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summary	 Chronic myeloid leukemia (CML) is a clonal myeloproliferative disorder 

driven by the oncogenic tyrosine kinase BCR-ABL. The discovery of the tyrosine kinase 

inhibitor imatinib revolutionized the management of patients with CML. However, imatinib 

can have significant side effects, and is not effective in all patients. The development of 

second-generation (dasatinib and nilotinib) and third-generation (ponatinib) tyrosine kinase 

inhibitors sought to address the issue of imatinib-resistance and -intolerance and furthermore, 

to determine if these agents are superior to imatinib. Dasatinib, a multitargeted inhibitor, is 

effective against most BCR-ABL kinase domain mutations resistant to imatinib and capable of 

inducing faster and deeper molecular responses. This article describes the development of 

dasatinib and documents its current clinical use in chronic phase CML.

Practice Points
�� Chronic myeloid leukemia is a clonal myeloproliferative disorder that arises from the 

presence of the oncogenic tyrosine kinase BCR-ABL.

�� Dasatinib is a multitargeted tyrosine kinase inhibitor that inhibits BCR-ABL.

�� Dasatinib has increased potency compared to imatinib and is effective against the 

majority of imatinib-resistant BCR-ABL kinase domain mutations (excluding V299L, T315I 

and F317L).

�� The recommended dose of dasatinib is 100 mg once daily for chronic phase chronic 

myeloid leukemia.

�� Important dasatinib-related side effects include cytopenias, pleural effusion and 

pulmonary arterial hypertension.
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�� Chronic myeloid leukemia
Chronic myeloid leukemia (CML) accounts for 
15–20% of all adult leukemia in the western 
world; the annual incidence is approximately 
1–2 per 100,000 [1]. It can affect all ages, with 
a median age at diagnosis of 60–65 years [1]and 
a slightly higher incidence in men than women. 
CML is a clonal myeloproliferative disorder 
driven by the Philadelphia (Ph) chromosome. 
The Ph chromosome arises from a reciprocal 
translocation between the long arms of chro-
mosomes 9 and 22, resulting in the apposition 
of the BCR gene at band 22q11 and the ABL 
gene at band 9q34, leading to the production 
of the constitutively active BCR-ABL tyrosine 
kinase. For CML to develop, this mutation 
must originate in a pluripotent hematopoeitic 
stem cell, producing the leukemia-initiating 
cell or ‘CML stem cell’ [2]. The deregulated 
tyrosine kinase activity of BCR-ABL is essen-
tial for its transforming ability, resulting in 
the phosphorylation of cellular substrates and 
activation of downstream signal transduction 
pathways, including RAS, JAK-STAT, PI3 
kinase and C-MYC [3]. Acquisition of BCR-
ABL by a hematopoietic cell results in several 
functional changes, including increased pro-
liferation, differentiation block, inhibition of 
apoptosis, and altered cell adhesion and stro-
mal interactions, producing the clinical phe-
notype of CML [3]. 

CML is a progressive disease divided into 
three phases: chronic (CP) CML, accelerated 
(AP) and blast phase (BP) CML. Nearly 85% 
of patients are diagnosed in CP, when treatment 
is most effective. Patients in CP typically pres-
ent with a leukocytosis, particularly a neutro-
philia – an incidental finding on full blood count 
testing in 50% of cases. Symptoms of spleno-
megaly and leukocytosis may also be presenting 
features of CML-CP. Without treatment, CML-
CP will progress, usually within 5 years, to the 
more aggressive AP or directly to BP. Progression 
to AP may be associated with the acquisition 
of additional chromosomal abnormalities and 
increased numbers of more primitive leukemia 
cells in the bone marrow and peripheral blood. 
If untreated after a further 12–18 months, then 
lymphoid or myeloid CML-BP develops. This 
behaves as an aggressive acute leukemia and is 
poorly responsive to therapy, often developing 
resistance to both conventional and targeted 
therapies [4].

�� Tyrosine kinase inhibitor therapy
Tyrosine kinase inhibitors (TKIs) are small mol-
ecules that selectively inhibit tyrosine kinases; 
enzymes that, through phosphorylation, activate 
downstream cell signaling pathways in both nor-
mal and malignant cells [5]. TKIs act via compet-
itive inhibition of ATP. As a class of drug, TKIs 
have shown efficacy in the targeted treatment 
of various hematological and nonhematological 
malignancies such as breast and prostate cancer 
[5–8]. Although TKIs share the same mechanism 
of action, the spectrum of targeted kinases, phar-
macokinetics, pharmacodynamics and adverse 
effects differ between compounds. However, 
compared with conventional chemotherapy, 
TKIs are generally well tolerated. 

The first kinase inhibitor, developed for clini-
cal use in the early 1990s, was imatinib mesyl-
ate (formerly STI571; Novartis) and is marketed 
as Gleevec® in the USA and Glivec® in Europe 
[9,10]. Imatinib, designed as a selective inhibitor 
of BCR-ABL, has revolutionized the outlook for 
CML patients [11]. Imatinib induces hematologi-
cal and cytogenetic responses in the majority of 
patients with CML-CP [12]. However, imatinib-
resistance and -intolerance are well described, 
particularly in CML-AP and CML-BP. Exten-
sive experience with imatinib in CML-CP has 
enabled the European LeukemiaNet to develop 
guidelines (updated in 2009) for identifying 
patients with treatment failure or a suboptimal 
response to imatinib [13]. Importantly, despite 
impressive rates of response, imatinib does not 
cure CML in the vast majority of patients [14] 
and therefore, BCR-ABL remains an important 
target for the development of selective TKIs. A 
number of second- and third-generation com-
pounds, including dasatinib, are in clinical use 
or development.

Dasatinib
�� Preclinical development

Dasatinib (formerly BMS-354825), manufac-
tured by Bristol-Myers Squibb and marketed as 
Sprycel®, is a second-generation, oral, small mol-
ecule multitargeted inhibitor (chemical infor-
mation shown in Box 1; pharmacokinetic data  
shown in Box 2; chemical structure shown in 
Figure 1) [15]. Dasatinib targets BCR-ABL, SRC, 
c-KIT, PDGFR and ephrin A receptor kinases, 
with an IC

50
 of 3, 0.55, 13, 28 and 17  nM, 

respectively [16]. Dasatinib has increased potency 
relative to imatinib (~325-fold in vitro), binding 
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both the active and inactive conformations of the 
ABL kinase domain [17]. 

Dasatinib has enhanced efficacy compared 
with imatinib, mediated through BCR-ABL 
dependent and independent mechanisms. Dasat-
inib effectively targets the majority of BCR-ABL 
kinase domain mutations (although exceptions 
include V299L, T315I and F317L) responsible 
for imatinib resistance in a proportion of CML 
patients [17–19]. In addition, overexpression of 
SRC kinases, which are targeted by dasatinib but 
not imatinib or nilotinib, has been implicated in 
CML progression and imatinib resistance [20,21]. 
However, further in vitro studies indicate that 
while dasatinib targets a more primitive progeni-
tor cell population than imatinib, it fails to elim-
inate the quiescent CML stem cell compartment 
[22], postulated to be responsible for persistent 
minimal residual disease and, ultimately, disease 
relapse or progression. 

�� Phase I clinical trials: safety 
& tolerability
A Phase  I, open-label, dose-escalation study, 
trialed dasatinib at doses ranging from 15 to 
240 mg once or twice daily in patients with 
all phases of imatinib-resistant or -intolerant 
CML or Ph-positive acute lymphoblastic leu-
kemia (Ph+  ALL). Dasatinib induced major 
cytogenetic responses (Table 1 shows definitions 
of treatment response) in all CML patients, 
irrespective of previous disease status (45% in 
CML-AP, 25% in CML-BP) or imatinib status, 
and in Ph+ ALL. Responses were maintained in 
95% of patients with CML-CP at 12 months 
[23]. Grade 3–4 myelosuppression necessitating 
treatment interruption was recorded in 60% 
of patients; 25% of patients required a reduc-
tion in the dose of dasatinib and 18% had 

treatment-related pleural effusions. Additional 
adverse effects are documented in Table 2. No 
patient withdrew from the study due to toxicity; 
a maximum tolerated dose was not determined. 

�� Phase II clinical trials: clinical efficacy
The START trials were a collection of inter-
national Phase  II studies designed to estab-
lish the tolerability and efficacy of dasatinib 
in patients with all phases of imatinib-resis-
tant or -intolerant CML and Ph+ ALL. The 
START-C trial included patients with CML-
CP and imatinib-resistance or -intolerance. 
At 24 months, progression-free survival (PFS) 
was 80% (initial dose of dasatinib 70  mg 
twice daily, with dose adjustment according to 
response/toxicity); major molecular response 
(MMR) rate was 47% [24]. This trial confirmed 
in vitro data with responses across all mutations 
except T315I. The START‑R trial compared 
dasatinib (70  mg twice daily) to high-dose 
imatinib (400 mg twice daily) in patients with 
CML‑CP resistant to standard dose imatinib 
(400–600 mg daily). At 24 months, PFS was 
86% for dasatinib and 65% for high-dose ima-
tinib (p = 0.012) and MMR was 29 and 12%, 
respectively (p  =  0.028), demonstrating the 
superiority of dasatinib [25]. 

Box 1. Chemical information for dasatinib.

Chemical name
�� N-(2-chloro-6-methylphenyl)-2-(6-

(4-(2-hydroxyethyl)piperazin-1-yl)-2-
methylpyrimidin-4-ylamino)thiazole-5-
carboxamide

Molecular weight 
�� 488.01

Formula
�� C22H26ClN7O2S

Box 2. Pharmacokinetics of dasatinib.

Absorption
�� High intrinsic permeability

Solubility 
�� pH dependent

Distribution
�� Extensively distributed, primarily protein bound (>95%)

Metabolism
�� Extensively metabolized to both active and inactive metabolites primarily by the CYP3A4 isoenzyme. 

Also a substrate for P-glycoprotein and BCRP. These metabolites have minimal therapeutic activity

Excretion 
�� Metabolites excreted primarily in the feces
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�� Phase III clinical trials: clinical efficacy 
in imatinib-resistant and -intolerant 
patients
Initially, supported by Phase  I and II trial 
data, dasatinib was recommended at a dose of 
70 mg twice-daily for patients with all phases 
of imatinib-resistant or -intolerant CML or 
Ph+ ALL. However, considering the reported 
adverse events of dasatinib at 70 mg twice daily, 
CA180–034, a randomized, prospective, open-
label Phase  III trial, sought to determine the 
safety and efficacy of different dosing schedules. 
Patients with imatinib-resistant or -intolerant 
CML-CP were randomized to one of four treat-
ment arms: 100 mg once daily, 50 mg twice 
daily, 140 mg once daily or 70 mg twice daily 
[26]. 100 mg once daily demonstrated equivalent 
efficacy to 70 mg twice daily in CML-CP, with 
a more favorable side-effect profile. At 6 year 
follow-up, PFS was 49%, overall survival 71% 
and risk of progression to CML-AP/BP was 
6% in patients randomized to receive 100 mg 
once-daily. This trial concluded that dasatinib 
100 mg once-daily offered the most favorable 
risk–benefit ratio in CML-CP [27]. This dose is 

currently considered the optimal dose in patients 
with imatinib-resistant or -intolerant CML-CP. 

Monitoring response to therapy
There is no consensus for monitoring second-
line TKIs at present. However, draft guide-
lines have been published by the European 
LeukemiaNet [13].

�� Phase II & III clinical trials: clinical 
efficacy in newly diagnosed CML-CP
Three Phase  II/III trials have studied dasat-
inib use in newly diagnosed CML-CP: the 
Phase III DASISION trial (CA180-056 [101]), 
a Phase II study at the MD Anderson Cancer 
Center (MDACC [102]) and a study performed 
by the four North American co-operative groups 
[28–30,103]. The MDACC study randomized 
50 patients between dasatinib 100 mg once daily 
and dasatinib 50 mg twice daily. Early data, with 
a minimum of 3 months follow-up, showed that 
dasatinib rapidly induced high rates of complete 
cytogenetic response (CCyR; 98%) and MMR 
(82%) with 94% of patients achieving a CCyR 
by 6 months [28]. Hematological toxicity, defined 
as grade 3–4 neutropenia or thrombocytopenia 
occurred in 21 and 10% of patients, respec-
tively. Nonhematological toxicities were mainly 
grade 1–2. 

The co-operative group study randomized 
246 patients between dasatinib 100 mg once 
daily and imatinib 400 mg once daily [30]. At 
12 months, dasatinib achieved a greater CCyR 
rate (84 vs 69% in the imatinib arm; p = 0.04) 
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Figure 1. Dasatinib.

Table 1. Definitions of treatment response.

Response Criteria

CHR Platelets <450 × 109/l
White cell count <10 × 109/l 
Basophils <5%
Differential: no myelocytes, promyelocytes, myeloblasts present
Spleen not palpable

CCyR 0% Ph+ metaphases; minimum of 20 cells analyzed 
PCyR 1–35% Ph+ metaphases detectable
MCyR (CCyR and PCyR combined) 0–35% Ph+ metaphases detectable
Minor cytogenetic response 36–65% Ph+ metaphases detectable
Minimal cytogenetic response 66–95% Ph+ metaphases detectable
CMR No transcripts detectable by real-time quantitative and/or nested 

PCR in two consecutive blood samples of adequate quality 
(sensitivity >104)

MMR Ratio of BCR-ABL to control gene ≤0.1% on the international scale
CCyR: Complete cytogenetic response; CHR: Complete hematological response; CMR: Complete molecular response; MCyR: Major 
cytogenetic response; MMR: Major molecular response; PCyR: Partial cytogenetic response.
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and MMR rate (59 vs 44% in the imatinib arm). 
However, dasatinib was associated with increased 
hematological toxicity (grade 3/4 thrombocy-
topenia 18 vs 8%), and at a median follow-up 
of 3 years, the improved early cytogenetic and 
molecular responses had not translated into a 
survival advantage.

The DASISION trial recruited a significantly 
larger patient cohort of 519 patients with previ-
ously untreated CML-CP, comparing dasatinib 
100 mg once daily with imatinib 400 mg once 
daily [29]. Dasatinib induced faster and deeper 
responses, with confirmed CCyR and MMR 
by 12 months of 77 and 46%, respectively, for 
dasatinib and 66 and 28%, respectively, for ima-
tinib (p = 0.007 and p = 0.0001, respectively). 
This was associated with lower progression rates 
and higher overall survival. Importantly, 2 year 
follow-up data have shown this superior response 
to be sustained [31]. Safety analyses found that 
fluid retention, edema, vomiting, myalgia and 
rash occurred at a reduced rate with dasatinib 
compared with imatinib. However, pleural 
effusions and grade 3–4 thrombocytopenia 
were more frequent with dasatinib. These trials 
support a dose of 100 mg once daily for those 
with newly diagnosed CML-CP. The recom-
mended starting dose in CML-AP, CML-BP 
and Ph+ ALL is 140 mg once daily [104]. 

The starting dose of 100 mg once daily has 
since been questioned by the OPTIM trial, a 

prospective, randomized Phase II optimization 
study based on the monitoring of drug plasma 
levels in patients with newly diagnosed CML‑CP 
who received dasatinib as first-line therapy [32]. 
Preliminary results showed the pharmacokinetic 
parameters of dasatinib differed in older patients 
(defined as those >47 years). Additionally, the 
C

max
 (peak dasatinib concentration) correlated 

with response time, and the C
min

 (residual dasat-
inib concentration) with adverse effects, in par-
ticular fluid retention and pleural effusion. This 
trial raises the question of whether a 100 mg 
once-daily regime is appropriate for all patients. 

�� Dasatinib in clinical practice
In the UK, under NICE guidance, dasatinib is 
currently licensed but not recommended for the 
treatment of CML-CP, as either first- or second-
line treatment. Dasatinib can therefore only be 
accessed through the Cancer Drugs Fund or 
privately. In other EU countries, dasatinib is 
approved for the treatment of adults with CML 
or Ph+ ALL with imatinib-resistance or -intoler-
ance and, in some countries, is also approved for 
first-line use. In the USA, under guidance from 
the US FDA, dasatinib is licensed for both first- 
and second-line use. 

Safety & tolerability
Tyrosine kinase inhibitors cause both hemato-
logical and nonhematological side effects. The 

Table 2. Adverse events recorded in a first- and second-line study.

Side effect CA180-034 (second line; Phase II)† DASISION (first line; Phase III)‡

100 mg once daily 70 mg twice daily 100 mg once daily

All grades (%) Grade 3/4 (%) All grades (%) Grade 3/4 (%) All grades (%) Grade 3/4 (%)

Hematological

Anemia 89 10 93 16 90 10
Neutropenia 63 33 74 42 65 21
Thrombocytopenia 60 22 74 37 70 19

Nonhematological

Superficial edema 14 0 14 0 9 0
Pleural effusion 7 1 16 1 10 0
Diarrhea 23 <1 22 4 17 <1
Nausea 15 <1 25 <1 8 0
Vomiting 5 <1 10 0 5 0
Myalgia 11 0 6 <1 6 0
Rash 11 1 16 1 11 0
Headache 30 <1 28 3 12 0
Fatigue 20 1 16 3 8 <1
†Data taken from [26]. 
‡Data taken from [31]. 
Data taken from [26,29,31].
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hematological side effects  (anemia, thrombo-
cytopenia and neutropenia)  range from mild 
to severe; in some instances necessitating drug 
interruption, dose reduction and occasion-
ally drug discontinuation. Erythropoietin and 
G-CSF have been shown to be effective in 
patients with TKI-induced anemia and neu-
tropenia, respectively [33]. The most common 
nonhematological adverse effects include rash, 
edema (including pleural effusions and ascites), 
nausea, endocrine dysfunction (specifically 
thyroid abnormalities), vomiting and diarrhea 
(Table 2) [24–26,28,29,31].

Dasatinib-specific side effects
A number of studies have shown impaired 
platelet aggregation and activation irrespective 
of platelet count, in vitro and in vivo, resulting 
in impaired thrombus formation and prolonged 
bleeding following dasatinib use [34,35]. These 
effects are rapidly reversible after interruption 
of the treatment. Additionally, dasatinib may 
cause thrombocytopenia, thought to arise due to 
impaired megakaryocytopoiesis and ineffective 
thrombopoiesis [36]. 

Although generally reported to be well-
tolerated, pleural or pericardial effusions are not 
infrequent complications reported with dasat-
inib use [37]. These effusions are exudative in 
nature. The median age of patients developing 
an effusion is 63 years [38]. In first-line therapy, 
the pleural effusion rate was 14% (all grades) in 
the DASISION trial with 1% grade 3/4 effu-
sions [29,31]. In patients receiving dasatinib as 
second-line treatment, effusion rates have varied 
between 7 and 18% [23,26]. The pleural effusion 
rate was significantly correlated with dose in 
the second-line CA180-034 trial, with 7% of 
patients receiving 100 mg once daily and 16% of 
patients receiving 70 mg twice daily developing 
an effusion (p = 0.024) [26]. Dose reduction or 
drug discontinuation may be required and dasat-
inib interruption is the first management step. 
Pre-existing comorbidity and risk factors should 
therefore be screened for prior to commencing 
dasatinib and imaging considered either rou-
tinely or determined by symptoms [39,40]. Effu-
sions can generally be effectively managed with 
diuretics, short courses of steroids and, very 
occasionally, therapeutic pleural tap.

Postlicensing data have found that dasatinib 
may induce pulmonary arterial hypertension, 
suggesting a direct and specific effect of dasatinib 

on pulmonary vessels. Improvement is usually 
observed after withdrawal of dasatinib [41].

Occasionally an acute and often marked 
lymphocytosis may be identified in patients [42]. 
Morphologically these lymphocytes resemble 
large granular cells. This develops after a median 
of 3 months, persisting while dasatinib is contin-
ued. These cells are sometimes clonal, displaying 
either a cytotoxic T-cell or NK-cell phenotype. 
Patients with lymphocytosis have been shown 
to have a favorable clinical response and dis-
tinct adverse-effect profile in a number of small 
studies [42,43].

Drug interactions 
Dasatinib is metabolized by the CYP3A4 iso-
enzyme, and has inhibitory activity against 
CYP2C8 and CYP3A4 [44]. A comprehensive 
list of drug–drug interactions can be found in 
the dasatinib summary of product characteristics 
[104]. Interactions are expected between dasatinib 
and CYP3A4 inhibitors, such as ketoconazole, 
voriconazole and levothyroxine, leading to a 
potentially marked increase in plasma drug con-
centrations of dasatinib; or CYP3A4 inducers 
such as rifampicin, resulting in reduced plasma 
drug concentrations. Drugs that inhibit both 
BCRP (ABCG2) and CYP3A4, such as vera-
pamil, may result in even higher plasma drug 
concentrations while inhibitors of both CYP3A4 
and P-glycoprotein, such as clarithromycin and 
ciclosporin, increase not only plasma but also 
intracellular concentrations of dasatinib.

The solubility of dasatinib appears to be 
pH‑dependent. The concomitant use of agents 
causing gastric acid suppression, such as 
H2-antagonists and proton pump inhibitors, is 
therefore not recommended as plasma drug con-
centrations are likely to be reduced [45]. While 
the coadministration of antacids also results in 
reduced plasma drug concentrations, drug levels 
are unchanged when antacids are administered 
at least 2 h before or after dasatinib. This is 
therefore the recommended practice if this class 
of drug is necessary. 

Prolongation of the QTc interval on ECG 
and, very occasionally, sudden cardiac death 
have been associated with dasatinib treatment. 
While not frequent, physicians are advised to 
take care when co-administrating QT-pro-
longing drugs such as digoxin, quinolones and 
selective serotonin-reuptake inhibitors, which 
may increase the risk by an additive effect. If 
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unavoidable, regular ECGs are strongly rec-
ommended [46]. Dasatinib may also inhibit 
other drug transporters and enzymes leading 
to changes in the exposure of co-administered 
drugs. Presently there is no data on interactions 
involving protein binding [47]. 

Specific patient groups
Pediatric practice 
A number of studies have evaluated dasatinib 
in the pediatric population. The CA180-018 
trial was a Phase I study designed to establish a 
Phase II dose of dasatinib in pediatric patients 
with refractory solid tumours or imatinib-
refractory Ph+ leukemia [48,49]. This concluded 
that overall pharmacokinetics and pharmoco-
dynamics were similar to those observed in the 
adult population. As a result, the recommended 
Phase II dose of dasatinib in pediatric patients 
with CML-CP is 60 mg/m2 once daily. How-
ever, the safety and efficacy of dasatinib in 
children and adolescents below 18 years of age 
have not yet been established. Dasatinib treat-
ment in this age group is not licensed and is not 
recommended by Bristol-Myers Squibb.

Pregnancy & lactation 
There are no controlled studies of dasatinib use in 
pregnant women. Preclinical data using rats and 
rabbits, however, observed embryo–fetal toxicity 
including skeletal malformation at concentra-
tions below the therapeutic dose. A category D 
warning therefore accompanies dasatinib, with 
the manufacturer advising that it may cause harm 
when administered to pregnant women and to 
avoid becoming pregnant while receiving dasat-
inib. There are however, case reports of successful 
pregnancy outcomes in patients treated with dasa
tinib [50]. There is no data regarding the effects of 
dasatinib on male fertility and caution is advised.

Elderly
Age as a poor prognostic factor in CML is well 
documented. Before the advent of TKIs elderly 
patients had shorter survival compared with 
younger patients. There is data, however, to 
show the use of imatinib in older patients’ results 
in similar rates of cytogenetic and molecular 
response compared with younger patients but 
with overall more frequent toxicity, probably due 
to the presence of concomitant comorbidities 
[51]. However, there is limited data available for 
dasatinib. A subanalysis of the DASISION trial 

showed CCyR rates in those treated with dasat-
inib of 88% for patients aged <46 years, 78% 
for those aged 46–65 years and 85% for those 
aged >65 years, with corresponding MMR rates 
of 45, 47 and 50%, respectively. While safety 
profiles were similar across age groups in both 
treatment arms, the incidence of dose or drug 
suspension and, in particular, the incidence of 
pleural effusions in elderly patients appears to be 
associated with the presence of comorbidities. In 
conclusion, although the data are limited, stud-
ies indicate that response is not affected by age, 
although adverse effects may be increased [52]. 

Quality of life 
Most studies evaluating quality of life (QOL) 
among patients with CML have focused on ima-
tinib. These studies indicate that TKIs have less 
unwanted effects than previous forms of treat-
ment and can result in improvements in QOL 
over pretreatment baselines. However, TKIs are 
not without side effects, with intolerance being 
a significant issue for some patients. Phillips 
et al. studied QOL in CML patients on TKIs 
(imatinib, dasatinib or nilotinib) [53]. Patients 
reported a worse physical QOL, although no 
difference in mental QOL or sleep quality. 
Specifically, compared with the control group, 
CML patients on a TKI reported higher levels of 
fatigue and depression, in addition to symptom 
burden (skin changes, nausea, diarrhoea, edema, 
itching, dizziness and changes in appearance); 
all symptoms were reported as potential adverse 
events. 

Economic evaluations 
Within the UK, NICE has issued guidance on 
the use of second-generation TKIs in both newly 
diagnosed CML-CP and in those with imatinib-
resistance or -intolerance, determined by clinical 
effectiveness and cost [105]. In the context of first-
line treatment, while there is evidence to sup-
port an advantage for dasatinib compared with 
imatinib, as measured by MMR or CCyR, dasat-
inib was not deemed cost effective if a decision 
threshold of UK£20,000–30,000 per quality 
adjusted life year was used [106]. It is important 
however, to be aware that these decisions are 
made with relatively immature data that required 
survival/treatment duration assumptions [54]. 
Furthermore, a review of high‑dose imatinib, 
dasatinib and nilotinib found data to support 
beneficial effects for all three agents. However, 
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the cost was determined to be too high for all 
agents when referencing a quality adjusted life 
year of UK£30,000 [55]. This decision differs 
from other members of the EU; for example, 
in Sweden, dasatinib is deemed cost effective in 
those with imatinib-resistance [56]. 

�� Stopping dasatinib
The issue of drug discontinuation is an area 
of intense interest in the field of CML. While 
there is an active, prospective study investigat-
ing the impact of discontinuing imatinib in 
patients with CML who have maintained com-
plete molecular response for at least 2 years [14], 
there is presently no data on the optimal dura-
tion of dasatinib therapy in patients obtaining 
a complete molecular response. Consequently, 
discontinuation of dasatinib is not recom-
mended outside of clinical trials, although there 
are isolated case reports of sustained response 
after stopping dasatinib [57,58]. Early results 
have been presented of the STOP 2G-TKI 
study, which aimed to establish if second-
generation TKIs (dasatinib or nilotinib), with 
their increased molecular response rates, offer a 
better opportunity for therapy discontinuation 
[59]. A total of 33 who were PCR-negative for at 
least 24 months were recruited. The end point 
of the study was maintenance of MMR. Of the 
patients 27% lost MMR within 6 months, with 
relapse occurring rapidly, a median 2 months 
after drug cessation; 73% remained off any 
therapy after a median follow-up of 11 months. 
No predictive factor for identifying patients 
suitable for treatment discontinuation could 
be identified. 

�� Dasatinib use in other malignancies
Dasatinib use is not limited to CML and 
Ph+ ALL. Early preclinical work in solid tumor 
cell lines has shown that dasatinib inhibits cell 
proliferation at clinically achievable IC

50
s. It is 

therefore being investigated as a single agent 
and in combination with cytotoxic chemo-
therapy in Phase  I and II clinical trials in a 
variety of metastatic solid tumours, including 
renal, ovarian, prostate, lung, pancreas, gastro-
intestinal stromal cell, breast, melanoma and 
head and neck malignancies [60,61]. Early results 
show dasatinib alone, and in combination, to 
be relatively well tolerated with predictable side 
effects, including anemia, neutropenia, throm-
bocytopenia and f luid retention, including 

pleural effusions. Further results are awaited 
to determine the role of dasatinib in the wider 
oncology market. 

Conclusion & future perspective
The outlook for patients with CML-CP has 
changed dramatically since the development 
of imatinib. Dasatinib has increased potency 
compared with imatinib and is effective against 
the majority of imatinib-resistant BCR-ABL 
mutations. Phase  I–III studies have demon-
strated the efficacy of dasatinib in patients with 
imatinib‑resistance or -intolerance, and also its 
superiority to high-dose imatinib in patients 
resistant to standard-dose imatinib. Phase III 
studies have also demonstrated the superiority 
of dasatinib to imatinib in newly diagnosed 
CML-CP. The current recommended dose is 
100 mg once daily for those with CML-CP, 
both in treatment naive patients and those 
with imatinib-resistant or -intolerant disease, 
and the side-effect profile is manageable in the 
great majority of patients at this dose. What 
is currently lacking is a head-to-head trial of 
second-generation TKIs. Dasatinib use remains 
controversial in some countries, however, with 
licensing laws differing between the USA, 
Europe and the UK. It is clear that longer fol-
low-up will be required for dasatinib to further 
define its superiority over imatinib and further 
assess its side-effect profile. Dasatinib is likely to 
remain an important drug in the management 
of CML in the future.

Disclosure
Bristol-Myers Squibb have reviewed this article for factual 
accuracy of dasatinib.

Financial & competing interests disclosure
M Copland has received research funding from Bristol-Myers 
Squibb and Novartis, honoraria from Bristol-Myers Squibb 
and Novartis, attended Advisory Boards for Bristol-Myers 
Squibb and Pfizer and travel funding from Bristol-Myers 
Squibb. V Campbell is funded by the Wellcome Trust via the 
STMTI programme. M Copland is funded by the Scottish 
Funding Council (SCD/04) and Leukaemia and Lymphoma 
Research (Grant No.: 11017). The authors have no other 
relevant affiliations or financial involvement with any orga-
nization or entity with a financial interest in or financial 
conflict with the subject matter or materials discussed in this 
manuscript apart from those discussed.

No writing assistance was utilized in the production of 
this manuscript.



423future science group www.futuremedicine.com

Dasatinib for the treatment of chronic phase chronic myeloid leukemia | Therapy in Practice

References
Papers of special note have been highlighted as:
n	 of interest
n  n	 of considerable interest

1	 Baccarani M, Dreyling M; ESMO 
Guidelines Working Group. Chronic myeloid 
leukaemia: ESMO Clinical Practice 
Guidelines for diagnosis, treatment and 
follow-up. Ann. Oncol. 21(Suppl. 5), V165–
V167 (2010).

2	 Kinstrie R, Copland M. Targeting chronic 
myeloid leukemia stem cells. Curr. Hematol. 
Malig. Rep. 8(1), 14–21 (2013).

3	 Deininger MW, Goldman JM, Melo JV. The 
molecular biology of chronic myeloid 
leukemia. Blood 96(10), 3343–3356 (2000).

4	 Silver RT. The blast phase of chronic myeloid 
leukaemia. Best Prac. Res. Clin. Haematol. 
22(3), 387–394 (2009).

5	 Arora A, Scholar EM. Role of tyrosine kinase 
inhibitors in cancer therapy. J. Pharmacol. 
Exp. Ther. 315(3), 971–979 (2005).

6	 Mayer EL, Krop IE. Advances in targeting 
SRC in the treatment of breast cancer and 
other solid malignancies. Clin. Cancer Res. 
16(14), 3526–3532 (2010).

7	 Ohanian M, Cortes J, Kantarjian H, Jabbour 
E. Tyrosine kinase inhibitors in acute and 
chronic leukemias. Expert Opin. 
Pharmacother. 13(7), 927–938 (2012).

8	 Yu EY, Massard C, Gross ME et al. Once-
daily dasatinib: expansion of Phase II study 
evaluating safety and efficacy of dasatinib in 
patients with metastatic castration-resistant 
prostate cancer. Urology 77(5), 1166–1171 
(2011).

9	 Deininger M, Buchdunger E, Druker BJ. The 
development of imatinib as a therapeutic 
agent for chronic myeloid leukemia. Blood 
105(7), 2640–2653 (2005).

10	 Druker BJ, Tamura S, Buchdunger E et al. 
Effects of a selective inhibitor of the Abl 
tyrosine kinase on the growth of Bcr-Abl 
positive cells. Nat. Med. 2(5), 561–566 
(1996).

11	 Druker BJ, Guilhot F, O’Brien SG et al. Five-
year follow-up of patients receiving imatinib 
for chronic myeloid leukemia. N. Engl. 
J. Med. 355(23), 2408–2417 (2006).

12	 Hochhaus A, O’Brien SG, Guilhot F et al. 
Six-year follow-up of patients receiving 
imatinib for the first-line treatment of chronic 
myeloid leukemia. Leukemia 23(6), 
1054–1061 (2009).

13	 Baccarani M, Cortes J, Pane F et al. Chronic 
myeloid leukemia: an update of concepts and 
management recommendations of European 

LeukemiaNet. J. Clin. Oncol. 27(35), 
6041–6051 (2009).

n	 Guidelines to identify patients who have a 
suboptimal response or are failing tyrosine 
kinase inhibitor (TKI) therapy.

14	 Mahon FX, Rea D, Guilhot J et al. 
Discontinuation of imatinib in patients with 
chronic myeloid leukaemia who have 
maintained complete molecular remission for 
at least 2 years: the prospective, multicentre 
Stop Imatinib (STIM) trial. Lancet Oncol. 
11(11), 1029–1035 (2010).

15	 Lombardo LJ, Lee FY, Chen P et al. Discovery 
of N-(2-chloro-6-methyl- phenyl)-2-(6-(4-
(2-hydroxyethyl)- piperazin-1-yl)-2-
methylpyrimidin-4- ylamino)thiazole-5-
carboxamide (BMS-354825), a dual Src/Abl 
kinase inhibitor with potent antitumor 
activity in preclinical assays. J. Med. Chem. 
47(27), 6658–6661 (2004).

n	 Identification of dasatinib as a compound 
with anti-tumor activity.

16	 Manley PW, Cowan-Jacob SW, Mestan J. 
Advances in the structural biology, design and 
clinical development of Bcr-Abl kinase 
inhibitors for the treatment of chronic 
myeloid leukaemia. Biochim. Biophys. Acta 
1754(1–2), 3–13 (2005).

17	 O’Hare T, Walters DK, Stoffregen EP et al. 
In vitro activity of Bcr-Abl inhibitors 
AMN107 and BMS-354825 against clinically 
relevant imatinib-resistant Abl kinase domain 
mutants. Cancer Res. 65(11), 4500–4505 
(2005).

18	 Bixby D, Talpaz M. Mechanisms of resistance 
to tyrosine kinase inhibitors in chronic 
myeloid leukemia and recent therapeutic 
strategies to overcome resistance. Hematology 
2009, 461–476 (2009).

19	 Shah NP, Tran C, Lee FY, Chen P, Norris D, 
Sawyers CL. Overriding imatinib resistance 
with a novel ABL kinase inhibitor. Science 
305(5682), 399–401 (2004).

n	 Describes the ability of dasatinib to 
overcome imatinib-resistant BCR-ABL 
kinase domain mutation in vitro.

20	 Donato NJ, Wu JY, Stapley J et al. BCR-ABL 
independence and LYN kinase overexpression 
in chronic myelogenous leukemia cells 
selected for resistance to STI571. Blood 
101(2), 690–698 (2003).

21	 Li S. Src-family kinases in the development 
and therapy of Philadelphia chromosome-
positive chronic myeloid leukemia and acute 
lymphoblastic leukemia. Leuk. Lymphoma 
49(1), 19–26 (2008).

22	 Copland M, Hamilton A, Elrick LJ et al. 
Dasatinib (BMS-354825) targets an earlier 

progenitor population than imatinib in 
primary CML but does not eliminate the 
quiescent fraction. Blood 107(11), 4532–4539 
(2006).

23	 Talpaz M, Shah NP, Kantarjian H et al. 
Dasatinib in imatinib-resistant Philadelphia 
chromosome-positive leukemias. N. Engl. 
J. Med. 354(24), 2531–2541 (2006).

n  n	 Phase I clinical trial of dasatinib in 
imatinib‑resistant chronic myeloid leukemia 
(CML) and Ph+ acute lymphoblastic 
leukemia.

24	 Mauro MJ, Baccarani M, Cervantes F et al. 
Dasatinib 2‑year efficacy in patients with 
chronic-phase chronic myelogenous leukemia 
(CML-CP) with resistance or intolerance to 
imatinib (START-C). J. Clin. Oncol. 
26(Suppl. 15) 7009 (2008).

n  n	 Phase II study demonstrating efficacy of 
dasatinib in imatinib-resistant and 
-intolerant chronic phase CML (CML-CP).

25	 Kantarjian H, Pasquini R, Levy V et al. 
Dasatinib or high-dose imatinib for chronic-
phase chronic myeloid leukemia resistant to 
imatinib at a dose of 400 to 600 milligrams 
daily: two-year follow-up of a randomized 
Phase 2 study (START-R). Cancer 115(18), 
4136–4147 (2009).

n  n	 Phase II study demonstrating the superiority 
of dasatinib to high-dose imatinib in 
patients with CML-CP resistant to 
standard‑dose imatinib.

26	 Shah NP, Kantarjian HM, Kim DW et al. 
Intermittent target inhibition with dasatinib 
100 mg once daily preserves efficacy and 
improves tolerability in imatinib-resistant and 
-intolerant chronic-phase chronic myeloid 
leukemia. J. Clin. Oncol. 26(19), 3204–3212 
(2008).

n  n	 Phase III clinical trial identifying dasatinib 
100 mg once daily as the recommended 
treatment schedule in patients with 
CML‑CP.

27	 Rea D, Vellenga E, Junghan C et al. Six-year 
follow-up of patients with imatinib-resistant 
or imatinib-intolerant chronic-phase chronic 
myeloid leukemia (CP-CML) receiving 
dasatinib. Haematologica 97(Suppl. 1), 80 
(2012).

28	 Cortes JE, Jones D, O’Brien S et al. Results of 
dasatinib therapy in patients with early 
chronic-phase chronic myeloid leukemia. 
J. Clin. Oncol. 28(3), 398–404 (2010).

n	 First clinical trial of dasatinib in newly 
diagnosed CML-CP.

29	 Kantarjian H, Shah NP, Hochhaus A et al. 
Dasatinib versus imatinib in newly diagnosed 



Clin. Pract. (2013) 10(4)424 future science group

Therapy in Practice | Campbell & Copland

chronic-phase chronic myeloid leukemia. N. 
Engl. J. Med. 362(24), 2260–2270 (2010).

n  n	 Large randomized Phase III trial 
demonstrating the superiority of dasatinib to 
imatinib in newly diagnosed CML-CP.

30	 Radich JP, Kopecky KJ, Appelbaum FR et al. 
A randomized trial of dasatinib 100 mg versus 
imatinib 400 mg in newly diagnosed chronic-
phase chronic myeloid leukemia. Blood 
120(19), 3898–3905 (2012).

31	 Kantarjian HM, Shah NP, Cortes JE et al. 
Dasatinib or imatinib in newly diagnosed 
chronic-phase chronic myeloid leukemia: 
2‑year follow-up from a randomized Phase 3 
trial (DASISION). Blood 119(5), 1123–1129 
(2012).

n	 Follow-up paper, confirming that dasatinib 
maintains superiority over imatinib after 
2 years follow-up.

32	 Rousselot P, Boucher S, Etienne G et al. 
Pharmacokinetics of dasatinib as a first line 
therapy in newly diagnosed CML patients 
(OPTIM dasatinib trial): correlation with 
safety and response. Blood 116(21), 1407 
(2010).

33	 Quintas-Cardama A, Santos FPD, Kantarjian 
H et al. Dynamics and management of 
cytopenias associated with dasatinib therapy 
in patients with chronic myeloid leukemia in 
chronic phase after imatinib failure. Cancer 
115(17), 3935–3943 (2009).

34	 Gratacap MP, Martin V, Valera MC et al. The 
new tyrosine-kinase inhibitor and anticancer 
drug dasatinib reversibly affects platelet 
activation in vitro and in vivo. Blood 114(9), 
1884–1892 (2009).

35	 Quintas-Cardama A, Han X, Kantarjian H, 
Cortes J. Tyrosine kinase inhibitor-induced 
platelet dysfunction in patients with chronic 
myeloid leukemia. Blood 114(2), 261–263 
(2009).

36	 Mazharian A, Ghevaert C, Zhang L, 
Massberg S, Watson SP. Dasatinib enhances 
megakaryocyte differentiation but inhibits 
platelet formation. Blood 117(19), 5198–5206 
(2011).

37	 Breccia M, Alimena G. Occurrence and 
current management of side effects in chronic 
myeloid leukemia patients treated frontline 
with tyrosine kinase inhibitors. Leuk. Res. 
37(6), 713–720 (2013).

38	 Quintas-Cardama A, Kantarjian H, O’Brien 
S et al. Pleural effusion in patients with 
chronic myelogenous leukemia treated with 
dasatinib after imatinib failure. J. Clin. Oncol. 
25(25), 3908–3914 (2007).

39	 Breccia M, Alimena G. Pleural/pericardic 
effusions during dasatinib treatment: 

incidence, management and risk factors 
associated to their development. Expert Opin 
Drug Saf. 9(5), 713–721 (2010).

n	 Discusses management of pleural effusion.

40	 Krauth MT, Herndlhofer S, Schmook MT, 
Mitterbauer-Hohendanner G, Schlogl E, 
Valent P. Extensive pleural and pericardial 
effusion in chronic myeloid leukemia during 
treatment with dasatinib at 100 mg or 50 mg 
daily. Haematologica 96(1), 163–166 (2011).

41	 Montani D, Bergot E, Gunther S et al. 
Pulmonary arterial hypertension in patients 
treated by dasatinib. Circulation 125(17), 
2128–2137 (2012).

n	 Identifies pulmonary arterial hypertension 
as a possible side effect of dasatinib.

42	 Kreutzman A, Juvonen V, Kairisto V et al. 
Mono/oligoclonal T and NK cells are 
common in chronic myeloid leukemia 
patients at diagnosis and expand during 
dasatinib therapy. Blood 116(5), 772–782 
(2010).

43	 Mustjoki S, Auvinen K, Kreutzman A et al. 
Rapid mobilization of cytotoxic lymphocytes 
induced by dasatinib therapy. Leukemia 
27(4), 914–924 (2012).

44	 Duckett DR, Cameron MD. Metabolism 
considerations for kinase inhibitors in cancer 
treatment. Expert Opin Drug Metab. Toxicol. 
6(10), 1175–1193 (2010).

45	 Ogawa R, Echizen H. Clinically significant 
drug interactions with antacids an update. 
Drugs 71(14), 1839–1864 (2011).

46	 Haouala A, Widmer N, Duchosal MA, 
Montemurro M, Buclin T, Decosterd LA. 
Drug interactions with the tyrosine kinase 
inhibitors imatinib, dasatinib, and nilotinib. 
Blood 117(8), e75–e87 (2011).

47	 van Erp NP, Gelderblom H, Guchelaar HJ. 
Clinical pharmacokinetics of tyrosine kinase 
inhibitors. Cancer Treat. Rev. 35(8), 692–706 
(2009).

48	 Aplenc R, Blaney SM, Strauss LC et al. 
Pediatric Phase I trial and pharmacokinetic 
study of dasatinib: a report from the 
children’s oncology group Phase I consortium. 
J. Clin. Oncol. 29(7), 839–844 (2011).

49	 Zwaan CM, Rizzari C, van der Velden VHJ 
et al. Dasatinib in children and adolescents 
with relapsed or refractory leukemia: interim 
results of the CA180–018 Phase I study from 
the ITCC consortium. Blood 112(11), 1113 
(2008).

50	 Cortes J, O’Brien S, Ault P et al. Pregnancy 
outcomes among patients with chronic 
myeloid leukemia treated with dasatinib. 
Blood 112(11), 1109 (2008).

51	 Breccia M, Latagliata R, Stagno F et al. 
Charlson comorbidity index and adult 
comorbidity evaluation-27 scores might 
predict treatment compliance and 
development of pleural effusions in elderly 
patients with chronic myeloid leukemia 
treated with second-line dasatinib. 
Haematologica 96(10), 1457–1461 (2011).

52	 Breccia M, Tiribelli M, Alimena G. Tyrosine 
kinase inhibitors for elderly chronic myeloid 
leukemia patients: a systematic review of 
efficacy and safety data. Crit. Rev. Oncol. 
Hematol. 84(1), 93–100 (2012).

n	 Discussion on the use of TKIs in the 
elderly.

53	 Phillips KM, Pinilla-Ibarz J, Sotomayor E 
et al. Quality of life outcomes in patients with 
chronic myeloid leukemia treated with 
tyrosine kinase inhibitors: a controlled 
comparison. Support. Care Cancer 21(4), 
1097–1103 (2013).

54	 Pavey T, Hoyle M, Ciani O et al. Dasatinib, 
nilotinib and standard-dose imatinib for the 
first-line treatment of chronic myeloid 
leukaemia: systematic reviews and economic 
analyses. Health Technol. Assess. 16(42), iii-iv, 
1–277 (2012).

55	 Goulden S, Sutcliffe F, Stevens A. NICE 
guidance on dasatinib, high-dose imatinib, 
and nilotinib for patients with CML who are 
resistant or intolerant to imatinib. Lancet 
Oncol. 13(2), 127–128 (2012).

56	 Ghatnekar O, Hjalte F, Taylor M. 
Cost–effectiveness of dasatinib versus high-
dose imatinib in patients with chronic 
myeloid leukemia (CML), resistant to 
standard dose imatinib – a Swedish model 
application. Acta Oncol. 49(6), 851–858 
(2010).

57	 Gado K, Matolcsy A, Csomor J, Kicsi D, 
Bodor C, Domjan G. Long lasting complete 
molecular remission after suspending 
dasatinib treatment in chronic myeloid 
leukemia. Exp. Hematol. Oncol. 1(1), 17 
(2012).

58	 Ross DM, Bartley PA, Goyne J, Morley AA, 
Seymour JF, Grigg AP. Durable complete 
molecular remission of chronic myeloid 
leukemia following dasatinib cessation, 
despite adverse disease features. Haematologica 
96(11), 1720–1722 (2011).

59	 Rea D, Rousselot P, Nicolini FE et al. 
Discontinuation of Dasatinib or Nilotinib in 
Chronic Myeloid Leukemia (CML) Patients 
(pts) with Stable Undetectable Bcr-Abl 
Transcripts: Results From the French CML 
Group (FILMC). Blood 118(21), 277–277 
(2011).



425future science group www.futuremedicine.com

Dasatinib for the treatment of chronic phase chronic myeloid leukemia | Therapy in Practice

n	 First study to determine if second-generation 
TKIs can be stopped in patients with 
CML‑CP in stable complete molecular 
response.

60	 Demetri GD, Lo Russo P, MacPherson IR 
et al. Phase I dose-escalation and 
pharmacokinetic study of dasatinib in 
patients with advanced solid tumors. Clin. 
Cancer Res. 15(19), 6232–6240 (2009).

61	 Johnson FM, Agrawal S, Burris H et al. 
Phase 1 pharmacokinetic and drug-
interaction study of dasatinib in patients with 
advanced solid tumors. Cancer 116(6), 
1582–1591 (2010).

�� Websites
101	 A Phase III study of dasatinib vs. imatinib in 

patients with newly diagnosed chronic phase 
CML (DASISION). 
www.clinicaltrials.gov/show/NCT00481247

102	 Study of dasatinib in patients with chronic 
myelogenous leukemia. 
www.clinicaltrials.gov/show/NCT00254423

103	 Imatinib mesylate or dasatinib in treating 
patients with chronic phase chronic 
myelogenous leukemia. 
www.clinicaltrials.gov/show/NCT00070499

104	 electronic Medicines Compendium (eMC). 
www.medicines.org.uk/emc

105	 NICE. 
www.nice.org.uk

106	 NICE. Dasatinib, nilotinib and standard-
dose imatinib for the first-line treatment of 
chronic myeloid leukaemia (part review of 
technology appraisal guidance 70). 
http://publications.nice.org.uk/dasatinib-
nilotinib-and-standard-dose-imatinib-for-the-
first-line-treatment-of-chronic-myeloid-ta251

http://publications.nice.org.uk/dasatinib-nilotinib-and-standard-dose-imatinib-for-the-first-line-treatment-of-chronic-myeloid-ta251
http://publications.nice.org.uk/dasatinib-nilotinib-and-standard-dose-imatinib-for-the-first-line-treatment-of-chronic-myeloid-ta251
http://publications.nice.org.uk/dasatinib-nilotinib-and-standard-dose-imatinib-for-the-first-line-treatment-of-chronic-myeloid-ta251

