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Abstract
We herein report the results of the New TARGET study 2nd-line, which collected data on patients with chronic-phase (CP) 
chronic myeloid leukemia (CML) who received a 2nd-line tyrosine kinase inhibitor (TKI) because of resistance and/or to 
a 1st-line TKI. A total of 98 patients were enrolled intolerance between April 2010 and March 2013, and 82 patients were 
analyzed. The median age was 54 years (range 22–88 years). Seventy-six patients (93%) received imatinib as the 1st-line 
TKI. Forty-five (55%) and 37 (45%) patients began nilotinib and dasatinib treatments at entry, respectively. First-line TKI 
treatment achieved complete hematological response in 79 patients (96%) and complete cytogenetic response (CCyR) in 49 
patients (60%), respectively. Nine patients (11%) had BCR-ABL1 kinase domain point mutations at enrollment. The estimated 
3-year progression-free-survival rate after enrollment was 98.7% (95% CI 91.1–99.8%). Overall, the probabilities of achiev-
ing CCyR and a major molecular response were 89.3% (95% CI 81.4–94.8%) and 87.2% (95% CI 78.1–93.8%), respectively. 
There were no new safety issues. This study demonstrated that CML-CP patients in Japan who are resistant and/or intolerant 
to a 1st-line TKI can achieve an extremely good outcome by 2nd-line TKI treatment.
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Introduction

Imatinib has dramatically improved the treatment out-
comes of patients with chronic myeloid leukemia (CML) 
in chronic phase (CP). In the 10-year follow-up data of the 
International Randomized Study of Interferon and STI571 
(IRIS) study, the rates of complete cytogenetic response 
(CCyR) and estimated overall survival (OS) with imatinib 
were 82.8% and 83.3%, respectively [1]. However, some 
patients with CML-CP develop resistance and/or intoler-
ance to imatinib. Mechanisms of resistance to imatinib 
involve multiple factors including treatment adherence, 
drug bioavailability, and pharmacodynamics, with the 
most common cause being BCR-ABL1 kinase domain 
(KD) mutations [2, 3]. To overcome these issues, the sec-
ond-generation (2G) tyrosine kinase inhibitors (TKIs)—
i.e., nilotinib, dasatinib, and bosutinib—were developed, 
and patients with resistance and/or intolerance to imatinib 
achieved a good response by 2G-TKIs [4–6]. In Japan, 
nilotinib and dasatinib were approved by the Ministry of 
Health, Labor and Welfare for CML patients who showed 
resistance or intolerance to imatinib in January 2009. 
Subsequently, bosutinib and ponatinib were approved for 
such patients in September 2014 and in September 2016, 
respectively.

Randomized-controlled trials (RCTs) are the backbone 
of clinical evaluations of the efficacy and safety of new 
therapies. However, clinical questions in daily practice 
will be best answered by evaluating the real-world clini-
cal outcomes. Prospective observational cohort study can 
extend the knowledge beyond the clinical trial setting. 
Moreover, in the case of CML, individual hematologists 
will have only limited treatment experience, since CML 
is a rare hematological malignancy with an age-adjusted 
incidence of only 0.5 per 100,000 persons in Japan [7].

With this background, the Japanese Society of Hematol-
ogy (JSH) established the TARGET (Timely and Appropri-
ate Registration System for GLIVEC Therapy) system to 
share clinical practice data with the aim of improving the 
quality of care for CML in Japan [8]. The TARGET system 
is an online database that can show the collected data on the 
web site in real time, and the results of a large-scale obser-
vational study of newly diagnosed CML patients treated with 
imatinib using this system were previously published [9].

The JSH further conducted two prospective observa-
tional studies for CML-CP patients receiving the 1st-line 
TKI therapy (designated as the New TARGET study 1st-
line) [10] and 2nd-line TKI therapy (designated as the 
New TARGET study 2nd-line), respectively. We herein 
report the results of the New TARGET study 2nd-line, 
which enrolled CML-CP patients who exhibited resistance 
and/or intolerance to the 1st-line TKI.

Patients and methods

Study design and objectives

The New TARGET study 2nd-line is a multicenter prospec-
tive observational study for CML-CP patients administered 
a 2nd-line TKI due to resistance and/or intolerance to a 1st-
line TKI (UMIN000003582). Physicians prospectively enter 
clinical data with regard to the prescription status of TKI, 
treatment outcomes, response, and occurrence of adverse 
events (AEs) using the New TARGET system. The choice 
of 2nd-line and subsequent TKIs—i.e., imatinib, nilotinib, 
dasatinib, or bosutinib—was at the discretion of each physi-
cian. The study was conducted in accordance with the Decla-
ration of Helsinki and was approved by local ethical commit-
tees of all participating institutions. All patients gave written 
informed consent according to institutional guidelines.

The primary endpoint was the 3-year OS rate after 
switching to the 2nd-line or subsequent TKI treatment, and 
secondary endpoints were the 3-year progression-free sur-
vival (PFS) rate, event-free survival (EFS) rate, and cumu-
lative incidence of cytogenetic and molecular response 
after switching to the 2nd-line or subsequent TKI treat-
ment. Events were defined as loss of complete hematologi-
cal response (CHR), loss of partial cytogenetic response 
(PCyR), loss of CCyR, progression to accelerated phase/
blast crisis, and death by any cause.

We also assessed the treatment outcomes according to the 
Sokal risk classification at diagnosis, type of TKI selected 
as the 2nd-line or subsequent treatment, and BCR-ABL1 
mutations.

Eligibility criteria

Patients with CML-CP who showed resistance and/or intol-
erance to the 1st-line TKI (imatinib, nilotinib, or dasatinib) 
were enrolled. CP was defined as follows: less than 15% 
blasts in the peripheral blood (PB), less than 30% blasts 
in the bone marrow (BM), less than 20% basophils in the 
PB, and no extramedullary involvement except for liver and 
spleen [11]. Resistance to TKIs was defined as failure or 
suboptimal response in European LeukemiaNet (ELN) rec-
ommendations in 2009 [12]. Intolerance to TKI was defined 
as any toxicity at grade 2 or higher severity lasting more than 
1 month despite the optimal supportive care or at grade 3/4 
which led to reduction or discontinuation of TKI.

Patient evaluation

Patients were evaluated on the basis of hematological, 
cytogenetic, and molecular examinations. Complete blood 
counts and biochemistries were performed at enrollment and 
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every 3 months. Cytogenetics analyses on BM aspiration 
were performed at enrollment and every 6 months. Fluores-
cent in situ hybridization (FISH) assessments of peripheral 
blood were done every 6 months. Achievement of a major 
molecular response (MMR) was assessed at the BCR-ABL1 
transcript level using real-time quantitative reverse-tran-
scriptase polymerase chain reactions (RQ-PCR), which were 
performed every 3 months for the first 12 months and then 
every 6 months afterward. Hematological, cytogenetic, and 
molecular responses were evaluated according to the defini-
tion of ELN recommendations [12].

Additionally, peripheral blood cell mRNA was subjected 
to BCR-ABL1 gene mutation analysis ranging from codon 
225–505 by direct sequencing at enrollment, 12 months, 
and when the copy number of RQ-PCR showed a more 
than a fivefold increase over the lowest level. If mutation 
was detected, this analysis could be repeated at 24 and 
36 months. All mutational assessments were performed at 
BML Inc. (Tokyo).

AEs were assessed using the National Cancer Institute’s 
Common Terminology Criteria (NCI-CTC) for Adverse 
Events version 4.03.

Statistical analyses

All the efficacy analyses were performed on the basis of the 
intention-to-treat principle. Comparison of response rates 
among subgroups was performed using post hoc analy-
ses. The P values for post hoc analyses were not adjusted 
for multiple comparisons and are provided for descriptive 
purposes. The differences between two groups were com-
pared using Fisher’s exact test or the Mann–Whitney U test, 
as appropriate. OS, PFS, EFS, and the times to responses 
were estimated using Kaplan–Meier methods. Differences 
between subgroups in the times to responses were evaluated 
with the use of a log-rank test. The 95% confidence intervals 
(CIs) for survival and response rates were calculated using 
the Clopper–Pearson method. Statistical analyses were per-
formed using SAS statistical software (version 9.3).

Results

Patients and treatment

A total of 98 patients from 46 institutions were enrolled in 
this study between April, 2010 and March, 2013 in Japan. Of 
these, 82 patients with at least 3 months of follow-up were 
included in the analysis. The cut-off date was March, 2016 
(3 years after the last patient enrolled).

Patients’ demographics at enrollment are shown 
in Table  1. Their median age was 54  years (range 
22–88 years), and 23 (28%) patients were over 65 years 

old. There was a male predominance. The median 
period from CML diagnosis was 33  months (range 
3–214  months). With regard to the 1st-line TKI, 76 
patients (93%) received imatinib as the first and only TKI, 
4 patients received one 2G TKI in addition to imatinib 
(these 3rd-line patients were included because of the very 
short-term treatment of the 1st-line TKI and analyzed 
together with the other patients), 1 patient received dasat-
inib as the first and only TKI, and there was no data for 
1 patient. Among 80 patients who received imatinib as 
the 1st-line TKI, 49 patients (60%) were imatinib-resistant 
(failure or suboptimal response), and 31 patients (38%) 
were imatinib-intolerant. At the baseline, 79 patients 
(96%) had achieved CHR in response to the 1st-line TKI. 
PCyR had been achieved in 63 patients (77%) and CCyR 
in 49 patients (60%), and 2 patients had already achieved 
MMR. Nineteen patients (23%) had comorbidities and 
the most common comorbidity was hypertension (7%). 
Comorbidities reported in more than 2 cases are listed in 
Table 1.

The type and dose of the 2nd-line TKI were at the dis-
cretion of each physician. At the time of enrollment, 45 
patients were started on nilotinib, and 37 patients were 
started on dasatinib. The median starting daily dose of 
nilotinib was 600 mg (range 300–800 mg), and that of 
dasatinib was 100 mg (range 50–100 mg). During the 
follow-up period, the doses of TKIs were reduced in 26 
patients (32%) (nilotinib: 17 patients; dasatinib: 9 patients) 
and the 2nd-line TKI was switched to the 3rd-line TKI 
in 13 (16%) (nilotinib: 10 patients; dasatinib: 3 patients). 
Among those 65 years old or older, dose reduction was 
done in 13 of 23 patients and a switch to the 3rd-line TKI 
was done in 7 of 23 patients. In other words, the proportion 
of the patients who needed dose-reduction and/or a switch 
to the 3rd-line TKI was 65% in the elderly (≥ 65 years old) 
and 25% in the younger (< 65 years old) patients. How-
ever, the reasons for dose reduction and the switch to the 
3rd-line TKI were not collected in this study.

The patients’ demographics data by their 2nd-line 
TKI (nilotinib or dasatinib) are also shown in Table 1. 
There was a little difference between the two groups, but 
with regard to the reason for discontinuation of imatinib, 
patients with imatinib resistance were more frequent than 
those with imatinib intolerance in the dasatinib group 
(81% vs. 16%), but not in the nilotinib group (42% vs. 
56%). In this study protocol, since the accelerated phase 
was defined by hematological values despite the additional 
chromosomal abnormality (ACA), patients with ACA at 
the enrollment were acceptable as in CP. Two patients with 
ACA at the enrollment were treated with dasatinib. One 
patient had major route ACA (complex karyotype includ-
ing trisomy 8), and the other had minor route ACA (loss 
of the Y chromosome).
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Table 1  Patient characteristics 
at enrollment

Variable Median [range] or n (%)

All (N = 82) Nilotinib (N = 45) Dasatinib (N = 37)

Median age at enrollment, years [range] 54 [22–88] 55 [26–86] 50 [22–88]
 ≥ 65 23 (28) 16 (36) 7 (19)
 < 65 59 (72) 29 (64) 30 (81)
Sex, n (%)
Male 56 (68) 29 (64) 27 (73)
Female 26 (32) 16 (36) 10 (27)
Median months after diagnosing CML [range] 33 [3–214] 33 [3–214] 30 [3–166]
Body weight, kg [range] 62 [44–107.2] 62 [45–107.2] 63 [44–87]
ECOG performance status, n (%)
0 65 (79) 32 (71) 33 (89)
1 15 (18) 11 (24) 4 (11)
2 2 (2) 2 (4) 0 (0)
≥ 3 0 (0) 0 (0) 0 (0)
Sokal scorea, n (%)
Low 45 (55) 25 (56) 20 (54)
Intermediate 21 (26) 12 (27) 9 (24)
High 9 (11) 2 (4) 7 (19)
Missing 7 (9) 6 (13) 1 (3)
Prior TKIs, n (%)
Imatinib only 76 (93) 41 (91) 35 (95)
Imatinib + nilotinib 2 (2) 0 (0) 2 (5)
Imatinib + dasatinib 2 (2) 2 (4) 0 (0)
Dasatinib only 1 (1) 1 (2) 0 (0)
Missing 1 (1) 1 (2) 0 (0)
Other treatments, n (%)
Interferon 12 (15) 8 (18) 4 (11)
Hydroxyurea 8 (10) 5 (11) 3 (8)
Cytarabine 2 (2) 0 (0) 2 (5)
Reason for discontinuation of imatinib, n (%)
Imatinib resistance 49 (60) 19 (42) 30 (81)
Imatinib intolerance 31 (38) 25 (56) 6 (16)
Response at enrollment, n (%)
CHR 79 (96) 43 (96) 36 (97)
PCyR 63 (77) 38 (84) 35 (95)
CCyR 49 (60) 29 (64) 20 (54)
MMR 2 (2) 1 (2) 1 (3)
BCR-ABL mutation status at enrollment, n (%)
Any mutation 16 (20) 7 (16) 9 (24)
Kinase domain mutation 9 (11) 3 (7) 6 (16)
BCR-ABL35INS 7 (9) 4 (9) 3 (8)
No mutation 65 (79) 38 (84) 27 (73)
Missing 1 (1) 0 (0) 1 (3)
Additional chromosomal abnormality, n (%) 2 (2) 0 (0) 2 (5)
Comorbidities at enrollment, n (%)
Anyb 19 (23) 14 (31) 5 (14)
Hypertension 6 (7) 4 (9) 2 (5)
Hyperuricemia 4 (5) 3 (7) 1 (3)
Arrhythmias/Ischemic cardiac disease 3 (4)/1 (1) 2 (4)/1 (2) 1 (3)/0 (0)
Dyslipidemia 3 (4) 2 (4) 1 (3)
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Survival rate

The estimated 3-year OS rate after the enrollment was 
100% (Fig. 1a), and the 3-year PFS and EFS rates were 
98.7% (95% CI 91.1–99.8%; Fig. 1b) and 96.2% (95% CI 
88.8–98.8%; Fig. 1c), respectively. Regarding disease pro-
gression during the observation period, only one patient, 
who had major route ACA at enrollment, progressed to the 
accelerated phase, but this patient was censored 1 month 
after progression because of loss to follow-up. Except for the 
patient, the estimated 3-year OS, PFS, and EFS rates were 
100%, 100%, and 97.5% (95% CI 90.3–99.4%), respectively. 
Fourteen (17%) patients were censored within 3 years. Three 
patients died from colorectal cancer, aortic aneurysm, and 
heart failure due to atrial fibrillation during the follow-up 
period. However, no one died from CML-related causes.

Response to the second/subsequent TKIs therapy

Overall, the estimated probabilities of achieving CCyR and 
MMR were 89.3% (95% CI 81.4–94.8%; Fig. 2a) and 87.2% 
(95% CI 78.1–93.8%; Fig. 2b) during the follow-up period.

Subgroup analyses of the response rates are shown in 
Table 2. The cumulative incidence of CCyR and MMR was 
significantly higher among patients with CCyR than among 
patients without CCyR at enrollment (CCyR: 100% vs. 
72.5%, P < 0.0001; MMR: 92.8% vs. 78.1%, P = 0.01). Sokal 
score at diagnosis had a significant effect on the achievement 
of CCyR (P < 0.01) but not of MMR. There was no differ-
ence in the achievement rates of CCyR or of MMR between 
the older (≥ 65 years old) and the younger (< 65 years old) 
groups. Regarding the type of TKIs, nilotinib achieved 
CCyR more frequently than dasatinib (92.3% vs. 83.8%, 
P = 0.04), while the proportions of the patients who achieved 
MMR were not different between these two groups (nilo-
tinib 89.8% vs. dasatinib 83.0%, P = 0.11). Concerning 
the reason for discontinuation of imatinib, the cumulative 
achievement rates of CCyR and MMR were significantly 
higher in imatinib-intolerant patients than in imatinib-
resistant patients (CCyR: 100% vs. 84.1%, P < 0.01; MMR: 

96.8% vs. 82.3%, P = 0.02). In addition, in imatinib-resistant 
patients, the cumulative incidence of CCyR and MMR was 
not significantly different between the dasatinib group and 
the nilotinib group.

Mutation analysis

BCR-ABL mutation analysis was performed in 78 patients 
at enrollment. Nine types of BCR-ABL1 KD point muta-
tions (L248V, G250E, E255K, T315I, N331S, M351T, 
F359I, L384M, and S385I) were detected in 9 (12%) 
patients, among which 8 mutations had shown resistance 
to the 1st-line TKI (Table 3). Six patients achieved MMR, 
and their mutations became undetectable after the 2nd-line 
TKI treatment. A case with T315I mutation was censored 
at 9 months because of loss to follow-up. Moreover, 6 types 
of BCR-ABL1 KD point mutations (E236G, Y353H, L384P, 
V422A, W423R, and C477T) newly emerged in 6 patients 
after enrolling in this study, and all of them achieved MMR 
without switching to the 3rd-line TKI (Table 4).

With regard to other mutations, BCR-ABL135INS, the 
insertion of 35 intronic nucleotides at the exon 8/9 splice 
junction that introduces a stop codon after 10 intron-encoded 
residues was detected in 16 patients (20%). This splicing 
variant was detected in seven patients at enrollment and 
in nine patients after enrollment. Fourteen of 16 patients 
(87.5%) with BCR-ABL135INS achieved MMR. In addition, 
the exon 7 deletion was detected in three patients during 
the follow-up period, in whom two patients achieved MMR. 
Overall, BCR-ABL1 KD point mutation at enrollment did not 
affect the response rates.

Adverse events

AEs considered to be TKI-related are summarized in 
Table 5. As for hematologic AEs, anemia, neutropenia, 
and thrombocytopenia occurred in 24%, 9%, and 11% in all 
grades, and grade 3/4 AEs were observed in approximately 
5% each.

CML chronic myelogenous leukemia, ECOG Eastern Cooperative Oncology Group, TKI tyrosine kinase 
inhibitor, CHR complete hematological response, PCyR partial cytogenetic response, CCyR complete 
cytogenetic response, MMR major molecular response
a At diagnosis
b A patient with multiple comorbidities was counted as 1 case

Table 1  (continued) Variable Median [range] or n (%)

All (N = 82) Nilotinib (N = 45) Dasatinib (N = 37)

Autoimmune disease 2 (2) 1 (2) 1 (3)
Renal impairment 2 (2) 1 (2) 1 (3)
Diabetes mellitus 2 (2) 0 (0) 2 (5)
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The most commonly reported non-hematologic AEs were 
rash (17%), edema (12%), nausea (9%), and headache (9%). 
In addition to the AEs described in Table 5, the following 
AEs were observed in 1 patient each: pancreatitis, pro-
longed QT interval, bradycardia, palpitation, and bone pain 
in patients treated with nilotinib, and chronic kidney disease, 

gastrointestinal bleeding, bleeding, dyspnea, fatigue, and 
weight loss in patients treated with dasatinib. With regard 
to grade 3/4 non-hematologic toxicities, rash, headache, and 
chronic kidney disease were noted in only one patient each. 
Neither pulmonary hypertension nor peripheral artery occlu-
sive disease was observed in this study.

Fig. 1  Kaplan–Meier estimated 
survival rates after switching to 
second-line or subsequent tyros-
ine kinase inhibitors treatment. 
a The estimated 3-year overall 
survival in the intention-to-treat 
population was 100.0%. b The 
estimated 3-year progression-
free survival and c event-free 
survival in the intention-to-treat 
population were 98.7% (95% CI 
91.1–99.8%) and 96.2% (95% 
CI 88.8–98.8%)
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The most commonly reported biochemical laboratory 
abnormalities were total bilirubin elevation (9%) and 
lipase elevation (5%). All but one of the patients with 
elevated bilirubin belonged to the nilotinib group.

The onset of AEs is summarized in Fig.  3. Of the 
total 124 AEs, 65 (52%) were reported within 1 month 
after commencing the 2nd-line TKI, and new AEs rarely 
occurred 12 months after the 2nd-line TKI treatment. 

Fig. 2  Response rates during 
the follow-up period. Prob-
abilities of achieving a complete 
cytogenetic response and b 
major molecular response in 
the intention-to-treat popula-
tion were 89.3% (95% CI 
81.4–94.8%) and 87.2% (95% 
CI 78.1–93.8%), respectively
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Table 2  Response rate according to subgroup

CCyR complete cytogenetic response, MMR major molecular response, CI confidence interval, NA not applicable, KD kinase domain, TKI tyros-
ine kinase inhibitor
* Event rates and percentages were Kaplan–Meier estimates
** Log-rank test

No. of patients CCyR* MMR*

Probability (%) 95% CI P value** Probability (%) 95% CI P value**

Response at enrollment
With CCyR 49 100 NA  < 0.0001 92.8 [82.7–98.1] 0.01
Without CCyR 32 72.5 [56.4–86.6] 78.1 [60.4–91.7]
Mutations at enrollment
KD point mutation 9 77.8 [48.7–96.6] 0.30 83.3 [50.7–98.9] 0.61
No KD mutation 69 89.8 [81.7–95.8] 85.1 [77.3–94.3]
Sokal score at diagnosis
Low 45 95.6 [86.7–99.2]  < 0.01 92.5 [80.4–98.3] 0.10
Intermediate 21 85.7 [67.9–96.4] 87.3 [68.6–97.5]
High 9 58.3 [29.2–89.1] 64.4 [31.9–93.8]
Age at enrollment
≥ 65 23 78.3 [60.1–92.1] 0.20 82.4 [63.1–95.2] 0.89
< 65 59 93.2 [84.9–97.8] 88.6 [78.2–95.5]
TKIs
Nilotinib 45 97.3 [83.6–98.3] 0.04 89.8 [77.7–96.9] 0.11
Dasatinib 37 83.8 [70.4–93.4] 83.0 [68.3–93.4]
Reason for discontinuation 

of prior TKI
Imatinib resistance 49 84.1 [72.5–92.8]  < 0.01 82.3 [68.9–92.3] 0.02
Imatinib intolerance 31 100 NA 96.8 [85.9–99.8]

Table 3  Clinical information of patients with BCR-ABL1 kinase domain mutations at baseline

TKI tyrosine kinase inhibitor, MMR major molecular response, CCyR complete cytogenetic response

Patient no. Age/gender Mutation Prior TKIs Reason for discon-
tinuation of prior 
TKI

Treatment after 
enrollment

Best response 
after enroll-
ment

Mutation status after 
treatment

40 40/M L248V Imatinib Suboptimal response Nilotinib MMR Not detected at 
6 months

17 43/M G250E Imatinib Failure Dasatinib not examined Detected at 1 month 
and lost to follow-up

E255K Not detected at 1 month
47 59/M E255K Imatinib Suboptimal response Dasatinib MMR Not detected at 

36 months
9 55/M T315I Imatinib Failure Dasatinib CCyR Not examined
73 67/F N331S Imatinib Intolerance Nilotinib MMR Not detected at 

12 months
84 58/M M351T Imatinib Failure Dasatinib MMR not detected at 

12 months
20 25/M F359I Imatinib, nilotinib Suboptimal response Dasatinib MMR Not detected at 

12 months
61 40/M L384M Imatinib Failure Dasatinib Not examined Not examined
13 44/M S385I Imatinib Suboptimal response Nilotinib, imatinib, 

dasatinib
MMR not detected at 

6 months
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However, the influence of AEs on prescription was not 
obvious in this study.

Discussion

This observational study revealed the “real-world” prognosis 
and responses to the 2nd-line and subsequent TKIs treatment 
in CML-CP patients with resistance and/or intolerance to the 
1st-line TKI in Japan. Among the subjects of this study, no 
one died of a CML-related cause, and only one patient with 
major route ACA progressed to the accelerated phase. The 
probabilities of achieving CCyR and MMR were 89.3% and 
87.2%, respectively.

In general, clinical trials for CML patients have excluded 
patients with major organ dysfunctions, especially cardiac 
disorder [11, 13], but there were no exclusion criteria for 
organ dysfunctions in this study. In fact, 23% of patients 
had comorbidity, including a small number of patients with 
heart disease. However, most of the patients had a good per-
formance status (ECOG PS score 0 or 1). The median age 
was 54 years, which was comparable to that in the clinical 
trials [11, 13]. Regarding treatment response at enrollment, 
the proportion of patients with CHR was 96% in this study, 
which was much higher than that in the previous clinical 
trials [11, 13].

At enrollment, all patients were started on nilotinib or 
dasatinib, and no patient received bosutinib, which was 
approved in Japan after the close of the enrollment period 
of this study. Moreover, comparing the background of 
the patients treated with nilotinib and dasatinib, 25 of 31 
patients (81%) with imatinib intolerance were started on 
nilotinib, and 30 of 49 patients (60%) with imatinib resist-
ance were started on dasatinib. This difference was probably 
dependent on the expectancies and concerns of the Japanese 
hematologists as to the efficacy and safety of 2G-TKIs. The 
guidelines recommended that the choice of the TKI must 
take into account tolerability, safety, and patient character-
istics, particularly comorbidities, because comorbidities 
are the major cause of death in CML patients and may be 

exacerbated by AEs of TKI [14, 15]. In general, dasatinib is 
associated with pleural effusion and, thus, should be avoided 
for patients with pulmonary diseases or uncontrolled hyper-
tension. Nilotinib is associated with hyperglycemia and vas-
cular events and, thus, should be avoided for patients with 
diabetes mellitus or vascular diseases. Actually, two patients 
with diabetes were started on dasatinib in this study.

The cumulative achievement rates of CCyR and MMR 
at 3 years after enrollment were 89.3% and 85.4%, and the 
3-year OS and PFS were 100% and 98.7%, respectively, all 
of which were higher than those reported in the previous 
clinical trials. The response to TKI is the most important 
prognostic factor in CML-CP patients [14], and the response 
status at switching to a 2nd-line TKI has been shown to sig-
nificantly affect the subsequent responses in patients with 
imatinib resistance or intolerance [5, 6]. The rate of CCyR 
at enrollment was much higher in this study than in previous 
clinical trials, which led to the very good prognosis observed 
in this study. As for the cause of the baseline responses in 
our study, we consider that the definition of resistance may 
not have been as strict in this study as compared with previ-
ous clinical trials [11, 13].

As reported in the previous clinical trials [5, 6], sub-
group analysis showed that reasons for discontinuation 
of the 1st-line TKI were significantly associated with the 
subsequent achievement of CCyR and MMR with the 2nd-
line TKI. The Sokal score was also significantly associated 
with probability of achieving CCyR, but not of achieving 
an MMR in this study. The latter score was developed in 
the chemotherapy era, but several studies have demonstrated 
that that it is also predictive for clinical responses to TKIs 
[16–18]. However, we could not calculate the EUTOS score, 
because did not collect the data of basophils at diagnosis in 
our study. Regarding the type of TKIs, CCyR was more fre-
quently achieved in patients treated with nilotinib than those 
treated with dasatinib. However, there was no significant 
difference in the rates of MMR achievement between the two 
groups. There have been no data directly comparing nilotinib 
and dasatinib as 2nd-line TKIs in CML-CP. In this study, 
because the baseline characteristics of the patients were 

Table 4  Clinical information of patients with BCR-ABL1 kinase domain mutations during follow-up

MMR major molecular response

Patient no Age/gender Mutation Time of appearance of 
mutation (months)

Treatment Best response after 
appearance of mutation

Mutation status after treatment

79 52/M E236G 30 Nilotinib MMR Not detected at 36 months
67 30/M Y353H 12 Dasatinib MMR Not detected at 36 months
46 50/F L384P 3 Nilotinib MMR Not detected at 12 months
23 60/M V422A 12 Dasatinib MMR Not detected at 24 months
95 64/F W423R 12 Nilotinib MMR Not detected at 15 months
10 38/M C477T 36 Dasatinib MMR Not examined
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considerably different between the two groups, especially 
in terms of imatinib resistance or intolerance and frequency 
of ACA, we could not conclude which TKI was better as a 
2nd-line TKI from our results. Also, there was no difference 
in treatment responses by age groups. However, the percent-
age of patients who required a dose reduction or a switch to a 
3rd-line TKI was higher in elderly than in younger patients.

Among the KD mutations detected at the time of registra-
tion, L248V, G250E, E255K, T315I, N331S, M351T, F359I, 
and L384M were identified in clinical samples from patients 
with imatinib resistance in previously published papers 
[19–21]. To the best of our knowledge, S385I was not previ-
ously reported. F359I was detected in only one patient, who 
showed suboptimal response to imatinib and nilotinib, and 
dasatinib could overcome this mutation [22]. Conversely, 
six mutations detected after enrollment were new mutations 
not previously reported in patients with imatinib resistance. 
All of the six patients with these mutations achieved MMR, 
suggesting that these mutations did not affect treatment 
responses to 2G-TKIs.

BCR-ABL135INS is a 35-bp insertion between ABL kinase 
domain exons 8 and 9, resulting in a frameshift leading to 
the addition of 10 intron-encoded residues and truncation 
of 653 residues [23, 24]. Previous reports suggested that 
BCR-ABL135INS has no kinase activity. Although it escapes 
from TKI binding due to the conformational change [24], it 
does not contribute to TKI resistance [25]. Basically, cells 
expressing BCR-ABL135INS are not excluded by TKI treat-
ment, but do not proliferate due to the lack of BCR-ABL 
kinase activity, and thus remain for a long time. In a recent 
study using deep sequencing analysis, BCR-ABL135INS was 
detected in all patients (n = 37) who showed suboptimal 
response to the frontline imatinib. BCR-ABL135INS was per-
sistently detected in 34 of the 37 patients after switching to 
nilotinib, but 24 of 34 patients achieved MMR [26]. In our 
results, BCR-ABL135INS was detected in 16 patients (20%) at 

enrollment or during the course, among whom 14 patients 
achieved MMR, also suggesting that BCR-ABL135INS does 
not confer absolute resistance to 2G TKI. Moreover, exon 7 
deletion caused by an alternative splicing was detected in 3 
patients during the follow-up period, and it has previously 
been reported that this mutation, while frequent, does not 
influence TKI responses [27].

The frequency of hematological and non-hematological 
AEs was lower in this study compared with previous clinical 
trials. Previous studies demonstrated that grade 3/4 hema-
tological AEs were observed in 10% or more of patients 
treated with either nilotinib or dasatinib [11, 28], but in this 
study, the percentage was lower. Regarding non-hematolog-
ical AEs, rash, nausea, headache, and diarrhea were com-
mon regardless of the types of TKI. Bilirubin elevation and 
hyperglycemia were frequently observed in patients treated 
with nilotinib, and pleural effusion was frequent in patients 
treated with dasatinib, as reported. However, the incidences 
were lower in our results than in previous clinical trials [11, 
28]. As for the reasons for these differences, patterns of care 
and treatment adherence may differ between clinical trial 
and clinical practice. However, the treatment outcome of 
this study was not inferior to those of reported clinical tri-
als. Thus, the lower incidence of AEs in this study could not 
be explained by the poor adherence to TKIs. This observa-
tional study started 1 year after the introduction of 2G-TKIs 
to clinical practice. Therefore, it may be plausible that the 
hematologists in the community had already become famil-
iarized with the handling of AEs related to 2G-TKIs by the 
time of the start of this study.

In the clinical trial setting, the safety profile was simi-
lar across age groups, except for the higher hyperglycemia 
rates in elderly patients treated with nilotinib and higher 
fluid retention rates in those treated with dasatinib. Moreo-
ver, discontinuation rates were similar between the older and 
younger patients treated with either nilotinib or dasatinib 

Fig. 3  The time-to-onset of 
adverse events. Times of the 
initial report of an adverse 
event (AE) after commencing 
a second/subsequent TKI are 
shown. The left bar indicates 
the proportion of patients with 
AEs of any grade, and the right 
bar indicates the proportion of 
patients with grade 3/4 AEs for 
each month
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[29]. Our results demonstrate that the frequency of hemato-
logical AEs tended to be higher in patients 65 years old or 
older compared with the younger patients and that the per-
centage of patients who decreased the dose of TKI or moved 
to a 3rd-line TKI was higher in the elderly. Breccia et al. 
showed that elderly patients with a high Charlson comorbid-
ity index (CCI) score were at a greater risk of developing 
grade 3/4 hematologic toxicity, leading to the frequent dose 
reduction and/or suspension in a retrospective study of 2nd-
line dasatinib [30]. In accord with this result, our results also 
suggest that elderly patients had a higher risk of developing 
AEs than younger patients in clinical practice. Regarding 
the timing, most of the AEs occurred in the first few months 
after switching to the 2nd-line TKI. This result indicates that 
frequent monitoring is necessary in the first several months 
after switching to a 2nd-line TKI.

In conclusion, our data indicate that CML-CP patients 
with resistance and/or intolerance to a 1st-line TKI had an 
extremely good outcome by a 2nd-line and/or subsequent 
TKI in Japan. These results should provide a valuable 
resource for understanding the real-life treatment outcomes 
of CML patients.
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