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Abstract. Tyrosine kinase inhibitor (TKI) treatment is the 
standard of care for patients with chronic myeloid leukemia 
(CML). Even in the imatinib era, the presence of ‘clonal 
chromosomal abnormalities’ in the Philadelphia chromo-
some (CCA/Ph+) at diagnosis reportedly increased the risk of 
disease progression and predicted shorter survival. However, it 
remains unclear whether CCA/Ph+ is a poor prognostic marker 
in the era of new‑generation TKIs. The data of patients with 

CML in the chronic phase (CP) that were extracted from the 
CML Cooperative Study Group database were retrospectively 
analyzed. Of the 328 eligible patients, 33 (10.1%) had CCA/Ph+, 
including 9 major route and 24 minor route aberrations. The 
characteristics of patients with and without CCA/Ph+ were 
similar; however, the proportion of blasts was higher among 
patients with CCA/Ph+. Notably, the survival rate of patients 
with CCA/Ph+ was not inferior to that of patients without 
CCA/Ph+, and there were no differences in responses to TKIs. 
All 9 patients with major route CCA/Ph+ attained a major 
molecular response (MMR) with no disease progression, and 
8 ultimately achieved a deep molecular response. In particular, 
the median interval between TKI initiation and achieve-
ment of MMR was shorter in patients initially treated with 
a second‑generation TKI than in those treated with imatinib 
(5  vs. 10  months). The present retrospective study, thus, 
revealed favorable treatment outcomes in CML‑CP patients 
with CCA/Ph+ treated with second‑generation TKIs. The 
data indicated that administering second‑generation TKIs as 
first‑line treatments is preferable in CML‑CP patients with 
CCA/Ph+.

Introduction

Chronic myeloid leukemia (CML) is a hematopoietic clonal 
disease characterized by the accumulation of myeloid lineage 
cells harboring the BCR‑ABL1 fusion gene, which results 
from the formation of the Philadelphia (Ph) chromosome in 
hematopoietic stem cells. Although this disease is regarded 
as a life‑threatening hematologic malignancy, the advent 
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of tyrosine kinase inhibitors (TKIs) has revolutionized 
the management of patients with CML. The International 
Randomized Study of Interferon and STI571 trial conducted 
in chronic phase (CP) CML patients demonstrated excel-
lent treatment responses and more durable remissions in 
patients treated with imatinib than in those who received the 
interferon‑α plus cytarabine regimen (1). A recent long‑term 
observation study also revealed that the 10‑year overall survival 
(OS) rate in its imatinib arm was >80%, with over half of the 
deaths in this arm due to reasons unrelated to CML (1). The 
efficacy of imatinib has also been demonstrated in Japanese 
patients (2,3). Thus, imatinib therapy has become a standard of 
care for patients with CML. In the era of TKI, the OS rate in 
CML‑CP patients who achieve complete cytogenetic response 
(CCyR) or better is similar to that in the general population (4). 
However, some patients remain refractory to this therapy and 
experience disease progression.

The existence of additional clonal chromosomal abnor-
malities in the Ph+ cells (CCA/Ph+) of patients with CML‑CP 
at diagnosis is associated with poor prognosis, particularly in 
those with specific CCAs, referred to as ‘major route abnor-
malities’ in the pre‑imatinib era. Such abnormalities include 
trisomy 8, +der(22)t(9;22)(q34;q11), isochromosome 17 (i(17)
(q10)), trisomy 19, and ider(22)(q10)t(9;22)(q34;q11). The rare 
CCAs, such as trisomy 21, t(3;12), t(4;6), t(2;16), and t(1;21), 
are designated ‘minor route’ CCAs (5‑10). Notably, the clinical 
significance of harboring CCA/Ph+ has mostly been evalu-
ated in patients treated with first‑line imatinib (7‑10). Patients 
with CML who concomitantly harbor these abnormalities are 
designated as possessing ‘warning’ criteria, according to the 
European LeukemiaNet (ELN) 2013 recommendations, and 
are, therefore, required to be monitored carefully (6). However, 
there are no recommended treatment guidelines for patients 
with these abnormalities.

Over the past decade, second‑generation TKIs, such as nilo-
tinib, dasatinib, and bosutinib, as well as the third‑generation 
TKI, ponatinib, were developed for patients resistant or intolerant 
to prior TKI therapy. In addition to imatinib, second‑generation 
TKIs, nilotinib and dasatinib, are now recommended as first‑line 
therapies for patients with CML‑CP according to the ELN 
2013 recommendations, which were based on data from larger 
randomized studies (6,11,12). Imatinib, nilotinib, and dasatinib 
are currently available as first‑line treatments for patients with 
CML‑CP in Japan. This warrants reevaluation of the impact of 
the presence of CCA/Ph+ on patient clinical outcomes in the era 
of second‑generation TKIs.

In the present study, the treatment responses and outcomes 
of CML‑CP patients with CCA/Ph+ treated with second‑gener-
ation TKIs were investigated. The present data should help to 
devise current era TKI treatment regimens that are optimized 
according to cytogenetic risk stratification.

Patients and methods

Patients. The data of patients enrolled in the CML Cooperative 
Study Group (CML‑CSG) database (original study has been 
reported in 2017 (13)), that encompassed 5 university hospitals 
(Saitama Medical University International Medical Center, 
Nihon University School of Medicine, Saitama Medical 
Center Saitama Medical University, Juntendo University 

School of Medicine and Kumamoto University Hospital) and 
4 university branch hospitals (Juntendo University Nerima 
Hospital, Juntendo University Urayasu Hospital, Yokohama 
Municipal Citizen's Hospital and Saiseikai Yokohama Nanbu 
Hospital) was analyzed. The study included patients diagnosed 
with CML‑CP and treated with a TKI as first‑line therapy. The 
diagnosis of CML‑CP was based on the ELN criteria as previ-
ously described (6). Patients who had received interferon‑α 
or any other chemotherapeutic agent for CML before TKI 
administration were excluded; however, the administration of 
hydroxyurea prior to TKI therapy for the purpose of reducing 
the number of leukocytes was allowed. Between April 2001 
and January 2016, 369 patients newly diagnosed with a Ph 
chromosome and/or BCR‑ABL1 positive CML were registered 
in the CML‑CSG database. The study was approved by the 
institutional review boards of all the above nine partici-
pating facilities and was conducted in accordance with the 
Declaration of Helsinki.

Cytogenetic studies. Results of cytogenetic bone marrow 
analyses obtained at the time of CML diagnosis were regis-
tered in the CML‑CSG database. Twenty metaphases were 
routinely counted and analyzed in each patient according to the 
International System for Human Cytogenetic Nomenclature 
recommendations. Major route CCA/Ph+ was defined as Ph+ 
cells harboring trisomy 8, +der(22)t(9;22)(q34;q11), isochro-
mosome 17 (i(17)(q10)), trisomy 19, or ider(22)(q10)t(9;22)
(q34;q11), and the minor route CCA/Ph+ was defined as Ph+ 
cells harboring rare abnormalities such as trisomy 21, t(3;12), 
t(4;6), t(2;16), t(1;21), ‑Y, a variant translocation t(v;22), or other 
less common abnormalities. CCA/Ph+ detected in only 1 meta-
phase was not considered a clonal cytogenetic abnormality.

Molecular response assessment. The molecular response 
was assessed by quantifying the BCR‑ABL1 transcript using 
real‑time quantitative PCR or a transcription‑mediated ampli-
fication (TMA) and a hybridization protection assay (14,15). 
BCR‑ABL1 transcript levels ≤0.1% according to the 
International Scale (IS) or ≤100 copies/µg RNA as determined 
using the TMA assay were considered a major molecular 
response (MMR), while BCR‑ABL1 IS transcript levels of 
≤0.0032% were considered a deep molecular response (DMR), 
as previously described (14,15).

Statistical analysis. Fisher's exact and Mann‑Whitney U tests 
were used to determine statistically significant differences 
between the groups. Event‑free survival (EFS) was defined as 
the period between the date of commencing treatment with 
TKI and the date of the first incidence of any event or the last 
follow‑up. An event was defined as the loss of treatment efficacy 
after achieving complete hematologic response, partial cyto-
genetic response, or CCyR (6); progression to the accelerated 
or blast phase; or death from any cause. Treatment responses 
were assessed as the cumulative MMR or DMR achieved at 
each time‑point, irrespective of switching TKIs. Univariate 
and multivariate analyses were performed to identify whether 
CCA/Ph+ had a negative impact on outcomes. The Sokal score, 
type of initial TKI (imatinib or second‑generation TKIs), and 
presence of CCA/Ph+ were included in the analysis. A P‑value 
of <0.05 was considered statistically significant. The statistical 
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analyses were performed using EZR (Saitama Medical Center, 
Jichi Medical University), a graphical user interface for the 
R programming language (The R Foundation for Statistical 
Computing) (16).

Results

Patient characteristics. Between April 2001 and January 2016, 
369 patients newly diagnosed with a Ph chromosome and/or 
BCR‑ABL1 positive CML were registered in the CML‑CSG 
database. Among these patients, 328 had data on their bone 
marrow chromosomal analyses at diagnosis, 9 were in the 
accelerated phase, and 32 lacked data for cytogenetic analysis 
(i.e., cryptic Ph, insufficient number of mitotic cells obtained, 
or missing data altogether). Of the 328 eligible patients, 9 
had major route CCA/Ph+, including 7 with +der(22)t(9;22)
(q34;q11), 1 with trisomy 19, and 1 with trisomy 8, and 24 
had minor route CCA/Ph+ (Fig.  1). The characteristics of 
patients with or without CCA/Ph+ at diagnosis are presented in 
Tables I and SI. There were no significant differences between 
the groups in terms of median patient age; platelet, leukocyte, 
eosinophil, and basophil counts; and spleen size. However, the 
proportion of blasts was higher in the CCA/Ph+ group. Risk 
stratification by the Sokal, Hasford, and European Treatment 
and Outcome Study (EUTOS) scoring systems were similar 
between the groups. Furthermore, the use of second‑gener-
ation TKIs as the first‑line therapies was equally distributed 
between the groups.

Treatment outcomes according to the CCA/Ph+ status. The 
outcomes of patients with CCA/Ph+ were then investigated 
and compared to those of patients without additional aber-
rations. During the follow‑up period, 36 events occurred 
and 24  patients (7.3%) died. Among these 24, 8 (33.3%) 
succumbed due to the progression of CML. With a median 
follow‑up period of 66  months (range: 14‑167  months) in 
patients with CCA/Ph+ and 67 months (range: 0‑202 months) 
in those without CCA/Ph+, 5‑year EFS rates were 87.8% in 
the former group and 90.0% in the latter (P=0.482) (Fig. 2A). 

Furthermore, 5‑year OS rates were 87.9% in the former group 
and 93.7% in the latter (P=0.096) (Fig. 2B). Thus, the presence 
of CCA/Ph+ was not an adverse prognostic factor among our 
patients. Univariate and multivariate analyses revealed that 
EFS and OS were shorter in Sokal high‑risk patients than in 
those considered to be low risk. The analysis confirmed that 
the presence of CCA/Ph+ in CML‑CP was not a statistically 
significant adverse prognostic factor for EFS and OS in our 
cohort (Table II).

Treatment responses in patients with CCA/Ph+. The 
responses to TKI therapy among patients with CCA/Ph+ 
(Table III) were further investigated. Among the 33 patients 
with CCA/Ph+, the 12‑month and overall MMR rates 
were 63.6 and 90.9%, respectively, while the 24‑month 
and overall DMR rates were 15.2 and 57.6%, respectively. 
Among the 295 patients without CCA/Ph+, the 12‑month and 
overall MMR rates were 51.2 and 89.8%, respectively, and 
the 24‑month and overall DMR rates were 15.6 and 57.6%, 
respectively. None of the differences were statistically 
significant, suggesting that the presence of CCA/Ph+ did not 
affect the response to TKI therapy.

Treatment responses and prognoses in patients with major 
route CCA/Ph+. Finally, it was investigated whether major 
route CCA/Ph+ affected the clinical outcomes of these patients 
given that the presence of this abnormality at diagnosis is 
a critical adverse prognostic factor in patients treated with 
first‑line imatinib (7,10). Table Ⅳ presents the characteristics 
and treatment response of the 9 patients with major route and 
33 patients with minor route CCA/Ph+, respectively, their 
treatment regimens, best responses to TKI, and outcomes. 
With respect to initial therapy, in major route CCA/Ph+, 
5 patients were treated with imatinib, 3 with nilotinib, and 
1 with dasatinib; none experienced disease progression, and 
all are alive at the date of the writing of this manuscript. All 
9 attained an MMR and retained the therapeutic benefit of 
TKI, and 8 attained a DMR during the observation period. 
Notably, treatment with second‑generation TKIs resulted in 

Figure 1. Patient distributions. (A) Cytogenetic subgroups of 328 eligible patients at diagnosis. Among these patients, 295 (89.9%) had t(9;22)(q34;q11) only and 
33 (10.1%) had CCA/Ph+. Nine patients (2.7%) had major route CCA/Ph+ and 24 (7.3%) had minor route CCA/Ph+. (B) The frequencies of major route clonal 
chromosome abnormalities in the Philadelphia chromosome. The +der(22)t(9;22)(q34;q11) aberration was the most frequently observed in this study population.

https://www.spandidos-publications.com/10.3892/or.2019.7339
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an excellent treatment response; all 4 patients initially treated 
with nilotinib or dasatinib achieved MMR within 12 months, 
which is considered an optimal response according to the 
ELN 2013 recommendations  (6). The duration between 
TKI initiation and the achievement of MMR was shorter 

in the second‑generation TKI‑treated group than in the 
imatinib‑treated group (median, 5 vs. 10 months) in major 
route CCA/Ph+. All 3  patients in minor route CCA/Ph+ 
who were unable to achieve MMR experienced disease 
progression later.

Figure 2. Kaplan‑Meier curves of (A) event‑free survival and (B) overall survival in patients with t(9;22) only (solid line) and clonal chromosome abnormalities 
in the Philadelphia chromosome (CCA/Ph+) (dotted line).

Table Ⅰ. Baseline characteristics of patients before treatment according to cytogenetic abnormality.

Factors	 With CCA/Ph+ (N=33)	 Only t(9;22) (N=295)	 P‑value

Age (years), median (range)	 51 (24‑82)	 53 (18‑86)	 0.508
Sex male, n (%)	 23 (70)	 176 (60)	 0.348
Hemoglobin (g/dl), median (range)	 13.0 (8.4‑15.6)	 13.0 (5.0‑18.8)	 0.932
Platelet number (x109/l), median (range)	 463 (115‑3,417)	    512 (86‑4,352)a	 0.382
Leukocyte number (x109/l), median (range)	 39.1 (13.2‑215.9)	   34.1 (5.2‑719.8)	 0.927
  Eosinophils (%), median (range)	 2.0 (0‑20.0)	 2.0 (0‑24.0)	 0.688
  Basophils (%), median (range)	 5.0 (0‑17.0)	 5.0 (0‑19.5)	 0.708
  Blasts (%), median (range)	 0.5 (0‑13.5)	    0 (0‑13.0)	 0.028
Spleen size (cm), median (range)	 0 (0‑20)	 0 (0‑27)	 0.106
Sokal scoring system, n (%)			 
  Low	 15 (45)	 122 (41)	 0.824
  Intermediate	 10 (30)	 107 (36)	
  High	   6 (18)	   49 (17)	
Hasford scoring system, n (%)			 
  Low	 14 (42)	 115 (39)	 0.650
  Intermediate	 13 (39)	 135 (46)	
  High	   4 (12)	 28 (9)	
EUTOS scoring system, n (%)			 
  Low 	 24 (73)	 239 (81)	 0.193
  High	   7 (21)	   39 (13)	
Scoring unknown, n (%)	 2 (6)	 17 (6)	
Initial TKI, n (%)			 
  Imatinib	 18 (55)	 154 (52)	 0.395
  Dasatinib	   6 (18)	   82 (28)	
  Nilotinib	   9 (27)	   59 (20)	

aSole t(9;22) group included one patient who had platelet depletion (<100x109/l) due to liver cirrhosis. CCA/Ph+, clonal chromosome abnor-
mality in Philadelphia chromosome positive cells; EUTOS, European Treatment and Outcome Study.
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Discussion

To date, studies on the relationship between the CCA/Ph+ 
status and treatment outcome have mostly been conducted in 
patients treated with the first‑in‑class TKI imatinib. Because 
little is known regarding the impact of the presence of 
CCA/Ph+ at diagnosis on clinical outcomes in the current era 
of new‑generation TKIs, the present study aimed to address 
this gap in knowledge using the CML‑CSG database. It also 

focused on whether major route CCA/Ph+ remains an adverse 
prognostic factor in the era of newer TKIs. The present results 
revealed no evident differences in EFS and OS between 
patients with and without CCA/Ph+. In the entire cohort, 
only 4 patients received allogeneic stem cell transplantation, 
including 3 in CP (2 in CP1 and 1 in CP2) and one after blastic 
transformation; the last case had CCA/Ph+ at initial diagnosis. 
During the follow‑up period, 24 patients (7.3%) died. Among 
them, 8 (33.3%) succumbed to progression of CML, 2 (8.3%) 
of secondary malignancies (lung cancer, rectal cancer), 2 of 
congestive heart failure, 1 (4.2%) of synchronous pancreatic 
cancer, 1 from cardiopulmonary arrest on arrival suspected to 
be due to a cardiovascular event, 1 from suicide, and 9 (37.5%) 
from unknown causes. Twenty patients experienced loss 
of treatment efficacy, 3 of whom had CCA/Ph+; 10 of these 
patients progressed to accelerated or blast phase, 3 of whom 
had CCA/Ph+. With respect to the secondary malignancies, the 
sites included stomach (N=4) and colorectal (N=3), with oral, 
tongue, larynx, esophagus, breast, lung, liver, gallbladder, renal 
pelvis, prostate, ovary, and malignant lymphoma accounting 
for the remaining 12. We have already evaluated and published 
the incidence of secondary malignancies in our CML‑CSG 
cohort  (17). It is of interest that cumulative incidences of 
secondary malignancies in our findings are consistent with 
those observed in a recent study (18). In terms of the treatment 
responses in patients with major route CCA/Ph+, the achieve-
ment of MMR (a critical determinant of patient prognosis) 
occurred earlier in those treated with second‑generation TKIs 
than in those treated with imatinib. Treatment responses in 
patients with CCA/Ph+ demonstrated that the achievement 
of MMR within 12 months has a tendency to sustain DMR 
later, as previously reported (19). Although this study popu-
lation included 113 patients who were diagnosed before the 
approval of the second‑generation TKIs in March 2009, all 
but 8 were followed until approval for nilotinib/dasatinib or 
thereafter. Moreover, nearly half of our study's cohort was 
initially treated with the second‑generation TKIs nilotinib or 
dasatinib. It should thus be noted that the outcomes obtained 
in our study population reflected the use of various TKIs. We 
have recently revealed that the EUTOS score was the most 

Table Ⅱ. Analysis of the risk factors associated with the EFS and the OS.

	 Univariate	 Multivariate
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Factor	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

EFS
  Sokal high vs. others	 2.24 (1.07‑4.70)	 0.032	 2.26 (1.08‑4.72)	 0.043
  Initial TKI imatinib vs. others	 0.69 (0.33‑1.41)	 0.307	 0.62 (0.30‑1.31)	 0.210
  With CCA/Ph+ vs. others	 1.40 (0.54‑3.61)	 0.485	 1.55 (0.60‑4.02)	 0.365
OS				  
  Sokal high vs. others	 3.06 (1.28‑7.31)	 0.012	 3.09 (1.29‑7.36)	 0.011
  Initial TKI imatinib vs. others	 0.78 (0.33‑1.88)	 0.587	 0.68 (0.27‑1.69)	 0.405
  With CCA/Ph+ vs. others	 2.26 (0.84‑6.04)	 0.106	 2.64 (0.97‑7.16)	 0.057

EFS, event free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; vs., versus; CCA/Ph+, clonal chromosome abnormality 
in Philadelphia chromosome positive cells; TKI, tyrosine kinase inhibitor.

Table Ⅲ. Outcome of patients according to CCA/Ph+ status.

	 With 	 Only
	 CCA/Ph+	 t(9;22)
	 (N=33)	 (N=295)	 P‑value

Cumulative MMR rate (%)			 
  12 months	 63.6	 51.2	 0.201
  Overall	 90.9	 89.8	 1.000
Cumulative DMR rate (%)			 
  24 months	 15.2	 15.6	 1.000
  Overall	 57.6	 57.6	 1.000
Events			 
  Loss of treatment efficacy (%)	 9.1	 5.8	 0.438
  Progression to AP/BP (%)	 9.1	 2.4	 0.068
  Death (%)	 15.2	 6.4	 0.079
    Related to CML, n	 3	 5	
    Unrelated to CML, n	 2	 14	
HSCT (%)	 3.0	 1.0	 0.347
Secondary malignancies (%)	 12.1	 5.1	 0.111

CCA/Ph+, clonal chromosome abnormality in Philadelphia chromo-
some positive cells; MMR, major molecular response; DMR, deep 
molecular response (MR4.5); AP, accelerated phase; BP, blast phase; 
CML, chronic myeloid leukemia; HSCT, hematopoietic stem cell 
transplantation.
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predictive factor for the outcomes of patients among three 
scoring systems (Sokal, Hasford, or EUTOS), however, the 
use of second‑generation TKIs could overcome the impact of 
EUTOS high‑risk scores (20).

Previous studies conducted with imatinib revealed that the 
presence of CCA/Ph+ at diagnosis was an adverse prognostic 

factor in patients with CML‑CP (7,8). The overall MMR rate 
was also reported to be lower in patients with CCA/Ph+ than 
in those without CCA/Ph+ (7,8). Moreover, based on the data 
of 1,151 patients enrolled in the German CML‑Study Ⅳ who 
received first‑line imatinib therapy, those with major route 
CCA/Ph+ had significantly poorer prognoses than those with 

Table Ⅳ. Characteristics and treatment response in patients with CCA/Ph+.

	 Best response
Age			   Initial TKI	 MMR	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 	 Disease
(years)	 Sex	 Subgroup of CCA/Ph+	 (mg/day)	 (months)	 CCyR	 MMR	 DMR	 progression

45	 F	 trisomy 19	 Imatinib 400	 22	 √	 √	 √	 No
64	 F	 +der(22)t(9;22)(q34;q11)	 Imatinib 400	 10	 √	 √	 √	 No
49	 M	 trisomy 8	 Imatinib 400	 6	 √	 √	 √	 No
51	 M	 +der(22)t(9;22)(q34;q11)	 Imatinib 400	 5	 √	 √	 √	 No
40	 M	 +der(22)t(9;22)(q34;q11)	 Imatinib 400	 14	 √	 √	 √	 No
73	 F	 +der(22)t(9;22)(q34;q11)	 Dasatinib 100	 3	 √	 √	 √	 No
38	 F	 +der(22)t(9;22)(q34;q11)	 Nilotinib 600	 6	 √	 √		  No
72	 F	 +der(22)t(9;22)(q34;q11)	 Nilotinib 300	 3	 √	 √	 √	 No
50	 M	 +der(22)t(9;22)(q34;q11)	 Nilotinib 600	 7	 √	 √	 √	 No
69	 M	 t(X;9;22;26)	 Imatinib 300	 5	 √	 √	 √	 No
		  (p11.2;q34;q11.2;p13.3)
79	 M	 inv(8)(p21q22)	 Imatinib 300	 45	 √	 √		  No
82	 M	 ‑14,del(22)(q13)	 Imatinib 400	 37	 √	 √		  No
52	 M	 t(9;22;12)(q34;q11;p13)	 Imatinib 400	 6	 √	 √	 √	 No
69	 M	 t(3;9;22)((q21;q34;q11.2)	 Imatinib 400	 3	 √	 √		  No
38	 M	 t(8;9;22)(q24+q24+11.2)	 Imatinib 400	 7	 √	 √		  No
43	 M	 t(8;12)(p21:p13)	 Imatinib 400	 NR	 √			   Yes
24	 M	 t(3;12)(q12;q13),t(4;5)	 Imatinib 400	 NR	 √			   Yes
		  (p34;p15), add(9)(q34),
		  t(9;22;12)(q34;q11;p13)
48	 M	 t(9;22;11)(q34;q11.2;q13)	 Imatinib 400	 19	 √	 √	 √	 No
69	 M	 t(5;7)(q35;q11.2)	 Imatinib 400	 82	 √	 √		  No
39	 F	 inv(9)(p12q13),t(9;22;14)	 Imatinib 400	 10	 √	 √	 √	 No
		  (q34;q11.2;q11.2)
82	 F	 ‑X	 Imatinib 400	 6	 √	 √	 √	 No
34	 F	 t(9;22;21)(q34;q11.2;q22)	 Imatinib 400	 5	 √	 √	 √	 No
64	 M	 t(9;22;14)(q34;q11.2;q32)	 Dasatinib 50	 8	 √	 √		  No
64	 M	 ‑Y	 Dasatinib 100	 2	 √	 √	 √	 No
72	 M	 inv(3)(p13q27)	 Dasatinib 100	 11	 √	 √		  No
50	 M	 t(6;9;22)(p21;q34;q11.2)	 Dasatinib 100	 4	 √	 √	 √	 No
79	 M	 ‑Y	 Dasatinib 140	 NR	 √			   Yes
51	 F	 t(9;22;15)(q34;q11.2;q24)	 Nilotinib 300	 6	 √	 √		  No
24	 M	 del(9)(q?), add(10)(p11,2)	 Nilotinib 600	 38	 √	 √		  No
31	 M	 t(9;22;17)(q34:q11.2:p13)	 Nilotinib 600	 6	 √	 √	 √	 No
65	 M	 ‑Y	 Nilotinib 600	 45	 √	 √		  No
49	 M	 t(8;10)(p10;p10)	 Nilotinib 600	 23	 √	 √	 √	 No
42	 F	 add(3)(q21), der(9), 	 Nilotinib 600	 6	 √	 √	 √	 No
		  add(22)(q11.2)

Major route CCA/Ph+ cases are presented between the top and the 9th row, and minor route CCA/Ph+ cases follow below. Best response column 
filled with √ indicates the achievement of CCyR, MMR, or DMR in each patient. CCA/Ph+, clonal chromosome abnormality in Philadelphia 
chromosome positive cells; TKI, tyrosine kinase inhibitor; M, male; F, female; NR, not reached; CCyR, complete cytogenetic response; MMR, 
major molecular response; DMR, deep molecular response (MR4.5). 
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t(9;22) only, although those with minor route CCA/Ph+ did 
not (7). Based on these data, the ELN 2013 recommendations 
defined major route CCA/Ph+ at baseline as a ‘warning’ criterion 
and regarded the emergence of CCA/Ph+ during treatment as 
‘failure’ (6). Therefore, close observation and early intervention 
were warranted for patients with major route CCA/Ph+ at diag-
nosis during the imatinib era (7). In contrast to these collective 
data, the latest investigation of the clinical significance of major 
route CCA/Ph+ at diagnosis revealed that the abnormality had 
no impact on prognosis, which is consistent with our results (21). 
Notably, that study consisted of 603 patients from the MD 
Anderson Cancer Center, among whom 324 were initially 
treated with new‑generation TKIs and 207 received high‑dose 
imatinib (21). The discrepancy between the results of recent 
studies and older ones is presumably due to the different treatment 
modalities used for each lesion or in each institution. Thus, recent 
data indicated that the use of new‑generation TKIs may overcome 
the adverse impact of CCA/Ph+ at diagnosis. Imatinib, nilotinib, 
and dasatinib are equally recommended as the first‑line therapy 
for CML‑CP according to the ELN2013 recommendations. 
Noatbly, the majority of newly diagnosed patients with CML are 
now initially treated with the second‑generation TKIs nilotinib 
or dasatinib in Japan. Although the present study demonstrated 
that second‑generation TKIs effectively induced faster and 
deeper molecular responses even in patients with CCA/Ph+, the 
benefits and risks for the use of second‑generation TKIs should 
be carefully taken into consideration. In fact, our previous study 
revealed the frequent incidence of vascular adverse events from 
treatment with second‑generation TKIs (22). These benefits 
and risks should be investigated in a large well‑designed study 
population.

Although the etiology of CCA/Ph+ is uncertain, a higher 
proportion of blasts was observed in the peripheral blood of 
patients with CCA/Ph+ than in those without CCA/Ph+, which 
may reflect the aggressive character of the disease. Some evidence 
suggests that the structural alteration of the chromosome is 
closely linked to an increase in genomic instability (23,24). 
Not only could the numerical chromosomal abnormalities be 
detected using standard cytogenetic analysis but also multiple 
genetic aberrations were discovered in patients with CML‑CP 
using sensitive genomic hybridization and single‑nucleotide 
polymorphism analysis (25). The accumulation of these addi-
tional genetic aberrations represents an underlying genomic 
instability and has a detrimental effect on the maintenance 
of normal cell physiology, which may explain why the use of 
TKIs with more potent and/or broad tyrosine kinase inhibitory 
activity is beneficial for patients with CCA/Ph+.

There were some limitations in the present study. Results 
of chromosomal analysis of the bone marrow at diagnosis 
were only available for 328 of the 360 patients with CML‑CP 
registered in the CML‑CSG database; the unavailability of 
data from 32 patients may have skewed our findings. Moreover, 
the results of chromosomal analyses were reported from each 
institution without central review; therefore, a lack of interob-
server uniformity may exist. There may be some bias that could 
have resulted in the underestimation of molecular response 
rates because molecular evaluations were unavailable in some 
patients. Furthermore, the treatment strategy mainly depended 
on the decisions of the physicians, which may have led to 
varying doses and treatment optimizations for each type of 

TKI. Thus, the switch to a different TKI and the loss of molec-
ular response were not considered as an event in the present 
study, in accordance with most pivotal studies. TKI discontinu-
ation is not recommended in the clinical setting according to 
the guidelines for CML in Japan; therefore, this study did not 
include analysis for TKI discontinuation. A large‑scale obser-
vation study for TKI discontinuation is currently planned by 
the Japanese Society of Hematology Committee, and outcomes 
for TKI discontinuation in our database are going to be united. 
Whether the presence of CCA/Ph+ affects the result of TKI 
discontinuation will be clarified in the future.

In conclusion, the study revealed no clinical differences 
in treatment responses and outcomes between patients with 
and without CCA/Ph+ in the era of second‑generation TKIs. 
The accumulation of more evidence regarding the prognostic 
significance of patients with major route CCA/Ph+ in the era 
of newer TKIs will provide helpful information on treat-
ment strategies for patients with this abnormality. Since the 
proportion of patients with CCA/Ph+ in the present study was 
relatively small, the findings should be validated in larger and 
well‑established populations.
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