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Abstract
With the development of tyrosine kinase inhibitors (TKIs), the 
management and outlook for patients with chronic myelogenous 
leukemia (CML) have completely changed over the past 10 years. 
Imatinib was the first TKI approved to treat CML in the chronic 
phase. After their initial approval as second-line agents, dasatinib 
and nilotinib were compared with imatinib in the first-line setting 
in 2 randomized trials. Both trials showed that therapeutic mile-
stones (complete cytogenetic remission and major molecular re-
mission) occurred earlier with these newer agents, leading to their 
approval for the treatment of newly diagnosed CML. Therefore, 
3 different TKIs are now available for treating CML. Long-term 
follow-up of patients treated with imatinib shows that the attain-
ment of therapeutic milestones by 12 months of therapy leads to 
better long-term outcomes. Most patients who experience disease 
progression on imatinib do so within the first 3 years of therapy. 
Therefore, one can argue that dasatinib or nilotinib should be cho-
sen to treat patients with newly diagnosed CML. However, these 
agents do not have the long-term track record of imatinib. This 
article summarizes the published data and reviews the rationale in 
choosing the appropriate TKI for first-line treatment of CML in the 
chronic phase. (JNCCN 2012;10:112–119)
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bination of interferon-α and low-dose cytarabine 
(IFN-α/Ara-C; the standard of care at that time) 
or imatinib at a dose of 400 mg daily. At a median 
follow-up of 19 months, the rates of complete cyto-
genetic response (CCyR) at 18 months were 76.2% 
and 14.5% in the imatinib and IFN-α/Ara-C arms, 
respectively. At 18 months, the rates of freedom from 
disease progression were estimated to be 96.7% and 
91.5%, respectively. Imatinib was significantly better 
tolerated, with only 14.3% of patients discontinuing 
therapy or crossing over to the alternative arm, as 
opposed to 89.2% for IFN-α/Ara-C.

A 6-year update on the patients randomized 
to the imatinib arm confirmed these outstanding 
results.4 The cumulative best CCyR rate was 82%, 
with 63% of patients who were still on imatinib in 
CCyR. The estimated event-free survival was 83%, 
with an overall survival rate of 88%. The rate of 
freedom from progression to AP or BP was estimated 
to be 93%. Follow-up of the imatinib arm at 8 years 
showed that outcomes continued to be very good, 
with 82% of patients in CCyR and 92% of patients 
still free from progression to AP or BP.5 The highest 
risk of loss of response or transformation was during 
the first 3 years of treatment (3.3%–7.5%), and de-
creased thereafter. 

Hammersmith Hospital
Subsequently, investigators from Hammersmith Hos-
pital reported their experience using imatinib in the 
first-line treatment of 204 patients with CP-CML.6 
At 5 years, the cumulative incidence of CCyR was 
82.7%, with an estimated overall survival rate of 
83.2%. The progression-free survival rate was esti-
mated to be 82.7%. However, 25% of patients had 
discontinued therapy because of unsatisfactory re-
sponse or side effects. As a result, the probability of 
remaining on therapy at 5 years while maintaining a 
major cytogenetic response was only 62.7%.

The Real World
In a population-based study from the United King-
dom, Lucas et al.7 reported their experience using 
imatinib, 400 mg daily, as first-line therapy in the 
treatment of 68 patients with CP-CML. Of these, 
3 progressed to BP within the first 12 months of 
therapy. During that same period, 2 patients experi-
enced toxicity serious enough to warrant alternative 
therapy, and 1 patient lost complete hematologic re-
sponse. The CCyR rates were 41%, 49%, and 51% 

•	 Describe	the	case	for	the	use	of	imatinib	in	first-line	
therapy of CML, based on a review

•	 Describe	the	case	for	the	use	of	dasatinib	or	nilotinib	in	
first-line therapy of CML, based on a review

Chronic myelogenous leukemia (CML) is a my-
eloproliferative disorder resulting from a translo-
cation between chromosomes 9 and 22 (t(9;22) or 
Philadelphia chromosome) leading to an abnormal 
fusion protein (BCR-ABL) with dysregulated tyro-
sine kinase activity.1 Without therapy, CML has a 
predictable progression from a chronic phase (CP) 
to the more advanced accelerated (AP) and blast 
(BP) phases. Although it is a rare disease, with an 
estimated incidence of 4870 in the United States in 
2010,2 it has occupied a substantial portion of the 
medical literature over the past 10 years because of 
the development of highly successful tyrosine kinase 
inhibitors (TKIs) that have changed the treatment 
paradigm. In fact, attempts to follow a similar strat-
egy for other malignancies has become the main fo-
cus of cancer drug development, although with less 
spectacular results. Three TKIs have received regu-
latory approval to treat CML. Imatinib was the first 
agent to be approved, and established a change in 
the standard of care. Dasatinib and nilotinib were 
then developed as second-line agents for imatinib 
failures. They are both active against most ABL tyro-
sine kinase domain mutations that impart resistance 
to imatinib. As expected, the second-generation 
TKIs were ultimately tested in the first-line setting 
and have now received regulatory approval for that 
indication. This article reviews the data on the drugs 
to determine the best approach to choosing a first-
line agent for patients with CP-CML.

The Facts
Several clinical trials that changed the treatment 
paradigm and outlook for patients with CML were 
reported over approximately 10 years. This article 
reviews some of the most relevant trials evaluating 
the use of TKIs in first-line therapy.

IRIS
The International Randomized Study of Interferon 
and STI571 (IRIS) study established imatinib as the 
standard of care for CP-CML.3 This study randomly 
assigned 1106 patients to receive either the com-
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at 12, 18, and 24 months, respectively. Remarkably, 
at 24 months, imatinib treatment failed in 49% of 
patients because of progression to BP, failure to ex-
perience or maintain CCyR, or intolerance. These 
results suggest that, in a general practice setting, out-
comes with imatinib therapy may not be as good as 
what was observed in the IRIS study.

High-Dose Imatinib
Two randomized trials were conducted comparing 
high-dose and standard-dose imatinib in the treat-
ment of CP-CML. The Tyrosine Kinase Inhibitor 
Optimization and Selectivity (TOPS) study ran-
domized 476 patients with newly diagnosed CML to 
either 400 or 800 mg of imatinib daily. At 6 months 
of therapy, rates of major molecular response (MMR; 
defined as a 3-log reduction in copy number of BCR-
ABL transcripts, 0.1% or lower on the international 
scale) and CCyR were higher in the high-dose arm.8 
However, at 12 months they were comparable (46% 
vs. 40% and 70% vs. 66% for high-dose and stan-
dard-dose imatinib, respectively). Furthermore, no 
difference was seen in progression-free and overall 
survival rates between the arms at 18 months (97.4% 
vs. 95.0% and 98.7% vs. 98.2%, respectively).

The German CMLIV trial also reported faster 
responses with 800 mg of imatinib (administered 
on a tolerability-adapted schedule) than with 400 
mg of imatinib or the combination of imatinib and 
IFN-α.9 However, no difference was seen in overall 
and progression-free survival rates (92% and 88%, 
respectively) at 5 years between the treatment arms. 
Notably, in the 800-mg arm, the median dose that 
was administered on the tolerability-adapted sched-
ule was only 628 mg/d.

Imatinib-Based Drug Combinations
It was expected that imatinib would ultimately be 
combined with the older agents in an attempt to im-
prove outcomes, and 2 large randomized trials of this 
strategy were conducted. The German CMLIV study 
randomized patients with CP-CML to either imatinib 
at 400 mg/d, imatinib at 800 mg/d, or the combination 
of imatinib and IFN-α. Responses in the high-dose 
imatinib arm were higher than in both of the other 
arms with no differences in progression-free or overall 
survival.9 However, no differences were seen in CCyR 
and MMR between the standard-dose imatinib and 
the imatinib/IFN-α arms. At 12 months, the rates of 
CCyR and MMR were 49% and 31%, respectively, for 

imatinib at 400 mg, and 50% and 35%, respectively, 
for imatinib/IFN-α. At 24 months, these rates were 
74% and 63%, and 77% and 63%, respectively.

The French SPIRIT trial randomized patients with 
CP-CML to 1 of 4 arms, namely imatinib at 400 mg or 
600 mg daily, or the combination of imatinib (400 mg 
daily) with cytarabine or pegylated IFN. At 12 months, 
the combination of imatinib and pegylated IFN led to a 
higher rate of MMR than was seen in the other arms.10 
However, no difference was seen in CCyR. At that time 
point, rates of CCyR were 58%, 65%, 70%, and 66% 
for the imatinib, 400 mg; imatinib, 600 mg; imatinib/
cytarabine; and imatinib/IFN arms, respectively. Rates 
of MMR were 38%, 49%, 46%, and 57%, respectively. 
Adverse events were more common with IFN than with 
imatinib, 400 mg. In both the CMLIV and the SPIRIT 
trials, the rates of transformation-free and overall sur-
vival were not improved by the addition of IFN.

ENESTnd
After its approval as a second-line agent, and with 
promising results from phase II studies in the first-line 
setting,11,12 nilotinib was compared with imatinib in 
a randomized fashion for the treatment of patients 
with newly diagnosed CP-CML. The ENESTnd trial 
(Evaluating Nilotinib Efficacy and Safety in Clinical 
Trials–Newly Diagnosed Patients) was a randomized 
study that enrolled 846 patients to 1 of 3 arms: nilo-
tinib at 300 mg or 400 mg twice daily, or imatinib at 
400 mg once daily.13 The primary end point of the 
study was MMR at 12 months. The rates of MMR 
at that time point were 44%, 43%, and 22% for the 
nilotinib, 300 mg; nilotinib, 400 mg; and imatinib 
arms, respectively. The rates of CCyR were 80%, 
78%, and 65%, respectively. The superiority of ni-
lotinib over imatinib was observed in all risk groups, 
including patients with high Sokal risk scores.

The trends were confirmed at 24 months when 
the rates of BCR-ABL reduction to 0.0032% or less 
were 26%, 21%, and 10% for the 3 arms, respective-
ly.14 Importantly, a statistically significant lower rate of 
progression to AP/BP was seen in the nilotinib arms 
as opposed to the imatinib arm. After 24 months of 
follow-up, these rates were 0.7%, 1.1%, and 4.2% in 
the nilotinib, 300 mg; nilotinib, 400 mg; and imatinib 
arms, respectively.14 Nilotinib was generally better 
tolerated, particularly in terms of hematopoietic, mus-
culoskeletal, and gastrointestinal toxicity. However, 
grade 3/4 abnormalities in alanine aminotransferase, 
bilirubin, lipase, and glucose were more frequent with 
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months, the rates of CCyR and MMR were 69% and 
32% in the imatinib arm and 82% and 47% in the da-
satinib arm, respectively.

Early Responses and Long-Term Outcomes
As could be expected, most of the data on the impact 
of early responses on long-term outcomes are from 
the IRIS study. Patients who fared the best in the 
IRIS study were those who had experienced both a 
CCyR and an MMR at 12 months. None of those pa-
tients’ disease had progressed to AP or BP by 5 years 
of therapy, compared with a 5% rate of disease pro-
gression in patients who had experienced a CCyR 
but not an MMR at 12 months.23,24 Another analysis 
of the IRIS data showed that the earlier patients ex-
perienced a CCyR (3, 6, 12, or 18 months), the bet-
ter their long-term outcomes.5 Most patients in the 
IRIS trial who experienced disease progression while 
on imatinib did so during the first 3 years of therapy.5

Similar trends were seen in the long-term analy-
sis of the Hammersmith data. In that study, patients 
who experienced a CCyR at 12 months showed sub-
stantially better transformation-free and overall sur-
vival rates at 5 years than patients who did not (96% 
vs. 74%, and 98% vs. 74%, respectively).6 However, 
in this series, experiencing an MMR at 12 months 
did not convey a long-term advantage.

Peculiarities of Each Approved TKI
Although imatinib, nilotinib, and dasatinib share 
a common mechanism of action, namely tyrosine 
kinase inhibition, they have important differences. 
From a mechanistic standpoint, both imatinib and 
nilotinib bind to an inactive conformation of the 
ABL kinase, whereas dasatinib binds to multiple 
conformations.25,26 Nilotinib is up to 50 times more 
potent than imatinib at inhibiting BCR-ABL in cell 
proliferation assays, whereas dasatinib is up to 325 
times more potent.23,27 Of the 3 agents, nilotinib is 
the least promiscuous in its ability to inhibit differ-
ent tyrosine kinases. Dasatinib is a dual BCR-ABL 
and SRC kinase inhibitor.

ABL kinase domain mutations constitute the most 
common mechanism of resistance to imatinib. More 
than 50 of these mutations have been described.28 Both 
dasatinib and nilotinib are active against all known 
imatinib-resistant mutations, except the T315I muta-
tion, which imparts resistance to all 3 agents. However, 
dasatinib and nilotinib have differences in their potency 
against specific non-T315I mutations.27

nilotinib treatment. Dermatologic events and head-
aches were also more frequent with nilotinib. Despite 
previous concerns regarding the effect of nilotinib on 
the QT interval, no patient on nilotinib developed 
QTc prolongation to an interval greater than 500 
ms at the 24-month data cutoff point.15 Nor was a 
decrease lower than 45% observed in the mean ven-
tricular ejection fraction. After these results, the FDA 
approved nilotinib for the treatment of patients with 
newly diagnosed CP-CML.

DASISION
Similar to nilotinib, phase II data showed promising 
results for dasatinib in the first-line setting.16 It was 
therefore subsequently compared with imatinib in a 
randomized trial. The DASISION trial (Dasatinib Ver-
sus Imatinib Study In Treatment-naïve CML) random-
ized 519 patients to either dasatinib at 100 mg daily, or 
imatinib at 400 mg daily. The primary end point was a 
confirmed CCyR (2 measurements) at 12 months. The 
CCyR rates at 12 months were 66% and 77% for ima-
tinib and dasatinib, respectively.17,18 When compared 
based on at least 1 measurement, the CCyR rates were 
72% and 83% for imatinib and dasatinib, respectively. 
At 12 months, the rates of MMR were 28% and 46%, 
respectively, and at 24 months were 46% and 64%, 
respectively. Development of AP/BP at 12 months oc-
curred in 1.9% of patients treated with dasatinib and 
3.5% in patients treated with imatinib. However, the 
latter differences were not statistically significant. At 
24 months, the rates of disease progression were 2.4% 
and 5.0% for dasatinib and imatinib, respectively. 
Again these differences were not statistically signifi-
cant. At 24 months, 17% of patients treated with da-
satinib had achieved a BCR-ABL transcript level be-
low 0.0032%, compared with 8% of patients treated 
with imatinib. Thrombocytopenia was more common 
with dasatinib, whereas neutropenia occurred at equal 
frequency. Edema, nausea, vomiting, and rashes were 
more common with imatinib. In earlier studies, pleural 
effusions were seen in patients treated with dasatinib, 
particularly at a dose of 70 mg twice daily.19,20 In the 
DASISION study, no pleural effusions were observed 
in the imatinib arm. In the dasatinib arm, pleural effu-
sions occurred in 14% of patients. These were mainly 
grade 1 and 2, with fewer than 1% of patients develop-
ing grade 3 pleural effusions.21 Notably, a randomized 
phase II intergroup study was subsequently reported 
in which patients with CP-CML were assigned to ei-
ther imatinib 400 mg/d or dasatinib 100 mg/d.22 At 12 
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From a toxicity standpoint, all 3 agents are 
generally well tolerated. However, a few points are 
significant regarding nonhematologic toxicity. Diar-
rhea, fluid retention, and muscle cramps are more 
common with imatinib than with nilotinib or da-
satinib.13,17 Although these are generally tolerable 
(mainly grade 1/2), they can become problematic in 
the long run from a quality-of-life standpoint. This 
is particularly relevant in view of the expected long-
term survival of patients in the TKI era.

In the early development of nilotinib, unex-
plained sudden deaths were reported, which led to 
a black box warning on its label. However, in the 
ENESTnd trial, no sudden deaths occurred in the ni-
lotinib arms, and no patient on nilotinib had a pro-
longation of the QTc interval greater than 500 ms.17 
Furthermore, QTc prolongation seems to be a class 
effect for these agents.

Again, in its early development, dasatinib was asso-
ciated with a substantial incidence of pleural effusions. 
Clinically relevant pleural effusions were seen more 
commonly at doses of 70 mg twice daily than with the 
now-adopted regimen of 100 mg daily.19,20 In the DA-
SISION study, patients were closely monitored for the 
development of pleural effusions. Although 14% of pa-
tients in the dasatinib arm developed pleural effusions, 
fewer than 1% of these were grade 3.21

Expansion of clonal cytotoxic T or natural killer 
(NK) cells has been described in patients treated 
with dasatinib.29–34 In the DASISION trial, lympho-
cytosis occurred in 5% and 24% of patients treated 
with imatinib or dasatinib, respectively. Patients on 
dasatinib who developed lymphocytosis had a higher 
rate of CCyR at 12 months than those who did not 
develop lymphocytosis (84% vs. 75%). Lymphocy-
tosis in patients treated with dasatinib was also as-
sociated with a higher incidence of pleural effusions 
(18% vs. 8%). Whether lymphocytosis contributes 
to dasatinib’s antileukemic effects through an immu-
nomodulatory mechanism is yet to be proven.

The Case for the Use of Imatinib 
in First-Line Therapy
Imatinib is clearly a very active drug. One can there-
fore make a strong argument to continue using it in 
the first-line setting. Imatinib has been approved for 
10 years, and most patients who were started on it in 
the first-line setting are alive and doing well. There-

fore, imatinib has a proven track record for a sustained 
response lasting at least several years. Dasatinib and 
nilotinib do not have such a long track record. Fur-
thermore, imatinib is generally well tolerated. Most 
of its nonhematologic side effects, such as diarrhea 
and peripheral edema, are of grade 1 or 2. Finally, with 
proper monitoring of disease response using current 
molecular techniques, one should be able to identify 
patients with loss of response early on and switch them 
to dasatinib or nilotinib. Similar to imatinib, the lat-
ter agents are not active against the T315I mutation, 
for which an allogeneic stem cell transplant is still the 
preferred treatment until agents with an even broader 
spectrum of activity are approved.

The Case for the Use of Dasatinib 
or Nilotinib in First-Line Therapy
Although imatinib is an excellent drug based on the 
IRIS data, the Hammersmith data and the study by 
Lucas et al.7 suggest that long-term results are not as 
favorable. Based on the Hammersmith data, roughly 
one-third of patients will not have the response that 
one would hope for. The data reported by Lucas et 
al.7 suggest that only approximately half of the pa-
tients treated with imatinib in a community setting 
would be expected to have a sustained positive out-
come. Imatinib is generally well tolerated. Certainly, 
if it is compared with IFN-α, then its side-effect pro-
file is very favorable. However, although most of its 
nonhematologic side effects are grade 1 or 2, they 
could significantly affect quality of life in the long 
run. For instance, if given the choice, most patients 
would certainly want to avoid a lifetime of grade 1/2 
diarrhea.

The most important argument in favor of us-
ing dasatinib or nilotinib in first-line therapy is the 
fact that with both agents, the response milestones 
(CCyR and MMR) are achieved earlier and in more 
patients than with imatinib. Long-term follow-up 
data clearly show that patients who achieve these 
milestones earlier have the best outcomes. The 
IRIS data suggest that once a TKI is started, there 
is a window of 2 to 3 years during which the risk of 
disease progression or transformation is highest. The 
ENESTnd and DASISION studies strongly suggest 
that nilotinib and dasatinib decrease the risk of dis-
ease progression, certainly up to the point of analysis. 
This outcome is not unexpected, because they have 
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a broader spectrum of activity as far as resistance- 
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transformation has become a relatively rare event in 
the TKI era, this outcome is devastating for patients. 
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imatinib. However, currently no data suggest that 
they would not be similar in that respect. Finally, 
based on available data, one could predict that fewer 
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salvage therapy than those started on imatinib.

What To Do?
Compared with 10 years ago, hematologists treating 
patients with CML have the enviable problem of hav-
ing to choose among 3 outstanding agents. Based on 
recent studies, it is clearly justified to start dasatinib 
or nilotinib in patients with newly diagnosed CP-
CML, particularly those with high-risk disease. The 
recent report of the NCCN Task Force on the use of 
TKIs in the treatment of CML states that imatinib 
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may it be a good choice for patients with a history of 
pancreatitis. Likewise, dasatinib may not be a good 
choice for patients who need to take a proton pump 
inhibitor on a sustained basis. Nor may it be a good 
choice for patients who have a history of congestive 
heart failure or pleural effusions. 

Pharmacoeconomic considerations are likely to 
become more significant in a few years when ima-
tinib is expected to go off-patent. However, even 
though the hematologist’s task in treating CML has 
become more complicated, patients with CML now 
are in a much better position and have a much better 
outlook than just a few years ago.
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1. Based on the review by Dr. Shami, which of the following 
statements about similarities and differences of imatinib, 
nilotinib, and dasatinib is most likely correct? 
A. Dasatinib binds only to an inactive conforma-asatinib binds only to an inactive conforma-

tion of the ABL kinase
B. In cell proliferation assays, nilotinib is up to 50 times 

more potent than imatinib at inhibiting BCR-ABL, 
whereas dasatinib is up to 325 times more potent

C. Complete cytogenetic remission and major mo-omplete cytogenetic remission and major mo-
lecular remission occur earlier with imatinib 
than with dasatinib or nilotinib 

D. Diarrhea, fluid retention, and muscle cramps are 
most common with nilotinib 

2. Your patient is a 76-year-old white man with un-year-old white man with un- white man with un-
treated chronic myelogenous leukemia (CML) in the 
chronic phase. Based on the review by Dr. Shami, 
which of the following statements about the use of 
imatinib as first-line therapy is most likely correct? 
A. Now that the newer, more potent agents are 

available, imatinib should no longer be used as 

first-line therapy 
B. Imatinib is poorly tolerated
C. Current molecular techniques allow early iden-urrent molecular techniques allow early iden-

tification of patients with loss of response to 
imatinib, so they can be switched to dasatinib 
or nilotinib

D. Imatinib is active against the T315I mutation
3. Based on the review by Dr. Shami, which of the fol-

lowing statements about the use of dasatinib or nilo-
tinib as first-line therapy for the patient described in 
question 2 is most likely correct? 
A. Earlier achievement of response milestones, and in 

more patients, with dasatinib or nilotinib vs ima-
tinib translates into better long-term outcomes

B. Imatinib is preferred to dasatinib or nilotinib in 
patients with high-risk disease

C. Dasatinib should be avoided in patients with a 
history of pancreatitis 

D. Nilotinib should be avoided in patients with a his-
tory of congestive heart failure or pleural effusions


