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1/2 in Japanese patients. Pleural effusion occurred more 
frequently in dasatinib-treated Japanese patients versus 
all patients (42 vs 28%), with no treatment discontinua-
tions. Overall, in Japanese patients, dasatinib maintained 
its safety profile and had higher or comparable response 
and survival outcomes compared with imatinib or with all 
patients in DASISION. These findings demonstrate the 
long-term efficacy and tolerability of dasatinib and support 
frontline treatment of Japanese patients with CML-CP with 
dasatinib.

Keywords  CML · Tyrosine kinase inhibitor · Dasatinib · 
Imatinib · Japan

Abstract  The international phase III DASISION trial dem-
onstrated improved efficacy of dasatinib versus imatinib in 
treatment-naive patients with chronic myeloid leukemia in 
the chronic phase (CML-CP). We report efficacy and safety 
outcomes in a Japanese population from the final, 5-year 
follow-up of DASISION. At the end of the study, 77% 
(20/26) of dasatinib-treated and 61% (14/23) of imatinib-
treated patients remained on initial therapy. Improved 
responses were observed in Japanese patients who received 
dasatinib versus imatinib (complete cytogenetic response: 
96 vs 87%; major molecular response: 88 vs 74%; BCR-
ABL1 ≤0.0032% International Scale [MR4.5]: 58 vs 52%). 
In patients who achieved BCR-ABL1 ≤10% at 3  months, 
5-year progression-free survival and overall survival rates 
were high with dasatinib (96 and 96%) and imatinib (88 
and 100%). The majority of adverse events were grade 
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Introduction

BCR-ABL1 tyrosine kinase inhibitors (TKIs) can provide 
durable, positive responses for patients with chronic mye-
loid leukemia in chronic phase (CML-CP). Imatinib is a 
first-generation BCR-ABL1 TKI administered as a first-
line medication to treat CML-CP with improved efficacy 
compared with interferon combination therapy [1–3]. 
Receiving the appropriate first-line treatment after a diag-
nosis of CML-CP is critical, as an early response could 
be predictive of long-term survival times [4–8]. Sec-
ond-generation BCR-ABL1 TKIs, such as dasatinib, are 
effective first-line options for treatment of patients with 
CML-CP that can produce an early, deep response [8–
11]. Recent data from the international phase III Dasat-
inib Versus Imatinib Study In Treatment-Naïve Chronic 
Myeloid Leukemia (DASISION) trial demonstrated the 
clinical efficacy and consistent, tolerable safety profile of 
dasatinib in newly diagnosed patients with CML-CP after 
a minimum of 5 years of follow-up [9].

The course a disease takes over time and the most 
appropriate treatment can vary based on a patient’s physi-
cal characteristics and geographical location. The annual 
incidence of CML, from a survey of patients in Asian 
countries (China, Hong Kong, Japan, the Philippines, 
Singapore, South Korea, Taiwan, and Thailand) between 
November 2008 and April 2009, was found to range from 
0.4 to 1.0 per 100,000 people [12]. This is lower than the 
incidence of 1.8 per 100,000 people in the USA (based 
on statistics collected from 2009–2013) [13]. Informa-
tion on the global incidence of CML is sparse, but CML is 
responsible for approximately 20% of all leukemia cases, 
which had a total, estimated worldwide incidence of 4.7 
per 100,000 people (approximately 350,000 cases) in 2012 
[14]. Patients in Asian countries are also typically diag-
nosed at a younger age (median 45 years) [12] compared 
with patients in the USA (median 64 years) [13]. A signifi-
cant association between age at CML diagnosis and geo-
graphical region was described in a population-based study 
from the registry for the International Agency for Research 
on Cancer [15]. This study reported that age-standardized 
incidence rates for CML were lowest in Africa and Asia 
compared to other regions and lowest yet in Asian females. 
A similarity between patients in Asia and the USA is that 
more men than women are diagnosed with CML [12, 13]. 
There are some indications that the incidence of select 
adverse events (AEs), such as grade 3/4 neutropenia and 
thrombocytopenia, may be higher in Asian populations due 
to age and pharmacokinetics; however, larger studies are 
required to determine statistical differences [16].

Imatinib is commonly prescribed as a first-line therapy 
for patients with CML in Japan, but issues with imatinib 
intolerance suggest that use of a second-generation 

BCR-ABL1 TKI may be preferable [17, 18]. Japanese 
patients with CML may be likely to benefit from first-
line treatment with dasatinib; however, there are limited 
data available demonstrating its efficacy specifically in 
this population. The D-First study (N = 52) was designed 
to investigate the efficacy and safety of dasatinib and 
explore factors affecting the outcomes of dasatinib-
treated Japanese patients with newly diagnosed CML-CP 
[19]. Results included that dasatinib produced early, deep 
responses in Japanese patients, as BCR-ABL1 ≤10% by 
3 months or BCR-ABL1 ≤1% by 6 months was reached 
by 90% of patients and major molecular response (MMR) 
by 12  months was reached by 75% of patients. While 
D-First supplied some early treatment results, analysis 
of the Japanese population from the multi-region DASI-
SION study can be used to examine the long-term effi-
cacy and safety profile of dasatinib as a first-line treat-
ment for Japanese patients with CML-CP [9]. Analysis of 
this population after 2 years of treatment concluded that 
the safety and efficacy of dasatinib in Japanese patients 
was comparable to that observed in the total DASISION 
patient population [20].

In this report, we present efficacy and safety results 
from the Japanese population of patients in DASISION 
after 5 years of follow-up by comparing the dasatinib and 
imatinib treatment arms within the Japanese population and 
between Japanese patients and the total global population.

Materials and methods

Study design and patients

The DASISION (NCT00481247) trial was a phase 3, 
open-label, multinational, randomized trial of adults newly 
diagnosed with CML-CP and with final results of a 5-year 
follow-up [9, 21]. The trial design, eligibility criteria, and 
methodology have been previously described [21]. Patients 
must have been at least 18 years of age and diagnosed with 
Philadelphia chromosome-positive (Ph+) CML-CP within 
3  months of enrollment to be considered eligible. Prior 
to randomization, all patients provided written, informed 
consent in accordance with the Declaration of Helsinki. 
Enrolled patients were stratified by EURO (Hasford) 
risk score [21, 22] and then randomized to receive either 
100 mg dasatinib once a day (QD) or 400 mg imatinib QD 
[21]. Allowable reasons for discontinuation of treatment 
were disease progression [loss of complete hematologic 
response, increase in Ph+ cells by ≥30% from patient’s 
nadir, doubling of white blood cell count to >20.0 × 109/L, 
transformation to accelerated/blast phase (AP/BP) CML, or 
death], investigator-determined unacceptable toxicity, preg-
nancy, and withdrawal of consent. Dose interruptions and/
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or reductions were allowed for management of AEs, and 
dose escalations were permitted for patients with a subop-
timal response (based on the European LeukemiaNet 2006 
definition) [23]. Results from Japanese patients enrolled 
into DASISION were part of an exploratory analysis to 
compare treatment with dasatinib with imatinib in Japa-
nese patients and with the total patient population, which 
includes the Japanese subpopulation.

Efficacy and safety assessments

Data from efficacy and safety analyses are presented after 
a 5-year follow-up (database lock: March 24, 2014) of the 
DASISION trial. A complete cytogenetic response (CCyR) 
was defined as no Ph+ metaphases in ≥20 bone marrow 
metaphases. Molecular analyses were assessed by quanti-
tative polymerase chain reaction (qPCR) measured on the 
International Scale (IS). A 3-log, 4-log, or 4.5-log drop in 
BCR-ABL1 transcript levels from baseline represents BCR-
ABL1 (IS) transcript levels of ≤0.1% (MMR), ≤0.01% 
(MR4.0), and ≤0.0032% (MR4.5), respectively. Based on 
recommendations at the time of study development, dis-
ease progression for this protocol was defined as a loss of 
complete hematologic response, increase in Ph+ cells by 
≥30% from patient’s nadir, doubling of white blood cell 
count to >20.0 × 109/L, transformation to accelerated/blast 
phase (AP/BP) CML, or death. A sensitivity analysis of 
progression-free survival was performed to include patients 
who discontinued treatment and experienced progression 
or died on treatment or during follow-up. Survival assess-
ments were conducted for up to 5  years in patients who 
agreed to follow-up.

Mutational analysis of BCR-ABL1 was required fol-
lowing discontinuation, and samples were obtained within 
45 days before or after discontinuation. All molecular and 
mutational assessments were performed at a centralized 
laboratory (Molecular MD, Portland, OR, USA). AEs were 
graded according to the National Cancer Institute Common 
Terminology Criteria for Adverse Events version 3.0 and 
evaluated throughout the study. Safety assessments were 
made in all patients who received at least one dose of the 
study drug.

Statistical analyses

The 95% confidence intervals (CIs) for response rates were 
calculated using the Clopper and Pearson method, and effi-
cacy was analyzed based on the intention-to-treat principle. 
Results from qPCR were analyzed using SDS software 
(Applied BioSystems, Foster City, CA, USA). Patients 
who received at least one dose of study drug were included 
in the safety analysis. Comparison of response rates was 
performed at various time points for post hoc analyses; 

therefore, P values are descriptive and unadjusted for mul-
tiple comparisons. Statistical analyses were performed 
using SAS version 9.2 (SAS Institute, Cary, NC, USA).

Results

Patient disposition

As previously reported, a total of 519 patients newly diag-
nosed with CML-CP from 108 centers and 26 countries 
were enrolled into DASISION and randomized to receive 
either dasatinib 100 mg QD (n = 259) or imatinib 400 mg 
QD (n = 260) for a minimum of 5 years [9, 21]. Of these 
patients, 49 (9%) were Japanese and were assigned to, and 
received, dasatinib (n =  26) or imatinib (n =  23). Base-
line characteristics have been previously reported and 
were well balanced [9, 19]. The most common reason for 
discontinuation across Japanese and all patients was intol-
erance, whether patients were taking dasatinib (19 and 
16%) or imatinib (13 and 7%) (Table 1) [9]. For Japanese 
patients, none treated with dasatinib and 3 (13%) treated 
with imatinib discontinued due to progression or treatment 
failure, compared with 11% of all treated patients on dasat-
inib and 14% of all treated patients on imatinib [9]. By 
the end of the 5-year study, 20 (77%) and 14 (61%) Japa-
nese patients were on their initial therapy of dasatinib and 
imatinib, respectively, compared with 61 and 63%, respec-
tively, in the total DASISION population.

Exposure to either study drug was evaluated in the terms 
of average daily dose, duration of treatment, and the num-
ber of dose modifications (reductions/interruptions) that 
occurred (Table  2). Japanese patients received a median 
average daily dose of 88 mg (range 56–100 mg) of dasat-
inib or 378  mg (range 279–456  mg) of imatinib. These 
values were lower than what was received by all study 
patients, with a median average daily dose of 99 mg (range 
21–139 mg) of dasatinib or of 400 mg (range 125–741 mg) 
of imatinib [9].

Japanese patients were treated for a median duration of 
approximately 61 months in both arms. When time for dose 
interruptions was not being considered, 11 (42%) and 12 
(52%) patients received dasatinib or imatinib treatment, 
respectively, for greater than 60  months (Table  2). More 
patients on dasatinib had dose interruptions compared with 
imatinib in both the Japanese population and all patients, 
and more patients had interruptions in the Japanese popula-
tion versus the total population in both the dasatinib (92 vs 
69%) and imatinib (74 vs 52%) arms. The same trend was 
observed for dose reductions of dasatinib (73 and 37%) and 
imatinib (57 and 17%) in Japanese and all patients. The 
first dose interruptions/reductions in the Japanese popula-
tion were largely due to nonhematologic and hematologic 
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toxicities for both dasatinib and imatinib. Toxicities were 
the most common reason for dose interruptions/reduc-
tions across all patients in DASISION as well, although to 
a lesser degree than in Japanese patients. No dose escala-
tions of dasatinib were required for Japanese patients, com-
pared with escalations in 17% of imatinib-treated Japanese 
patients. Fewer dose escalations occurred in both treatment 
arms of the Japanese population compared with all patients 
treated with dasatinib (9%) or imatinib (23%).

Efficacy

CCyR rates at any time were numerically higher for 
patients who received dasatinib versus imatinib across 
Japanese patients (96 vs 87%) and all patients (88 vs 84%) 
(Table  3). Also, in both treatment arms, the CCyR rates 
were higher in Japanese patients compared with the total 
population for both study drugs.

As observed with all patients in DASISION [9], the 
cumulative MMR rates were higher for dasatinib- ver-
sus imatinib-treated Japanese patients (Fig.  1; Table  3). 
Cumulative MR4.5 and MR4.0 rates were also higher for 
Japanese patients who received dasatinib versus imatinib. 

Cumulative MMR rates were higher for Japanese patients 
compared with the total population in both treatment arms 
(Table 3). By 5 years, 89% of Japanese patients and 76% 
of all patients who received dasatinib, and 74% of Japa-
nese patients and 64% of all patients treated with imatinib, 
achieved MMR. Overall, after 5 years, molecular response 
rates at any time were numerically higher in Japanese 
patients versus all patients for both dasatinib (MMR: 88 vs 
76%; MR4.0: 65 vs 54%; MR4.5: 58 vs 44%) and imatinib 
(MMR: 74 vs 64%; MR4.0: 61 vs 45%; MR4.5: 52 vs 34%) 
(Table 3).

In DASISION, patients were stratified according to 
EURO risk score prior to randomization [21, 22] and MMR 
was analyzed according to these prognostic scores. All 12 
Japanese, dasatinib-treated patients with a low EURO risk 
score achieved MMR, compared with 60% (6 of 10) of 
imatinib-treated, low-risk patients (Table 3). This was com-
parable to results observed in all low-risk patients, where 
90% (77 of 86) treated with dasatinib and 69% (60 of 87) 
treated with imatinib achieved MMR. A slightly higher 
percentage of intermediate-risk Japanese patients treated 
with imatinib achieved MMR (91%) compared with those 
treated with dasatinib (85%). These values were greater 

Table 1   Patient disposition [9]

AE adverse event, QD once daily
a  As decided by investigator. Intolerance is defined as recurrent grade ≥3 hematologic toxicity or grade ≥2 nonhematologic toxicity requiring 
discontinuation despite dose reduction
b  Includes insufficient molecular response (3), pregnancy (2), and loss of complete cytogenetic response, increased BCR-ABL1, and relocation 
to the USA (1 each)
c  Includes no molecular response/loss of molecular response (4), suboptimal response (3 each), insufficient cytogenetic response, and investiga-
tor request (2 each), and pregnancy, recurrence of blasts in bone marrow, no complete molecular response, no major molecular response, death, 
and appearance of mutation (1 each)

Randomized patients, n (%)

Japanese patients (n = 49) All patients (N = 519)

Dasatinib 100 mg QD 
(n = 26)

Imatinib 400 mg QD 
(n = 23)

Dasatinib 100 mg QD 
(n = 259)

Imatinib 400 mg QD 
(n = 260)

Received treatment 26 (100) 23 (100) 258 (100) 258 (99)

On initial therapy at study 
end

20 (77) 14 (61) 158 (61) 162 (63)

Discontinued treatment 6 (23) 9 (39) 100 (39) 96 (37)

Reason for discontinuation

 Progression or treatment 
failure

0 3 (13) 28 (11) 36 (14)

 Intolerancea 5 (19) 3 (13) 42 (16) 17 (7)

 AE unrelated to study 
treatment

0 0 12 (5) 4 (2)

 Poor/nonadherence 0 1 (4) 1 (<1) 7 (3)

 Patient request 1 (4) 2 (9) 4 (2) 10 (4)

 Withdrawal of consent 0 0 4 (2) 3 (1)

 Lost to follow-up 0 0 1 (<1) 2 (1)

 Other 0 0 8 (3)b 17 (7)c
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than MMR achieved by all intermediate-risk patients 
treated with imatinib (65%) or dasatinib (71%) from the 
total population. Only 3 patients in the Japanese population 
were considered high risk. One high-risk patient treated 
with dasatinib and 1 of 2 treated with imatinib did not 
achieve MMR; however, comparisons based on risk scores 
are difficult due to the low number of Japanese patients per 
risk score group.

As previously reported, a higher percentage of all 
dasatinib-treated patients achieved BCR-ABL1 ≤10% 
at 3  months compared with all imatinib-treated patients 
(Table  3) [9, 20]. Similarly, 100% of Japanese patients 
treated with dasatinib versus 74% treated with imatinib 
achieved BCR-ABL1 ≤10% at 3 months [20]. Regardless 

of achievement of BCR-ABL1 ≤10% or >10% at 
3  months, the 5-year overall survival (OS) was high in 
both the dasatinib-treated Japanese patients (96%) and 
imatinib-treated Japanese patients (100%). These OS 
rates are comparable to the 5-year OS rates for dasat-
inib- and imatinib-treated patients in the total popula-
tion who achieved BCR-ABL1 ≤10% at 3 months (94 and 
95%, respectively); however, achievement of BCR-ABL1 
≤10% at 3 months in Japanese patients was not predic-
tive of improved OS as was observed in the total popula-
tion of DASISION [9].

Analysis of progression-free survival (PFS), which 
includes patients who discontinued and progressed or 
died during treatment/follow-up, was also conducted 

Table 2   Drug exposure and dose modifications

QD once daily

Japanese patients (n = 49) All treated patients (N = 516)

Dasatinib 100 mg QD 
(n = 26)

Imatinib 400 mg QD 
(n = 23)

Dasatinib 100 mg QD 
(n = 258)

Imatinib 400 mg QD 
(n = 258)

Average daily dose (mg/day)

 Median (range) 88 (56–100) 378 (279–456) 99 (21–139) 400 (125–741)

Duration of therapy

 Median, months (range) 61 (0–71) 62 (6–71) 60 (0–73) 60 (0–75)

 Patients with treatment >60 months, n (%) 20 (77) 14 (61) 151 (59) 148 (57)

Duration of therapy excluding interruptions

 Median, months (range) 59 (0–70) 61 (6–71) 60 (0–72) 60 (0–74)

 Patients with treatment >60 months, n (%) 11 (42) 12 (52) 120 (47) 135 (52)

Patients with ≥1 dose interruption, n (%) 24 (92) 17 (74) 177 (69) 133 (52)

Reason for first dose interruption, n (%)

 Dosing error 2 (8) 1 (4) 27 (10) 32 (12)

 Hematologic toxicity 8 (31) 7 (30) 71 (28) 52 (20)

 Nonhematologic toxicity 12 (46) 9 (39) 72 (28) 42 (16)

 Surgical/medical procedure 2 (8) 0 5 (2) 5 (2)

 Other 0 0 2 (1) 2 (1)

Patients with dose reductions, n (%) 19 (73) 13 (57) 95 (37) 44 (17)

Reason for first dose reduction, n (%)

 Dosing error 0 0 6 (2) 3 (1)

 Hematologic toxicity 6 (23) 3 (13) 34 (13) 23 (9)

 Nonhematologic toxicity 13 (50) 10 (43) 47 (18) 18 (7)

 No change 0 0 3 (1) 0

 Resume dose 0 0 4 (2) 0

 Other 0 0 1 (<1) 0

Patients with dose escalations, n (%) 0 4 (17) 23 (9) 60 (23)

Patients with first dose interruption or 
reduction due to toxicity, n (%)

23 (88) 16 (70) 159 (62) 103 (40)

Time to first dose interruption or reduction due to toxicity (days)

 Median (range) 119 (8–1592) 45 (12–1583) 87 (2–1941) 82 (3–2052)

Length of first dose interruption due to 
toxicity (days)

 Median (range) 21 (2–58) 14 (2–27) 14 (2–102) 13 (2–143)
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based on BCR-ABL1 levels at 3 months. The 5-year PFS 
for the Japanese dasatinib-treated patients (of which 
all achieved BCR-ABL1 ≤10% at 3  months) was 96%. 
Five-year PFS rates were 88 versus 100% for imatinib-
treated patients with BCR-ABL1 ≤10% versus >10% at 
3 months in the Japanese population. PFS for dasatinib-
treated Japanese patients was higher compared with PFS 
in all dasatinib-treated patients (96 vs 89%) [9]. Compa-
rable PFS rates were observed between Japanese and all 
patients who received imatinib and achieved BCR-ABL1 
≤10% at 3 months (88 vs 93%). BCR-ABL1 levels ≤10% 
at 3 months were not predictive of improved PFS in Japa-
nese patients as they were for the total population.

Mutational analysis

Patients who discontinued DASISION underwent muta-
tional analysis to determine whether any mutations in the 
BCR-ABL1 gene were present. Samples from 45 patients 
from the Japanese population were analyzed for muta-
tions. The majority of samples analyzed from dasatinib-
treated patients did not produce results (20 of 24), and the 
four samples that did amplify did not identify any muta-
tions. Fourteen of the 21 samples analyzed from imatinib-
treated patients also did not produce results; however, 

mutations were identified in two of the seven samples 
that did amplify. The two mutations identified in Japanese 
patients in the imatinib arm were D276G and F359I, and 
both occurred in patients with disease progression.

Safety

For nonhematologic AEs (any grade) that occurred in at 
least 10% of Japanese patients and were related to either 
study drug treatment, after 5 years, the majority (16 of 22) 
occurred more often in imatinib-treated Japanese patients 
compared with those who received dasatinib (Table  4; 
Fig. 2). There were six AEs that occurred at a higher fre-
quency in Japanese patients who received dasatinib: pleu-
ral effusion (42%), constipation, stomatitis, headache, and 
palpitations (each in 15% of patients), and hemorrhage 
(12%).

The most common nonhematologic AEs identified were 
similar between the Japanese population and all patients 
(Table 4). These AEs typically occurred at a higher or com-
parable frequency in Japanese patients versus all patients, 
with the exception of headache (0 vs 11%), muscle spasms 
(9 vs 21%), and conjunctivitis (0 and <1%) in imatinib-
treated patients and diarrhea (15 vs 22%), vomiting (4 vs 
5%), muscle spasms (4 vs 5%), arthralgia (0 vs 6%), and 

Table 3   Cytogenetic and molecular responses

CI confidence interval, CCyR complete cytogenetic response, IS International Scale, MR4.0 BCR-ABL1 (IS) ≤0.01%, MR4.5 BCR-ABL1 (IS) 
≤0.0032%, MMR major molecular response, Ntested number of evaluable patients, QD once a day

Japanese patients (n = 49) All patients (N = 516)

Dasatinib 100 mg QD 
(n = 26)

Imatinib 400 mg QD 
(n = 23)

Dasatinib 100 mg QD 
(n = 258)

Imatinib 400 mg QD 
(n = 258)

CCyR at any time, n (%) 
[95% CI]

25 (96) [80–100] 20 (87) [66–97] 228 (88) [83–92] 218 (84) [79–88]

MMR, n (%) [95% CI]

 By 6 months 11 (42) [23–63] 2 (9) [1–28] 70 (27) [22–33] 21 (8) [5–12]

 By 12 months 18 (69) [48–86] 10 (44) [23–66] 120 (46) [40–53] 73 (28) [23–34]

 By 24 months 22 (85) [65–96] 14 (61) [39–80] 165 (64) [58–70] 120 (46) [40–52]

 By 36 months 22 (85) [65–96] 16 (70) [47–87] 174 (67) [61–73] 144 (55) [49–62]

 By 48 months 23 (89) [70–98] 16 (70) [47–87] 189 (73) [67–78] 157 (60) [54–66]

 By 60 months 23 (89) [70–98] 17 (74) [52–90] 197 (76) [70–81] 166 (64) [58–70]

 At any time 23 (88) [70–98] 17 (74) [52–90] 198 (76) [71–82] 167 (64) [58–70]

MMR at any time according to EURO (Hasford) risk score, n (%)

 Low 12/12 (100) 6/10 (60) 77/86 (90) 60/87 (69)

 Intermediate 11/13 (85) 10/11 (91) 88/124 (71) 80/123 (65)

 High 0/1 (0) 1/2 (50) 33/49 (67) 27/50 (54)

MR4.0 at any time, n (%) 
[95% CI]

17 (65) [44–83] 14 (61) [39–80] 140 (54) [48–60] 117 (45) [39–51]

MR4.5 at any time, n (%) 
[95% CI]

15 (58) [37–77] 12 (52) [31–73] 115 (44) [38–51] 88 (34) [28–40]

BCR-ABL1 (IS) ≤10% at 
3 months, n/Ntested (%)

24/24 (100) 17/23 (74) 198/235 (84) 154/239 (64)
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back pain (0 vs 3%) occurring more often in dasatinib-
treated patients in the total population.

Serious, grade 3/4, nonhematologic AEs were low in 
both Japanese and all patients. For Japanese patients, one 
case each of serious, grade 3/4 pleural effusion, pulmo-
nary hypertension, and altered consciousness occurred in 
the dasatinib arm and grade 3/4 subdural hematoma was 
reported in one patient in the imatinib arm. Across all 
study patients there were five (2%) cases of grade 3/4 pleu-
ral effusion and two (1%) cases of grade 3/4 pulmonary 

hypertension in the dasatinib arm and no additional cases 
of subdural hematoma.

The incidence of drug-related pleural effusion was 
numerically higher in Japanese patients treated with dasat-
inib (42%) compared with those treated with imatinib (4%) 
and also higher than all patients treated with dasatinib 
(28%) (Table 5) [9]. The median duration of pleural effu-
sion was similar in the Japanese population and all patients 
receiving dasatinib, 331 and 283 days (range 7–2009 days), 
respectively. Only one Japanese patient experienced grade 

a b

c d

Fig. 1   Molecular response over time. The cumulative incidence of 
major molecular response (MMR) (a, b) and MR4.5 (c, d) over the 
course of 5 years of treatment for Japanese patients and all patients. 
Responses from the dasatinib arm are shown with a solid line and 
those from the imatinib arm with a dashed line. P values for com-

paring molecular response between dasatinib- and imatinib-treated 
patients by 60 months are 0.2657 (Japanese patients) and 0.0022 (all 
patients) for MMR and 0.9644 (Japanese patients) and 0.0251 (all 
patients) for MR4.5. The rate of response, calculated every 12 months, 
is displayed in the table associated with each graph
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3 pleural effusion, which was after 274  weeks of treat-
ment with dasatinib. Grade 1/2 cases of pleural effusion 
in dasatinib-treated Japanese patients had a median time 
to first occurrence of 69 weeks (range 5–222 weeks) after 
treatment initiation. For all dasatinib-treated patients, grade 
1/2 pleural effusions occurred after a median of 114 weeks 
(range 4–299 weeks) and grade 3 pleural effusions occurred 
after a median 175  weeks (range 114–274  weeks). There 
was one Japanese patient who was treated with imatinib 
who had a case of grade 2 pleural effusion 4.5 years after 
the first dose.

Of the 11 dasatinib-treated Japanese patients who 
experienced pleural effusion, eight (73%) patients were 
treated with a dose interruption. Comparatively, 45 (62%) 

dasatinib-treated patients in the total population underwent 
a dose interruption for treatment of pleural effusion [9]. 
Dose reductions occurred at a slightly higher frequency in 
Japanese patients (55%) compared with all patients (41%) in 
the dasatinib arm. While 15 (6%) dasatinib-treated patients 
overall discontinued treatment due to pleural effusion, no 
Japanese patients discontinued treatment in order to treat this 
AE. Therapeutic interventions, such as corticosteroids (9 vs 
32%) and therapeutic thoracentesis (9 vs 12%), occurred less 
frequently in Japanese patients versus the total population 
of patients. Diuretics were used most often and to a similar 
degree in Japanese and all patients (46 and 47%) [9].

There were no cases of arterial ischemic events in the 
Japanese subpopulation, regardless of treatment. A low 

Table 4   Drug-related adverse events occurring in ≥10% of patients

QD once a day
a  No grade 5 events occurred in either arm of the Japanese population
b  One grade 5 acute myocardial infarction occurred in a dasatinib-treated patient in the total population
c  Grade 5 gastrointestinal hemorrhage and myocardial infarction (1 each) occurred in an imatinib-treated patient in the total population

Adverse events, n (%) Japanese patientsa (n = 49) All patients (N = 516)

Dasatinib 100 mg QD 
(n = 26)

Imatinib 400 mg QD 
(n = 23)

Dasatinibb 100 mg QD 
(n = 258)

Imatinibc 400 mg QD 
(n = 258)

All grade Grade 3/4 All grade Grade 3/4 All grade Grade 3/4 All grade Grade 3/4

Rash 11 (42) 0 10 (43) 0 30 (12) 0 37 (14) 3 (1)

Pleural effusion 11 (42) 1 (4) 1 (4) 0 73 (28) 7 (3) 2 (1) 0

Nausea 5 (19) 0 11 (48) 0 26 (10) 0 65 (25) 0

Facial edema 5 (19) 0 7 (30) 0 13 (5) 0 26 (10) 0

Neutropenia 5 (19) 4 (15) 4 (17) 3 (13) 57 (22) 42 (16) 47 (18) 31 (12)

Anemia 5 (19) 1 (4) 1 (4) 0 28 (11) 5 (2) 11 (4) 3 (1)

Diarrhea 4 (15) 0 9 (39) 2 (9) 57 (22) 3 (1) 59 (23) 3 (1)

Fatigue 4 (15) 0 6 (26) 0 27 (10) 1 (<1) 31 (12) 0

Peripheral edema 4 (15) 0 5 (22) 0 21 (8) 0 26 (10) 1 (<1)

Palpitations 4 (15) 0 2 (9) 0 5 (2) 0 6 (2) 0

Constipation 4 (15) 0 1 (4) 0 11 (4) 0 3 (1) 0

Stomatitis 4 (15) 0 1 (4) 0 6 (2) 0 2 (1) 0

Headache 4 (15) 0 0 0 35 (14) 0 29 (11) 0

Myalgia 3 (12) 0 4 (17) 0 18 (7) 0 32 (12) 0

Pyrexia 3 (12) 0 3 (13) 0 21 (8) 1 (<1) 15 (6) 1 (<1)

Hemorrhage 3 (12) 0 0 0 3 (1) 0 0 0

Edema 2 (8) 0 6 (26) 0 9 (3) 0 18 (7) 0

Pain in extremity 2 (8) 0 5 (22) 0 14 (5) 0 28 (11) 0

Nasopharyngitis 2 (8) 0 4 (17) 0 3 (1) 0 7 (3) 0

Eyelid edema 1 (4) 0 5 (22) 0 6 (2) 0 38 (15) 0

Vomiting 1 (4) 0 3 (13) 0 14 (5) 0 30 (12) 0

Thrombocytopenia 1 (4) 1 (4) 2 (9) 2 (9) 56 (22) 41 (16) 41 (16) 23 (9)

Muscle spasms 1 (4) 0 2 (9) 0 14 (5) 0 55 (21) 1 (<1)

Back pain 0 0 4 (17) 0 8 (3) 0 8 (3) 0

Conjunctivitis 0 0 3 (13) 0 1 (<1) 0 7 (3) 0

Arthralgia 0 0 3 (13) 0 15 (6) 0 24 (9) 1 (<1)
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incidence of arterial ischemic events occurred in patients 
who received dasatinib (5%) and imatinib (2%) in the total 
population [9].

The occurrence of drug-related grade 3/4 hemato-
logic AEs was also assessed. Neutropenia occurred to a 
similar degree in Japanese patients treated with dasat-
inib or imatinib, 15 and 13%, and anemia occurred in 

4 and 0% of dasatinib- and imatinib-treated Japanese 
patients, respectively (Table 4; Fig. 2). Thrombocytopenia 
occurred in 4% of Japanese patients on dasatinib and 9% 
on imatinib, all of which were grade 3/4. Comparison of 
drug-related grade 3/4 hematologic AEs between Japanese 
and all patients revealed a comparable incidence of anemia 
(dasatinib: 4 vs 2%; imatinib: 0 vs 1%) and neutropenia 

Fig. 2   Drug-related adverse 
events (AEs) occurring in 
≥10% of Japanese patients. 
Common drug-related AEs 
which occurred in ≥10% of 
patients after 5 years of follow-
up are shown at 1 year (black) 
and 5 years (gray) in Japanese 
patients treated with dasatinib 
(a) or imatinib (b)

a

b
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(dasatinib: 15 vs 16%; imatinib: 13 vs 12%) regardless 
of treatment arm. Thrombocytopenia occurred at a lower 
frequency in dasatinib-treated Japanese versus all patients 
(dasatinib: 4 vs 16%) and at the same frequency in Japa-
nese and all imatinib-treated patients (9% each).

A total of five of 26 (19%) dasatinib-treated Japanese 
patients discontinued therapy due to study drug toxicity 
(Table 1). Of these patients, one each discontinued due to 
pulmonary hypertension, platelet count, pneumothorax, 
prolonged QT interval, and elevated creatine phospho-
kinase. The three of 23 (13%) Japanese imatinib-treated 
patients who discontinued due to toxicity each did so due 
to thrombocytopenia, neutropenia, or hypophosphatemia. 
These results are comparable to the 16 and 7% of dasat-
inib- and imatinib-treated patients in the total population 
who discontinued due to intolerance (recurrent grade ≥3 
hematologic or grade ≥2 nonhematologic toxicity). Out 
of the entire Japanese population, there was one death 
over 2 years after the last dose of dasatinib was received. 
This patient discontinued dasatinib after approximately 
5.5  months in the study, and no BCR-ABL1 mutations 
were identified at this time. Treatments subsequent to 
study therapy included imatinib, nilotinib, methotrexate/
prednisolone, multi-agent chemotherapy, and hydroxyu-
rea. This patient progressed to accelerated/blast phase 
while being treated with post-study therapy and ulti-
mately died from progressive disease.

Discussion

After 5 years of follow-up, the Japanese patients from the 
DASISION trial continued to have deep and long-term 
responses. CCyR rates and MMR rates at any time were 

comparable between the 2- and 5-year reports for the Jap-
anese subpopulation, whether patients received dasatinib 
or imatinib. MMR was consistently higher for Japanese 
patients treated with dasatinib compared with imatinib 
throughout the study and by 5 years (89 and 74%, respec-
tively). Rates of MR4.0 and MR4.5 increased over time for 
both treatment arms of the Japanese population [20], and 
more dasatinib- versus imatinib-treated patients achieved 
MR4.0 (65 vs 61%) and MR4.5 (58 vs 52%). PFS and OS 
rates based on BCR-ABL1 ≤10% at 3  months remained 
high at 5 years.

More Japanese patients achieved MMR, MR4.0, and 
MR4.5 by 5 years than by 2 years in both treatment arms 
[20]. The rates of MMR and MR4.5 at any time were 
higher with dasatinib versus imatinib in the Japanese 
population, but the difference in these rates became less 
distinct over time. After 48  months, the MR4.5 rates in 
Japanese patients were comparable between the imatinib 
and dasatinib arms, and this was maintained through the 
5-year end of study time point. The difference in MMR 
rates over time between the two treatment arms of Jap-
anese patients decreased after 48  months, but MMR 
was consistently higher for patients on dasatinib versus 
imatinib.

A limitation of this study is the small sample size of 
the Japanese population. Because of the lower patient 
numbers in the two arms of this subpopulation, this study 
was not powered for statistical analysis comparing dasat-
inib- and imatinib-treated Japanese patients. Although 
this can make comparison of results between the two 
arms difficult, we speculate that one possible explana-
tion for the difference in MMR rates over time in dasat-
inib- and imatinib-treated Japanese patients is the number 
of dose modifications received by patients in each arm. 

Table 5   Incidence and management of drug-related pleural effusion in dasatinib-treated patients

a  There were no grade 4 or 5 events of pleural effusion

Japanese patients (n = 26) All patients (n = 258)

n (%) 11 (42) 73 (28)

Grade 3–4 1 (4) 7 (3)

Median duration, days (range) 331 (7–2009) 283 (7–2009)

Median time to first pleural effusion, weeks (range)

 Grade 1/2 69 (5–222) 114 (4–299)

 Grade 3a 274 (274–274) 175 (114–274)

Management of pleural effusion, n (% out of patients with pleural effusion)

 Dose interruptions 8 (73) 45 (62)

 Dose reductions 6 (55) 30 (41)

 Discontinuations 0 15 (21)

 Corticosteroids 1 (9) 23 (32)

 Diuretics 5 (45) 34 (47)

 Therapeutic thoracentesis 1 (9) 9 (12)
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More Japanese patients received dose interruptions and 
reductions on dasatinib (92 and 73%) than imatinib (74 
and 57%), which were largely due to toxicities in both 
arms. Dose modifications appeared to resolve most of 
these AEs to a tolerable level, as only five (19%) and 
three (13%) patients discontinued dasatinib or imatinib, 
respectively, due to a study drug-related AE.

A significantly higher MMR rate was reported for dasat-
inib- versus imatinib-treated patients in the total population 
from DASISION [9]. Molecular responses were numeri-
cally higher for both arms of the Japanese population com-
pared with their respective arms in the total population. For 
example, MR4.0 and MR4.5 were achieved by 11–14% more 
dasatinib-treated and 16–18% more imatinib-treated Japa-
nese patients than all patients, respectively, at any time over 
the 5-year study. The reason why molecular responses for 
both treatment arms were higher in the Japanese population 
versus all patients is unclear; however, the small number of 
patients in the Japanese subpopulation may explain these 
differences. Another possibility is that there were fewer 
high-risk patients (determined by EURO risk score) in the 
Japanese population versus the total population (6 vs 19%) 
[20], affording a greater likelihood for the Japanese sub-
population to achieve MMR compared to all patients.

The different treatment modifications while on study that 
occurred between the Japanese population and all patients 
should be considered as one potential explanation for the 
noted differences in molecular response results between 
these two populations. For example, the increased number of 
patients with dose escalations in the total population of DASI-
SION may be indicative of a lack of early molecular response, 
which has been shown to be related to positive long-term out-
comes [4–8]. All dasatinib-treated and 74% of imatinib-treated 
Japanese patients achieved an early molecular response of 
BCR-ABL1 ≤10% at 3  months, whereas this milestone was 
reached by fewer dasatinib-treated (84%) and imatinib-treated 
(64%) patients in the total study population [9].

While both the Japanese subpopulation and total popula-
tion had dose modifications, primarily to manage AEs, more 
Japanese patients required dose interruptions (84%) and 
reductions (65%) compared with all patients (60 and 27%), 
regardless of study drug. In contrast, twice as many patients 
in the total population versus the Japanese population 
required a dose escalation (16 vs 8%). The varying degree 
of dose modifications between the two populations resulted 
in an overall lower median average daily dose for Japanese 
patients versus all patients, whether they received dasatinib 
(88 vs 99 mg/day) or imatinib (378 vs 400 mg/day).

The safety profile of dasatinib remained consistent 
with previous reports, with no new AEs identified. AEs 
of special interest occurred in a greater percentage of 
Japanese patients than all patients; however, the major-
ity of these events were grade 1/2. The only drug-related 

nonhematologic grade 3 events to occur in Japanese 
patients were an altered state of consciousness, pericar-
dial effusion, pulmonary hypertension (diagnosed with 2D 
echocardiography), and pleural effusion (one each) in the 
dasatinib arm, and diarrhea (two cases) and convulsions 
and subdural hematoma (one each) in the imatinib arm. 
In the Japanese population, there were no nonhematologic 
events higher than grade 3 other than one case of grade 4 
prolonged QT interval.

Pleural effusion occurred more often in dasatinib- ver-
sus imatinib-treated patients; however, only one of these 
events was higher than grade 1/2, reported as grade 3 pleu-
ral effusion. The mechanism behind a higher incidence of 
pleural effusion in Japanese patients is unknown. Effective 
management of these low-grade cases of pleural effusion 
through dose modifications was likely a key contributor to 
the lack of discontinuation in Japanese patients who expe-
rienced a pleural effusion event. Discontinuation rates due 
to dasatinib-related pleural effusion were low in the total 
patient population of DASISION (6%) and were also effec-
tively managed [9]. Despite the majority of pleural effusion 
cases being low grade, there is the potential for these events 
to develop into a serious condition; therefore, patients 
should be closely monitored to identify these events early 
and receive the appropriate treatment(s). One patient dis-
continued dasatinib due to pulmonary hypertension. 
Echocardiograms, to monitor for pulmonary hypertension, 
were not routinely performed on study for patients with 
pleural effusion; however, they were conducted at baseline, 
at 3 months, and then if clinically indicated (as determined 
by the investigator).

The occurrence of arterial ischemic events can be a con-
cern with some of the second-generation BCR-ABL1 TKIs 
[24–26]. While a low incidence of cardiovascular ischemic 
events was reported in all patients from DASISION [9], 
there were no arterial ischemic events reported in either 
treatment arm for the Japanese population.

Overall, dasatinib maintained a high, long-term efficacy 
profile after 5 years of follow-up in Japanese patients newly 
diagnosed with CML-CP from DASISION. Although no 
new AEs were identified and no patients experienced an 
arterial ischemic event, the occurrence of pleural effusion 
in the dasatinib arm was higher in Japanese patients than 
the total DASISION population; therefore, it should con-
tinue to be monitored carefully. Of note, more patients in 
the Japanese population achieved MR4 and MR4.5 com-
pared with the total population. With its ability to gener-
ate an early and deep response, that is sustained, dasatinib 
should be considered an effective first-line option for Japa-
nese and all patients newly diagnosed with CML-CP.
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