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The management of chronic myeloid leukemia (CML) has
been revolutionized by the availability of small molecule
tyrosine kinase inhibitors (TKI), such as imatinib (for-

merly STI571), dasatinib, and nilotinib. These agents work by
competing with adenosine triphosphate (ATP) at its binding
site on the ABL kinase, leading to inhibition of tyrosine phos-
phorylation of proteins involved in signal transduction.1 The
updated results of the International Randomized Study of
Interferon and STI571 (IRIS) have confirmed high rates of
durable cytogenetic remission coupled with a very low risk of
progression to advanced disease.2 At the 6-year follow up, pro-
gression-free survival and overall survival rates were 93% and
88%, respectively, for patients treated with imatinib.
Nevertheless, some patients never respond to imatinib while
some others have an initial response which is then followed by
disease progression. Primary resistance refers to a lack of any
relevant hematologic or cytogenetic response. Secondary
resistance is acquired, and is defined as the achievement of
hematologic or cytogenetic response followed by subsequent
loss of disease control.  Acquired resistance was documented in
24% of the patients in the 5-year follow up of the IRIS data.3

There appears to be a peak of imatinib resistance in the second
and third years of therapy, underscoring the need for second-
line options or improved front-line strategies.4

A number of factors may be implicated in patients who
eventually lose their response to imatinib. The mechanisms
may involve BCR-ABL gene amplification, BCR-ABL over-
expression, aberrations in other signaling pathways, and a host
of others.5 Point mutations in the BCR-ABL kinase domain are
a major cause of imatinib resistance, and may be identified in
approximately 50% or more of the cases. Mutations in the
kinase domain have the ability to impair the binding of ima-
tinib, leading to drug resistance. Many more than 100 different
mutations have so far been identified, with varying degrees of
clinical relevance.6 The particular mutation identified may have
therapeutic implications in terms of second- or third-line ther-
apy.7 One of the most notable mutations is the threonine to
isoleucine mutation at codon 315 (T315I), which is known to
be resistant to all currently available TKI. Jabbour et al. evaluat-
ed whether scoring a mutation based on the in vitro 50%
inhibitory concentration (IC50) at the time of imatinib failure
had an impact on outcome in the context of treatment with
other TKI.8 The study demonstrated that patients in chronic
phase disease with mutations demonstrating intermediate IC50

values had a shorter duration of response to second-line thera-
py, and inferior survival overall. It is, therefore, important to
obtain a mutational analysis for all patients failing to meet pre-
specified therapeutic benchmarks.9

Dasatinib and nilotinib are second generation TKI that were
initially developed to treat patients who could not tolerate, or
did not respond adequately to imatinib. Recently, the results of
large phase III trials comparing these agents to imatinib in treat-
ment-naïve patients have been published, establishing both

dasatinib and nilotinib as potentially viable front-line therapeu-
tic options.10,11 It has previously been shown that most muta-
tions that confer resistance to imatinib retain sensitivity to both
dasatinib and nilotinib.12,13

Investigators have evaluated the influence of BCR-ABL muta-
tions on treatment with dasatinib. Of 805 patients who had
suboptimal response or resistance to imatinib, 48% were found
to have a BCR-ABL mutation.12 Despite the high prevalence of
mutations, relevant outcomes in patients with mutations were
similar to those without baseline mutations (complete cytoge-
netic response  40% versus 41%, respectively). However, there
were specific mutations identified according to the IC50 that
appear to predict an inferior outcome in dasatinib-treated
patients; these mutations included the phenylalanine to leucine
mutation at codon 317 (F317L) and valine to lysine mutation at
codon 299 (V299L). These mutations have been consistently
associated with lower rates of cytogenetic remission under
treatment with dasatinib, making alternative treatments more
attractive when faced with this scenario.

Similarly, nilotinib has been shown to be active against most
known BCR-ABL mutations leading to failure of imatinib treat-
ment.13 When evaluating data from one of the phase II trials
evaluating the use of nilotinib in CML, patients were stratified
into three groups based on their mutation status at the time of
failure of imatinib treatment: no mutations, sensitive muta-
tions, and those with less sensitive mutations according to the
IC50. Rates of response, including major cytogenetic response,
complete cytogenetic response, and major molecular response,
were all similar between the three groups. However, further
evaluation did isolate several low sensitivity mutations that
influenced the response to nilotinib. These included the glu-
tamic acid to valine or lysine mutation at codon 255 (E255V/K),
the tyrosine to histidine mutation at codon 253 (Y253H), and
the phenylalanine to cysteine or valine mutations at codon 359
(F359C/V).

Mutational status should not be the sole factor determining
how to treat a patient in whom imatinib treatment has failed
or who has disease progression. The patient’s medical history
must be considered and placed in the context of the known
toxicity profile of a given treatment. Apart from displaying dif-
ferent patterns of activity and resistance to various BCR-ABL
mutations, the currently available TKI also have distinct
adverse event profiles. Any patient with uncontrolled diabetes,
or a past history of pancreatitis should be followed very closely
if nilotinib is prescribed, as the drug has been associated with
grade 3/4 elevations of serum glucose and lipase. Likewise, if
dasatinib treatment is being considered, caution must be exer-
cised in individuals with a history of gastrointestinal bleeding,
asthma, chronic obstructive pulmonary disease, or congestive
heart failure, given the high risk of hemorrhage and pleural or
pericardial effusions.14 These pieces of information coupled
with the mutational status of a patient may help to optimally
tailor and monitor further therapy. 



There is also the issue of what happens to the BCR-ABL
genotype over time, and how it might be influenced by the
most recent therapy. The concept of clonal selection, or
cytogenetic evolution in CML has been described previous-
ly.15 Small populations of mutated cells have been shown to
exist at baseline, and therapy with a TKI may offer these
cells a growth advantage, eventually leading to their pre-
dominance. Baseline mutations, however, did not have an
effect on response to therapy. One question that remains to
be thoroughly explored is what happens to the BCR-ABL
genotype once the selective pressure of TKI therapy is
removed? In this issue of Haematologica, Hanfstein et al.
report on the dynamics of BCR-ABL mutations in 19
patients after therapy with a TKI was stopped.16 These
patients were switched to non-TKI based therapy upon
imatinib failure deemed secondary to the emergence of a
well-characterized mutation. Patients were followed over
time using highly sensitive methods to determine the size
of the mutant clone after cessation of the TKI. The investi-
gators were able to demonstrate consistent regression of
most BCR-ABL mutations over a period of months, and
overall described an 86% relative decline of the size of the
mutant clones after cessation of the TKI. Importantly, they
were also able to document the complete disappearance of
the T315I mutation in two patients, though more common-
ly this mutation persisted despite manipulation of the ther-
apeutic strategy. The authors also found evidence of repeat-
ed deselection and reselection of mutant clones in patients
who resumed therapy with TKI after periods of cessation.

There are several points to be made regarding the above
findings. First, clinicians should no longer consider the
mutational status of a patient as a static event, and screen-
ing for BCR-ABL mutations should always be placed in the
context of where the patient is in terms of therapy. This has
implications for the monitoring of the mutational status as
patients are switched to an alternative TKI or non-TKI
based therapy. One important question that remains con-
cerns the resumption of currently available TKI therapy
after the disappearance of the selected mutation. In particu-
lar, for patients with the T315I mutation, therapeutic
options are limited, and it would be helpful to know
whether such patients could safely and effectively resume a
TKI. Potentially, non-cross resistant chemotherapy com-
bined with a TKI may be an option for these patients if the
mutant clone regresses appreciably. The authors noted that
resurgence of the mutant clone after resumption of TKI
therapy was possible. Indeed, the patterns of deselection
and reselection of mutant clones in a number of the patients
described in the report indicate that the clones may not be
completely eradicated. It is uncertain whether TKI with-
drawal or the effects of non-specific chemotherapy were
principally responsible for the disappearance of some muta-
tions. The phenomenon may be multifactorial. 

The treatment landscape of CML continues to evolve,
as does the capability to characterize and quantify mini-
mal residual disease. Second generation TKI are now
moving to the frontline, and it will be important to mon-
itor the impact that this paradigm shift has on BCR-ABL
mutants. Indeed, the emergence of novel BCR-ABL
mutants was noted shortly after the introduction of dasa-
tinib and nilotinib into clinical practice as second-line
options.17 Regression of mutations conferring imatinib

resistance was also noted in this report, but it was not as
pronounced or predictable as described in the present
study. Novel TKI, such as bosutinib and ponatinib (for-
merly AP24534), are now entering into advanced stages
of clinical development for the management of CML.18,19

Soon, mutational information will have to be placed in
the context of the availability of these newer options.
Innovative strategies, which may include non-TKI-based
regimens or a combination approach, continue to be nec-
essary for patients who develop mutations that are resist-
ant to current therapy. More intensive monitoring of the
mutational status should be considered for patients who
develop mutations, but who subsequently receive thera-
py that may allow for deselection over time by relieving
clonal pressure.
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Myelodysplastic syndromes (MDS)1 are included
in the World Health Organization (WHO) clas-
sification of the myeloid neoplasms2 together

with myeloproliferative neoplasms (MPN), myelodys-
plastic/myeloproliferative neoplasms (MDS/MPN) and
acute myeloid leukemia (AML).

Classifications of myelodysplastic syndromes
MDS were defined and classified in 1982 by the FAB

group.3 The FAB classification included five categories:
refractory anemia (RA), RA with ring sideroblasts (RARS),
RA with excess of blasts (RAEB), RAEB “in transformation”
(RAEB-t), and chronic myelomonocytic leukemia (CMML).
This latter is now considered as a myelodysplastic/myelo-
proliferative neoplasm, while RAEB-t is now classified as
AML.4 Figure 1A provides a Kaplan-Meier analysis of over-
all survival in MDS patients classified according to the FAB
classification. It is apparent that, from a prognostic point of
view, this classification was essentially able to identify two
risk groups based on the absence or presence of blast
excess. 

In 2001 the World Health Organization (WHO) classifi-
cation was developed.5 This classification,6 carries relevant
prognostic information. Figure 1B provides a Kaplan-Meier
analysis of overall survival in MDS patients classified
according to the 2008 WHO classification. It is apparent
that, among patients without an excess of marrow blasts,
the presence of bone marrow multilineage dysplasia is
associated with a significantly worse prognosis compared
to unilineage dysplasia. Despite some concern regarding

the reproducibility of the assessment of multilineage dys-
plasia, its prognostic value was confirmed in different inde-
pendent cohorts of patients in both retrospective7 and
prospective8 studies, clearly indicating that this parameter
must be included in the prognostic evaluation of MDS
patients. Survival curves of Figure 1 support the conclusion
that nowadays clinical decision making in MDS cannot rely
upon the FAB classification and must be based on the
WHO classification.9

Prognostic scoring systems for myelodysplastic 
syndromes

To overcome the limitations of the FAB classification,
Greenberg and co-workers developed the International
Prognostic Scoring System (IPSS).10 Although widely adopt-
ed, this scoring system does not consider the severity of
anemia, in particular transfusion dependency,1 which repre-
sents one of the most important negative prognostic factors
in MDS. Furthermore, it underestimates the negative
impact of poor cytogenetics, especially relative to blast
count.

The introduction of the WHO classification, excluding
patients with 20% blasts or more and those with CMML
from the category of MDS, considerably modified the com-
position of the MDS population and demanded a refine-
ment of prognostic factors in patients diagnosed according
to the WHO criteria. We found that WHO categories, cyto-
genetic pattern and transfusion dependency were the most
powerful prognostic indicators, and developed a prognostic
model that accounted for these parameters.11 This WHO


