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The impressive response rates and the good tolerability allowed imatinib to become 
the golden standard frontline therapy for all CML patients in early chronic-phase. 
This conclusion has been mainly reached through the results of the IRIS trial.1 
In fact, as shown in a recently presented revision of the data of this study,2 in the 
trial-arm in which the patients were assigned to receive imatinib 400 daily, after 
7 years of follow-up 60% of patients are still on treatment and almost all of them 
in stable complete cytogenetic remission (CCyR).2 The remaining patients (40%) 
discontinued treatment because of inadequate response, loss of response, adverse 
events or protocol violation. All together, the overall survivors (OS) after 7 years 
are 88%, and only 5% of patients had died due to CML-related causes. These data 
have been deduced so far from a single study and await definitive confirmation 
from other important ongoing trials, but there is a general consensus about the 
optimal outcome of more than two thirds of the CML cases treated with standard 
dose imatinib (400 mg daily).2 

Criteria to establish failure and suboptimal responses to imatinib have been 
defined.3 In particular, hematologic resistance (rare, 2–3% of all cases) at 3–6 
months, lack of any degree of cytogenetic response at 6 months, lack of a major 
cytogenetic response at 12 months (>35% Ph-positive metaphases) and absence 
of a complete cytogenetic response at 18 months, are all considered failures and 
other treatment strategies are justified in these cases as the residual probability 
of achieving optimal response in such patients are scarce. 3 Primary failure 
occurs in approximately 15% of all patients, but in the “failure” group we must 
also include those patients (14% in the IRIS) who initially achieve the responses 
expected at the established time-points, but subsequently lose them. In some of 
these cases (6–7%) progression to accelerated or blast phase of CML is observed. 
Failure must be distinguished from what has been defined ‘‘suboptimal response’’, 
an intermediate situation between optimal response and failure, in which the 
response is slower than expected, but there is still a substantial chance for the 
patient to achieve the awaited response at a later time point. 3 Revision of these 
guidelines will probably be published in 2009, and probably they will contain 
more stringent criteria in optimal response definition, as now second generation 
TKIs are registered and available for suboptimal responders and failure patients. 
In some cases, suboptimal responses and also failures may simply be due to a 
too low imatinib plasma level, than may be explained by e.g. poor compliance 
to daily oral therapy, drug–drug interactions, food interaction or concomitant 
diseases.4 In other cases, genetic polymorphisms of the genes involved in the 
cellular drug influx–efflux processes may be responsible for insufficient (too 
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low) imatinib concentrations within the cells.5 It has been recently described 
a correlation of imatinib trough plasma concentrations (Cmin) with clinical 
responses, event-free survival (EFS), and adverse events (AEs) using 5-year 
follow-up data from the IRIS study patients randomized to first-line imatinib.6 
The cumulative estimated complete cytogenetic response (CCyR) and major 
molecular response (MMR) rates were shown to be different between the quartile 
categories of imatinib trough levels. Patients with a high imatinib exposure 
showed better CCyR and MMR rates and EFS. An exploratory analysis has shown 
that trough levels of imatinib were predictive of higher CCyR independently 
of Sokal risk group. Patient demographics including age, gender, and body 
weight or body surface area have little impact on imatinib pharmacokinetic 
(PK) exposure compared with inter-patient variability. Maintaining plasma 
trough levels at or above the mean population concentration of approximately 
1000 ng/mL may be important for achieving improved CCyR and MMR rates.6
Treatment guidelines have also suggested imatinib dose escalation based on 
clinical assessments of disease response.3 Recently, response and survival data 
were analyzed in a cohort of patients with newly diagnosed CML-CP enrolled on 
the IRIS trial, who began treatment with imatinib 400 mg daily and subsequently 
underwent dose escalation to either 600 or 800 mg daily.7 Reasons for dose 
escalation were evaluated retrospectively based on two sets of criteria: the IRIS 
protocol-defined criteria and European LeukemiaNet (ELN) recommendations.3 
Among all 106 patients who underwent dose escalation, freedom from progression 
to accelerated or blast phase and overall survival were 89% and 84% at 3 years 
after dose increase, respectively.7 This analysis supports imatinib dose escalation 
as an appropriate initial option for patients with CML-CP who do not achieve 
clinical response milestones or whose disease appears to be progressing. A higher 
dose of imatinib (800 mg per day) has been suggested to accelerate to achievement 
and to improve the rates of the cytogenetic and molecular responses.8 If High 
Dose Imatinib is really beneficial for all CML patients in early chronic phase or 
at least for some specific risk subgroup of patients is still matter of investigation 
and important answers on this topic will soon become available.9,10

However, despite all the efforts to optimize therapy with imatinib, cases of real 
resistance exist. The most common mechanisms of resistance to imatinib include: 
(i) BCR-ABL kinase domain mutations; (ii) BCR-ABL overexpression; (iii) clonal 
evolution with activation of additional transformation pathways.11,12
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The most studied mechanism of resistance to imatinib therapy is the development 
of point mutations within the kinase domain of BCR–ABL. The frequency of 
BCR–ABL mutations in imatinib resistant patients ranges from 40–90% depending 
on the CML phase and on the methodology for the detection.13 Depending on 
the region where they are located, mutations can actually act by interrupting 
critical contact points between the drug and BCR/ABL protein or by inducing 
a conformational change to which imatinib is unable to bind. At present, more 
than 100 different BCR/ABL mutations have been identified in patients with 
imatinib-resistant CML.13 Many of these are relatively rare, whereas the most 
common, which account for 60-70% of all the mutations, affect residues Gly250, 
Tyr253, Glu255, Thr315, Met351 and Phe359.(13,14) Mutations also differ from 
each other for the kind of resistance they can determine: some mutant clones are 
completely resistant (Y253F/H, E255K, T315I), others only partially (M244V, 
F317L, Met351T). In the latter case, the sensibility can be restored by simply 
increasing the imatinib dose. The mutations with a greater level of resistance 
fall inside the ATP binding site of the KD domain, an highly conserved region 
responsible for phosphate binding and known as phosphate-binding loop (P-loop) 
(a.a. 248-256). 13 

For the imatinib resistant and intolerant cases, second generation powerful tyrosine 
kinase inhibitors (TKIs) have been developed and registered.14 
Dasatinib (Sprycel, Bristol-Myers Squibb, New York, NY), a multi-kinase inhibitor 
with an in vitro potency against unmutated BCR-ABL 325 times greater than 
imatinib, inhibits most known BCR-ABL mutants with the exception of T315I. 
15 Dasatinib also inhibits other tyrosine kinases, including the Src Family Kinases 
(SFK). 16 The SFK, such as Lyn, may play an important role in the development 
of resistance to imatinib.17,18 Orally administered dasatinib has shown consistent 
clinical benefit in patients with CML-CP, CML in accelerated phase (CML-AP), 
CML-BP or Ph+ acute lymphoblastic leukemia (Ph+ ALL) resistant or intolerant 
to imatinib and is approved for use at a dosing regimen of 70 mg twice daily.19-22 
A Phase 3 dose-optimization study in patients with imatinib-resistant or -intolerant 
CML-CP demonstrated that dasatinib 100 mg once daily had similar efficacy 
and  improved tolerability relative to 70 mg twice daily, 23 and as a result, the 
recommended initial dasatinib dose for these patients is currently 100 mg once 
daily. For instance, the fact that dasatinib acts potently on many members of the 
SFKs and also on KIT, PDGFR and Ephrin Receptor (EPHA2) tyrosine kinases, 
which are directly implicated in many biological  processes, may provide the 
physiological explanation for some of the toxicities observed such as pleural 
effusion and myelosuppression. 19-22 

Nilotinib (Tasigna®; Novartis Pharmaceuticals, East Hanover, NJ, USA) is 
a second-generation tyrosine kinase inhibitor (TKI) designed with enhanced 
selectivity and potency for BCR-ABL compared to that of imatinib. In vitro 
studies demonstrate that nilotinib is 20-to 50-fold more potent than imatinib.24-
26  Nilotinib exhibits in vitro inhibitory activity against the majority of mutant 
BCR-ABL kinases that may be present following imatinib resistance, with the 
exception of the T315I mutation. 24-26 Nilotinib is approved for the treatment 
of patients with Ph+ CML-CP and accelerated phase (CML-AP) resistant to or 
intolerant of prior therapy, including imatinib. The approval of nilotinib in CML-
CP and CML-AP was based on the results of a pivotal phase II registration trial 
which demonstrated sigficant efficacy and tolerability in these patients. 27-29  
Nilotinib treatment is generally very well tolerated and the associated toxic effect 
may include  myelosuppression, skin rashes, and biochemical abnormalities as 
lipase, transaminase and bilirubin elevations. Also hyperglycemia is commonly 
observed, particularly in patients with latent or overt diabetes. However, the cases 
of clinically relevant pancreatic and liver toxicities are really sporadic. Also effects 

on QT prolongation were minimal and of no clinical relevance. 27-29   

Finally, to overcome imatinib resistance and to further improve the percentage 
of good responders, two different strategies can presently be envisaged. The first 
is to treat more intensively patients already at diagnosis, in order to accelerate 
responses and to hamper resistance to develop. The second is to react as soon as 
possible when signs of a lower degree of sensitivity to imatinib therapy become 
evident, like a slower clearance of the BCR/ABL transcripts in the peripheral 
blood verified by RQ PCR. The first strategy can be accomplished by increasing 
imatinib dosage to 800 mg daily or by using already as frontline therapy the 
more powerful second generation TKIs, like dasatinib and nilotinib, that have 
already been demonstrated to be highly effective as second line therapy in (and 
are approved for) imatinib resistant cases and show an acceptable degree of 
toxicity. This strategy is presently being investigated in several ongoing clinical 
protocols designed for all or for specific groups of patients, like the ‘Sokal’s high’ 
cases.30 The first data derived from these studies, still very preliminary, seem 
encouraging in terms of CCyR and major molecular remission rates, but the risk 
may be to overtreat the majority of the patients who can respond optimally also 
to imatinib 400 mg daily, with all the related problems in terms of short-term 
and long-term effects, that in the case of the new TKIs nobody knows exactly. 
Finally, from a theoretical point of view, if resistance is not an ongoing process, 
but rather a pre-established characteristic of some Ph-positive cells already present 
at diagnosis, the real advantage in terms of final outcome with respect to the 
traditional sequential therapy with imatinib as first line therapy and a second 
generation TKI as second line therapy awaits to be verified. By contrast, the 
major risk of the second strategy derives from the fact that it has recently been 
demonstrated that compound mutants (2 or 3 BCR-ABL mutations in the same 
molecule) may arise by using sequentially different TKIs.31 This finding outlines 
the potential hazards of sequential kinase inhibitor therapy to overcome resistance 
and suggest a role for a combination therapy with different ABL kinase inhibitors 
in the same therapeutic scheme, used sequentially or simultaneously. Trials aiming 
to test the possible benefit of ‘‘combination therapies with TKIs’’ are planned.
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