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Introduction

Chronic myelogenous leukemia (CML) is a clonal 
malignancy of pluripotent hematopoietic stem cells, 
characterized by a cytogenetic abnormality known as 
Philadelphia (Ph) chromosome. The Ph chromosome 
occurs due to a reciprocal translocation between 
chromosomes 9 and 22 that generate the BCR-ABL fusion 
gene. The BCR-ABL encodes protein with aberrant ABL 
tyrosine kinase activity, which plays an essential role in 
CML pathogenesis (Deininger et al., 2000; Kantarjian et 
al., 2006; Jabbour et al., 2008; Chen et al., 2010; Alikian 
et al., 2017; Gale and Apperley, 2019). The important 
identification of the elevation of tyrosine kinase activity 
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in BCR-ABL fusion gene in CML pathogenesis contributed 
in developing effective tyrosine kinase inhibitors (Druker, 
2008).

Chronic myelogenous leukemia is the most common 
leukemia in Asia (Anand et al., 2012), including in 
Indonesia, corresponds to 15-20% of total leukemia 
patients (Handayani and Sulistyo, 2008). Data on patients 
with CML in Indonesia is very limited, especially the 
molecular and genetic aspects, including the primary 
data on the breakpoint type of BCR-ABL gene transcripts. 
Whereas, understanding the molecular basis of CML 
provides important information in the development 
of diagnosis and monitoring methods in response to 
therapy and disease recurrence (Baccarani et al., 2006; 
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Jabbour et al., 2008). The introduction of tyrosine kinase 
inhibitors improves the management of patients with 
CML, especially in the chronic phase (CML-CP) (Marin 
et al., 2012). 

The BCR-ABL breakpoint type in CML is highly 
correlated to the clinical course and outcome of the 
patients. In general, three breakpoint cluster regions in 
BCR gene have been characterized, M-bcr (major-bcr), 
m-bcr (minor-bcr) and μ-bcr (micro-bcr) (Yaghmaie et al., 
2008; Alikian et al., 2017). Due to alternative splicing, 
two major breakpoints are known as b3a2 and b2a2, and 
both mRNAs are translated into p210 BCR-ABL protein 
(Yaghmaie et al., 2008; Mir et al., 2015), and contribute to 
most of the classical CML phenotype. Minor breakpoint 
cluster region (m-bcr) are translated into p190 BCR-ABL 
protein and μ-bcr giving rise to p230 BCR-ABL protein 
and frequently manifest in chronic neutrophilic leukemia 
(Yaghmaie et al., 2008). Identification and quantification 
of Ph chromosomes in bone marrow are very important 
in confirming diagnosis and monitoring the response 
to therapy. The response of specific therapy such as 
allogeneic stem cell transplantation, interferon-α, and 
tyrosine kinase (TK) inhibitors can be assessed by 
quantification of BCR-ABL transcript. The monitoring 
of Ph chromosome in the patients undergoing these 
therapeutic approaches can predict whether the patients 
have higher risk of disease progression (Hughes et 
al., 2006), which is indicated by the accumulation of 
molecular abnormalities that cause loss of the capacity for 
terminal differentiation of the leukemic clone (Calabretta 
and Perrotti, 2004). 

Previous publications reported the frequency of 
BCR-ABL breakpoint type in many countries (Paz-y-Miño 
et al., 2002; Anand et al., 2012; Hanfstein et al., 2014), 
but none of the data from Indonesia was reported. The 
incidence of CML is different from one country to another, 
and the frequency of BCR-ABL breakpoint types is 
different among ethnic backgrounds (Anand et al., 2012; 
Hanfstein et al., 2014; Paz-y-Miño et al., 2002). Several 
molecular methods have been developed to detect the 
BCR-ABL transcript, but RT-PCR is considered as the 
most sensitive one. In this study using RT-PCR, we 
analyzed the BCR-ABL breakpoint types of the CML 
patients in Dr Sardjito General Hospital, Yogyakarta, 
Indonesia.

Materials and Methods

Study subjects
Three hundred seventy (370) CML patients were 

recruited prospectively during March 2010 to December 
2014 at Dr Sardjito General Hospital, Yogyakarta, 
Indonesia, at first visit prior to any therapeutic treatment. 
One hundred eighty five (185) of 370 patients with 
complete medical record data were included in this study. 

Ten (10) ml peripheral blood samples were taken from 
those 185 patients using EDTA vacutainer. This study 
was approved by The Ethical Committee of Faculty of 
Medicine, Public Health and Nursing, Universitas Gadjah 
Mada/Dr Sardjito General Hospital, Yoyakarta, Indonesia 
(No. KE/KF/1029/EC). 

RNA extraction and cDNA synthesis
RNA was extracted from mononuclear cells separated 

from peripheral blood. RNA extraction was performed 
by standard protocol using Trizol. The RNA quantity and 
quality was assessed using GeneQuant II (Pharmacia 
Biotech), and the OD ratio of 260/280 should be at 
least 1.8. One gram of total RNA was used for reverse 
transcription using Transcriptor First Strand cDNA 
Synthesis Kit (Roche; Cat no. 04 897 030 001). The 
cDNA synthesis was carried out at 25°C for 10 min and 
continued at 42°C for 60 min. The reaction to inactivate 
the transcriptor reverse transcriptase was done at 99oC 
for 5 minutes and the cDNA stored at -20oC until used.  

BCR-ABL transcript Detection 
The initial detection of BCR-ABL transcript in patients 

with CML was performed by using multiplex RT-PCR 
and/or in combination with nested RT-PCR. When the 
amplification using those methods failed to amplify the 
transcript, it was continued using conventional and/or a 
combination of methods with nested RT-PCR. 

Multiplex and nested PCR
The detection of BCR-ABL gene transcript fragments 

were initially detected using multiplex PCR, which 
allowed amplifying all of the breakpoint types. When 
the multiplex PCR failed to amplify the transcript, it was 
continued to the nested PCR using the product of multiplex 
PCR as the template. The multiplex and nested PCR was 
performed according to previous study (Goh et al., 2006; 
Sholikah et al., 2017). The product for multiplex PCR 
should be 627bp for b3a2; 552bp for b2a2; 378bp for 
b2a3; 580bp for b1a1; 429bp for e1a2; 1167bp for c3a2; 
and 255bp for e1a3. The product for nested PCR should be 
443bp for b3a2; 368bp for b2a2; 194bp for b2a3; 396bp for 
b1a1; 378bp for e1a2; 983bp for c3a2; and 204bp for e1a3.

Conventional PCR
Several samples that gave negative result in multiplex 

and nested PCR were re-amplified using conventional 
PCR and/or nested PCR. The conventional PCR was 
initially done using primers for major breakpoint and 
when it gave negative result, the product was used as the 
template for nested PCR using internal primers. When 
the PCR for major breakpoint did not give positive result, 
the conventional and/or nested PCR using primers for 
both minor and micro were performed. The conventional 
and nested PCR were performed according to previous 
publication (Goh et al., 2006; Sholikah et al., 2017), with 
modification of annealing temperature at 63OC for 1st 
round PCR. The product for conventional PCR should be 
616bp for b3a2 and 552bp for b2a2 and for nested PCR 
should be at 443bp for b3a2 and 368bp for b2a2. 

The algorithm of BCR-ABL transcript type detection 
in this study can be seen in Figure1. 

Results

One hundred eighty five (185) patients with relatively 
complete data in medical records were included in this 
study, and showed 1.8:1 male and female ratio (Figure 
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(41/183; 22.4%) (Figure 3B). By multiplex PCR, major 
b3a2 type was detected as a band at 627 bp, similar to 
the positive control from K562 cell line (Figure 3A), 
and major b2a2 type was detected at 552bp band (Figure 
3B). Two samples (1.1%) showed co-expression of b3a2 
and b2a2 (Figure 3C), and 1 sample (0.6%) showed band 
at 500bp (Figure 3D). Three samples (1.6%) samples 
showed multiple bands approximately at 200bp, 400bp and 
800bp (Figure 3E). The band at 400bp was presumably a 
fragment at about 380bp. This band possibly considered 
as a rare type b2a3 (e13a3). All of the uncommon bands 
found in this study still need further confirmation. The 
frequency of each breakpoint can be seen in Table 1.  

Discussion

The initial detection of BCR-ABL transcript types in 
this study was done by using multiplex RT PCR method 
that can amplify more than one target sequence by 

2A). One hundred eighty three (183) of 185 patients are 
positive for BCR-ABL, therefore only 183 patient’s data 
were further analyzed. The stage of CML in patient’s data 
was only available for 106 of 183 patients. Most of the 
patients are in the chronic phase (CP) (87/106; 82.1%); 
followed by blast crisis, found in 9.4% (10/106) patients; 
and accelerated phase found in 8.5% (9/106) patients 
(Figure 2B). The ratio between male and female in each 
phase are 1.8:1 for CML-CP, 3.5:1 for CML-AP and 1:1 
for CML-BC (Figure 2C). The age distribution ranged 
between 18 and 85 years old, with the majority between 51 
and 60 years old (mean, 46.8 years). Approximately 84% 
(156/185) patients are below 60 years old (Figure 2D).

The detection of BCR-ABL  transcript type 
rearrangement was done initially by multiplex PCR 
because this method allows detecting several types of 
BCR-ABL transcript rearrangements in one reaction. 
Among 185 CML patients, 183 (98.92%) are positive for 
BCR-ABL transcript. Seventy-nine (79) of 183 samples 
(43.1%) succeeded to be amplified using multiplex PCR. 
The samples that failed to be amplified using multiplex 
PCR were amplified using nested PCR. The product of 
multiplex PCR was used as DNA template for nested PCR, 
and 71 samples (38.8%) succeeded to be amplified in this 
nested PCR. Ten (10) of 183 (5.5%) could be amplified 
using conventional PCR, and 23/183 (12.6%) could be 
amplified using nested PCR after failing to be amplified 
using conventional PCR.

The majority of transcript type in the 183 patients with 
BCR-ABL positive was major b3a2 detected in 74.3% 
(136/183) patients (Figure 3A), followed by major b2a2 

Breakpoint types and 
other fragments

Number of 
patients n = 183

Percentage

b3a2 136 74.30%
b2a2 41 22.40%
b3a2 +b2a2 2 1.10%
500bp 1 0.60%
800bp + 400bp + 200bp 3 1.60%

Figure 1. Algorithm of BCR-ABL Transcript Type Detection. Initially, cDNA samples were amplified by using 
multiplex RT-PCR. This multiplex PCR can amplify all of the breakpoint types of BRC-ABL transcript. The ones 
gave negative result would be amplified using nested RT-PCR for major breakpoint. The samples that still failed to 
be amplified previously were amplified using conventional RT-PCR using primers for major breakpoints. The ones 
gave positive result confirmed as major breakpoint type either b3a2 or b2a2 or combination of b3a2 and b2a2. The 
samples with negative result in the conventional PCR will be used as template for nested RT-PCR using primers for 
major breakpoints. The positive samples confirmed as major breakpoint and the negative ones confirmed as CML with 
negative BCR-ABL. 

Table 1. Frequency of BCR-ABL Breakpoint Type and 
Other Fragments
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including more than one pair of primers in the reaction 
(Elnifro et al., 2000; Goh et al., 2006; Mir et al., 2015). 
Multiplex PCR was selected as the initial method in this 
study because several BCR-ABL transcript types were 
recognized. The first multiplex PCR done in this study 
used a set of primers containing 2 forward primers and 
1 reverse primer that can amplify 2 major transcripts 
(b3a2 and b2a2). Therefore, multiplex PCR has a 
prospect to save time and effort within the laboratory 
without compromising test utility. Multiplex PCR has 
been successfully applied in many areas of nucleic acid 
diagnostics, including gene deletion analysis, mutation 
and polymorphism analysis, quantitative analysis, and 
RNA detection (Elnifro et al., 2000). However, multiplex 
PCR has several difficulties, including low sensitivity or 

specificity, and poor specific target amplification. The 
existence of more than one pair of primers increases 
the possibility in amplifying unspecific products, 
predominantly due to the primer dimer (Elnifro et al., 
2000; Markoulatos et al., 2002).

Eighteen percent (18%; 33/183) of samples failed to 
be amplified, and those 33 samples were then amplified 
by conventional RT PCR methods using a pair of primers. 
The conventional PCR method that was initially performed 
used a pair of primers for major breakpoint (M-bcr), since 
according to previous finding the proportion of M-bcr in 
patients with CML is >95% (Goh et al., 2006; Anand et 
al., 2012). The sensitivity of RT PCR for Ph positive cases 
before therapy is 97% (Cox et al., 1998). The sensitivity 
of multiplex RT PCR is similar with fluorescence in situ 

Figure 2. Characteristic of the Subjects. (A), Proportion of male and female subjects. The number of male subjects in 
this study was 118 and the female was 67, with ratio of male and female was 1.8:1; (B), Proportion of disease stage. 
Most of the patients were in chronic phase (82.1%), continued with blast crisis (9.4%) and accelerated phase (8.5%); 
(C), The Proportions between male to female in each disease stages. The ratios between male to female are 1.8, 3.5 
and 1 in CP, AP and BC respectively; (D), Proportions of patient’s age. 

Figure 3. Electrophoresis of Breakpoint Types. (A), The b3a2 breakpoint type found by multiplex RT-PCR (627bp); 
(B), The b2a2 breakpoint type found by multiplex and conventional RT-PCR (552bp); (C), The combination of b3a2 
and b2a2 breakpoint type by nested PCR, either after multiplex or conventional RT-PCR (443bp for b3a2 and 368bp 
for b2a2). (D) Uncommon fragment found approximately at 500bp; (D), combination of fragments approximately at 
800bp, 400bp and 200bp. The band at 400bp was presumably a fragment at about 380bp and possibly considered as 
a rare type b2a3 (e13a3). 
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hybridization (FISH) in detecting low levels of BCR-ABL 
cells after hematopoietic stem cells transplantation 
(HSCT) (Colleoni et al., 2000; Haidary et al., 2019). In 
addition Goh et al., (2006) found that the sensitivity of 
the 1st RT PCR (conventional) result was similar to FISH, 
but the 2nd RT PCR (nested PCR) has higher sensitivity 
than FISH (Kim et al., 2002).

Approximately 99% of CML patients in this study are 
BCR-ABL positive, with the majority being major b3a2 
breakpoint (74.32%) followed by major b2a2 breakpoint 
(22.34%). This results of this study are similar to several 
previous studies that showed the frequency of CML with 
BCR-ABL positive are varied, but generally >95% (Goh 
et al., 2006; Anand et al., 2012; Hansfstein et al., 2014). 
The majority is major b3a2 breakpoint (Goh et al., 2006; 
Anand et al., 2012). Other breakpoint types were observed 
in this study in small proportion. Co-expression of major 
b3a2 and b2a2 was observed in two patients while both 
co-expression of major b3a2 and a fragment at 500bp 
were also observed in one patient. Co-expression of b3a2 
and b2a2 probably is due to alternative splicing, and the 
clinical course is different from classic CML (Goh et al., 
2006). In a different study, the fragment at 500bp was 
sequenced and confirmed as a b3a2 type (Sholikah et al., 
2017). The fragment at about 380bp observed in this study 
was presumably the rare type b2a3 (e13a3). Fragments 
other than major b3a2 and b2a2 breakpoint found in this 
study still need further confirmation. 

Contrary to our results, a study in Ecuador showed 
that ~95% of CML patients with BCR-ABL have major 
b2a2 breakpoint and only 5.4% are major b3a2 breakpoint. 
These results suggest that it may be due to a different 
genetic background in the population, and a survey of 
the BCR-ABL transcript variants and their frequencies in 
different ethnic groups is needed (Hanfstein et al., 2014). 
Findings in Japan, Thailand and Korea were closely 
similar with this study in terms of the proportion of major 
b3a2, b2a2 and other types, which are about 60-70% for 
b3a2, 20-35% for b2a2 and <5% for each of the other 
types (Ito et al., 2004; Goh et al., 2006).

CML patients usually are diagnosed unintentionally, 
by complete blood cell count and blood smear. Beside 
hematological examination, the ideal diagnosis of CML 
involves FISH for t(9;22)(q34;q11.2) and quantitative 
reverse transcriptase PCR (qRT-PCR) for BCR-ABL that 
can be performed from peripheral blood of the patients 
(Thompson  et al., 2015). But, due to some limitations, 
the RT PCR for BCR-ABL examination in this study was 
performed qualitatively. However, qRT PCR methods are 
proposed for future tests. 

Treatment response can be examined using the 
hematological approach, but the most sensitive method 
for monitoring CML disease is by using cytogenetics 
for measuring the frequency of Ph-positive cells 
and molecular measurement of BCR-ABL transcript 
levels (Baccarani et al., 2006; Jabbour et al., 2008). 
When a patient has achieved complete cytogenetic 
response (CCyR), cytogenetic evaluation is less useful 
for monitoring residual disease, due to the minimal 
Ph-positive cells that can be detected using this approach. 
In this situation, the presence of the leukemia-specific 

BCR-ABL gene can be monitored using the molecular 
approach, particularly quantitative RT PCR to quantify 
the level of BCR-ABL mRNA in peripheral blood (Jabbour 
et al., 2008). Subsequent long-term follow-up established 
the cytogenetic and molecular approach as substitutive 
markers of clinical outcome, residual disease monitoring, 
and treatment resistance. Cytogenetic and molecular 
approaches are now considered to be fundamental 
endpoints in contemporary clinical trial design for CML 
therapy and are essential tools guiding the choice of initial 
therapy in CML patients (Vigil et al., 2011).

Serial measurement of BCR-ABL transcript level 
is an extremely valuable method in treatment response 
monitoring. In Indonesia where the quantitative approach 
is currently unavailable, 2 step-nested amplification 
methods with internal primer can be used for monitoring 
to identify the presence or absence of BCR-ABL 
transcripts (Hughes et al., 2006). This 2-step combination 
of conventional and nested PCR has higher sensitivity 
compared to the single step. Therefore, it can be used to 
detect the low level of BCR-ABL transcript in peripheral 
blood.

Acknowledgements

We thank the CML team of Dr Sardjito General 
Hospital - Faculty of Medicine, Public Health and Nursing, 
Universitas Gadjah Mada, Yogyakarta, Indonesia, for 
support in collecting patient samples. We also give thanks 
to Novartis Company for the training for initiation of the 
molecular diagnosis of CML in Yogyakarta, Indonesia. We 
also thank to Dr. Harriet Goh from Catholic University of 
Korea, Seoul, South Korea; and Dr. Susan Branford and 
the team in Royal Adelaide Hospital, Adelaide, Australia 
for the consultation in optimizing the methods. 

This research was partly funded by Grant from Faculty 
of Medicine, Public Health and Nursing, Universitas 
Gadjah Mada and international CML Foundation.

Statement of conflict of Interest
The authors declare that they have no conflict of 

interest.

References

Alikian M, Gale RP, Apperley JF, et al (2017). Molecular 
techniques for the personalised management of patients with 
chronic myeloid leukaemia. Biomol Detect Quantif, 11, 4-20.

Anand MS, Varma N, Varma S, et al (2012). Cytogenetic and 
molecular analyses in adult chronic myelogenous leukaemia 
patients in north India. Indian J Med Res, 135, 42-8.

Baccarani M, Saglio G, Goldman J, et al (2006). Evolving 
concepts in the management of chronic myeloid leukemia: 
recommendations from an expert panel on behalf of the 
European LeukemiaNet. Blood, 108, 1809-20.

Calabretta B, Perrotti D (2004). The biology of CML blast crisis. 
Blood, 103, 4010-22.

Chen Y, Peng C, Li D, et al (2010). Molecular and cellular bases 
of chronic myeloid leukemia. Protein Cell, 1, 124-32.

Colleoni GW, Jhanwar SC, Ladanyi M, et al (2000). Comparison 
of a multiplex reverse transcriptase-polymerase chain 
reaction for BCR-ABL to fluorescence in situ hybridization, 



Dewi Kartikawati Paramita et al

Asian Pacific Journal of Cancer Prevention, Vol 211550

Southern blotting, and conventional cytogenetics in the 
monitoring of patients with Ph1-positive leukemias. Diagn 
Mol Pathol, 9, 203-9.

Cox MC, Maffei L, Buffolino S, et al (1998). A comparative 
analysis of FISH, RT-PCR, and cytogenetics for the diagnosis 
of bcr-abl-positive leukemias. Am J Clin Pathol, 109, 24-31.

Deininger MW, Goldman JM, Melo JV (2000). The molecular 
biology of chronic myeloid leukemia. Blood, 96, 3343-56.

Druker BJ (2008). Translation of the Philadelphia chromosome 
into therapy for CML. Blood, 112, 4808-17.

Elnifro EM, Ashshi AM, Cooper RJ, et al (2000). Multiplex 
PCR: optimization and application in diagnostic virology. 
Clin Microbiol Rev, 13, 559-70.

Gale RP, Apperley J (2019). What Does Chronic myeloid 
leukaemia tell us about other leukaemias?. Curr Hematol 
Malig Rep, 14, 477-9.

Goh HG, Hwang JY, Kim SH, et al (2006). Comprehensive 
analysis of BCR-ABL transcript types in Korean CML 
patients using a newly developed multiplex RT-PCR. Transl 
Res, 148, 249-56.

Haidary AM, Azma RZ, Ithnin A, et al (2019). FISH 
versus real-time quantitative PCR for monitoring of minimal 
residual disease in chronic myeloid leukaemia patients on 
tyrosine kinase inhibitor therapy. Malays J Pathol, 41, 
149-60.

Handayani W, Sulistyo A (2008). Buku Ajar Asuhan Keperawatan 
dengan Gangguan Sistem Hematologi Jakarta. Salemba 
Medika.

Hanfstein B, Lauseker M, Hehlmann R, et al (2014). Distinct 
characteristics of e13a2 versus e14a2 BCR-ABL1 driven 
chronic myeloid leukemia under first-line therapy with 
imatinib. Haematologica, 99, 1441-7.

Hughes T, Deininger M, Hochhaus A, et al (2006). Monitoring 
CML patients responding to treatment with tyrosine kinase 
inhibitors: review and recommendations for harmonizing 
current methodology for detecting BCR-ABL transcripts 
and kinase domain mutations and for expressing results. 
Blood, 108, 28-37.

Ito T, Tanaka H, Tanaka K, et al (2004). Insertion of a genomic 
fragment of chromosome 19 between BCR intron 19 and 
ABL intron 1a in a chronic myeloid leukaemia patient with 
micro-BCR-ABL (e19a2) transcript. Br J Haematol, 126, 
752-3.

Jabbour E, Cortes JE, Kantarjian HM (2008). Molecular 
monitoring in chronic myeloid leukemia: response to 
tyrosine kinase inhibitors and prognostic implications. 
Cancer, 112, 2112-8.

Kantarjian HM, Talpaz M, Giles F, et al (2006). New insights 
into the pathophysiology of chronic myeloid leukemia and 
imatinib resistance. Ann Intern Med, 145, 913-23.

Kim YJ, Kim DW, Lee S, et al (2002). Comprehensive 
comparison of FISH, RT-PCR, and RQ-PCR for monitoring 
the BCR-ABL gene after hematopoietic stem cell 
transplantation in CML. Eur J Haematol, 68, 272-80.

Marin D, Ibrahim AR, Lucas C, et al (2012). Assessment 
of BCR-ABL1 transcript levels at 3 months is the only 
requirement for predicting outcome for patients with chronic 
myeloid leukemia treated with tyrosine kinase inhibitors. 
J Clin Oncol, 30, 232-8.

Markoulatos P, Siafakas N, Moncany M (2002). Multiplex 
polymerase chain reaction: a practical approach. J Clin Lab 
Anal, 16, 47-51.

Mir R, Ahmad I, Javid J, et al (2015). Simple multiplex RT-PCR 
for identifying common fusion BCR-ABL transcript types 
and evaluation of molecular response of the a2b2 and a2b3 
transcripts to Imatinib resistance in north Indian chronic 
myeloid leukemia patients. Indian J Cancer, 52, 314-8.

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

Paz-y-Miño C, Burgos R, Morillo SA, et al (2002). BCR-ABL 
rearrangement frequencies in chronic myeloid leukemia and 
acute lymphoblastic leukemia in Ecuador, South America. 
Cancer Genet Cytogenet, 132, 65-7.

Sholikah TA, Hutajulu SH, Sulistyawati D, et al (2017). New 
genetic variation in BCR gene of major b3a2 breakpoint 
BCR-ABL fusion gene in patients with chronic myelogenous 
leukemia in Yogyakarta, Indonesia. Asia Pac J Cancer Prev. 
Accepted.

Thompson  PA, Kantarjian  HM, Cortes JE (2015). Diagnosis 
and Treatment of Chronic Myeloid Leukemia in 2015. Mayo 
Clin Proc, 90, 1440-54.

Vigil CE, Griffiths EA, Wang ES, et al (2011). Interpretation 
of cytogenetic and molecular results in patients treated for 
CML. Blood Rev, 25, 139-46.

Yaghmaie M, Ghaffari SH, Ghavamzadeh A, et al (2008). 
Frequency of BCR-ABL fusion transcripts in Iranian patients 
with chronic myeloid leukemia. Arch Iran Med, 11, 247-51.


