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ABSTRACT
The management of chronic myeloid leukemia
(CML) has been revolutionized by the discovery
of tyrosine kinase inhibitors (TKIs) against BCRABL1 oncogenic fusion protein. Imatinib, the
first BCR-ABL1 TKI, was introduced into clinical
practice in the early 2000s. In the following
years, the so-called second-generation TKIs
(2GTKIs)—dasatinib, nilotinib, and bosutinib
were approved, initially for patients resistant to
imatinib, and subsequently for front-line treatment. With multiple TKIs available, selection of
first-line therapy is challenging. CML risk,
patient characteristics and potential toxicities
of different TKIs play a fundamental role, in
particular when deciding between imatinib and
2GTKIs as frontline treatment. So, when
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deciding front-line therapy for a patient with
CML in the chronic phase (CML-CP), clinicians
must consider both the long-term outcomes,
such as overall survival and progression-free
survival, as well as safety, tolerance and possible
treatment discontinuation. This paper offers a
practical algorithmic approach for the sequential use of commercially available TKIs in
patients with CML-CP along with the data
available in the literature.
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INTRODUCTION
The management of chronic myeloid leukemia
(CML) has been revolutionized by the discovery
of tyrosine kinase inhibitors (TKIs) against BCRABL1 oncogenic fusion protein. Imatinib, the
first BCR-ABL1 TKI, was introduced into clinical
practice in the early 2000s. In the following
years, the so-called second-generation TKIs
(2GTKIs)—dasatinib, nilotinib, and bosutinib
were approved, initially for patients resistant to
imatinib and subsequently for front-line treatment. These agents induce more rapid and
profound responses compared to imatinib but,
at present, this has not translated into superior
long-term survival benefit, and 2GTKIs can be
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associated with non-hematologic toxicities that
may cause concern [1–3].
So, when deciding front-line therapy for a
patient with CML in chronic phase (CML-CP),
clinicians must consider both the long-term
outcomes, such as overall survival (OS) and
progression-free survival (PFS), as well as safety,
tolerance and possible treatment discontinuation. A recent multicenter observational study
performed in Italy on more than 1000 newly
diagnosed CML patients found that 48.5% and
51.4% of patients were treated frontline imatinib and 2GTKIs, respectively [4].
In this paper, we seek to offer a practical
algorithmic approach for the sequential use of
commercially available TKIs in patients with
CML-CP, using the data available in the
literature.
This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

IMATINIB AS FIRST-LINE THERAPY
Imatinib now has an almost two-decade long
history in the treatment of CML. Updated follow-up of the pivotal International Randomized
Study of Interferon Vs STI571 (IRIS) trial has
demonstrated that estimated OS at 10 years was
83.3% with a rate of complete cytogenetic
response (CCyR) over 80% [5]. Similar results
have been reported in the German CML-study
IV that included more than 1500 patients treated with 5 different imatinib-based frontline
regimens [6]. This latter study also found that
survival was similar between the standard (i.e.
imatinib 400 mg/day) and the experimental
arms, and life expectancy of patients with
optimal response to therapy was close to that of
healthy individuals. More recently, a ‘‘real-life’’
experience from three French reference centers
on 418 CML patients receiving front-line imatinib 400 mg also confirmed excellent OS rates
(91% and 82% at 5 and 10 years) in patients
treated outside the restriction of a clinical trial
and with minimal loss of follow-up [7].
Taken together, these studies support the
choice of imatinib 400 mg as front-line therapy
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for CML patients, maybe with the exclusion of
those with a high-risk Sokal score (Fig. 1).
Nonetheless, a significant proportion of CML
patients treated with imatinib discontinue
therapy sooner or later, with 20–30% of cases
requiring a switch to a different TKI for resistance or intolerance. The excellent rates of OS
and progression-free survival (PFS) reported in
many studies are, by all evidence, proof of the
efficacy of 2GTKI as salvage therapy.
Dasatinib and nilotinib have been used for
the treatment of CML patients failing imatinib,
either for resistance or intolerance, for more
than 10 years. The 7-year update of the phase 3,
dose-optimization study of dasatinib in 670
CML-CP patients resistant or intolerant to
imatinib confirmed that 100 mg daily is the best
dose, with PFS and OS of 42% and 65% respectively, a major molecular response (MMR) rate
of 46% and an acceptable safety profile, with
drug-related pleural effusion rate of 28%
and \ 5% of pulmonary hypertension and
arterial ischemic events [8]. With a shorter follow-up, nilotinib has shown similar results both
in a phase 2 study (CCyR rate at 48 months of
45%, estimated PFS and OS at 48 months 57%
and 78%, respectively) [9], and in a French reallife experience (66% patients achieved MMR
and 44% achieved a deep molecular response
(DMR) after a median time of nilotinib therapy
around 6 months; survival not reported but
only 1/146 patients progressed to advanced
phase) [10]. More recently, an Italian group
retrospectively analyzed 163 patients treated
with 2GTKI (dasatinib, n = 95 or nilotinib,
n = 68) after imatinib failure, reporting rates of
CCyR (75%), MMR (60%) and DMR (37%)
higher than previous studies, 5-year PFS and OS
around 85%, good persistence of treatment
(60% at 4 years) and comparable efficacy and
safety of the two TKIs [11].
For CML-CP patients failing imatinib and
dasatinib or nilotinib, long-term prognosis
could still be fairly good, mainly in terms of
survival. Switching to other 2GTKIs has provided rates of CCyR and MMR of 40% and 16%,
respectively, and a median OS of 46 months
[12]. In addition to that, a recent study focusing
on the use of dasatinib/nilotinib as third-line
treatment with a median of 12 months (range
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Fig. 1 An algorithmic treatment approach to a newly
diagnosed patient with chronic myeloid leukemia in
chronic phase (CML-CP). 2GTKI second-generation
tyrosine kinase inhibitor, AE adverse event, AlloHSCT
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allogeneic hematopoietic stem cell transplantation, DMR
deep molecular response, TFR treatment-free remission.
*See text for details
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1–42 months) after failure of two previous TKIs
showed that 16 out of 21 patients (76%) in this
setting were able to gain and/or maintain an
optimal molecular response [13]. A significant
breakthrough for patients with resistance or
intolerance to multiple TKIs has come with the
availability of the so-called ‘‘third generation’’
TKI—ponatinib. Updated 5-year data from the
phase 2 Ponatinib Ph? ALL and CML Evaluation
(PACE) trail on 267 CP-CML patients treated
with ponatinib after failure of multiple TKIs
(most patients have been treated with three or
four prior drugs) reported cumulative rates of
CCyR and MMR of 54% and 40%, respectively,
with 24% of deep MR, being 5-year PFS and OS
49% and 77% [14]. Ponatinib is thus emerging
as the most effective treatment in patients failing imatinib and at least one 2GTKI, but the
starting dose of 45 mg is associated with a significant risk of cardiovascular adverse event.
Thus, various trials and retrospective experiences are testing the efficacy and safety of lower
doses of ponatinib, either as starting dose or as a
reduction strategy following attainment of
response [15].

2GTKIs AS FIRST-LINE THERAPY
As 2GTKIs are more potent than imatinib, many
physicians tend to use these agents in the
upfront setting among patients with CML-CP,
since these newer TKIs have the ability to
induce faster [early molecular response (EMR)]
and deeper (DMR) responses [16]. Three 2GTKIs
(bosutinib, dasatinib, and nilotinib) have
demonstrated significant clinical benefit compared with imatinib in randomized clinical trials [17–19], and although not always available
worldwide, these agents are approved in the
management of newly diagnosed patients with
CML in some countries.
The choice of selecting any 2GTKI over
imatinib as an upfront treatment option
depends on various factors, mainly the disease
risk factors, comorbidities, and the willingness
of the patient for a treatment-free remission
(TFR) attempt, especially if the patient is young,
since the probability of achieving a sustained
DMR is higher with 2GTKIs than with imatinib.
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When a patient with CML-CP has started any
2GTKI as upfront treatment, there are three
possible scenarios: (1) the patient may do perfectly well under the particular 2GTKI both in
terms of efficacy and toxicity, so he/she will
continue receiving the same TKI; (2) the patient
needs to quit the 2GTKI due to toxicity,
regardless of response situation under the same
TKI (optimal or suboptimal); (3) the patient
might discontinue the currently administered
2GTKI due to suboptimal response (both primary and secondary resistance) or progression
(e.g. from CP to advanced phases) (Fig. 1).
In the first scenario, the optimal responder
could continue the current 2GTKI, unless there
would be a TFR attempt, as in case of sustained
DMR [20]. There are discontinuation studies
with dasatinib and nilotinib but not yet with
bosutinib [21]. Moreover, nilotinib was recently
licensed in the context of TFR in the United
States, when used either in the upfront or salvage settings for at least 3 years with a durable
(for at least 24 months) DMR (defined as MR4.5)
status [16]. Although percentages may vary
from study to study, approximately 40–50% of
the cases who attempted a TFR will lose their
molecular responses, and reinitiation of the
former TKI could be necessary. After restarting
the same TKI, nearly all patients regain at least
optimal molecular response (MR3) or even DMR
[21].
The second scenario, which is the permanent
discontinuation of the 2GTKI due to adverse
events (AEs), may result in two different outcomes. First, the patient might have an optimal
response prior to quitting the TKI, then there
would be no need of an immediate TKI therapy
or, if a subsequent TKI therapy is planned, the
patient may receive either imatinib or an alternative 2GTKI. Second, if the patient stopped the
first-line 2GTKI treatment due to toxicity prior
to achieving an optimal response, the remaining 2GTKIs can be the treatment of choice and,
in addition to that, imatinib can still be an
option. However, in this particular case, where a
2GTKI was preferred over imatinib at diagnosis,
most probably the patient would want to
attempt TFR in the future, and/or the patient
might have a high-risk disease, so continuing
with another 2GTKI would be more logical.
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In the third scenario, where the patient has
stopped the 2GTKI therapy due to resistance,
the remaining two 2GTKIs can be chosen
according to the ABL kinase domain mutational
status of the patient and/or the comorbidities
should also be taken into consideration. In the
case of a T315I mutation, ponatinib should be
the treatment of choice. If a patient progresses
to blast crisis, the patient should be checked for
mutations,
and
appropriate
induction
chemotherapy together with a TKI should be
initiated. If this therapy can induce a second
CP, allogeneic hematopoietic stem cell transplantation (AlloHSCT) should also be kept in
mind for the available patients, and patients
who have failed two lines of TKI therapy should
also be evaluated for AlloHSCT as well [22].
The availability of five different TKIs, of
which four are approved for the newly diagnosed patient, can make the selection of an
appropriate frontline therapy challenging.
Individual disease and patient characteristics,
such as risk of CML progression, age, concomitant disease or medications and patient’s
expectations may guide physicians in the
choice. However, besides the TKI chosen for
first-line (either imatinib or a 2GTKI), a careful
and timely monitoring, with prompt switch to
alternative therapy in case of non-optimal
response or intolerance, may grant CML
patients a nearly normal life expectancy and
excellent quality of life.
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