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Abstract

Chronic myeloid leukemia (CML) is a hematologic neoplasm with a progressive, ultimately

terminal, disease course. In most cases, CML arises owing to the aberrant formation of a chimeric

gene for a constitutively active tyrosine kinase. Inhibition of the signaling activity of this kinase

has proved to be a highly successful treatment target transforming the prognosis of patients with

CML. New tyrosine kinase inhibitors (TKIs) continue to improve the management of CML,

offering alternative options for those resistant to or intolerant of standard TKIs. Here we review

the pathobiology of CML and explore emerging strategies to optimize the management of chronic-

phase CML, particularly first-line treatment.
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INTRODUCTION

Chronic myeloid leukemia (CML) is a hematologic neoplasm characterized by unregulated

proliferation of myeloid cells in the bone marrow. CML is observed in all age groups,

although it occurs most commonly in the middle aged and elderly, with a median age of

onset of 67 years [201]. The estimated annual incidence of CML is 1–2 per 100,000

population, and the disease accounts for approximately 15% of all cases of leukemia in

adults in western populations [201,202].

The disease begins with a chronic phase, which if untreated will progress to an accelerated

phase within 3–5 years in the majority of patients, followed by the terminal blast crisis

phase. However, improved understanding of the pathobiology of CML and the advent of the

tyrosine kinase inhibitor (TKI) imatinib have expanded treatment options beyond interferon-

α (IFN-α) or stem cell transplantation and transformed the prognosis for patients with CML.
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The 5-year survival rate is now >90% with current treatment options [1]. Two further

tyrosine kinase agents, dasatinib and nilotinib, have been approved as first-line therapy for

patients presenting with early chronic-phase CML (CP-CML). TKIs have become

established as the standard of care for patients diagnosed with CP-CML [2, 201].

The utility of imatinib can, however, be limited by toxicity, lack of adherence to the

prescribed regimen, and resistance to this agent, which may be pre-existing (innate) or

emerge during treatment (acquired). Although dasatinib and nilotinib may be useful

treatments for patients intolerant of imatinib, they are ineffective in patients with a common

imatinib resistance-conferring mutation (T315I). Consequently, important clinical questions

remain to be addressed, including how best to deploy the currently approved TKIs in first-

line treatment strategies for individual patients.

Here we provide an overview of the pathophysiology of CML and the evolution of the

management of the disease. We also focus on some ways in which current and emerging

treatment options can be better deployed to improve outcomes for patients with CP-CML.

PATHOPHYSIOLOGY OF CML

CML arises due to the formation of a chimeric gene (BCR-ABL) following a reciprocal

chromosomal translocation between chromosomes 9 and 22 that gives rise to the

“Philadelphia” (Ph) chromosome [3]. The Ph chromosome is evident in 95% of patients with

CML, although a small proportion of patients harbor molecular rearrangements not

involving the breakpoint cluster region (BCR) and the ABL1 gene [4]. The resulting

abnormal gene expresses a functional protein with constitutive tyrosine kinase activity:

BCR-ABL. Aberrant activation of multiple intracellular signaling pathways has been

demonstrated in response to the presence of BCR-ABL, resulting in accelerated cell cycle

progression and inhibition of DNA repair, which lead to abnormal maturation and genomic

instability of hematopoietic stem cells [5]. BCR-ABL expression is also associated with

activation of anti-apoptotic pathways (and hence resistance to apoptosis) and with

downregulation of expression of cell adhesion proteins, which leads to reduced adhesion to

the bone marrow extracellular matrix and increased cell motility [6].

The phases of CML – chronic, accelerated, and blast crisis – are defined based on clinical

characteristics and laboratory findings (Table 1) [7–9]. The chronic phase of CML is

characterized by the proliferation of differentiated myeloid progenitors and mature cells; the

more advanced stages are distinguished by the accumulation of undifferentiated immature

myeloblast cells. The mechanisms underlying the transition between phases are unclear but

the loss of differentiation is accompanied by increased BCR-ABL expression, genomic

instability and the appearance of additional chromosomal abnormalities, most commonly

double Ph chromosome, chromosome 8 and 19 trisomies, and isochromosome 17q [10].

Common molecular alterations include mutations in the p53 tumor suppressor gene [10].

The majority of patients diagnosed with CML initially present in the chronic phase. They are

usually asymptomatic, and diagnosis occurs following a routine blood test or one conducted

for unrelated reasons that reveals an elevated white blood cell count. Untreated, CML will

inevitably progress from the indolent chronic phase to the accelerated phase in 3–5 years,
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and then to blast crisis within 1 year. Once patients exhibit blast crisis, their anticipated

survival is less than 12 months. However, intervention during the chronic phase of the

disease can prolong/prevent progression to the accelerated stage and the ultimate

progression to the rapidly fatal blast crisis phase [11].

FIRST-LINE PHARMACOTHERAPY FOR CML

Before the advent of TKIs, treatment options included cytotoxic chemotherapy (cytarabine,

busulfan, hydroxyurea) or IFN-α, and these treatments are still valuable and potentially

curative for patients who do not respond to newer therapies. However, improved

understanding of the pathophysiology of CML has opened the way for the development of

agents specifically targeted toward the aberrant biologic process driving the disease. As a

result of the introduction of the TKI imatinib, the treatment and natural history of CML have

changed dramatically in recent years, with an improvement in the 5-year survival rate from

little more than 20% to over 90% (Fig. 1) [12].

The goal of CML therapy is maintenance of remission and prevention of progression.

Monitoring of response over the initial months of therapy is an integral component of the

management of patients with CML, as it is essential to identify those with a suboptimal or

lack of response to initial treatment. These patients will require an alternative treatment

strategy if disease progression is to be halted. Response to treatment is measured in terms of

hematologic, cytogenetic, and molecular parameters, as defined in Table 2 [2,13–15].

Imatinib was first approved in the USA in 2001 for the treatment of the advanced phases of

CML. Approval of this agent gave patients the potential to achieve a normal life span,

although guidelines currently recommend therapy to be continued indefinitely [16,201].

Imatinib was established as the standard of care for patients with CP-CML based on the

results of the pivotal International Randomized Study of Interferon and STI571 (IRIS) trial,

which included 1,106 patients newly diagnosed with CML who were randomized to either

imatinib or IFN plus cytarabine (Table 3) [13]. After a median follow-up of 19 months, the

major cytogenetic response (MCyR) rate was statistically significantly higher with imatinib

compared with the IFN–cytarabine combination (87.1% vs 34.7%, respectively; P < 0.001).

The rate of freedom from progression to the accelerated phase at 18 months was also

significantly higher in patients treated with imatinib than in those who received the IFN-α/

cytarabine combination (96.7% vs 91.5%, respectively; P < 0.001). Six- and eight-year

follow-up of patients who received imatinib in the IRIS trial demonstrated an overall

survival (OS) rate of 88% and 85%, respectively [17,18]. An evaluation of data from the

Imatinib Long-Term Side Effects trial has shown that for patients who achieve a stable

cytogenetic response (CyR) with imatinib, OS is 95.2% at 8 years and is not statistically

significantly different from that of the general population [19].

Unfortunately, a significant proportion of patients respond suboptimally or have no response

to imatinib and they require an alternative treatment strategy to prevent progression to the

accelerated phase. In IRIS for example, at the 8-year data cut-off 16% of patients had

discontinued because of an unsatisfactory therapeutic response to imatinib treatment [18].
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Two “second-generation” TKIs have been approved for the first-line treatment of CML

(Table 3). Dasatinib was initially approved in 2007 for the treatment of patients who are

either resistant to or intolerant of imatinib; nilotinib was subsequently approved for the same

indication. Both dasatinib and nilotinib were approved as first-line treatment options in 2010

following demonstration of high CyR and molecular response (MR) rates. Among 50

patients with early CP-CML treated with dasatinib as initial therapy, 49 (98%) achieved a

complete CyR (CCyR) with 41 (82%) achieving a major MR (MMR) after at least 3 months

of follow-up [20]. Similarly encouraging response rates were reported for nilotinib, with

CyR rates >96% and MR rates >76% in several independent cohorts of patients with CML

[21].

In the pivotal Phase III trials for the TKIs, high progression-free survival (PFS) and OS rates

were achieved in treatment-naïve patients (Table 3) [22–28]. The Phase III Evaluating

Nilotinib Efficacy and Safety in Clinical Trials – Newly Diagnosed Patients (ENESTnd)

study was designed to compare nilotinib 300 mg and 400 mg twice daily (bid) with imatinib

400 mg once daily in patients with newly diagnosed CP-CML [22]. Both nilotinib doses

proved significantly superior to the standard imatinib dose, with almost twice as many

patients in each of the nilotinib arms achieving MMRs at 12 months (imatinib 22%, nilotinib

300 mg bid 44%, nilotinib 400 mg bid 43%; P < 0.001 for both comparisons vs imatinib).

Follow-up data showed that the higher rates of MMR were maintained after 2 years of

treatment (Table 3) [23]. Three- and four-year follow-up data confirmed the superiority of

nilotinib [24,25]. At 4 years the probability of progression to advanced- or blast-phase CML

was significantly lower than with imatinib treatment (P < 0.05) and nilotinib was associated

with significantly higher rates of MMR, MR4 and MR4.5 (ie 4 or 4.5 log reduction in the

transcript level, respectively, according to the international scale [IS]) [25].

The Phase III DASISION trial compared standard-dose imatinib with dasatinib 100 mg in

patients newly diagnosed with CP-CML. Higher rates of CCyR and MMR were seen after

12 months of treatment in patients randomized to dasatinib versus imatinib [26].

Significantly higher rates of confirmed CCyR (CCyR on two consecutive assessments;

primary endpoint) and MMR were observed with dasatinib compared with imatinib at 12

months. Follow-up data showed that patients randomized to dasatinib continue to exhibit

higher rates of both CCyR and MMR (Table 3) [27,28]. At 3 years, patients receiving

dasatinib and imatinib achieved cumulative MMRs of 68% and 55% and MR4.5 (IS) rates of

36% and 22%, respectively [28].

Longer follow-up of these cohorts is now required to determine whether these earlier,

deeper, sustained responses translate into long-term survival benefits.

Another second-generation TKI – bosutinib – has also been compared with imatinib in a

Phase III study in patients with newly diagnosed CP-CML. After 1 year, although the MMR

rate was significantly higher with bosutinib than imatinib (P < 0.001) and the times to

achieve CCyR and MMR were significantly faster with bosutinib (both P < 0.01 vs

imatinib), the study did not achieve the primary endpoint in that the CCyR rate was not

significantly different for bosutinib compared with imatinib [29]. At 2 years, CCyR rates
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and Kaplan-Meier OS estimates were similar for the two TKIs [30]. Long-term outcomes

are awaited.

The latest European Society for Medical Oncology guidelines and National Comprehensive

Cancer Network Guidelines In Oncology (NCCN Guidelines®) (Table 4) recommend

imatinib, nilotinib, or dasatinib as first-line therapy for patients newly diagnosed with CP-

CML [2,201]. The European Leukemia Net (ELN) guidelines have also recently been

updated to include recommendation of nilotinib or dasatinib, as well as imatinib, in this

indication [16]. There is, however, little guidance on choosing between the three agents for

individual patients, with only a reference in the NCCN Guidelines® to preliminary data

from clinical studies that suggest that ‘patients with an intermediate or high risk score may

preferentially benefit from dasatinib or nilotinib’ [201].

Outcomes in Clinical Practice

The advent of imatinib and TKI-based therapy has undoubtedly transformed the treatment

and life expectations of patients with CML. For now, these agents should usually be a

physician’s first choice when initiating treatment for a patient presenting with this disease.

Now that we have an effective treatment strategy that controls the disease and extends

patients’ life expectancy in many cases, we can turn our attention to ensuring this outcome

for all patients presenting with CML. Initial treatment interventions should be planned that

not only optimize treatment outcomes but also minimize the need for future interventions.

As such, it is necessary to first consider the long-term implications of the initial treatment

choice and ask a number of questions: should initial management be early and aggressive

treatment? Are there differences between current TKIs in terms of the need for or time to

subsequent therapy?

Real-world studies are beginning to provide the answers to such questions and suggest that

despite the efficacy of imatinib in gaining control of the disease, a significant proportion of

patients newly diagnosed with CML and initiated on this agent will require alternative

therapies [31–33]. In 2008, Lucas and co-workers reported the results of a population-based

study in the northwest of England in which they found that the efficacy of imatinib was

considerably lower in the real-world setting than previously observed in clinical trials [32].

Among 84 patients newly diagnosed with CP-CML and initiated on imatinib 400 mg, 17

withdrew from treatment during the first 2 years, at which point only 28 patients (33%) had

achieved and maintained a CCyR [32]. Also in 2008, de Lavallade and co-workers reported

the 5-year follow-up of a cohort of 204 adult patients newly diagnosed with CP-CML who

were initiated on imatinib as first-line treatment [31]. As expected, the majority of patients

(82.7%) achieved a CCyR and half achieved an MMR, with OS and PFS rates of 83.2% and

82.7%, respectively. At the 5-year follow-up, the probability of maintaining a CCyR while

still receiving imatinib was 62.7% and one-quarter of all patients had discontinued imatinib

treatment due to either an unsatisfactory response or toxicity issues [31]. A Europe-wide

observational study, the Unmet Need in CML study, is underway. In 2010, Michallet and

co-workers reported on the cohort of 654 French patients in this study [33]. The majority of

patients (95.9%) were initiated on imatinib; however, 44% required dose modifications and

23% discontinued treatment during follow-up. Although some of the below-expected
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responses may result from poor patient adherence or non-optimized dosing, the results of

these observational studies suggest that there is still considerable room for improvement in

long-term outcomes for a significant proportion of patients presenting with CP-CML.

Should We Be More Aggressive From the Start of Therapy?

The timing and grade of the various levels of response to TKI therapy are regarded as key

milestones in the ongoing management of patients with CML and offer valuable prognostic

information (Table 2) [34–37]. Data from the IRIS trial in patients newly diagnosed with

CP-CML and initiated on imatinib 400 mg underlie the rationale for the current milestones

[1,18,38]. While failure to achieve a hematologic response after 3 months of treatment is a

predictor for poor long-term outcome, CyR is regarded as the more relevant target and

prognostic indicator. After 3 months of treatment, patients should have achieved at least a

partial CyR and ideally a CCyR. The 5-year follow-up of the IRIS trial cohort found that

patients with CP-CML initiated on imatinib 400 mg who failed to achieve a CCyR after 12

months of continuous treatment were at a significantly greater risk for disease progression

than those with a CCyR (P < 0.001) [1]. A more recent 8-year follow-up of this cohort [18]

supports a 3-month target of at least a CyR for such patients. The investigators found that

those patients with at least a minor-partial CyR at 3 months were more likely to achieve a

stable CCyR during follow-up than to experience a disease-related event including death,

progression, or an increase in white blood cell count to >20 × 109/L [18]. Consequently,

failure to achieve these targets should prompt re-evaluation of the patient and a change in

therapy. This may be an increased dose of the initial therapy or a switch to an alternative

therapy.

Recent data suggest that the relevant response targets for the second-generation TKIs may

differ from those established for imatinib because high CCyR rates are achievable much

earlier with the newer TKIs (see below) [39]. In a study of 167 patients newly diagnosed

with CP-CML treated with second-generation TKIs in Phase II studies, 93% achieved a

CCyR and 87% achieved an MMR. An analysis of outcomes found that attainment of a

CCyR at 3 months was the critical response target in these patients, regardless of the level of

MR achieved. At this timepoint, patients with less than a CCyR had a poor outcome. Thus

for second-generation TKIs, the pivotal evaluation may be at 3 months when anything less

than a CCyR indicates a need for further frequent monitoring or a therapy change.

Should We Strive for an Early Molecular Response?

Beyond CyR, the more stringent criteria of an MR may also offer prognostic information.

Recently, much attention has focused on the potential for an early MR to be indicative of

favorable long-term outcomes, including survival, and for guiding treatment decisions.

The potential significance of MMR has, of course, been investigated. Some studies noted

that achievement of MMR at 12 or 18 months was not associated with any benefit in long-

term OS, although other benefits were observed [40–42]. For example, in an analysis of 7-

year follow-up data from the IRIS study, event-free survival (EFS) and progression to

advanced/blast-phase CML could be predicted at 12 and 18 months by achievement of an

MMR (BCR-ABL ≤0.1% [IS]) compared with no MMR. In contrast, OS could be
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distinguished at 6, 12, or 18 months only by an MR threshold of 10% (IS), not by MMR

[41]. In the German CML Study IV of imatinib with or without IFN-α in newly diagnosed

CP-CML, achieving an MMR by 12 months was associated with a significant increase in 3-

year OS compared with not achieving an MMR (99% vs 95%; P = 0.016) [43]. However,

the investigators noted that as a prognostic indicator, MMR at 12 months was no better than

CCyR at 12 months. This highlights the fact that an MR needs to be considered in the

context of the cytogenetic response. When simply comparing outcomes for patients with

versus without an MMR, it must be borne in mind that those without an MMR comprise a

heterogeneous group that includes patients with varying degrees of cytogenetic and

hematologic response. Several studies have investigated the prognostic implications of

achieving an MMR specifically in subsets of patients with a CCyR and found that although

achieving a CCyR in response to imatinib was associated with a significant beneficial effect

on survival, in those patients who had a CCyR, achieving an MMR did not confer

significantly greater OS advantages [31,37,39–45]. However some association has been

reported with improved PFS, EFS, time to transformation to accelerated/blast phase, and

maintenance of CCyR or MMR [40–42,44,45].

Hanfstein and co-workers [46] further investigated the potential correlations between

molecular and cytogenetic responses and survival in the German CML Study IV. They

found that the persistence of BCR-ABLIS transcript levels >10% at 3 months after treatment

initiation identified a group of patients who were at increased risk for death and disease

progression. Patients with BCR-ABLIS >10% at 3 months had a 5-year survival rate of

87.0%, compared with 95.2% in patients with BCR-ABLIS ≤10% (P < 0.001) and 93.9% in

patients with BCR-ABLIS >1%–10% (P = 0.012). At the 6-month landmark analysis,

significant differences in 5-year survival were seen between patients achieving BCR-ABLIS

≤1% and those with >1%–10% (96.9% vs 89.6% survival; P = 0.002). The investigators

suggest that failure to achieve BCR-ABLIS transcript levels of <10% at 3 months or ≤1% at 6

months when treated with imatinib should prompt treatment change.

In an exploratory analysis of data from the DASISION trial, Saglio and co-workers [47]

reported that among patients newly diagnosed with CP-CML and initiated on TKI therapy

(imatinib 400 mg or dasatinib 100 mg), those who achieved a reduction in BCR-ABLIS

transcripts to ≤10% at 3 months had significantly improved 3-year survival outcomes

compared with patients with BCR-ABL transcript levels >10%. Three-year OS for patients

receiving imatinib was 96.0% versus 88.0% (P = 0.0036) in those with versus without BCR-

ABLIS ≤10%, respectively; in patients receiving dasatinib, it was 95.9% versus 85.9% (P =

0.0348). The risk of transformation within 3 months was also decreased in patients with

BCR-ABL ≤10% (vs >10%) and ≤1% (vs >1%) at 3 months. The advantage of an early MR

to dasatinib treatment was also demonstrated in the Phase III SPIRIT 2 trial in patients

newly diagnosed with CP-CML [48]. Patients with a BCR-ABL1:ABL1 ratio of >10% at 3

months had significantly poorer 2-year cytogenetic and molecular responses than patients

achieving a ratio of ≤10%.

Similar results have been demonstrated for nilotinib. In the analysis of 3-year follow-up data

from the Phase III ENESTnd study, treatment with either nilotinib or imatinib was
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associated with a higher OS rate in patients with a 3-month BCR-ABLIS transcript level

≤10% compared with those with a level >10% [49].

However, in another study it was noted that patients receiving imatinib plus pegylated

(PEG)-IFN were at very low risk of disease progression even if they did not achieve a BCR-

ABLIS transcript level of ≤10% at 3 months or 6 months [50].

The NCCN Guidelines currently recommend that if the BCR-ABL:ABL ratio is >10% (IS; by

quantitative polymerase chain reaction [PCR]) at 3 months then the patient should be

evaluated for treatment compliance and drug-drug interactions, and mutational analysis

conducted, with the possibility of changing treatment (Table 4) [201].

Marin and co-workers have recently suggested that more precise predictive 3-month MR

thresholds could be developed specific to the individual TKIs [48,51]. In 282 patients newly

diagnosed with CP-CML and initiated on imatinib 400 mg (followed by dasatinib or

nilotinib if imatinib failed), the authors identified BCR-ABL transcript thresholds for low and

high risk for each clinical outcome investigated at the 8-year follow-up [51]. For OS, the

BCR-ABL1:ABL1IS transcript threshold was identified to be 9.84% at 3 months, 1.67% at 6

months and 0.53% at 12 months. Attainment of a BCR-ABL transcript level below this

threshold at 3 months was associated with a significantly increased 8-year OS rate (93.3%

for patients with BCR-ABL levels below this threshold vs 56.9% for those above; P < 0.001).

For PFS, EFS, CCyR, MMR and complete MR (CMR) the 3-month predictive thresholds

were defined as BCR-ABL1:ABL1IS levels of 9.54%, 9.84%, 8.58%, 2.81%, and 0.61%,

respectively. The authors noted that the 6- and 12-month assessments did not contribute

further to the identification of patients at high risk of progression [51,52]. In the subset of

patients who achieved a CCyR at 12 months, MMR at 12 and 18 months had no prognostic

power, but a transcript level of 0.53% at 6 or 12 months was identified as having prognostic

significance in this patient group [51].

In a similar analysis of a study in patients treated with dasatinib as a first-line treatment,

BCR-ABL1:ABL1IS transcript thresholds of 2.2%, 0.92%, and 0.57% were identified as

being optimally predictive for the 2-year cumulative incidence of CCyR, MMR, and MR4.5,

respectively [48]. Marin and co-workers have suggested that a single measurement of BCR-

ABL1 transcript levels 3 months after initiating TKI therapy is sufficient to identify patients

at increased risk for adverse outcomes and to prompt treatment optimization [51].

Other investigators have reported that a 3-month MR (BCR-ABL transcripts ≤1%, 1–10%,

and ≥10%) was not predictive of 3-year OS in patients treated with first-line TKIs (imatinib,

nilotinib, or dasatinib), although the 3-month cytogenetic responses (≤0%, 1–35%, and

>35% Ph+) significantly discriminated 3-year OS [53]. Notably, the outcome of analyses of

OS, EFS, and transformation-free survival by molecular and cytogenetic responses was the

same regardless of whether the analyses were based on 3-month or 6-month responses, with

the exception of a 6-month MR predicting improved 3-year OS [53]. Given that the

differences may be minimal between 3 and 6 months and that the long-term outcome of

early switching is still unclear, for patients who have a suboptimal MR (but who retain a
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CCyR) it may be more beneficial to continue to monitor response until a trend becomes

evident rather than implement a treatment switch at 3 months.

In 2009, we reported the results of a study designed to examine the clinical significance of

minimal residual disease, ie the presence of detectable BCR-ABL transcript levels, in

patients with CP-CML who had achieved a durable CCyR (>18 months) with imatinib

treatment [45]. We showed that the majority of patients who achieve a stable CCyR and

experience an increase in BCR-ABL transcript levels will remain in CCyR; however, a

subset of these patients will lose an MMR or will never achieve an MMR, and it is these

patients who are most at risk for subsequent CML progression. In terms of clinical practice,

these results suggest that, in general, cytogenetic and molecular monitoring every 6 months

is sufficient for patients with an MMR. More frequent monitoring (every 3 months) and

possibly treatment escalation might be considered for those who achieve a CCyR but not an

MMR and who exhibit a ≥1 log increase in BCR-ABL transcript levels, and for those who

lose an MMR. In clinical practice, modest increases in BCR-ABL transcript levels revealed

by molecular monitoring in patients with a CCyR should not automatically prompt a change

in treatment – not least because of assay variability. Such an intervention could result in an

unnecessary increase in toxicity or switch from a still-effective treatment. The NCCN

Guidelines note that changes of therapy solely on the basis of rising BCR-ABL levels should

only be considered within clinical trials [201].

The study results discussed above have implications for both when to monitor response and

when to change treatment. Clearly, as treatment evolves and more long-term analyses

become available, there is an ongoing need to identify the most relevant prognostic

indicators and adapt the milestones accordingly.

Stepping Up First-Line Therapy

Increasing the dose—Currently, three agents are approved for the first-line treatment of

CP-CML – imatinib, dasatinib, and nilotinib. The majority of patients with CP-CML will

start their TKI therapy with a standard imatinib dose of 400 mg daily. However, as noted

above, this regimen is less than optimal for a considerable proportion of patients. These

patients will not achieve the depth of response that is associated with the best long-term

outcomes. Should we then consider an alternative or more aggressive initial regimen as the

first-line treatment of choice for patients newly diagnosed with CP-CML?

A number of studies have examined the benefit of higher initial doses of imatinib for newly

diagnosed patients (Table 5) [43,54–59]. In 2008, Hughes and co-workers reported the

results of a trial of imatinib 600 mg daily with escalation to 800 mg for suboptimal response

in patients with newly diagnosed CP-CML [54]. This study showed that superior responses

were achieved in patients who tolerated the higher imatinib doses. For example, the MMR

rate was 55% and 77% at 12 and 24 months, respectively, after treatment initiation in

patients able to maintain an average daily dose of 600 mg compared with 32% and 53%,

respectively, in those with an average daily dose below 600 mg (P = 0.037 and P= 0.016,

respectively). However, only 60 of the initial 103 patients were able to maintain an average

daily dose of 600 mg during the first 6 months (reasons for not maintaining this dose

included toxicity, withdrawal from treatment, and imatinib resistance). Somewhat better
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results were reported by Kantarjian and co-workers in a cohort of newly diagnosed patients

initiated on imatinib 400 mg bid [55]. Overall, 90% of patients achieved a CCyR, a rate that

was significantly higher than in a historical cohort of patients treated with the standard

imatinib dose (400 mg daily; P = 0.0005). In this study, 82% of patients continued to receive

imatinib ≥600 mg daily [55]. A small cohort of patients with newly diagnosed CP-CML, the

majority of whom (70%) were at low risk for disease progression, achieved an MMR with

imatinib 400 mg bid more rapidly than historical cohorts treated with the standard imatinib

dose [51]. Similarly, a Phase II study of high-dose imatinib in patients with previously

untreated CP-CML at intermediate risk for disease progression achieved high rates of both

CCyR and MMR more rapidly than a historical cohort (IRIS) and only three patients

progressed to accelerated-phase disease [57]. Studies have also been conducted to directly

compare standard- and high-dose regimens [58,59].

Cortes and co-workers [59] reported the results of a Phase III study that directly compared

the standard imatinib starting dose (400 mg) with a high-dose regimen of 800 mg daily in

476 patients newly diagnosed with CP-CML. They demonstrated that CCyR and MMR rates

were comparable after 1 year of treatment, but that both endpoints were achieved earlier

with the 800 mg regimen. The overall adverse-event burden was higher with the 800 mg

dose, including rates of grade 3 and 4 hematologic toxicity. Baccarani and co-workers [58]

compared the standard- and high-dose imatinib regimens in patients at high risk for disease

progression. No differences were found in the rate of CCyR or MMR and the authors

concluded that the results did not support the routine use of an 800 mg starting dose even for

patients at high risk for disease progression. Most recently, Hehlmann and co-workers [43]

reported the results of a study comparing imatinib 800 mg, imatinib 400 mg, and imatinib

400 mg plus IFN-α as initial therapy for patients with CP-CML. The protocol encouraged

dose adaptation to avoid higher-grade toxicity, and patients were followed for 3 years. Early

high-dose imatinib with subsequent dose adaptation (median dose 628 mg/d) to manage

high-grade toxicities was associated with a higher rate of MMR at 12 months than either of

the two standard regimens (59% vs 44% for the imatinib 400 mg regimen [P < 0.001] and

46% for the imatinib 400 mg plus IFN-α regimen [P = 0.002]). The patients treated with

dose-optimized imatinib also achieved CMR4.5 in a shorter time than those receiving the

standard dose [60].

Changing the treatment—An alternative to high-dose imatinib might be to initiate

patients on dasatinib or nilotinib. Indeed, recent data suggest that the newer TKIs may offer

deeper and more durable responses than imatinib [61]. Both agents have been compared

directly with standard-dose imatinib in Phase III studies and were found to lead to earlier

and sustained CCyRs and a more rapid reduction in BCR-ABL transcript levels (Table 3).

However, a considerable challenge remains in understanding the differences between the

three approved TKIs because of the non-uniform definitions of PFS (or EFS) used in their

pivotal trials [34]. An analysis of outcomes for 435 patients with early CP-CML treated with

imatinib, dasatinib, or nilotinib revealed that PFS ranged from 81% to 96% depending on

the definition used [34].
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Combination treatment—Combining a TKI with another drug may also be a feasible

first-line treatment choice. However, while mathematical and theoretical modeling of the

combination of two TKIs suggest that such an approach should be viable [62,63], clinical

trial data are currently lacking. Data are, however, available for the combination of a TKI

with agents from a different drug class such as PEG-IFNs (Table 5) [64–66]. The addition of

PEG-IFN-α-2b to standard-dose imatinib significantly improved the MMR rate after 12

months of treatment (from 54% to 82%; P = 0.002) in a cohort of patients with CP-CML at

low or intermediate risk for progression [65]. Cortes and co-workers [64] evaluated the

ability of combining high-dose imatinib with PEG-IFN-α-2b to improve CMR rates in 94

patients with CP-CML. However, this study failed to demonstrate any improvement versus

high-dose imatinib alone, mainly owing to toxicity issues; for this reason PEG-IFN-α-2b

was eventually discontinued in all patients.

PEG IFN-α-2a has also demonstrated efficacy as monotherapy in patients with CP-CML,

achieving higher 12-month CyR rates than unpegylated IFN-α-2a [67]. A Phase III trial

conducted by Preudhomme and co-workers [66] showed that treatment with PEG-IFN-α-2a

in combination with imatinib 400 mg was associated with a significantly higher 12-month

MMR rate compared with imatinib alone (57% vs 38%; P < 0.001) in patients with

untreated CP-CML. MR rates were also higher with the imatinib plus PEG-IFN-α-2a

combination treatment than with imatinib 600 mg alone or imatinib 400 mg plus cytarabine.

Rates of grade 3 or 4 neutropenia and thrombocytopenia were significantly higher with the

IFN combination than with imatinib 400 mg alone (P < 0.001 and P = 0.002, respectively).

Early data from a Phase II study also suggest a good response to the combination of PEG-

IFN-α-2a and nilotinib, although transient grade 3 or 4 hematologic toxicities were common

in the first few months of treatment [68].

Improving tolerability—Tolerability remains a significant concern when considering

strategies to improve early response rates in patients newly diagnosed with CP-CML.

Emergence of adverse events can lead to clinically necessary withdrawal of treatment and

can also result in poor patient persistence with therapy [69]. For high-dose imatinib,

improved response rates appear to be achieved at the expense of an increased adverse-event

burden and an impact on short-term quality of life, even with protocols designed to

minimize the occurrence of high-grade toxicities. Similarly, adverse-event issues may limit

the suitability of combining even standard-dose imatinib with PEG-IFN-α. The long-term

safety of TKI treatment must also be considered but long-term data are not yet available for

the TKIs and current recommendations are to maintain TKI treatment indefinitely.

Toxicities may emerge with continuing treatment, for example there have been reports of

hepatic failure with imatinib [70,71], pulmonary arterial hypertension with dasatinib [72,73],

and peripheral arterial occlusive disease with nilotinib [74].

PHARMACOLOGIC OPTIONS FOR PATIENTS WITH A SUBOPTIMAL OR NO

RESPONSE TO THEIR FIRST-LINE THERAPY

Patients who respond to their initial treatment but do not reach the response targets as

defined in current treatment guidelines for CML [16,201] can be described as having a
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suboptimal response. Reasons for suboptimal or lack of response may include drug

resistance [75,76], tolerability issues, and poor patient adherence to treatment in clinical

practice [77–80]. In cases of inadequate response or loss of response, guidelines recommend

evaluation of patient compliance and possible drug-drug interactions, and mutational

analysis [16,201]. There are many possible reasons for resistance to TKIs, but mutations in

the BCL-ABL kinase domain are believed to be a key cause. A full review of the topic is

beyond the scope of this article, however, for a few specific BCR-ABL mutations associated

with resistance to TKIs there are recommendations for appropriate treatment options based

on in vitro and clinical evidence [201]. BCR-ABL-independent mechanisms also contribute

to resistance and another cause of TKI failure is thought to be the activation of alternative

intracellular signaling pathways. Most notably, the SRC family kinases (SFKs) – in

particular LYN and HCK – have been implicated in imatinib resistance [81–85] and SFK

activation has been demonstrated in more than 50% of cases of TKI resistance in patients

with CML [86,87].

Given the relationship between the depth of early responses and long-term outcomes

discussed above, it is important to optimize treatment early. The most appropriate treatment

strategy in the case of suboptimal response to imatinib is still under evaluation [88].

However, potential strategies are similar to those discussed above as alternative first-line

approaches to standard-dose imatinib, and may include increasing the dose [89], introducing

an additional agent such as another TKI or an agent from another drug class, for example

IFN, or switching to an alternative TKI.

A switch to a second- or third-generation TKI has been explored as a potential option for

patients responding suboptimally to an initial course of imatinib [90–92]. Preliminary data in

30 patients reported by Hyun-Gyung and co-workers [90] found that switching to nilotinib

offered a significantly higher MMR rate at 12 months compared with an increase from a

standard to a high dose of imatinib (59% vs 27%, respectively; P = 0.047). Similarly, the

Therapeutic Intensification in De Novo Leukemia (TIDEL)-II study investigators reported

data from two sequential cohorts of 105 patients, both of which were initiated on imatinib

600 mg daily but which employed different strategies if a response was not obtained. The

patients who switched to nilotinib demonstrated higher rates of MMR at 12 months than

those who had their imatinib dose increased to 800 mg (69% vs 47%, respectively) [92].

However, among the patients who failed to attain BCR-ABL levels ≤10% at 3 months, only

16% achieved MMR (IS) and none achieved MR4.5 despite switching at as early as 3 months

[93].

The newer TKIs bosutinib [94–96] and ponatinib [97] potentially expand the TKI treatment

options; both were recently approved by the US Food and Drug Administration (FDA) for

the treatment of CML in patients with resistance or intolerance to prior TKI therapy. In an

open-label phase I/II study, bosutinib was investigated as second-, third-, or fourth-line

treatment, following other TKIs, in CP-CML. In patients who had previously only been

treated with imatinib, the 2-year estimates of OS and PFS in patients treated with bosutinib

were 92% and 79%, respectively [95]. After a minimum follow-up of 36 months, a CCyR

was achieved or maintained in 48% of imatinib-resistant patients and 51% of imatinib-

intolerant patients [96]. In patients who had been treated with imatinib followed by dasatinib
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and/or nilotinib, the 2-year estimates of OS and PFS with bosutinib treatment were 83% and

73%, respectively. At a median follow-up of 28.5 months, CCyR was achieved by 24% of

patients [94]. Ponatinib – a “third-generation” TKI – has been investigated in a Phase II

open-label study in patients with CML who were resistant to or intolerant of dasatinib or

nilotinib or who were positive for the T315I mutation. After a minimum of 12 months’

follow-up, 56% of patients with CP-CML achieved an MCyR and 46% achieved a CCyR

[97]. Of great interest is the finding that 70% of patients with the T315I mutation achieved

an MCyR.

Recent evidence suggests that the level of response to initial TKI therapy may have

prognostic significance with regard to the outcomes that can be expected from a second-line

TKI regimen. For example, a recent study of patients with CML treated with second-

generation TKIs after imatinib failure demonstrated that patients without a previous CyR to

imatinib are unlikely to respond to further TKI therapy [91]. Alternative non-TKI-based

treatment strategies may thus be required for these patients. Emerging options in this case

include the cytotoxic agent omacetaxine mepesuccinate (“omacetaxine”) [98–104].

Omacetaxine represents an alternative treatment strategy to current TKI-based approaches,

as this agent induces apoptosis by inhibition of protein synthesis. In a Phase II/III study in

patients with resistance and/or intolerance to at least two TKIs, omacetaxine achieved a

complete hematologic response in 80% of patients with CP-CML, MCyR in 20% and MMR

in 10% [100]. A second Phase II study in patients who had failed to respond to imatinib

therapy and who carried the T315I mutation, demonstrated that approximately 23% of

patients with CP-CML achieved an MCyR, including 16% with a CCyR, and 77% achieved

or maintained a hematologic response [102]. Long-term follow-up of patients with CP-CML

from these studies demonstrated sustained cytogenetic responses [103]. There is also some

evidence that omacetaxine may be active against leukemic stem cells (LSCs) [98,104].

Omacetaxine has recently been approved by the FDA for the treatment of adult patients with

chronic- or accelerated-phase CML with resistance and/or intolerance to two or more TKIs.

OPTIONS FOR PATIENTS WHO RESPOND WELL TO FIRST-LINE THERAPY

A number of studies suggest that, with careful molecular monitoring, treatment can be

stopped in some patients who respond well to their first-line therapy and achieve and

maintain a CMR (also termed undetectable minimal residual disease [UMRD] or

molecularly undetectable leukemia). This may be a preferred option for some patients for a

variety of reasons, such as the wish to conceive in female patients; long-term safety

concerns; drug resistance; and cost. Data from the Stop Imatinib (STIM) study in 100

patients with CML who achieved and maintained a CMR for at least 2 years suggest that

treatment can be safely discontinued or at least suspended [105,106]. The authors reported

that molecular relapse occurred in 61 of the 100 patients (with 58 occurring during the first 7

months), but 56 of these patients regained a CMR on imatinib rechallenge. Similar results

have emerged from an ongoing Australasian study (CML8) in which approximately 40% of

patients who sustained UMRD for ≥2 years with imatinib retained UMRD on cessation of

imatinib [107]. The investigators estimated that approximately 12% of all patients with

CML who receive imatinib as first-line treatment may eventually achieve treatment-free
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remission. A retrospective analysis of clinical practice data for Japanese patients has also

reported that 56% of those who discontinued imatinib treatment after achieving CMR

maintained their response without molecular recurrence [108]. One small study (n=16) has

investigated the possibility of discontinuing imatinib for a second time in patients who

achieved a second sustained CMR after imatinib cessation [109]. A quarter of patients

retained a drug-free MMR with a median follow-up of 32 months, with 12.5% remaining in

CMR.

Case reports are also emerging of sustained stable remissions among patients treated with

second-generation TKIs [110] and interim results of a study in 34 patients found that

discontinuation of dasatinib or nilotinib treatment was feasible in patients with a sufficient

response [111].

The use of IFN-α as maintenance therapy following imatinib cessation has also been

explored. In one study, IFN-α was administered daily to Japanese patients who discontinued

imatinib after achieving a CMR and having had an MR for at least 2 years [112]. After a

median 23 months’ follow-up, 9 of 12 patients maintained a CMR and the three patients

who relapsed regained an MMR on resumption of imatinib treatment. Similarly, Burchert

and co-workers [113] reported sustained remission in patients treated with IFN-2α after

discontinuation of treatment with imatinib and IFN-2α.

Several studies have reported possible risk factors for relapse following imatinib

discontinuation. In the STIM study, risk factors for molecular relapse were high Sokal score

at diagnosis and duration of imatinib treatment <60 months [106]. In the CML8 trial, high

Sokal score was identified as a risk factor for relapse and, in patients who had received IFN

in combination with imatinib, the risk was lower in those patients who received IFN for

longer (>12 months vs ≤12 months) [107]. Other factors identified in CML8 as being

predictive of achieving the discontinuation criterion while receiving imatinib (undetectable

BCR-ABL1 at a PCR sensitivity of 4.5 log) include time taken to achieve MMR, sex and the

3-month BCR-ABL1 level [114]. Higher imatinib dose intensity and prior IFN-α

administration were associated with sustained MR after imatinib discontinuation in a study

in Japanese patients [108]. Others have reported longer duration of CMR to be associated

with prolonged drug-free survival [115]. The immunologic activation status of natural killer

cells and CD8+ T cells may also predict the risk of relapse [116,117]. This accruing

evidence raises the future possibility of developing an algorithm by which to select patients

who may safely discontinue TKI treatment.

Of course, patient preference also needs to be taken into account when considering stopping

treatment, with some patients likely to be anxious about potential relapse. A recent survey

found that patients did not feel confident in stopping their TKI treatment when informed that

the current evidence suggested a relapse rate of 60% [118].

The possibility of safely discontinuing treatment may only apply to a small proportion of

patients; however, the viability of this approach, particularly with regard to any impact on

long-term survival and overall cost, warrants further detailed investigation. The NCCN

Guidelines recommend that in patients with a satisfactory response, the same dose of TKI
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should be continued indefinitely, with discontinuation only considered in the setting of a

clinical trial [201].

The high rate of relapse following imatinib discontinuation corroborates other evidence for

the persistence of BCR-ABL-positive stem/progenitor cells in the bone marrow [119]. These

primitive LSCs lack sensitivity to currently available TKIs. This is probably due to a variety

of causes, including cellular quiescence and oncogene independence [120–122]. Using a

PCR technique that is more sensitive than those usually used to define MR, Ross and co-

workers demonstrated that even patients with sustained CMR after discontinuation of

imatinib harbored BCR-ABL DNA [123]. In patients who relapsed shortly after

discontinuation, the BCR-ABL DNA levels increased, while the DNA levels remained stable

in those who maintained a CMR. The results suggest that complete eradication of the

residual leukemic cells with imatinib may not be necessary, and that in some patients a

process of “leukemic suppression” is occurring [123]. However, abolition of LSCs that give

rise to disease persistence would be beneficial in the majority of patients and will most

likely require an alternative, non-TKI approach to treatment. A number of intracellular

signaling pathways and molecules have been identified that are potentially involved in LSC

survival and these are being investigated as potential therapeutic targets [124,125]. The role

of the bone marrow microenvironment in protecting LSCs is also under scrutiny [126,127].

EXPERT COMMENTARY

CML is a life-shortening hematologic malignancy. However, in recent years the advent of

TKI therapy has significantly changed the management of the disease and has presented the

possibility of long-term remission. The introduction of imatinib significantly improved

survival in patients with CML and the more recent availability of a range of TKI options

means that there is now the potential for selecting a more potent TKI or one better suited to

an individual patient. Taking all the above evidence together, second-generation TKIs would

appear to offer a more appropriate alternative to high-dose imatinib at present. In addition,

there is renewed interest in alternative therapies such as omacetaxine and IFN-α (as PEG-

IFN-α) and clinical trials of these agents are establishing their potential value in the era of

TKI therapy.

Despite advances in our understanding of molecular responses, CCyR remains the crucial

goal of treatment. Caution is urged in making treatment decisions based on molecular

responses, particularly given assay variability. The possibility of stopping therapy in patients

who respond well is also attracting considerable attention. However, at present the data

supporting safe discontinuation of treatment are immature and stopping cannot be

recommended in clinical practice.

Clinical challenges now include evolving strategies to meet the needs of patients who

respond suboptimally, are intolerant of, or who acquire resistance to current treatment

options. Increasing the dose, switching, and combining therapies are all possibilities.
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FIVE-YEAR VIEW

We now have access to several effective TKIs but at present it is unclear which presents the

optimal first-line option. The early outcomes are of course encouraging but long-term

outcomes are unknown. Long-term survival data are keenly awaited. Vigilance is also

required in the coming years with regard to emerging adverse events as we do not yet know

the long-term side effects of these treatments.

Although physicians agree that early responses to treatment are important, there is still much

to be learned about optimal treatment for those patients who do not achieve an early

response. Although switching is widely advocated, we are currently lacking evidence on the

best approach to switching therapy: when should we switch and what should we switch to?

Data from well-conducted clinical trials of switching will be crucial. Cost may also become

an important issue in treatment decisions as the US patent for imatinib expires in 2015, after

which generic imatinib will become available.

The question of whether we can stop TKI therapy in patients who respond well also needs to

be addressed. Stopping would be beneficial for some patients for a variety of reasons,

including avoiding treatment-related adverse events, and on economic grounds. Long-term

data are needed to determine the possibility of terminating ongoing TKI therapy without

exposing patients to the risk of relapse, and to determine the most appropriate early

strategies to achieve remission and disease eradication. In the future, based on more

extensive clinical evidence, it may be feasible to develop a strategy by which we can

confidently stop treatment in patients meeting certain criteria.
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KEY ISSUES

• TKIs have transformed the management of CML, however a significant

proportion of patients respond suboptimally or fail to respond to first-line TKIs.

• The optimal first-line treatment is unclear; long-term survival data for the

different TKIs are lacking.

• Achieving CCyR is the key goal of treatment; in patients with a CCyR,

changing treatment in response to modest increases in BCR-ABL transcript

levels may not be the optimal approach.

• Clinical evidence is currently lacking for the outcomes of switching TKI

treatment. For patients who fail to achieve an early response we need more

information to guide decisions on when to switch and what to switch to.

• Physicians must be vigilant for treatment-related adverse effects that may

emerge with long-term therapy.

• Non-TKI therapies, such as omacetaxine and PEG-IFN-α also have a role in the

management of CML.

• Although there is some evidence that TKI therapy can be safely stopped in some

patients who respond well, further investigation is required and at present

stopping is not recommended in clinical practice.
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Figure 1.
Survival of patients with early chronic phase myeloid leukemia treated at the M. D.

Anderson Cancer Center before and after the introduction of imatinib (reproduced from

[12]).

Reprinted from Mayo Clinic Proceedings, 81(7), Quintas-Cardama A, Cortes JE. Chronic

myeloid leukemia: diagnosis and treatment. 973–988 © (2006), with permission from

Elsevier.
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Table 1

MD Anderson and World Health Organization definitions of accelerated phase and blast crisis in chronic

myeloid leukemia [7–9]

Phase MD Anderson criteria World Health Organization criteria

Accelerated • Peripheral blood blasts ≥15%

• Peripheral blood blasts and
promyelocytes ≥30%

• Peripheral blood basophils
≥20%

• Platelet count ≤100 × 109/L
unrelated to therapy

• Clonal evolution

• Blasts 10–19% of white blood cells in peripheral and/or nucleated
bone marrow cells

• Peripheral blood basophils ≥20%

• Persistent thrombocytopenia (<100 × 109/L) unrelated to therapy or
persistent thrombocytosis (>1,000 × 109/L) unresponsive to therapy

• Increasing spleen size and increasing white blood cell count
unresponsive to therapy

• Cytogenetic evidence of clonal evolution

Blast crisis • Blasts ≥20% of peripheral blood white cells or of nucleated bone
marrow cells

• Extramedullary blast proliferation

• Large foci or clusters in the bone marrow biopsy
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Table 2

Measures of response in chronic myeloid leukemia and prognostic significance [2,13–15]

Response type Definition Prognostic significance

Hematologic (HR) • Complete normalization of peripheral blood counts with leukocyte count
<10 × 109/L

• Platelet count <450 × 109/L

• No immature cells, eg myelocytes, promyelocytes, or blasts in peripheral
blood

• No signs and symptoms of disease with disappearance of palpable
splenomegaly

Failure to achieve an HR at
3 months predicts poor
outcomes

Cytogenetic (CyR) • Complete: no Ph-positive metaphases

• Partial: 1–35% Ph-positive metaphases

• Major: 0–35% Ph-positive metaphases

• Minor: 36–65% Ph-positive metaphases

• Minimal: 66–94% Ph-positive metaphases

• None: ≥95% Ph-positive metaphases

Complete CyR (CCyR) is the
best early predictor for good
long-term outcomes
Achievement of CyR at 3 and
6 months and of CCyR at 12
and 18 months are regarded as
key targets

Molecular (MR) • Complete: BCR-ABL mRNA undetectable by reverse transcriptase
polymerase chain reaction

• Major: ≥3-log reduction (or ≤0.1%) on the International Scale of BCR-
ABL mRNA

Although of prognostic value,
the timing and grade of
response remains controversial
Loss of MR is also of prognostic
significance

Ph, Philadelphia chromosome.
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Table 4

Current NCCN Guideline recommendations for the assessment and treatment of CML [201]

Diagnosis of Ph+ or BCR-ABL+ chronic phase CML

Discussion of treatment options: TKI, role of HSCT, clinical trial
TKIs: imatinib 400 mg OR nilotinib 600 mg OR dasatinib 100 mg daily

3-month follow-upb

Partial cytogenetic response or
BCR-ABL/ABL transcript level
≤10%(IS)

• Continue same dose of TKI

• Monitor with qPCR every 3 monthsa

Less than partial cytogenetic response
or BCR-ABL transcript level >10% by
qPCR (IS) or relapse

• Switch TKIc (monitor with qPCR at least every 3 months) and evaluate for HSCT OR
clinical trial

12-month follow-upb

Complete cytogenetic response • Continue same dose of TKI

Partial cytogenetic response • Consider mutational analysis

• Switch TKIcdeOR continue same dosedOR increase dose of imatinib (max 800 mg) if not

candidate for other TKI or omacetaxinee

Minor or no cytogenetic response • Switch TKIcde and evaluate for HSCTOR clinical trial

Cytogenetic relapse • Switch TKIcdeOR increase dose of imatinib (max 800 mg) if not candidate for other TKI

or omacetaxinee, and evaluate for HSCT depending on response to second-line
therapyOR clinical trial

18-month follow-upb

Complete cytogenetic response • Continue same dose of TKI

Partial cytogenetic response or
cytogenetic relapse

• Switch TKIcde and evaluate for HSCT depending on response to second-line therapyOR
clinical trial

a
qPCR should be conducted every 3 months in patients responding to treatment; after CCyR has been achieved it should be conducted every 3

months for 3 years and every 3–6 months thereafter.

b
In cases of inadequate response: evaluate patient compliance and drug-drug interactions, and (unless otherwise stated) perform mutational

analysis.

c
Patients failing to respond to first-line imatinib should be treated with nilotinib, dasatinib, bosutinib or ponatinib in second-line setting; patients

failing to respond to first-line nilotinib or dasatinib could be treated with another TKI (not imatinib) in the second-line setting.

d
Consider IFN/PEG-IFN, allogeneic HSCT, omacetaxine, or clinical trial for rare patients unable to tolerate TKI therapy.

e
Omacetaxine is treatment option for patients with resistance and/or intolerance to two or more TKIs.

Adapted with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Chronic Myelogenous Leukemia V.
4.2013. © 2013 National Comprehensive Cancer Network, Inc. All rights reserved. The NCCN Guidelines® and illustrations herein may not be
reproduced in any form for any purpose without the express written permission of the NCCN. To view the most recent and complete version of the
NCCN Guidelines, go online to NCCN.org. NATIONAL COMPREHENSIVE CANCER NETWORK®, NCCN®, NCCN GUIDELINES®, and
all other NCCN Content are trademarks owned by the National Comprehensive Cancer Network, Inc.

HSCT, Hematopoietic stem cell transplantation; IFN, interferon; IS, international scale; PEG, pegylated; Ph, Philadelphia chromosome; qPCR,
quantitative real time polymerase chain reaction; TKI, tyrosine kinase inhibitor.
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Table 5

Overview of the clinical trial data to support high-dose imatinib or TKI combination therapy as an alternative

first-line option for patients newly diagnosed with chronic phase CML

Study Treatments No. of patients Efficacy Tolerability/acceptability

High-dose imatinib

Hughes et al. 2008
[54]

Imatinib 600 mg with
dose escalation to
800 mg for
suboptimal response

103 Cumulative CCyR

12 months: 88%

24 months: 90%

Cumulative MMR

12 months: 47%

24 months: 73%

Only 60 patients were able to
maintain an average daily
dose of 600 mg

Kantarjian et al.
2004
[55]

Imatinib 400 mg twice
daily

114 CCyR: 90%
Estimated 2-year survival: 94%

More frequent
myelosuppression vs
standard-dose imatinib
82% of patients were able to
continue at ≥600 mg daily

Cortes et al. 2009
[56]
RIGHT study

Imatinib 400 mg twice
daily

115
(Sokal low risk)

MMR

6 months: 48%

12 months: 54%

18 months: 63%

Most frequent AEs were
myelosuppression, rash,
fatigue, and musculoskeletal
symptoms

Castagnetti et al.
2009
[57]

Imatinib 400 mg twice
daily

78
(Sokal intermediate
risk)

Cumulative CCyR

12 months: 88%

24 months: 91%

Three patients progressed during a
median follow-up of 24 months

Incidence of AEs was slightly
higher vs standard-dose
imatinib in historical cohorts

Baccarani et al.
2009
[58]

Imatinib 400 mg or
800 mg daily

216
(Sokal high risk)

CCyR at 12 months

400 mg: 58%

800 mg: 64% (P = 0.435)

No difference in MR rate at any
timepoint

Only 25 patients were able to
tolerate the 800 mg daily
dose

Cortes et al. 2010
[59]

Imatinib 400 mg or
800 mg daily

476 MMR at 12 months

400 mg: 40%

800 mg: 46% (P = 0.2035)

MR was achieved faster in the
800 mg arm with higher rates at 3
and 6 months

Higher AE burden associated
with the 800 mg dose
including grade 3 and 4
hematologic toxicities

Hehlmann et al.
2011
[43]

Imatinib 400 mg daily,
800 mg daily, or
400 mg daily + IFN-α

1014 MMR at 12 months

400 mg: 44%

(P < 0.001 vs 800 mg)

400 mg + IFN: 46%

(P = 0.002 vs 800 mg)

800 mg: 59%

Similar frequency of grade 3
and 4 AEs in all three arms

Combination TKI regimens
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Study Treatments No. of patients Efficacy Tolerability/acceptability

Cortes et al. 2011
[64]

Imatinib 800 mg daily
alone or in
combination with
PEG-IFN-α-2b

94 CCyR rates

Imatinib: 87%

Imatinib + IFN: 90% (P = 1.0)

MMR rates

Imatinib: 77%

Imatinib + IFN: 77% (P = 1.0)

PEG-IFN-α-2b was
discontinued in all patients
due to tolerability issues

Simonsson et al.
2011
[65]

Imatinib 400 mg daily
alone or in
combination with
PEG-IFN-α-2

112
(Sokal low or
intermediate risk)

MMR at 12 months

Imatinib: 54%

Imatinib + IFN: 82%

(P = 0.002)

61% of patients in the
combination arm discontinued
PEG-IFN-α-2b due to
tolerability issues

Preudhomme et al.
2010 [66]

Imatinib 400 mg daily
alone or in
combination with
PEG-IFN-α-2a or cyt;
or imatinib 600 mg
daily

636 MMR at 12 months

Imatinib 400 mg: 38%

Imatinib 600 mg: 49%

Imatinib 400 mg + cyt: 46%

Imatinib 400 mg + IFN: 57%

SMR at 12 months

Imatinib 400 mg: 14%

Imatinib 600 mg: 17%

Imatinib 400 mg + cyt: 15%

Imatinib 400 mg + IFN: 30%

PEG-IFN-α-2a associated
with higher rates of grade 3/4
rash, depression, asthenia
and edema vs other
treatments; higher rates of
grade 3/4 neutropenia and
thrombocytopenia vs imatinib
400 mg

AE, adverse event; CCyR, complete cytogenetic response; CML, chronic myeloid leukemia; cyt, cytarabine; IFN, interferon; MR, molecular
response; PEG, polyethylene glycol; RIGHT, Rationale and Insight for Gleevec High-Dose Therapy; SMR, superior molecular response (≥4 log10
reduction from standardized baseline level); TKI, tyrosine kinase inhibitor
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