
© 2015 Waclaw et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution – Non Commercial (unported, v3.0)  
License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted without any further 

permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on 
how to request permission may be found at: http://www.dovepress.com/permissions.php

Blood and Lymphatic Cancer: Targets and Therapy 2015:5 101–108

Blood and Lymphatic Cancer: Targets and Therapy Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
101

R e v i e w

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/BLCTT.S58845

imatinib in the treatment of chronic myeloid 
leukemia: current perspectives on optimal dose

Joanna waclaw1

Tomasz Sacha1

Tomasz Stoklosa2

1Department of Hematology, 
Jagiellonian University Collegium 
Medicum, Kraków, 2Department of 
immunology, Medical University of 
warsaw, warsaw, Poland

Correspondence: Tomasz Stoklosa 
Department of immunology, Medical 
University of warsaw, Banacha 1A, 
Building F, 02-097 warsaw, Poland 
email tomasz.stoklosa@wum.edu.pl

Abstract: Imatinib was the first tyrosine kinase inhibitor (TKI), successfully used in a clini-

cal setting. It inhibits activity of BCR-ABL1 oncogenic tyrosine kinase which is crucial in the 

pathogenesis of chronic myeloid leukemia (CML). The safety and efficacy of imatinib dose 

400 mg daily was established in several clinical studies. Nevertheless, imatinib dose escalation 

($600 mg daily) has been widely explored as an option to improve clinical outcomes. Results 

of the meta-analysis comparing frontline therapy with imatinib 400 mg daily vs high dose 

(HD, $600 mg daily) in patients with chronic phase CML (CML-CP) showed that the rate of 

complete cytogenetic response as well as major molecular response (MMR) at 12 months was 

significantly higher in HD imatinib group. However, HD imatinib does not improve overall sur-

vival and progression-free survival. Thus, the routine use of HD imatinib as frontline treatment 

for CML-CP is not recommended. In patients with CML-CP resistant to standard dose, HD 

imatinib does not significantly improve patient outcomes without a prior cytogenetic response. 

Therefore, in second-line therapy, the current CML-CP treatment guidelines do not recom-

mend imatinib dose escalation but the use of second-or third-generation TKIs. In the therapy 

of TKI-naïve patients with accelerated or blastic phase of CML, HD imatinib (400 mg twice 

daily) is one of the recommended standards. In case of disease progression while on imatinib, 

second- or third-generation TKIs should be administered.

Keywords: imatinib, standard dose, dose escalation, chronic myeloid leukemia, BCR-ABL1, 

high dose

Introduction
Imatinib has been invented by a group of scientists led by Nicholas Lydon at Ciba-Geigy 

laboratories (later on merged with Sandoz to form Novartis) in the early 1990s. Clinical 

development of imatinib, called initially STI571 (from signal transduction inhibitor), 

was led by Brian Druker, although John Goldman had a substantial role in this process 

and the first clinical trial in patients with chronic myeloid leukemia (CML) started in 

1998. In CML, a constitutively active tyrosine kinase, encoded by BCR-ABL1 onco-

gene, is responsible for malignant transformation of hematopoietic stem cells. Imatinib 

activity results from competitive binding to the ATP-binding site in BCR-ABL1 kinase 

domain and preventing autophosphorylation of BCR-ABL1. This results in abrogation 

of several pathways activated by BCR-ABL1 and involved in the control of the cell 

adhesion, cytoskeleton organization, apoptosis, DNA damage response, cell cycle and 

responsible for uncontrolled proliferation of leukemic cells in CML.1

The clinical safety and the effective dose of imatinib of 400 mg once daily was 

established in the Phase I trial initiated in June 1998.2 In the subsequent Phase II trials, 

B
lo

od
 a

nd
 L

ym
ph

at
ic

 C
an

ce
r:

 T
ar

ge
ts

 a
nd

 T
he

ra
py

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/BLCTT.S58845
mailto:tomasz.stoklosa@wum.edu.pl


Blood and Lymphatic Cancer: Targets and Therapy 2015:5submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

102

waclaw et al

the effectiveness of imatinib at this dose was established. That 

was the base for the approval decision of imatinib for therapy 

of CML by the United States Food and Drug  Administration 

(US FDA) in May 2001.3 The current management of patients 

with CML has substantially changed over the past 15 years, 

with new considerations of using a second- and third-gen-

eration tyrosine kinase inhibitors (2G-TKIs and 3G-TKIs, 

respectively) in patients resistant or intolerant to initial dose 

of imatinib and even in the first-line setting. Nevertheless, 

the efficacy of imatinib at a higher dose of 600 mg daily 

or 800 mg daily used in first- and second-line treatment of 

CML in chronic phase (CML-CP), as well as in accelerated 

(AP) and blast crisis/blastic phase (BP) of CML has been 

evaluated in several clinical trials. The understanding of the 

place in therapy for the various doses of imatinib could play 

an important role in the optimization of a patient’s clinical 

outcome.

High-dose imatinib as a frontline 
treatment of CML-CP
The recommended dose of imatinib for initial therapy of 

CML-CP is 400 mg daily.4 Of note, a maximum tolerated 

dose for imatinib has never been established. The dose 

of 400 mg daily was recommended based on the original 

Phase I study by Druker et al as a one level higher than 

a dose which yielded good hematologic and cytogenetic 

responses (CyRs) in patients with CML-CP.2 Nevertheless, 

there have been some preliminary reports suggesting that 

higher imatinib dosage, such as 600 or 800 mg daily, could 

be more effective and lead to deeper and faster cytogenetic 

and molecular responses than the standard dose.5,6 Before 

the era of 2G-TKIs, the conception of high-dose (HD) 

imatinib as a frontline therapy of CML-CP was widely 

explored. There have been many  clinical trials addressing 

this issue.  Kantarjian et al reported the study of 114 patients 

with newly diagnosed CML-CP treated with imatinib at the 

dose of 400 mg twice daily. Compared with the standard 

dose, HD imatinib was significantly associated with a better 

rate of complete cytogenetic response (CCyR) (P=0.0005), 

major molecular response (MMR) (defined as BCR-ABL/

ABL ratio #0.05%), (P=0.00001), and complete  molecular 

response (CMR, undetectable BCR-ABL) (P=0.001). HD 

imatinib was well tolerated but resulted in more frequent 

myelosuppression.7 The other study, 2-Arm Phase III trial, 

was conducted in 227 patients with CML-CP,  previously 

resistant or intolerant to interferon-alpha (IFN-α). The 

study compared the standard dose of  imatinib 400 mg daily 

(arm A) with HD imatinib (800 mg daily) for 6 months, 

 followed by 400 mg daily as a  maintenance (arm B). 

 Imatinib dosage of 800 mg daily resulted in a  significantly 

higher rate of CCyR and MMR at 6 months but not at 12 

months as compared with the dose of 400 mg daily. In con-

trast to non-hematologic toxicities, grade 3/4 hematologic 

 toxicities were significantly more common in the HD arm 

B.8 In TIDEL-I study, Hughes et al used a dose-optimization 

approach in a clinical trial encompassing 103 patients with 

newly diagnosed CML-CP. In this study, patients were 

treated with imatinib 600 mg daily with response monitored 

every 3 months. Patients who failed to achieve a complete 

hematologic response (CHR), major cytogenetic response 

(MCyR), CCyR, or MMR by 3, 6, 9, and 12 months were 

treated with a high dose of 800 mg imatinib once daily. 

Dose interruptions were indicated for serious hematologic 

and  non-hematologic toxicity. Using this approach, the 

 estimated cumulative incidences of CCyR by 12 months 

and 24 months were 88% and 90%, respectively, and MMR 

rates were 47% and 73%, respectively.9 These response 

rates were superior to those achieved with standard dose 

imatinib.10,11 In patients who maintained a daily average dose 

of 600 mg of  imatinib for the first 6 months, MMR rates by 

12 months and 24 months were 55% and 77% compared 

with 32% and 53% in patients  averaging less than 600 mg 

daily (P=0.037 and 0.016), respectively. Recently, the results 

of the second part of the TIDEL study have been published. 

The study encompassed 210 patients with newly diagnosed 

CML-CP divided into two equal cohorts. The initial therapy 

was imatinib 600 mg/day in all patients. The study endpoints 

were defined molecular targets: BCR-ABL1 #10%, #1%, 

and #0.1% at 3, 6, and 12 months, respectively. Based on 

early reports suggesting a correlation between minimum 

serum imatinib concentration achieved and the likelihood 

of  achieving CCyR and/or MMR,12 the imatinib dose was 

escalated to 800 mg daily in patients with trough serum 

concentration ,1,000 ng/mL. Cohort 1 patients who failed 

to achieve any molecular target were escalated to imatinib 

800 mg daily, and subsequently switched to nilotinib 400 

mg twice daily if failed to reach the same target 3 months 

later. Cohort 2 patients who failed to achieve any target 

were switched to nilotinib directly, as well as patients with 

imatinib intolerance. At 2 years, 55% of patients remained 

on imatinib and 30% on nilotinib. MMR was achieved in 

64% at 12 months and 73% at 24 months. Overall sur-

vival (OS) was 96% and  transformation-free survival was 

95% at 3 years. TIDEL-II represents a novel, interesting 

approach for the first-line management of CML-CP based 

on HD imatinib and selective, early switch to 2G-TKI.13 In 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Blood and Lymphatic Cancer: Targets and Therapy 2015:5 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

103

imatinib in the treatment of CML

2011,  Gafter-Gvili et al published a systematic review and 

 meta-analysis of  randomized controlled trials comparing 

frontline therapy with imatinib 400 mg daily vs higher 

doses ($600 mg daily) in patients with CML-CP.14 The 

search encompassed four trials (European LeukemiaNet 

[ELN], TOPS, SPIRIT, and CML-Study IV), random-

izing 1,673 patients. Three trials included patients of all 

 prognostic risk groups, whereas one trial (ELN) included 

only high-risk patients. For risk assessment, the Euro score 

was used in one case (TOPS) and the Sokal score in remain-

ing three. The assigned  imatinib dose in the HD arm was 

800 mg daily in three trials and 600 mg daily in one trial. 

Subjects in the standard dose arm of all four trials were allo-

cated 400 mg of imatinib daily. The TOPS and ELN trials 

had notably shorter median follow-up (17 and 26 months, 

respectively) than the CML-Study IV and the SPIRIT study 

(28–43 months and 47 months, respectively). The primary 

outcomes of the study were CCyR and MMR rates at 12 

months. In both cases, risk ratio (RR) . 1 favored the HD 

imatinib arm. The CCyR rate was significantly higher at 12 

months in the HD arm (RR 1.17, 95% confidence interval 

[CI] 1.08–1.26, four trials, I2=33%), as well as MMR (RR 

1.26, 95% CI 1.12–1.42, four trials, I2=0%). However, there 

was no difference in all-cause mortality or disease progres-

sion to AP/BP at the end of follow-up. The study evaluated 

also safety outcomes: grade 3/4 hematologic and nonhema-

tologic adverse events. In that case, RR , 1 favored HD 

imatinib. Adverse events requiring treatment discontinua-

tion were more common in the HD arm (RR 1.98, 95% CI 

1.20–3.26, three trials, I2=0%), as were grade 3/4 neutrope-

nia and thrombocytopenia (RR 1.56, 95% CI 1.15–2.12 and 

RR 1.86, 95% CI 1.28–2.70, respectively).14 Results of the 

aforementioned studies show that HD imatinib compared 

with standard dose significantly improves CCyR and MMR 

at 12 months. However, there was no significant difference 

in OS and progression-free survival (PFS) at the time of 

publication of the studies (Table 1).15–18 Thus, the evidence 

to support the routine use of HD imatinib as frontline treat-

ment for CML-CP is currently insufficient.

High-dose imatinib as a second-line 
therapy for standard dose imatinib 
failure in CML-CP
Before the 2G-TKIs have become widely used in second-

line therapy, imatinib dose escalation was one of very few 

available options in patients with CML-CP resistant to stan-

dard dose imatinib (400 mg daily). Mechanisms of imatinib 

resistance that could be potentially overcome with dose 

escalation include, but are not limited to, over-expression of 

BCR-ABL1 and gene amplification. Several clinical studies 

have tried to identify whether and which imatinib-resistant 

CML-CP patients might benefit from such an intervention. 

Marin et al reported on the outcome of 36 patients with 

CML-CP in CHR in whom imatinib dosage was increased 

when they failed to achieve CCyR. Fourteen patients (39%) 

improved their CyR and seven (19%) achieved CCyR. The 

responses were short lasting, and six patients (43%) lost 

their best response and, at latest follow-up, only nine patients 

(25%) had sustained improvement with five of them (14%) 

remaining in CCyR.19 Furthermore, in the study conducted by 

Zonder et al, patients with CML-CP who had imatinib dose 

increased from 400 mg daily to 600–800 mg daily because 

of progressive disease (due to clonal evolution in majority 

of them) or inadequate CyR, after at least 1 year of therapy 

did not achieve significantly better responses.20 Six patients 

achieved MCyR (three complete and three partial). Two oth-

ers had minor cytogenetic responses (mCyRs). Two patients 

with clonal evolution transiently lost the additional clonal 

aberrations. Almost all of the responses occurred within 6 

months, and were typically 3–6 months in duration.20 How-

ever, studies that provide rationale for HD imatinib in patients 

resistant to conventional dose have also been published in 

Table 1 Summary of selected randomized clinical trials evaluating high-dose imatinib in newly diagnosed patients with CML-CP

Clinical study Imatinib Complete  
cytogenetic

Major molecular  
response rate

Estimated dosage  
PFS/OS

european LeukemiaNet  
study15

400 mg/day 
800 mg/day

At 12 months 58% 
At 12 months 64%

At 12 months 33.3% 
At 12 months 39.8%

At 3 years PFS: 86%/OS: 84% 
At 3 years PFS: 88%/OS: 91%

TOPS study16 400 mg/day 
800 mg/day

At 12 months 66% 
At 12 months 70%

At 12 months 40.1% 
At 12 months 46.4%

At 18 months PFS: 95%/OS: 98.7%
At 18 months PFS: 97%/OS: 98.2%

SPiRiT17 400 mg/day + iFN-α 
600 mg/day

At 12 months 66% 
At 12 months 65%

At 12/24 months 57%/64% 
At 12/24 months 49%/53%

At 2 years PFS: 96.8%/OS: NA
At 2 years PFS: 96.9%/OS: NA

German Study  
Group iv18

400 mg/day + iFN-α 
800 mg/day

At 3 years 78.5% 
At 3 years 85.2%

At 3 years 63%
At 3 years 79%

At 3 years PFS: 94%/99%/OS: 93/99% (for 
,1% and $ 1% of BCR-ABL, respectively)
At 2 years PFS: 80.3%/ at 5 years OS: 91%

Abbreviations: CML-CP, chronic phase chronic myeloid leukemia; iFN-α, interferon-alpha; NA, not available; OS, overall survival; PFS, progression-free survival.
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the literature. Kantarjian et al reported on 106 patients with 

newly diagnosed CML-CP who had been enrolled on the 

International Randomized Study of  Interferon and STI571 

(IRIS) trial, who began treatment with imatinib at a dose of 

400 mg daily, and who subsequently underwent dose esca-

lation to either 600 or 800 mg daily. Reasons for dose 

escalation were evaluated retrospectively based on two sets 

of criteria: the IRIS protocol-defined criteria and the ELN 

recommendations. The IRIS protocol allowed dose escalation 

of imatinib to 600 mg and then, 1 month later, to 800 mg for 

the following reasons: 1) failure to achieve CHR by 3 months, 

2)  failure to achieve at least an mCyR (36%–65% Philadel-

phia chromosome [Ph]-positive metaphases) by 12 months, 

3) loss of an MCyR (,35% Ph-positive metaphases) at any 

time, and 4) progression. The ELN criteria (2009 version) 

recommended dose escalation of imatinib in case of failure 

or suboptimal response.21 The primary study endpoints were 

event-free survival (EFS) (events were defined as the first 

occurrence of death from any cause, progression to AP/BP 

of CML, or loss of an MCyR) and OS. The median time to 

dose escalation was 22 months for the entire cohort. Of the 

patients who had dose escalation based on IRIS protocol 

criteria, 86% achieved or regained their hematologic response 

within 12 months of dose escalation, and 42% achieved or 

regained a CyR. Of the patients who had dose escalation 

according to the ELN recommendations, 67% achieved or 

regained a hematologic response within 12 months of dose 

escalation, and 38% achieved or regained a CyR. Among 

all patients who underwent dose escalation, the rates of 

freedom from progression to AP/BP and OS were 89% and 

84% at 3 years after dose increase, respectively. Relative 

to treatment with the standard imatinib dose, an increased 

frequency of grade 3/4 adverse events was observed after 

dose  escalation to $600 mg daily for superficial edema, 

headache, abdominal pain, hemorrhage, pyrexia, anemia, 

and thrombocytopenia.22 The other study reported on 

74 patients with hematologic failure, cytogenetic resistance, 

or suboptimal response to  conventional imatinib dose. In all, 

54 patients received  imatinib dose escalation from 400 mg 

to 600 mg daily and 20 patients were dose-escalated from 

400 to 800 mg daily. An MCyR was achieved in 41 patients 

(72%) who escalated imatinib dose for  cytogenetic failure 

and in six patients (46%) with hematologic failure. A CCyR 

was achieved in 27 patients (37%): 38% of the hematologic 

failure patients and 42% of the cytogenetic-resistant patients. 

After 3 years of follow-up, all responding patients were in 

sustained CCyR. The estimated 2-year PFS and OS was 

87% and 85%, respectively.23 In the study by Jabbour et al, 

the long-term efficacy of imatinib dose  escalation in 84 

patients with CML-CP who met the ELN  criteria of failure 

to standard-dose imatinib was assessed. In all, 21 patients 

with hematologic failure and 63 with  cytogenetic failure had 

their imatinib dose escalated from 400 mg to 800 mg daily 

(n=72) or from 300 to 600 mg daily (n=12). After a median 

follow-up of 61 months from dose escalation, 69% remained 

alive. CMR (absence of BCR-ABL1 transcript) was achieved 

in 40% patients, including 52% of patients with cytogenetic 

failure and 5% of those with hematologic failure. The esti-

mated 2- and 3-year EFS and OS rates were 57% and 47%, 

and 84% and 76%, respectively. Responses were long last-

ing; 88% of patients with MCyR sustained their response 

beyond 2 years. Treatment was well tolerated, with 76% of 

patients at 12 months continuing to receive imatinib at 100% 

of the intended dose.24 Taken together, the aforementioned 

studies show that imatinib dose escalation appears to induce 

sustained responses in a subset of patients with cytogenetic 

failure or acquired cytogenetic resistance. In second-line 

therapy, HD imatinib does not significantly improve patient 

outcomes without a prior CyR. START-R was a Phase II 

randomized study comparing dasatinib with HDs of imatinib 

after failure of the latter at the standard dose. In all, 150 

imatinib-resistant CML-CP patients were randomized 2:1 

to 140 mg daily dasatinib (n=101) or 800 mg daily imatinib 

(n=49). Crossover to the alternate treatment was permitted 

after confirmed progression. With a median follow-up of 

15 months, CHRs were observed in 93% and 82% of patients 

receiving dasatinib and HD imatinib (P=0.034), respectively. 

Dasatinib resulted in a higher rate of MCyR (52%) than HD 

imatinib (33%) (P=0.023). This included CCyR in 40% and 

16% of patients (P=0.004), respectively. MMR rates were 

also more frequent with dasatinib (16% vs 4%; P=0.038). 

Treatment failure (hazard ratio [HR], 0.16; P,0.001) 

and PFS (HR, 0.14; P,0.001) both favored dasatinib.25 A 

2-year follow-up report of this study showed that dasatinib 

demonstrated higher rates of CHR (93% vs 82%; P=0.034), 

MCyR (53% vs 33%; P=0.017), and CCyR (44% vs 18%; 

P=0.0025). At 18 months, the MCyR was maintained in 90% 

of patients on the dasatinib arm and in 74% of patients on the 

HD imatinib arm. MMR rates were also more frequent with 

dasatinib than with HD imatinib (29% vs 12%; P=0.028). 

The estimated PFS also favored dasatinib (P=0.0012).26 

Dasatinib was the first TKI approved to treat patients with 

imatinib-resistant CML-CP. There were no other random-

ized clinical trials comparing efficacy of the 2G-TKIs with 

escalated dose imatinib in standard dose imatinib-resistant 

patients. However, the rates of  cytogenetic and molecular 
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responses achieved in patients treated with 2G-TKIs front-

line are considerably higher  relatively to those achieved by 

patients treated with HD  imatinib (Table 2). The recent ELN 

guidelines for  management of CML-CP do not recommend 

imatinib dose escalation in case of treatment failure on the 

standard imatinib dose4 since the 2G-TKIs (nilotinib, dasa-

tinib, and bosutinib) and the 3G-TKI (ponatinib) appeared 

to be more effective in such circumstances.27–29

High-dose imatinib in AP/BP of 
CML
The ELN definitions of AP and BP of CML differ from those 

recommended by the World Health Organization (WHO), 

but are used in almost all recent major studies of CML. 

According to ELN, AP is defined by 15%–29% blast cells 

or by 30%–49% blast cells plus promyelocytes in blood or 

bone marrow. BP is defined by a percentage of blast cells 

$30% in blood or bone marrow or by blast cells involvement 

of nonhematopoietic tissues, excluding liver and spleen.4 

In the WHO definition, the percentage of blast cells for AP 

is 15%–19% and $20% for BP in blood or bone marrow. 

Treatment recommendations are different when patients are 

diagnosed with AP and BP at baseline, prior to any treat-

ment, or when progression occurs during the treatment of 

CP. HD imatinib is one of the recommended standards in the 

therapy of advanced-phase CML. Several studies regarding 

efficacy of imatinib at the dose of $600 mg daily in AP/BP 

CML have been published. In AP patients, the reported CHR 

rates ranged from 40% to 82%, with MCyR rates between 

24% and 49%.30–32 These response rates are low, compared 

to those achieved in CML-CP, but significantly higher than 

those provided by IFN-α or any other previous agent. In 

2009, Palandri et al presented the outcome of the study on 

111 patients in newly diagnosed AP treated with imatinib 

at a dose of 600 mg daily. Imatinib was given in doses 

of 600 mg daily to all patients. Treatment was continued 

until disease progression, death, intolerance to imatinib, or 

allogeneic stem cell transplantation (alloSCT). The median 

follow-up was 82 months (range: 73–87). In all, 107 patients 

(96%) returned to chronic phase and 79 (71%) achieved 

CHR. Cumulative best rates of MCyR and CCyR were 

30% and 21%, respectively. All responses were maintained 

for a minimum of 4 weeks. At last follow-up, four patients 

were alive in complete remission after allogeneic trans-

plant, 16 patients (14%) had switched to a 2G-TKIs, and 21 

patients (19%) were alive on imatinib therapy. No late toxici-

ties were observed. PFS and EFS rates were 36.5% and 15%, 

respectively, at 7 years.33 Sawyers et al conducted the study 

on 260 patients, of whom 229 had a confirmed diagnosis of 

CML in myeloid BP. Most of the patients had not received 

any specific therapy for advanced CML except for IFN 

and palliative therapy with hydroxyurea or low-dose cyto-

sine arabinoside. When Phase I dose-escalation data dem-

onstrated the safety of prolonged treatment with imatinib at 

higher doses, the initial daily dose was increased from 400 

to 600 mg daily. Imatinib-induced hematologic responses 

in 52% of patients and sustained hematologic responses 

lasting at least 4 weeks in 31% of patients, including CHR 

in 8%. For patients with a sustained response, the estimated 

median response duration was 10 months. Imatinib-induced 

MCyR in 16% of patients, with 7% of the responses being 

complete. Median survival time was 6.9 months. Non-

hematologic adverse reactions were frequent but generally 

mild or moderate. Episodes of severe cytopenia were also 

frequent and were attributable to both the underlying condi-

tion and the treatment.34 Obviously, the development of the 

2G- and recently the 3G- TKIs has changed the landscape 

of advanced-phase CML therapy. These agents might be 

Table 3 Summary of the outcomes of trials with imatinib (from 
most recent) in CML-BP patients

Imatinib  
dosage (mg)

Study Cytogenetic  
response (%)

Overall survival 
at 12 months (%)*

400–600 Silver et al36 9 NA
600 Palandri et al33 17 29
600 Sureda et al37 13 36
400–600 Sawyers et al34 16 30
300–1,000 Kantarjian et al31 16 22
300–600 Druker et al38 12 NA

Note: *Cytogenetic response includes complete, partial, minimal, and minor 
responses when available.
Abbreviations: CML-BP, blastic phase of chronic myeloid leukemia; NA, not 
available.

Table 2 Selected trials comparing standard- or high-dose imatinib 
or second-generation TKis in newly diagnosed patients with CML

Study Follow-up  
(months)

Random CCyR  
(%)

MMR 
(%)

TOPS 12 iM 400 mg 66 40

iM 800 mg 70 46
German Study iv 12 iM 400 mg 49 31

iM 800 mg 63 55
eNeSTnd 24 NiLO 300 mg BiD 87 62

NiLO 400 mg BiD 85 59
iM 400 mg 77 37

DASiSiON 18 DASA 100 mg 78 46

iM 400 mg 70 28

Abbreviations: BiD, twice daily; CML, chronic myeloid leukemia; CCyR, complete 
cytogenetic response; DASA, dasatinib; iM, imatinib; MMR, major molecular 
response; NiLO, nilotinib; TKi, tyrosine kinase inhibitor.
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effective in patients with HD imatinib-resistant AP/BP.35 

The summary of responses to imatinib in BP patients is 

shown in Table 3.31,33–34,36–38 According to the recent ELN 

recommendations, newly diagnosed TKI-naïve patients with 

AP or BP should be treated with imatinib 400 mg twice 

daily, or dasatinib 70 mg twice daily or 140 mg once daily. 

Subsequently, alloSCT is recommended for all BP patients 

and for those AP patients who do not achieve an optimal 

response. AP or BP that develops as a progression from CP 

in TKI-pretreated patients should be managed with any of the 

TKIs that were not used before progression. Then, alloSCT 

is recommended in all patients, if eligible.4

Conclusion – current place in CML 
therapy
Modern therapy which radically changed the prognosis of 

CML started in June 1998 with the first administration of 

imatinib, a first-generation TKI. The expectations of patients 

and physicians regarding the results of therapy have been 

substantially changed over the last decade of  experience with 

TKIs. The treatment goal for CML is no longer a prolongation 

of survival, but discontinuation of therapy and cure. Deep 

molecular responses are achieved by the majority of imatinib-

treated patients; however, the results of clinical trials suggest 

that patients treated up-front with 2G-TKIs have a better 

chance to achieve faster and deeper molecular responses 

(MR4.0 or MR4,5), which are the key criteria for discontinu-

ation studies. Nevertheless, until recently, all the 2G-TKIs 

compared to imatinib studies have shown no difference in 

OS. During the 2014 ASH Annual Meeting, Larson et al 

presented the latest follow-up of ENEST study in which, after 

6 years, there were significantly fewer deaths among patients 

in the nilotinib 400 mg twice daily arm than in the imatinib 

400 mg once daily arm.39 Most patients diagnosed with CML 

will receive prolonged therapy; therefore, individual patient’s 

comorbidities, disease characteristics, ability to follow doc-

tor’s orders, and treatment schedule and preferences regarding 

a goal of therapy should guide the decision of choice of initial 

 treatment. Patients with CML-CP could be stratified with the 

use of risk stratification scores, such as Sokal,40 Hasford,41 

and EUTOS,42 to help predict the outcomes of therapy. Low-

risk category patients are expected to have optimal responses 

on imatinib, dasatinib, or nilotinib used in the first-line 

setting. However, patients with  intermediate- or high-risk 

disease may benefit more when 2G-TKIs are chosen as a 

 frontline treatment.43,44 Another factor that could influence the 

choice of optimal initial treatment is human organic cation 

 transporter-1 (OCT-1) expression. Low OCT-1 expression and 

activity could affect the concentrations of imatinib in CML 

cells45–47 and is associated with lower OS (87% vs 96%) and 

EFS (48% vs 74%) when compared to patients with high 

OCT-1 activity. Therefore, it was  suggested that patients with 

low activity of OCT-1 may  benefit from dasatinib or nilotinib 

since they are not transported into CML cells by OCT-1. 

The role of innate immunity in the achievement of optimal 

response to therapy was  underlined by observation by Yeung. 

Killer immunoglobulin-like receptors –  specifically, the 

KIR2DS1 allele has been associated with lower probabilities 

of  achieving CCyR at 2 years, reduced probabilities of OS and 

PFS, and lower rates of MMR in patients treated with front-

line imatinib therapy.48,49 Since the results of clinical  trials 

do not support sufficiently the routine use of HD imatinib as 

frontline treatment for CML-CP all the aforementioned fac-

tors could favor a choice of 2G-TKIs in the first-line setting. 

A number of analyses have been conducted to determine the 

response rates of patients resistant to standard dose of ima-

tinib including those with various BCR-ABL1 mutations to 

HD imatinib and 2G-TKIs. Based on the critical analysis of 

those studies, the recent ELN recommendation does not sup-

port imatinib dose escalation in such cases since the 2G-TKIs 

and 3G-TKIs appeared to be more effective.24,25 HD imatinib 

is recommended as one of the possible treatment option for 

AP and BP of CML. Taking into consideration that clonal 

evolution with new additional cytogenetic aberrations and 

newly emerging ABL kinase domain mutations contribute 

largely to CML progression, the therapy of AP/BP with TKI 

according to mutational tests, and possibly combination with 

chemotherapy should be considered.
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