
explain resistance, then it is clearly likely that other mechan-
isms, including non-Bcr-abl-dependent disease accelerants, are
the issue. These mechanisms cannot be expected to respond to
further more powerful abl kinase inhibitors – the duration of
response to AMN107 or Dasatinib in patients with imatinib-
resistance blastic phase disease is brief in most patients (Giles F
et al. A phase I/II study of AMN107, a novel aminopyrimidine
inhibitor of Bcr-Abl, on a continuous daily dosing schedule in
adult patients with imatinib-resistant advanced phase chronic
myeloid leukemia or relapsed/refractory Philadelphia chromo-
some acute lymphocytic leukemia. ASH Annual Meeting
Abstracts 2004; 104: 22; Sawyers CL et al. Dasatinib (BMS-
354825) in patients with chronic myeloid leukemia and
Philadelphia-chromosome positive acute lymphoblastic leuke-
mia who are resistant or intolerant to imatinib: update of a phase
I study. ASH Annual Meeting Abstracts 2005; 106: 38). We have
an embarrassment of riches in terms of potential second or third
drugs that may be necessary; other inhibitors that may be of
relevance include those that target vascular endothelial growth
factor, Mtor and aurora kinase.6,7 HSP90 inhibitors may be able
to enhance destruction of an oncoprotein regardless of its
mutational status, and because of the number of client proteins
that HSP90 chaperones, by exposing a number of client proteins
to destruction simultaneously we may affect multiple pathways
in a synergistic manner. Whatever the precise methodologies,
the notion that we can ‘negotiate’ long term with CML is
probably false and emphasis should remain on early disease
elimination as the best chance of offering cure. To what extent
we need to adapt our approach to cope with ‘quiescent’ cells
will be a critical issue.8,9

FJ Giles
Department of Leukemia, The University of Texas,
MD Anderson Cancer Center, Houston, TX, USA

E-mail: frankgiles@aol.com

Leukemia (2006) 20, 939–940
& 2006 Nature Publishing Group All rights reserved 0887-6924/06 $30.00

www.nature.com/leu



References

1 Giles FJ, Cortes JE, Kantarjian HM. Targeting the kinase activity of
the BCR-ABL fusion protein in patients with chronic myeloid
leukemia. Curr Mol Med 2005; 5: 615–623.

2 Shah NP. Loss of response to imatinib: mechanisms and manage-
ment. Hematology (Am Soc Hematol Educ Program) 2005;
1: 183–187.

3 Shah NP, Tran C, Lee FY, Chen P, Norris D, Sawyers CL. Overriding
imatinib resistance with a novel ABL kinase inhibitor. Science 2004;
305: 399–401.

4 Golemovic M, Verstovsek S, Giles F, Cortes J, Manshouri T, Manley
PW et al. AMN107, a novel aminopyrimidine inhibitor of Bcr-Abl,
has in vitro activity against imatinib-resistant chronic myeloid
leukemia. Clin Cancer Res 2005; 11: 4941–4947.

5 Manley PW, Cowan-Jacob SW, Mestan J. Advances in the structural
biology, design and clinical development of Bcr-Abl kinase

inhibitors for the treatment of chronic myeloid leukaemia. Biochim
Biophys Acta 2005; 1754: 3–13.

6 Khorashad JS, Anand M, Marin D, Sanders S, Al-Jabary T, Iqbal A
et al. The presence of a BCR-ABL mutant allele in CML does not
always explain clinical resistance to imatinib. Leukemia 2006, in
press.

7 Young MA, Shah NP, Chao LH, Seliger M, Milanow ZV, Biggs WH
et al. Structure of the kinase domain of an imatinib-resistant
Abl mutant in complex with the Aurora kinase inhibitor VX-680.
Cancer Res 2006; 66: 1007–1014.

8 Copland M, Hamilton A, Elrick LJ, Baird JW, Allan EK, Jordanides N
et al. Dasatinib (BMS-354825) targets an earlier progenitor
population than imatinib in primary CML, but does not eliminate
the quiescent fraction. Blood 2006, in press.

9 Giles FJ, Kantarjian H, Cortes J. Novel therapies for patients with
chronic myeloid leukemia. Expert Rev Anticancer Ther 2004; 4:
271–282.

Editorial

940

Leukemia


	Clone wars in CML
	References


